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Abstract

In an era where governments around the world invest heavily in data collection and data management,
poorquality data is expensive and has many direct and indirect costs. While there are different types of
data quality challenges, some of the more complex data quality problems depend on the design and
production processes involved in generating dettarefoe, it is important to desigaystems that support
betterdataquality. Thisinvolvesunderstanding what quality meansa specific context, understanding

how itcan bemeasuredandidentifying ways to encourage better data quality behaviours

Healthcards not immune to the challenges of data quality and can be classified as a cemojex
technical system by virtue of its characteristi&s such, lhe study of healthcare data quality and its
improvement is well suited for the domain of systems desigrhaman factors engineering. Cognitive
Work Analysis (CWA) is especially well suitddr this task, as it can be usedbetter understand the
context and workflow of users in complex setéghnical domaindt is a conceptual framework that
facilitatesthe analysis of factors that shape hurivdarmation interaction and has been used in
healthcare for over 20 years. The approach is werkreal, rather than userentral, and itanalygsthe
constraints and goals that shape informatienaviourin the wok environmentl used CWA as a
framework tohelp meanalyse the problem of data qualityhealthcare

My researcluses ainstrumentatase study approach to understaathdjuality in primary carély
goalwas to answethreequestionsin primary care, how are individual users influenced by their
environmento inputhigh-quality data? What techniques could be used to design systems that persuade
users to entdnigherquality data? Is it possible to improve data quality in primary camebsuading
users with the user interfacéinformation systems in these complex seteichnical systenisThe scope
of work includedmodellingdata quality, defining and measuring data quality in a primary care system,
establishing design concepts thatildl improve data qualitthrough persuasiomard testing the viability

of somedesignconcepts

| begananalysng this problem by creating an abstraction hierarchy of patient treatvitaredical
records This modekan be used teepresent patient tresment from a primary care perspectivée
model helpeexplainthe patient treatment ecosystand how data is generated through patient
encounters

After creating my model to represent patient treatment, | incorporated it intlG\Ws of data quality
and data codification. The first model represertedificationin the primary care ecosystem, whereas the

second model represented codification in community hospitals. After developing abstraction hierarchies
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for both domains, &naly®d similar tasks froreach system withontrol task analysis, strategies analysis
and worler competencies analysis. The tasks thatdly®d related specifically to data codification: in
primary care, modelledthe record encounter task performed by clinicianskatraily Health Team

(FHT), and in the community hospitdlmodelledthe abstract task performed by health information
management professionalsised the same record encounter task afHiEas a continuingocusof my

case study.

| used both models of codifitan to perform a comparison. My goal was to identify the differences
between the ecosystems and tasks that were present in primary care and the community hospital.
ComparingCWA models is not a wellefined proces# the literatureand | developed an ppach to
condut this comparison based on seminal works. | used the approach to systematically compare each
phaseof my CWA models. | found that the analysis of both system domains in parallel enabled a richer
understanding of each environment that mayhawe been achieved independenritiyaddition,|
discoveredhata richenvironmenexistsaround dataodification processeand thiscontextinfluences
and distinguishes the actions of users. Wihietasks in both domainsere seemingly similathey took

place with different priorities and required different competencies.

After building and comparing models, | investigated the summarizing task in primary care more closely
by analysng data withinraFHT6 s r epor ti ng dat ab asteundefstarel dagao a | of
guality tradeoffs between timeliness, validity, completerasd use in primary care useata quality
measures and metriegeredeveloped through interviews with a focus group of managers. diftdysng
data quality measures fh96,967 patient encountetsgreated baselinemodelledeach measure with
logit binomial regression to show correlations, charactétizeleoffs and investigatgdata quality
interactions. Based on the analysis, | found a positive relationship between validity and completeness, and
a negative relationship between timeliness and use. Use of data and reductions in entry delay were
positively associated with completess and validity. These results suggested that if users are not
provided with sufficient time to record data as part of their regular workflow, they will prioritize their
time to spend more time with patients. As a measuremehe effectivenes®f a system the negative
correlation between use and timeliness points to aeielfforcing data repository that provides users with
little external valueThese findings were consistent with thedellingwork and also provided useful

insight to study data qiiey improvements within the system.

| used my measures frotine data analysis to select design priorities baldaviourchanges that should,
according to my ongoing case study, improve data qudlitgn| developed several design concepts
combiningCWA, aframework for behaviouthange anda design framework for persuasive system

The design concepts adopted different persuasion prin¢gpt#snge specific behaviours
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To test the validity of my design concepts, | worked witH to implement som of my proposed
interventionsduring a field studyThisinvolvedthe introduction ofinoninvasive summary screen into
the user workflow. After the summary screen had been deployeibfumweeks, | received secondary
data from the FHT tanaly®. First, | performed gre-postmeasurement of several data quality measures
by doing a simple pairecatést. To further understand the results, | borrowed from healthcare quality
improvement methodologies and used statistical process cohémé to understarthe overall context
of the measures. The average delay per entry was reduced by 3.3nday® percentage shmeday
entries increased by 10.3%. The number of records that were complete drop@éd.l@htinges to
entry accuracy and report generation were not significant. Several additional insights could be extracted
by looking at eacthe XmR chartfor each variablend discussing the trends with the FHFEedback was

also collected from users thrdugn online survey.

Through the usef acase study spanning several yehvgas able tgeach the following conclusions:
data codification and data quality are manufactured within complex-sahnoical systemand users are
heavily influenced by a vaaty of factors within their ecosystemersuasive desigmformed with data
froma CWA is an effective technique for creatiegologically relevanpersuasive designand data
guality in primary care can be improvddough the use dhesedesignsinthes y st emés user i nt ¢
There are interesting opportunities to apply the results ofami¢ to other jurisdictionsA strength of
this worklies in its usefulness fointernational readers to draw comparisbatveerdifferentsystems

and health carenvironmentghroughout the world
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Part A

l ntroduction and Background

Part A of my dissertation is an introductory section that incletepterl tochapter3. These
chapters introduce my dissertation and provide background information.






Chapter 1

|l ntroducti on

The onsequences obpr-quality dataareexpensive, particularly in an endhengovernments
around the world invest heavily in data collection and data management. In 2013, the United States
Government budgeted $52.6 billion dollars for National Intelligemograms(Gellman & Miller, 2013)

In Ontario, several billion dollars were invested to develop an electronic health (Eetbtyifor
OntariangdCBC News, 2009)In the United Kingdom, $20 billion dollars were invested in a national
EHR strategy. Despite these significant funding initiatives, Presi@batna coulchot obtainthe reports
heneededn a timely manne(Gellman & Miller, 2013) the auditor in Ontario concluded there was poor
value for money{CBC News, 2009)and the Camerorogernment in the UK completely cancelled the
eHealth program due to a lack of realizable ben@fitsbster, 2012)Obviously, the economic and social
impacts of pooquality dataare measured in th#llions of dollars(Maguire, 2007; Strong, Lee, & Wang,
1997) Despitethese challengeshe 22 century gold rush is still underw#$t-Maurice, 2011)and
leaders assume that theure benefitsarising frominvesimentsin dataareworthwhile pursuis; the

implicit assumption in governmeigtthatthe bendfs of available dataventuallywill outweigh the

costs.
Data quality challengesonsist of different typessome direct and indirect costs, such as
operational inefficiencieg r e caused by O0si mpled data issues, su

information duplicationand interoperability problen{8atini & Scannapieco, 2008pther problems are
more complex and depend on the design and production processes involved in generating data. In these
instances, it is important to design for betterliggy understanding what quality how it is measured
(Wand & Wang, 1996)
Healthcards classified as a compleocictechnical system by virtue of its characteristics
(Vicente, 1999hmnd is not immune to data quality challeng&sprimarycarebeconestechnologically
complex with the increased use of Electronic Medical Record (EMR) sy§&agson et al., 2010)
primary cards no exceptioro this paradigm. In additigrthe field of primary care informatics faces
several unique and interesting challesgaich aseeing patients with combinations of problems,

providing continuous carand incorporating a biopsychosocial scope of (@ed usignan, 2003)



Primary cards alsomoving into patiententral care models that adophared [@cisionMaking (SDM)
with patients and their familigkegare & Witteman, 2013Patarequirements and the strategies needed
to capturedataefficiently areincreasingly challenginin primary care

For examplecorrectly labding and codingd e as y 6 di sdiebetesgvbich bas elativedy s
clean diagnostic criterjas challengingn primary care. Mislabeling the disease can raalthpacts to
treatment options, risk managemartgdpsychological and financi@ésues for the provider and patient
These data préddmshave also hadnimpact on the validity ofjuality-of-care evaluations and research
projects(Stone et al., 2010Rs free text narratives cauffer from regionalismsolloquialismsand
significanttypos(St-Maurice, Kuo, & Gooch, 2013¢apturingstructured datéhrough forms or
dropdown menuss an easy approach to generating usable, high qualitypdagenerally requires more
clinician time(Sulmasy et al., 2017).

Capturing high qualitglata in primary carthrough the use of structured fields is adechnical
challenge and can be easily introduced into software solutitmvgever capturing data through
structured data fields still a challenging problem. From tigel i n iper$peactivé,fere are cuitral
barriers toentering structured datde Lusignaret al., 2003). As well, there are ongoing debates about
the ethics of prompting clinicians to take time to structure their data for secondary purposes, at the
potential expense of direct patient céBalmasy et al., 2017Physicians ar®ften unmotivated to
structure and code their data unless theyparsonallyinterested in helpingith externalresearch
activities(Butz, Brick, RineharThompson, Brodnik, & Agnew, 2016)

Generally, hechallengeof changing datantrybehaviourgo capture better data is ntchnical
in nature andis better attributed talinician social structures, culturand work prioritiesBy
contextualizing data quality as a comp#mciattechnicalproblem,the bredth of potential solutions
grows significantly. Instead of focusing parelytechnical approaches to the problésuch as IBM
Watson) leveraging social processes to change data quality behaviours cooldivenoresffective.

In the literature,lere are manexamples of encouraging change in healthcare through persuasive
processedn one instance, data quality was improteugh the implementation of a competitive audit
program in the United Kingdom. As an instrument, Audit Based Education (ABE) is an educational
element consisting of local meetings where comparative data is presented to representatives of individual
physcian practices. In this approach, summary data was provided to clinical leads for confparison
Lusignan, Belsey, Hague, Dhoul, & van Vlymen, 2008 E and its iterative comparisons between
individual practices ultimately engafjphysicians and producdtgherquality dataAlthoughit is not
clear if this approach improved care, or simply improved the quality of data regarding current practice,
the approach has been shown to improve recorded cholesterol management, and was described as the

most successfichange agent toward clinician attitudegardingdata qualityde Lusignan, 2005More



recently, researchers in the Netherlands developed a data quality feedback tool that evaluated differences
in EHR data quality. The software package was part abaddntervention and compared data quality
measures between practices. The tool generated data quality feedback, and recording quality improved
significantly (van der Bij, Khan, ten Veen, de Bakker, & Verheij, 2016).

In Ontario,a similar approach tthe ABE approach was used in Kingston and achieved similar
outcomes. In this exampla simple metric wasmployed o s how t he percentage of
eligible patient roster that had received the annual flu shot. Each physician took charge tataehieve
highest percentage vésvis their colleagues. This implementation of ABE motivated the clinic and
resulted in achieving a second place standing overall in the province for achieving flu shot targets (D.
Barber, personal communication, October 10, 20It2s interesting to note that the physician leaders in
this study characterized the approach as a competition between colleagues, and not as a formal
implementation of ABEHowever,the ppr oach matched de Lusignands ( 2(
ABE.

The concept of creating a quality improvement collaborative is another example of introducing
effectivechangeby leveraging social procesg@atterson, Schweikhart, Anders, Brun§kender,
2007).As an example, researchers observed a positive chabghaviouwhenanalysng the effects of
an integrated decision support systédine system measured the likelihood of erroneous orders by scoring
decisions based on an algorithm and presented this information to users on the system interface. Orders
thatdid not appear to follow best practice were flagged, and users were given an aggregate scorecard.
Initially the scores were low (e,gnany orders did not follow best practice), but scores gradually
increased through subsequent reporting and feediéeikburg et al., 2009)Anecdotally, it was noted
t hat part of this positive change was due to phys
described as competing to ensure they were not scoring below the average (P. Nagy, personal
communicatio, October 30, 2012). The results of the system showed significant improvements over
time. Althoughthe example isanecdotal, the improvements in the metviesearesultoft he sy st emod s
display of comparativdataand the adoption of a quality improvement collaborative program

Introducing change in primagareto improve data quality is unlikely to be successful with a
techno-centric approach.everaging social processkas been shown to be effective at chaggiractice,
and there are examples of improving dataligyithrough this paradignirom the standpoint of an
engineer aspiring to improve the problem of data quality in primary care, engineering methods that
incorporate the analystf both social and témical aspects of a problem seappropriate Thus, the
challengeof data quality and its improvement is well suited for the domain of systems design and human
factors engineerindn addition the previous examples demonstrate, either intentionally afeandaly,

the use opersuasiono change attitudes diehavious of users through social influen@dthoughthe



previousstudies do not describe their work as persuagiygoaches per steyexhibit manyof its
characteristics. Tdrefore it appearghatdata qualitycouldbeimprovedby social processeand that

these processes could be designedtatbnology throughgrsuasivelesign (PD).

1.1 Scope of Work

Data and data quality in primary cdrave many facet®ata can be entered into systemsras f
text, unstructured narrative data, or structured data. Whemdatastructured, it allows a clinician to
articulate thoughts and observations freely based on the patient encounter. Information entered into charts
as free text appeals to many climies, but has the disadvantage of being difficult to search and use
consistently.

While it is theoretically possible to exttaich information from unstructured sources of data
with Natural Language Processing (NLP) tools, the results aftfifficult to use. For example, the
concept of poverty (e.gto be poor) in free text could be a useful social indicator. However, the term can
be used in documentation as an adjective,(eapr sleep, poor eyesight). The intended meaning of the
sentenceisnot@o or p er s o nsght, batld@vergualityreyesighter sleep quality. Other
examples involved the term O6kickingd, which was f
ki cked out of the ment al heaht hhsuppoet agrobpbébaéd
message for the patient but,almer 6paswemakeg madchi ke
rate falls below 606. Practically, ef fcarenty ve NLP
are not capable of understanding the broadness of primary care progress notes or free text data sources
(StMaurice et al., 2013)

Structured data oftemecomesaptured by users via forros by associag common data
elementgo free text entriedn electronic environments, entering data into forms includes using a
combination of check marks, labelled text boxes, or dropdowingtwdiscrete data. These electronic
forms sometimeareknown as €orms, or custom forms. This data is easier to searchsanfbr
secondary purposes and does not provide users with an opportunity to enter nuanced or colloquial notes
The scope of my research includes the analysis of processes and considerations involved with codifying
dataand entering structured data throdghms The scope of work includesmalysng clinicians who, in
primary care, are tasked withettedata entry responsibilgs. Coded data is an ideal point of focus for
this research because many instances of poorly coded data qaelityn primary cae andthere are
many opportunities famprovemenide Lusignan et al., 201,03oded data is the primary source of
secondary use of records in primary care, and coded data lends itself well to systematic analysis as part of
a study Codifying data in thigontext includes associating a standard reference terminology, such as
ICD-10-CA, to data elements.



The quality of unstructured text progress notes or problem lists within the medical record is not
part of my current research progrdram also excludinghe quality oflab databiometric measures,
system generated datndthe contensystem messages, suchHsY messaged:urthermore, | am not

including the challenges associated with information exchanges between systems.

1.2 Research Question s and Objectives

| have three research questions:

1. In primary care, how arn@dividual users influenced by theémvironmento inputhigh-quality

data?

2. What techniques could be used to design systeatpersuadeisersto entertigherquality data?

3. Isit possible to improve data quality in primary cagepersuading users with the useterface?
Based ortheseresearch questienmy research objectives are to:

1. Tryto nmodel data quality as the output of a complex stedtnical problem

2. Compare the primargare data ecosystem and other data ecosystems in healthcare and identify
policies, procedures, structgrand workflows that could improve data quality in primary care
Develop an approach to define data quality in context and determine how it cansbeetea
Understand primary care users, their tradeaffisl their approaches to codifying data
Develop persuasivapproaches to help improtiee quality of data in primary care

o g > w

Test design interventions and demonstrate that the design concepts developedibamikyng

are viable approaches to improve data quality

1.3 Overview of Research Methods

I workedthrough my research questioy starting with éigh-level perspective of ynwork domain, and
diving deeper between each study to better underfatatsthat mightimpactdata qualityand
structured data entry studied my context using Cognitive Work Analysis (CWA) and developed
approaches and tools to help answer my rebagrestions.

1.3.1 Case Study

A case study design should be considered in the following instanceseitmhe focus of a
study is to answer dthedbahavioar ofdhe gaxtidippnds cannoebs ¢thanged,s ,
when you want to cover conteglconditions because you believe they are relevant to the phenomenon
under study, or when the boundaries are not clear between the phenomenon an{Batezx& Jack,
2008) Several types of case studies, including explanatory, exploratory, desciigtinsic, and

instrumentalBaxter & Jack, 2008kan be employedCase studies are widely used in data quality



research{Madnick, Wang, Lee, & Zhu, 2009 ase studies are empirical methods that use a combination

of qualitative and quantitative evidento examingghenomenén their realworld contexs. The indepth

inquiry of a single instance can lead to a deeper understanding of the subject, generate useful information
and generate hypothegé&dyvbjerg, 2006)

Having a combination of quantitative data in primary care and access to Sagjsadt Matter
Experts(SME9, much of my works threaded together as instrumentatase studwapproach
Instrumental case studies are used as instruments to distoanprmary goal and providmsights into
an issueAn instrumentatasestudyplays a supportive role and can facilitate tineerstanding of
something elselhe caseftenis examinedn-depth andthe studyincludes an analysis of context and
ordinary activiies and helps the researcher pursue an external in@seser & Jack, 2008)n my
research, | am trying to understanding how users are influencedibgrfieconment However, my
primary interest iso identify strategies to improve data qualifjus, an instrumental case study is
appropriate in this conteXtextended the instrumental case study concept by includijogst
experimental prgost study design in the same organization as the case study.

My case study involved the studyaflata codification system at a Family Health Team (FHT). |
beganby understanding the general patient treatment dorhin,| took a closer look at the data
codificationcontext and environmerdand tried to understand the factors that impact users. pareu
different data codification domains to understand what made users in primary care unique, and similar,
comparedo hospital users. After understamgithetasld s cont e xt a andlygdaspecifico n me n t
case of data and data quality, and esthbt some measurements and benchmarks. | used this
information to identify specifibehaviourchanges that related to data quality. Finally, | tested an
intervention on a user interface wilrHT and achiew@a high resolution on the impact BD elemens

on data quality. An overview of my work, from high level to case specific to a specific interyémtion

showninFigure 1.Thi s defines the Oumbrell ad of my work anc
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All my research activities enhanced my knowledge ofweald data quality phenomena in

primary care and helped necollect useful informatiofior answeing my research questions. | refer to
my research objectives and show how my results related to the overarching case study throughout my
dissertation.

1.3.2 Modelling

To better understand dataprimary care, my goal was to study the flows, processescaveats
that play inportantroles inimprovingor degrading its qualityn this sense, | am studying users, their
environmentand the relationship between the taadl am conductingn ecological study of primary
careusersTo effectivelystructure my appradn and document my results, | needed an appropriate
framework.Althoughsystems desigoan beaccomplishedising many approacheSWA is especially
suited to better understand the context and workflow of users in complexecunical domains.

CWA is a conceptual framework that facilitates the analysis of factors that shape human
information interaction and has been used in healthcare for over 2QJiaacaro, Jamieson, &
Mihailidis, 2013) The approach is worgentrel, rather than usezented, and itanalygsthe constraints
and goals that shape informatioehaviouiin the work environment. CWA examines the environmental,
organizational, social, activity, and individa@h the workflow. As an output, CWA provides concepts
and templates ttacilitate an analysis of complex phenomena and supporisifieveddesign of
information systemgFidel & Pejtersen, 2004 raditionally, the results of a CWA aapplied to design
through the use of Ecological Interface Design (EID). EID aims to désigrfaces that do not contribute
to the difficulty of the taskhut reveal the relationships important to successful performance in the work



domain(Vicente & Rasmussen, 1992jany examples of usingID successfully ira healthcaresetting
can be giverfMomtahan & Burns, 2004 Current work in CWA includes broadening the areas in which
it is applied, and enriching the framework and analytical appr@éahcaro et al., 2013)

As part of a case study, CWidan excellent framework that supports the ideancovering
contextual conditions relevant to the phenomena under @Radyer & Jack, 2008)CWA provides a
good way ofdocumentinghe findings of a case studyd relating qualitative findings back to systems
design

1.3.3 Theory Development

My theory work,includingdeveloping comparison approaches and linking CWA to design
principles, was done out of necessity to better understand myoedl system. | had specificse cases
and analytical goals that presentigre notaddressed in the ditature.

For exampleuponcompleting my CWA mode]d wanted to compare my two sets of models to
understand some of the subtle (but important) differences between data codifindtistructured data
capturen primary care and community hospitals. Such an approach does not exist, so | needed to engage
in theory work and determine an appropriate wagysiematically compare Abstraction Hierarchies
(AHs), Decision Ladders (Bx), Information Flow MapslEMs), and Skill-Rule-Knowledge ERK)
taxonomiesl interpreted the differences as insights and identified characteristics that could be transferred
to improve data quality in primary carEhesenewtools helped mdo understand the contextual
conditions of datguality, anddetermine thecological factorshat affectusers in different, but similar,
domains.

Another situatiorin which| required a new approach occurred when | was tryimgfimea
persuasion context f&D. To dateno workhaslinkedthe infamation from a CWA td°D principles To
address this needcteatel an approach tlink different phases of CWAs to different aspects of the
persuasion contexthis allowed me to identify PD principles that could target speladhaviour

changes that were aimed to improve data quality.

1.4 Structure of the Dissertation

My dissertatioris a combination of papers under review and original wetkn to submit for
publication My dissertation is broken infour logical pieces: an introductiaandgenerabackground;
my modellingwork; my field work; and a conclusion.

Part A of my dissertation is an introduct@actionthat includeghis chapterchapter2, and
chapter3. While each chapter wifprovide a literatureeview of relevant topics providea general

backgroundf primary care in Ontario inhapter2. | describe terms and concepts staduldbe
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understood to appreciate the primary care ecosyisté&ntarioand the dissertation as a wholdis
includes definingrimary care and thigiopsychosociainodel reviewing primary care governance
structuresn Ontariq discussingnedical records and dapaimary care, and discussing primary care data
guality. Chapter 3 provides an overview of CWA for readers who are tlidiamvith this approach to
systems analysis.

PartB of my dissertatiospanschapterst to 6 andocuses ordomain analysis anghy modelling
work. Chapter4 details my analysis of the patient treatment doraaithmy development of an
Abstraction HierarchyAH) to model treatment with medical recor@hapter 4 was adapted with minor
edits and submitted to tleurnal of Medical Internet Research (JMIR) Human Factmdhas been
accepted for publicatioifChapter5 builds onthe treatmenfAH anddescribeshe development of two
CWASs related to data codificatio@hapter6 describes an approach for comparing two CWA moaiets
offersinsightsbased on the comparison of my CWA of codificasionthe hospital and primary car&he
content fronchaptes 3, 5, and 6wassummarized andubmitted to the journalheoretical Issues in
Ergonomic Sciencand is under review at the timetbfs writing.

PartC of my dissertation sparthapters to 9 and focuses atata quality measurement
interface design and impvementIn chapter7, | explore data quality measuremefuar the data
reportingsystemfor a FHT. | discuss an approath define data quality measures and bdith quality
models throughogistic regression. This chapter was accefbegublicationas an original papén the
Journal of Data and Information Qualitin chapter8, | describe several soctechnical design concepts
by referring to my models and usiR. | argue that thesBD interventionscanimprove data quality in
primary careFindly, in chapter, | describe a field study whet@eployed mydesign concepts at a
FHT. | describeexperimentatesults thatmeasure the effectivenesbmy interventiorand describe the
impacts of my design aifie data quality of real systenThe resits presented in this chapteere
submitted for publication in theternationalJournal ofMedical Informatics gMI).

The final part of ng dissertatioris a conclusiofin chapterl0. In this chapted combine my

findings, provide asummary of mycontributionsand articulateexciting opportunitieor future work.
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Chapter 2

Pri maryi nCaOnet ar i o

In this chapterl provide readers with some background and context to my work by describing
important elements of the primary caentet and coding environmeirt Ontario. This includes defining
biopsychosociatonceptsn primaryhealthcargreviewing primary care in Ontario by discussing its
governance striieres, fundingand institutionsgiscussing data generation and record keeping in primary
care anddiscussing primary care data qualithis chapter defines and clarifies various terms, actors,
institutions and relationships that agermaneo the remainder of my dissertation.

2.1 Primary Care and the Biopsychosocial Model

Primary care is an important component of the health ecosystem. It has complex processes,
proceduresand technological caveats. The field is strategically important to the evolving health care

industry as primarycard at a can be more inclusive of a patient

records in other environments,; the data may exten

electronic form, primary care data can be used systematically for audity gugliovement, health
service planning, epidemiological study, reseaacil to measure the quality of céde Lusignan,
Stephens, & Majeed, 2004; de Lusignan & van Weel, 2(@@nary care datalsohas been used in
novel ways, such as predicting ars$@ssing inappropriate emergency room(8s&laurice et al., 2013)
makingquality-of-life predictions(Pakhomov et al., 2008identifying cardiovascular disease prevention
strategiegVolker, Davey, Cochrane, Williams, & Clancy, 201dhd supporting ggrations governance
within clinics (Pearce, de Lusignan, Phillips, Hall, & Travaglia, 20B3)mary care data hasany
theoretical and practical uses.

Primary care is often described as thefimttact health service for a patient who is sick by staff
trained as primary care profession@e Lusignan, 2003) his definition, howevelis overly simplistic.
A better definition suggests that primary care is the specialty that sees any patient with any combination
of problems. Primary care is characteribgdirst-contact care, longitudinality, comprehensive services,
and coordinatioifStarfield, 1997)Primary care is characterized 4§ Lusignan (2003) as having:
heuristic decision makinfpr patients with vague symptoms and unstructured problammsre holistic,

biopsychosocial modgjrounded by dongterm relationship between individuals, familiesddheir
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primary care providers; anté own scientific body of knowledge whose application enhances practice
delivered using a patiesentral consuling style.This approach is formalized with care models such as
SDM.

Biomedical models leave little room withiheir framework for the social, psychologicahd
behavioual dimensions of illnessn primarycare biopsychosocial modeblre employedhstead of
biomedical modeléde Lusignan, 2003)Ihis distinction is relevant from a complexity perspective: using
systemshinking in primary care is much more complerdmodellingtasks of care go beyond organ
systems and must i noonentpatitudgsind bekefspat i ent 6s envir

2.2 Governance Structures

Healthcare in Canada is a provincial responsibilitye Canadian healthcare system as it
functions today was established by the Canada Health Act (CHA) d&f TB8 law requires that
healthcare in each provinbe publicly administered, provide comprehensive health coverage, provide
universal access, be portable within the country, and be equally accessible to all citizens. The law
specifically prohibits extréilling, and providers are required to operate entirely by payments from the
provincial insurance syste(fhompson, 2015)

Since the accession of the CHA into lagyeral accordsave beemegotiated between the
federal government and the provinces. These accords have established additional funitiegalsat
haveestablished priorities and reform goals for healthcare throughout the country. Thersgpirated
in 2003 reserved spedaffunding for primary care reforms and the implementation of a national
electronic medical record strategy.

Prior to the reforms of the early 2000s, primary care operated oA @{feervice basis. In this
model, physicians would operate independentiyair own practices, and bill tigovernmenfor each
service provided to patients. A fee schedule was established to govern the list of services and the value of
their compensation.

As reforms began, new capitation models were introduced to primaryDmztrs were able to
form groups ag-amily Health Networks (FHNSs), Family Health Groups (FH@s¥Family Health
Organizations (FHOsAs groups doctorswere compensated fbavingpatient rosteristead of
primarily being paid on a fefr-service bais. If a doctor has 1,200 patienh their care, they would be
paid a fee for each patient regardless of whether or not these patients had been seen. The capitation model
facilitates budgeting for the provincial government and enablescoasiols. Doctes, with capitation,
are encouraged to roster more patients and identify strategies to ensure they ardrhealitrast witha
feefor-service modeinwhichd oct or s are funded when patients are

fractional feefor-service component remains. Thus, B0, FHN and FHG models ar@ hybrid of fee
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for-service and capitation. The differences between FHNs, Fat@sFHOSs relate to the establishment of
afterhours clinics and slight differences between the schedulgkadiid servicesaind feefor-service
components.
FHTsin Ontario are part of theame health reforms from tearly 20004Kralj & Kantarevic,
2012) Ontariohasapproximately 250 FHTSs that vary in size and sq@mant, 2015)Some of the larger
FHTSs hire a diverse range of allied health professionals §8HRcluding nurse practitioners (NPs),
registered nurses (RNSs), registered practical nurses @RRINarmacists, mental health workers,
dietitians, social workers, kinesimists and health promote(&rant, 2015) Family physiciansnust
belong to FHNs or FHOs to start a FHT or be part of a FHT. Once physiciamsmigers oFHTS, they
are entitled to use the services of the FHT by bringing AHPs into their practicepturtsineir patients.
The concept behind FHTs is to enable physician
freeing their time and putting complex patients under the care of AHPs. For exastelad of providing
a mental health consult ovéret course of an hour, a physician could ask a mental health counsellor to
provide that service and see as mangigpatients instead’ he investment in FHTRy the provinces
intended to make primary care more accessiliprove the management of chiodisease, and improve

long-term health outcomes within the population

2.3 Medical Recor ds, Registries , and Billing

Before the primary reforms of the early 2000s, physicians worked independently and were
responsible for managing their own medical records: physicians were using electronic systefiiter
the accordrom 2003, investmestoccurredto encourag&MR? adoption inprimary careThis marked a
significant culture shiftsimultaneouslyphysicians were expected to operate within a capitatiotel,
were encouraged to work in groypsid were expected to change from paper to electronic record systems.

To further complicat¢he issue of medical recordbe Government of Ontario also adopted the Personal

1 AHPsis notatypical acronynfitle usedin the United State®T, OT, RT, SLP, et@areoftenusedinstead to

capture different types of clinicians acting as AHPs.

2n other jurisdiction, RNs & RPNs may have different titles. In the United States, these providers would be called
Licensed Praatal Nurses (LPNs).

3 The use of the acronym EMR versus EHR varies from country to country. In Canada and Europe, the term EMR is
meant to describe a clinician centric record system in primary care. In the United States, the term EHR is typically

used to dscribe the same type of information system.
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Health Information Protection Act (PHIPAIN 2004, which refined recoclistodianshigaws, patient
access rulesandrecord management requiremer@gce the early 2000grimary caremedicalrecords

andthe collection oflata hadbeensubjecedto a significant number dfansformativeeforms.

2.3.1 Medical Record s

In primary care, individual ©physicians who are
health information custodians und&dIPA. Under this lawthesephysicians are responsible for
managing the 10 fair information practicestud Canadian Standards Association (CSA), including
patient consent, accountability, public notice, safeguarding information, and providing individual access.
Primary care physicians are wholly responsible for their information management practices and are
ultimately responsible for managing the content of their records and implementing minimum standards.
Generally, the College of Physicians and Surgeons of Ontario (CPSO) defines minimum requirements
with a medical record polic§College of Physicians and @ons of Ontario, 2012b) The r ecor dbés
defines minimal legal requirements and does not mandate specific data points or record codification.

As owners of the medicaécord physicians in primary care operate diffehgtihan physicians in
the hospital environment; in hospitaisedical recordbelong to the hospitalcorporationandthe hospital
isresponsi bl e for i mpl e men Hospitgls hirelHealttOr8odndaion pr i vacy p
Management Professionals (HIMP#&ho can ensurthatrecord have standardized contentanage the
data codification procedsr each patient visiand analyselata andrends. Clearly, primary care
physicians are challenged to effectively manage records themselves without redeitiimg tiney
typically would spend with patients. These resource and time constraints eventually createtba
streamline processes and access to information thieMdts ando acquirenformation management
supports.

As part of the primary care refosof the early 2000s, the Ministry of Health and Long Term
Care(MOHLTC) in Ontario funded an EMR adoption progrémough OntarioMD Since its
implementation, 11,650 physicians received over $25,000 in funding over three years to purchase and
adopt EMRgOntarioMD, 2015)As a result, a majority of primary care physicians in Ontario have an

EMR system Until 2015,0nt ar i oMD6s ori gi nal p and rgnevaenhfurtdiagifor s e v e r a

4 For the purposes of understanding the context of privacy within the lens of this dissertdti®A,can be
considered substant i alHeajthIssurancelPartability and Achoantailact (HIBAR) St at es 6
of 1996

5 Different acronyms can be used to describe this role. In some areas, such as the United States, the acronyms of

HIM or MIM (Master of Information Management) is used. In the context of my dissertatigrofthese acronyms

captue the same intent amatofessionafole within a hospital
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physicians. Mre recentlyOntarioMD has launched an EMR Practicen&mncement Program (EPEP).

EPEP of dnalysisof EMRmse, practice workflow and data quality to help physicians move

beyond data capture and use infor mat (OdarioMDp i mpr ov
n.d.) EPEP is basednan EMRMaturity Model and is an evidendmsed framework for measuring,
understandingand enhancing EMR use. It is designed to measure the effective use and value of an EMR

by encouraging a series of strategies baedavious.

FHOs, FHNsand FHTs changed th@gernance structure in primary care. Whereas providing
support to 14,000+ individual physicians throughout the province would have been exceptionally
impractical and expensive, providing information management support to primary care clinics through the
administrative capacity of 250 FHTs was relatively reasonable. After advocacy and lobbying by the
Association of Family Health Teams of Ontario (AFHTO), FHTs and primary care practices were given
access to a new type of resour@eality Improvement DecisioB8upport SpecialisttQIDSS).

Therole of QIDSSwithin a FHT is intended taupportand coach primary care clinics toward the
effective use of EMRs. This includes building the capacity within primary care to collect and codify data,
analy® trends, idenfy priorities from dataand generate care quality repofthe data and reports are
aimed to drive improvements in primary ca#DSS alsavould have the capacity to support physician

participation in registry initiativeby preparing data for submission

2.3.2 Billing and Reporting

Medical recordgnable several uses of primary care data.

2.3.2.1 Billing

Per the CHA of 1984, physicians providing healthcare services in Canada may only be paid by
the provincial healthcare system. Physicians are compensated for pgavieldically necessary
assessments and procedures. In Ontario, physicians bill the Ontario Health Insurat©&iaand are
provided with payment for their services. Ethically and legally, bills provided tgotrernment must be
suppated by clinical documentation within the medical record.

2.3.2.2 Healthcare Quality Improvement

Primary care data has been recognizedsmiece of information that could be useddentify

challengesnd solutionsn thebroadermealthcare systerseveral orgnizations are interested in

6 The QIDSSrole is fairly unigue to Ontario and its implementation of tezased care through the FHT strategy. It

does nonecessarily hava corollary inotherjurisdictions, such as the Unit&fates.
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collecting data from primary care, includibgcal Health Integration Networks (LHINSHealth Quality
Ontario (HQO) and the Canadian Institute for Health Information (CIHI).

Much data is contained within medical records but is not accessible or usable for secondary
purposes without addressing data quality issues. Redogtliee potential value of primary care data,
HQO and LHINs work with QIDSS to identify priorities, adopt henogesses to collect new data points,
and report useful information that helps measure health care quality improvements.

2.3.2.3 Family Health Team Activities

The Province of Ontario provides funding for FHTs to hire staff that provide services to patients
within physician officesAs a condition of funding, FHTs must report their activities to tH@HWTC.

This information is available within medical records, but extracting the information in a format that align
with the MOHLTC requirements can be challenging. &ample, some EMRs may not have the ability

to categorizenitial encounters versus follow upar individual clinicians and attempting to

automatically export this information is not practical. For larger FHTs, manually capturing this
information alsdsimpractical. Thus, some FHTs have developed their own registries to facilitate
reporting to the MOHLTC. These registries generatlyaccessed by the clinicians providing services to
patients and would capture tabular information in addition to thenmaftion within medical record$he
secondary entry adopts a fortnased paradigm to data collection.

FHT registries are interesting sources of data and can be used for secondary purposes by FHTSs.
Instead of merely using the registry to report statistidthe MOHLTC, the system can be used to
establish performance benchmarks, identify patient populations, track employegntiihmeanage
vacation bookings. Larger FHT&n span over 20 physical locations, hgresater organizational
complexity,andare moe likely to use a registry approachneettheir MOHLTC reporting

requirements.

2.4 Data Quiality *

When using primary care data, it is important to understand the differences between a data
el ementds true meaning a (Whndi&Wang, 1996) These differenaels i on  wi
are important, and can be described through the study of data quality. The issue of data quality in primary
care is a field of study in of itself, and has been studied extenge:glyBrouwer et al. 2006; Brown et al.

2012 Collins and Janssens 2012; de Lusignan 2005; de Lusignan et al. 2006; de Lusignan et al. 2010;

7 Section 2.4 and the first paragraph of section 2.1 pareof a manuscrigiccepted for publicatioim the Journal
of Data and Information Qualit{St-Maurice &Burns, in press). To provide better structure and readability to the

dissertation, that content is in this chapter, while the remainder of the publication is shown in chapter 7.
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Hogan and Wagner 1997; Thiru et al. 2003; Majeed et al. 2008; de Lusignan et al. 2003; Stone et al.
2010; StMaurice 2011; Pearce et al. 2013

There are manways to describe data quality. Data quality dimensions are usually contextual to
the user and their ecosystem. Dimensions may include concepts such as accuracy, consistency, reliability,
timeliness, relevance, completeness, currency, consistency, flgxipikcision, format, interpretability
and usefulnes@Vand & Wang, 1996; Wang, Strong, & Guarascio, 1996gre are many studies that
have discussed and studied specific dimensions in depth: ac¢arts;y2002; Blake & Mangiameli,

2011; Fisher, Lauria& Matheus, 2009)completenes@Arts, 2002; Bettencow$ilva et al., 2015; Blake

& Mangiameli, 2011; Larsen et al., 2008pnsistencyBlake & Mangiameli, 2011 )validity (Bray &

Parkin, 2009; Larsen et al., 200ahd timelinesgBettencourSilva etal., 2015; Blake & Mangiameli,
2011; Bray & Parkin, 2009; Larsen et al., 2088ye been studied and measured in various ways. Some
studies have also shown interactions between different data quality dimgiidakes& Mangiameli,

2011; Lee, Strong, Kah&, Wang, 2002)

In primary care, there are different types of data. Unstructured data fields allow clinicians to
document complex biopsychosocial concepts in free text and do not force clinicians to enter data in a
specific way. An important drawback t@é text is that it introduces curious acronyms and abbreviations
which are difficult to interpret with even advanced natural language processing tecliStevasrice et
al., 2013) As well, there is a dichotomy between what clinicians prefer and whaigmenrequire:
clinicians feel data codification is not sufficiently expressive and managers dislike the use of free text
because it is hard tanalyse(de Lusignan et al., 2003)

To make strategic health planning decisionsamalyse population dataanalysts need data
coded into a common structured format. The benefits of data codification, through forms or other
computerized mechanisms, is important as it can simplify the submission of data to medical registries for
secondary analysis. However, mgrptoviding structure to data does not preempt data quality issues, as

data in registries in known to suffer from data quality deficien@ets, 2002)

2.4.1 Data Quality Dimensions in Primary Care

Primary care data is highly contextual and many data qualitgrisions are relevant within its
domain(St-Maurice & Burns, 2014)Accuracy validity, completenesgndtimelinessare of particular
interest when using primary care data for secondary purposes, and are often assessed together to
pragmatically assess enall data qualityBray & Parkin, 2009)Datause usabilityandusefulnessare

also helpful attributes for characterizing more contextual aspects of data quality.

19



2.4.1.1 Accuracy, Correctness, and Validity

While accuracy is a relatively common term to usénendtudy of data quality, there are no exact
definitions(Wand & Wang, 1996)Generally, labelling data as inaccurate implies that thenredt and
its digital representation are misaligned. Thus, inaccuracy can be interpreted as a result of mapping data
incorrectly from the realvorld state into its information representat{®and & Wang, 1996)The term
6accuracy6 can be vague and s {Toiruétd. 2008) avoi ded unl

In the literature, the terms validity, correctness andmaoy are sometimes used interchangeably
or as synonym@Bray & Parkin, 2009; Larsen et al., 2009; Liaw et al., 20¥®)en describing the data
guality of healthcare registry data, validity is often used to describe soundness and integrity of data, or as
ameasure of faulté_arsen et al., 2009/ alidity can also be defined as the proportion of cases in a
dataset which truly have the attribute valBeay & Parkin, 2009)In other areas of the literature, the
term 6correctness O sanemgendra idea and can lte meadueed througtbtlee t h e
proportion of correct dat@ odoran, Lecornu, Khenchaf, & Caillec, 2015)

In some ontologies, correctness includes the concepts of accuracy and completeness and there is a
hierarchal relationship betweeretie concepté.iaw et al., 2013)Some frameworks include
measurement errors and validity (Cahagianknstituedor aspect s
Health Information, n.d.)Generally, the concepts of accuracy, correctness, validity, sounthtegsty
and consistency have some nuanced differences, and at times relationships, depending on the area of
application, but capture similar facets of a common data quality paradigm.

In primary care, accuracy refers to the extent to which data confortins correct value or truth.

Validity refers to whether or not there is integrity and logic to the dataset. In practice, accuracy and
validity are important concepté&asytasks such as identifying a list of patients with a common disease,

like diabees, is challenging in primary care. In a normal practice, as many as 80 diabetes patients may be
misclassified, miscoded or misdiagnogdd Lusignan et al., 2010; Stone et al., 20Ahing to ensure

data is both valid (logical) and accurate is a piaritprimary care. From the perspective of secondary

use of data, such as an epidemiological study within a region, inaccurate data or invalid data could
significantly impact results and change the allocation of resources. Without attghedeality dag, it

is not possible to create a centralized database to support policy or epidemiological (€s#lmsht

Janssens, 2012)

2.4.1.2 Completeness

Data can be considered complete if all necessary values are inflMded & Wang, 1996)

Completeness is the ability of an information system to represent every meaningful state ofwbedeal
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system. In primary care, completeness refers to the quantity of data elements that have been used to
describe the breadth and depth of the clinéradounter.

In primary care completeness is a balance between clinical efficiency and documentation
necessity. Brevity can be sufficient for clinical care, but does not usually enable effective secondary use
(StMaurice & Burns, 2014)

In primary care, thee are often uses of abbreviations and acrony@tdviaurice et al., 2013nd
clinicians choose not to categorize their entries with classification systems, such-@slhGither
situations, clinicians leave extremely brief notes in their recordshatndy useful for their own ugst
Maurice & Burns, 2014)Leaving records incomplete (e.g. without searchable terms or with too much
brevity) prevents important information from being found and used for secondary purposes. To enable
effective secondaryses, records need to be complete as possible.

From a design perspective, completeness can be managed by forcing users to complete mandatory
fields. This solution can come at a cost of accuracy. This is exemplified by a curious majority of Albanian
nationds within a clinical dataset in the United States; when users were forced to select a nationality, the
majority opted to pick the first item in the drop down list that was sorted alphabetidmsigh, 2012)

Hence, there are tradeoffs between desigron@écuracy and completeness and these data quality

challenges are closely related.

2.4.1.3 Timeliness

Timeliness has been defined in terms of whether the data is out of date and available for use on
time (Wand & Wang, 1996)Timeliness is affected by three faxd: how fast the information system state
is updated after the realorld system changes (e.g. currency and speed of input), the rate of change of the
reakworld system (volatility), and the time the data is actually {géahd & Wang, 1996)

In primarycare, timeliness is affected by currency issues. Some data is only valid near the time it
was recorded. Fsanro keexr d@dmpsltea,t utsh & hlagax can change very
as a diagnosis for Type 1 diabetes, is usually valid fotaipa nt 6 s (debLudighan et al.l 20X0)

Since the currency of data is very relevant to its interpretation, understanding the delay in data entry is
important. The measure of the delay between the clinical encounter and the recording of data, which
hopefully minimal, is an important aspect of the timeliness dimensions and can influence the extent to
which data is complete and accuré@eay & Parkin, 2009)

An interesting secondary use of primary care data would be outbreak detection fohealbtic
agencies. This type of use would be significantly impacted by a delay in data entry. Understanding and

measuring entry delay is an important aspect of data quality.
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2.4.1.4 Usefulness, Usability, and Use

Data usefulness is a highly contextual dimensioratd duality as it depends on the data user
(Haug & Stentoft Arlbjarn, 2011)At the same time, usefulness and usability of data are important
aspects of quality, as higjuality data must be fit for the use by data consumers or its collection is
irrelevant(Strong et al., 1997)

In primary care, data must serve a purpose. If the purpose and the usefulness of data is unclear for
users, other data quality dimensions may be impacted. For example, if users do not understand the
purpose of their data, or do rexigage in its use, data can be arbitrarily inputted into the database. This is
exemplified by our previous example of high Albanian demograghiicsch, 2012) users were not
concerned with the use of their data and did not use the demographic ddterefutd recorded arbitrary
data. If users required specific demographic data, such as nationality, to provide care or generate reports,
they would likely enter data more conscientiously. In this sense, usefulness, usability and use of data are
very imporant dimensions to consider in the primary care environment. There is a balance between

encouraging use, enforcing completeness and ensuring accuracy.

2.4.2 Previous Work

There have been many studies aimed at understanding data quality in primary care. Previous
studies have drawn attention to the impact of data quality on patient care and have identified the
challenges associated with incorrect or incomplete coding and classification. There are many recent
examples: in diabetes, the prevalence of miscoding, asisification and misdiagnosis impacts 8% of
recordgde Lusignan et al., 2010; Stone et al., 20k0fancer patients, 30% to 40% of primary care
records lack an identifiable cancer diagngSisllie, Roskam, Sijmons, Numans, & Helsper, 2016; Sollie,
Sijmons, Helsper, & Numans, 201 %ith thyroid disorders, many diagnoses within records were
undocumented, imprecise or unspedffitiinch et al., 2016)Other work has drawn attention to the
impact of poor quality on secondary uses, such as clinical goveraaticities(Pearce et al., 2013)

Some studies have taken novel approaches to improving data quality in primary care, such as deploying a
data quality feedback toGyan der Bij et al., 2016)Generally, there remain significant opportunities for
improving data quality in primary care.

Barriers to data quality in primary care include user skill gaps, task time, and professional and
organizational prioritie¢de Lusignan, 2005)Unlike hospital environments, the crux of the problem with
data quality in prinary care is that clinicians are asked to code data. As clinicians have a primary interest
in providinghigh-quality patient care, the creationfogh-quality data for secondary purposes is not a
prevalent concern; there is a lack of understanding abewalue of data for patient management and

service planningCollins & Janssens, 2012Pne important conclusion of previous studies is that the
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completeness and accuracy of data entry relies mainly on the enthusiasm of cl{Meij@es! et al.,
2008) In many cases, clinicians do not fully accept the merit of maintaining data, which has a direct
consequence for data quality.

Arguably, data quality in primary care is a complex saehnical issue that is impacted by
workflows, technology, culture andmext. As such, there has historically been a lack of empirical
knowledge regarding how to approach the improvement of data quality in primaBoaueser et al.,

2006)

As a first step to understanding and solving data quality challenges in primaryheae is a
need to characterize users, their priorities and their workflows relating to data. In practice, this could be
accomplished by developing models that define and correlate data quality dimensions for primary care
users. For example, Blake andiMjiameli(2011)studied the interactions between accuracy,
completeness, timeliness and consistency. A similar approach to understanding data quality in primary
care would be helpful. Understanding muliinensional data quality interactions could helgenstand
and enhance interventions aimed at improving data quality.

When using primary care data for secondary purposes (e.g. not for direct patient care), it is
important to understand the differences between its true meaning and its representatiendaiimhet
(Wand & Wang, 1996)These differences are important, and can be described through the study of data
guality. The issue of data quality in primary care has been studied exteriBnalwer et al., 2006;

Brown et al., 2012; Collins & Janssen812; de Lusignan, 2005; de Lusignan et al., 2010, 2006, 2003;
Hogan & Wagner, 1997; Majeed et al., 2008; Pearce et al., 20Ma8ice, 2011; Stone et al., 2010;
Thiru et al., 2003)

There are many ways to describe data quality. Data quality dimens@onsually contextual to
the user and their ecosystem. Dimensions may include concepts such as accuracy, consistency, reliability,
timeliness, relevance, completeness, currency, consistency, flexibility, precision, format, interpretability
and usefulnes@Vand & Wang, 1996; Wang et al., 199%here are many studies that have discussed and
studied specific dimensions in depth: accurgays, 2002; Blake & Mangiameli, 2011; Fisher et al.,
2009) completenesfArts, 2002; Bettencou$ilva et al., 2015; Blak & Mangiameli, 2011; Larsen et al.,
2009) consistencyBlake & Mangiameli, 2011 )validity (Bray & Parkin, 2009; Larsen et al., 2008hd
timelinesg(BettencourSilva et al., 2015; Blake & Mangiameli, 2011; Bray & Parkin, 2009; Larsen et al.,
2009)have been studied in various ways. As well, some studies have shown interactions between
different dimensions, such as a relationship between data complexity and data(Bladéy
Mangiameli, 2011; Lee et al., 2002)

In primary care, there are differetypes of data. Unstructured data fields allow clinicians to

document the nuances of complex biopsychosocial treatment and does not force clinicians to enter data
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into specific data fields. While this may be the preferred way for clinicians to pracdieine, it

introduces opportunities for curious acronyms and abbreviations which are difficult to interpret with even
advanced natural language processing techni@tddaurice et al., 2013)To make strategic health

planning decisions arghalysepopuldion data, analysts and managers need data coded into a common
format, which is not viable with unstructured data. The dichotomy between what clinicians prefer and
what managers require can be characterized asautisgal, as clinicians feel data coddition is not

sufficiently expressive and managers dislike the use of unstructure@eatasignan et al., 2003Jhe

benefits of data codification, through forms or other computerized mechanisms, is important as it can feed
medical registries. Structutelata in registries, however, also suffers from data quality prof§lkenss

2002)

2.5 A Complex Socio -Technical System

Healthcare is considered a complex sdeichnical systerJiancaro et al., 2013rimary care is
no exceptior{Gagnon et al., 2010urthermore primary care in Ontario has been undergoing major
changes. These changes have included developing physician groups, implementingi&MRsviding
clinics with clinical and administrative reports. Technical challenges in primary care airobistory,
structures, cultureand changes. Characterizing any challenges in primary care as purely technical would
be a significant oversighand the sectahouldbe understood andodelledas a complex socitechnical
system.

Clearly, data qualityn primary care is a complex sodiechnical issueObviousproblems with
dataexist, and these problems aff@ettient carend establisla need to create effective interventiass

well as tocharacterize users to better understand their priorities aridlows regardingdata.
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Chapter 3
Cognitive Work Analysi s

I used CWA to model my domainis this chapterl provide readers with some background
regarding CWAto helpthemunderstand my work iohapterst to 6.

3.1 Overview

The field of human factors and environmental ergonomics has a variety of tools to help
understand complex system ecologies, develop strategies to support users, and incorporate technology
into workflows(Saleem et al., 2009Yarious approaches have beaedito develop models describing
patient health and clinical decision makindAs hoor i | Bur ns, D6ENntremont ,
Enomoto, & Momtahan, 2009; Carayon et al., 2014; Chow & Vicente, 2002; Chu, Hsu, Cardenas, &
Taira, 1998; Hajdukiewicz, Dog| Milgram, Vicente, & Burns, 1998; Hajdukiewicz, Vicente, Doyle,
Milgram, & Burns, 2001; Nemeth, 2006; Rezai & Burns, 2014; Watson & Sanderson, $988ifically,

CWA and Work Domain Analysis (WDA)icente, 1999kan help describe user decision maliang
competency requirements within complex seteichnical systems. A detailed CWA cagsist in
desigring moreeffective systems through the use of EID.

CWA is a conceptual framework that facilitates the analysis of the environment at various levels
of detail and assesses how the environment impacts and shapes therdfomaation interaction
(Vicente, 1999)CWA is a systematic framework that can be used to examine the work activities of
participants in workflows and processes using environmental, iaegi@mal, and social lenségicente,

1999) CWA provides concepts and templates #idtinthe analysis of complex phenomena and supports
better design in complex soeiechnical system@-idel & Pejtersen, 2004)

CWA is a formative framework and detags how the systeeouldbehave, rather than how the
systemshouldor doesperform(Mcllroy & Stanton, 2015)The approach is worgentreal, rather than
usercentral, and it analyses the constraints and goals that siedg@viourin work environments
(Jiancaro et al., 2013CWA is broken down into five stages of analysis: WDA, CorntagkAnalysis
(ConTA), strategies analysis (StrA), social organization argperation analysis (SOCA), and werk
competencies analysis (WCAYicente, 1999)
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Although the CWA framework includes five phases, not all stages are necessarily required in
each analysis; the CWA method servea toolkit for practitionersand the analysis phases chosen

should match the inherent system constraividlroy & Stanton, 2015)

3.1.1 Work Domain Analysis
As the first phase of CWA, WDA describes the s

the functional meansnds relationships between system functions and components. Through an AH, the
work domain is analysed and broken dowtoivarious levels of abstraction. The Abstraction
Decomposition Space (ADS) can be used in conjunction with the AH to break down the analysis into
different levels of resolutiofVicente, 1999) Each type of model details investigations of the work
domainand highlighs underlying functional structures that must be respected for a system to achieve its
intended focus; it is the documentation of the functional ecdldigore, StCyr, & Jamieson, 2009)
WDA allows a practitioner to understand what needsetdone by the system, and helps usi@dedwhy
the system exists.

WDA can describe how structures, abstract valaed constraints affect the normal functions of
a systen(Bisantz & Mazaeva, 2008LCWA has been useqmteviouslyin healthcar¢Ashoori etal., 2014;
Burns et al., 2009; J. A. Effken, Loeb, Kang, & Lin, 2008; Jiancaro et al., 2013; Lim, Anderson, &
Buckle, 2015; Momtahan & Burns, 2004; Rezai & Burns, 2014; Watson & Sanderson, 2007)

TheAH is amodellingtool that describes the results of a WDAcente, 1999)The AH is
intended to be a full depiction of the necessary constraintetstbe consideredor the system to
achieve its purpose, while descr i bnis(Kilgoreaehak, sy st emd
2009) UsingAHs can help bridge the psychologylturemedicine gap in healthcare. These hierarchies
can be used to develop representations of patient care that aeglalithmbiomedical knowledge,
support medical problem solvingnd act as a frame of refereng¢ajdukiewicz et al., 2001 As a
structured approach to WDA, thdHi ncl udes a | ayer to describe the s
abstract functions, generalized functions, physical functams physical forms. Lines are@wn

between each layer to show meansl or howwhy relationshipgKilgore et al., 2009)

3.1.2 Control Task Analysis

ConTA is the second phase of the CWA framework and is a formative phase that describes how
tasks can be undertaken. ConTA allows a practititmanderstansvhatmust be executed and/or
processed by the system and controller and describes these goals regardless of who is supposed to conduct
the activity, or how. Because CWA is a formative framework, the ConTA highlights when actigities
be arried out, and how they alikely to be carried outMcllroy & Stanton, 2015)
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ConTA uses Ma(Rasmussertdid). OLs capture the flow of information
processing associated with individual control tasks, and enable the use of shortcutstie ergert and
novicedecisionmaking patterngVicente, 1999)DLs are represented by a series of -geitecessing
(rectangles) and knowledge states (circles) that repriggenhationprocessing patterns. Consecutive
states of knowledge are separatednmntal activities to transform one state of knowledge to the next.
ConTA requires information about the state of the work domain, and outputs the required actions on the
work domain(Vicente, 1999)

The relationship between work domain and task analgsi®e conceived aspartnership. At
one enda WDA identifies information requirements that are evamnt timeindependent, providing a
basis for supporting worker adaptation to novelty and change. On the other end, task analysis identifies
information requirements that are eveartd timedependent, thaiproviding an efficient basis for
supporting worker performance to anticipated situations. In other wid8, is ecological and helps
understand which tasks may be performed by the whkereas task analysis describes those actions
(Hajdukiewicz and Viente 2004)

ConTA allows a practitioner to take an expert user into consideration, and allows a human actor
to engage in a constructive learning prod®sente, 1999) ConTA anticipates user learning and
adaptation as a constructive learning procesthisncontext, experts do not retrieve a-planned
solution from memory when accomplishing a task, but actively generate contextually tailored sequences
of cognitive activities that are appropriate in a particular situgticgente, 1999)ConTA aims tanodel
not only novice cognitive tasks, but also aims to map these expert sequences.

Theoretically all users gain experience and eventually become experts. Instead of trying to
determine what would be required for a novice to accomplish a task, we waditry to determine the
preconditionghathave to be satisfied for expert performance. A cornerstone of ConTA is to model
processindgehaviouttoward designing computérased information systems that deliberately induce and
support expert action, whighereby leadto gains in cognitive efficiencfvicente, 1999)DLs are tools
desigredto achieve the objective of discovering and documenting expert cognitive sequences. Through
the use of shortcuts, a practitioner can articulate novice and expertipdiis way, the DLserves as a
tool to illuminate ways to induce expert action.

Expertise in a DL can be expressed through the
abstract levels of thinking. As described by Rasmussen (1974), a traimatbopall only occasionally
have to move through all the steps of the basic sequence. Shunting results from subconscious or intuitive
data processing; fAmental activity may take pl ace
state laterinth sequenceodo, or fian association based upon

directly from one state of k. mhesekshedsewlvaimtheanot her o
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constructive learning process associated with training and are represgareows from data processing
activities (e.g. boxes) to more abstract states of knowledge (e.qg. circles).
I n addition to shunt s, DLs all ow for t&e descr
from two separate knowledge states (e.g. gbimg a circle to a circle). Leaps represent intuitive data
processing performed by the subconscious and describe associations thatoygassplex higher
level reasoning. Leaps rely on the large capacity of holistic perception and recognition,aesthel|
large data processing capacity of the subconscious functions of generalizatmadatithg(Rasmussen,
1974)

3.1.3 Strategies Analysis
The third phase of CWAwhichis StrA builds on the control tasks from ConTA by describing

the alternate ways eachntrol task may be performed. StrA descrittesvariety of approaches and ways
that tasks can be complet&trA allows a practitioner to understamolwthe system executes its
functions.

The results of StrA argenerally represented through the ust-dfs (Kilgore et al., 2009)IFMs
aremodellingtools from the CWA framework that can be used to describe how a task can be
accomplished (Vicente, 1999). IFMs should be idealized categories of task procaddtiesy should
be contextspecific. They areepresented by processing taésquares) and mental states (circles). When
IFMs are used for SOCA, the circles and squares are coloured to represent the team members performing

each processing activity, and denote who has a particular mental state.

3.1.4 Social Organization and Co -operation Analyses

SOCA, thefourth phase of CWAbuilds on the analysis performed in StrA by determining the
actors performing tasks. The purpose of this analysis is to address and document organizational
constraints imposed kgb roles and definitionfv/icente, 1999) As an example, one way of approaching
this phasés toadapt the IFMs developed in StrA by colour coding to indicate either technical or human
actors involved in the task completion. SOCA allows a practitiongnderstandvhocompletes the
system functiongJiancaro et al., 2013)Another way of looking at this phase is through Team CWA
(Ashoori et al., 2014)

3.1.5 Work er Competencies Analysis

The final stage of CWAS3)SRC#onomysare sdeslitsthe musseno6s
cognitive requirements ne @dleoy& Stamtort, 2015jThelanalydise sy st e

describes the system actor and their requiredis&8kbedoehaviouy rule-basedehaviour and knowledge
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basebehaviour WCA allows apracitoner t o under st andbytwhaameam&pans and

thatare required to execute the system functions.

3.2 Ecological Interface Design

EID is a design framework that has been used in a large number ofestioiical systems
(Mcliroy & Stanton,2015)andtypically is paired with CWA For example, a model of anaesthesia
(Watson & Sanderson, 1998gs used to support the development of auditory alarm sy$§atson &
Sanderson, 2007and a model of the cardiovascular sys{el@jdukiewicz et al.1998)wasemployedn
the design of clinical display§. Effken, Loeb, Johnson, Johnson, & Reyna, 20D is constructed on
two stages of the CWA framework: the AH and the SRK taxonomy. EID uses WDA to identify system
variables for each level of the Aidode| and the SRK taxonomy helps ensure that user needs and
competencies are respect@&iirns & Hajdukiewicz, 2004)The goal of EID is to design an interface that
does not force mental processing at higher levels than the demands of a task reqsuepBii3 each
level of the three levels of cognitive control in the SRK and aims to design interfaces that do not
contribute to the difficulty of the task, while supporting the entire range of activities that users might face
(Vicente & Rasmussen, 199A8ID is about shifting and changing cognitive control. CWA uses the AH
in its first phase, and uses the SRK in its final phase. Thus, EID and CWA are said to be intimately linked
(Mcllroy & Stanton, 2015)EID is the natural design implementation of analysexlucted with CWA.
Conceptually, the AHs and WCAs trae developed in later chaptesn be used to support design
through the use of EID

In its original conceptualization and description, EID only used the WDA and WCA phases of the
CWA analysis. Thehases of ConTA, Strfand SOCA daot address ecology, per se, and do not fit the
original intent of the frameworldowever ConTA, StrA and SOCA models aimportant for a full

CWA-based design approach

3.3 Applications of Cognitive Work Analysis

CWA has poven to be a versatile and broadly used framework. It has been used for a variety of
purposes, including designing automation (Mgzaeva and Bisantz 200 odellinganddesigning
systems (e.g-ajdukiewicz 1998; Bisantz et al. 2003;/8aurice and Burs 2015) assessing training
requirementge.g. Naikar, Sanderson, and Lintern 19@®alysingnformation requirements (e.g.
(Ahlstrom, 2005) supporting procuremefe.g Lintern and Naikar 2000; Naikar and Sanderson 2001)
and designing effective tramg for teams (e.dNaikar et al. 2003; Naikar and Saunders 2003; Naikar,
Sanderson, and Lintern 1999he domains of CWA have included air traffic control and aviation (e.g.
Ahlstrom, 2005; Beevis, Vicente, & Dinadis, 1998; Naikar et al., 2Q8i8yer gerration (e.gSanderson
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et al. 2005; Lehane, Toleman, and Benecke 20G0)al (e.gBisantz et al. 2003; Burns, Bisantz, and

Roth 2004) manufacturing (e.ddiggins 1998; Upton and Doherty 2008&)ilitary command and control
(e.g.Jenkins et al. 200&;intern, Miller, and Baker 2002petrochemical (e.glamieson and Vicente

2001) andtransportation (e.dBirrell, Young, Jenkins, & Stanton, 2012; Jansson, Olsson, & Erlandsson,
2006; Salmon, Regan, Lenné, Stanton, & Young, 200WA has also been brdig used in healthcare
(e.g.Jiancaro, Jamieson, and Mihailidis 2013; Effken et al. 2008; Ashoori et al. 2014; Rezai and Burns
2014) including the analysis of cardiac care teletrié®igrns et al., 2009frauma centre redesign
(Sarcevic, Lesk, Marsic, 8urd, 2010) and nurse decision supp@omtahan & Burns, 2004)

3.4 Use of Cognitive Work Analysis to  Study Data Quality

CWA is a helpful framework for analysing complex setdohnical systems. | used this
framework to analyse data codification in primaaye.My approach to usinG@WA started by creating
an AH to represent patient treatment in healthcare. This work is presentexptard. Theneedfor
developing this AH arose during my work in developing models for codification. It became important to
understand where data was coming from and how it was used in clinical practice before trying to
understand the information management aspects of data codification.

As a next step, | developed CWA models in primary care and hosgitisigs | wanted to
understand what was taking place in both environments to better understand the depth and breadth of the
cognitive and ecological aspects of coding. | focused on a data codification &gl domairfior my
control tasks. The results of this work is presdnhchapters.

After building CWA models for each environment, | wedhto draw a comparison. However,
attempting to compare CWrodelsis uncommon. Thus, | developed an approach to compare CWA
models and uskthis approach to compare and contrast yf#ems | studied. | gathered several useful
insights from the comparison. This work is presentazhapter6.

This work includes several contributions to CWA. To my knowletlgs is the first CWA of data coding
and records management. Second, | am ngekioontribution by proposing and demonstratimgeshod
for conducting aletailed systematic look at comparing models to extract new insfghtsnmary of my

work with CWA regarding data qualitig shown in Figure?2.

Figure2. Summary of Cognitive Work Analysis applications and uses.

CWA of Codification and
1 Summyarization Tasks in Primary Care S
AH of Patient Treatment |~ (Chapter 5) "Comparison of ™
Using EMRs _ Codification CWAs
(Chapter 4) I CWA of Codification and »_ (Chapter 6)
Summarization Tasks in Hospitals

(Chapter 5)
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Part B
Systems AnaMgdels| iamgl

This part of my dissertation featurdseechapters focugkeon the development and interpretation
of models to improve data quality during data codificatigresentan AH of patient treatment inhapter
4, andl develop several models of data codification with CWAhapters. Then,l compare the results
from thetwo analyses ichapter6.
The chapters in PaB were turned into two publications. A manuscript titted) s CWAgto
Compar e Compl ex w&swmitethtdzoreteal Issie®in Ergonomic Sciearel is
under revew. A second manuscripttittedMo del | i ng Patient Treatment wit!
Abstraction Hierarchy t o Undwasade@ed othelbgrearof Compet en
Medical Internet Research (JMIR) Human Factd@sth manuscripts incorposmsome of thenodelling

work described in this section.
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Chapter 4
An Abstraction Hierarchy of Pat

In the previous chapters, | provided an introduction and context for my woitkis chapter |
beginmodellingthe coding environmerty building ahigh-level understanding of the work domain. |
alsoperform a WDA of patient treatment.

4.1 An Abstraction Hierarch vy of Patient Care

Healthcare is considered a complex sdeithnical systerfJiancaro et al.,@.3). As well, a
movemenis underwayn patient care to move away from paternalistic healthcare approgieates,
Gafni, & Whelan, 1999; Weston, 20040d engage patients in their own cdrer exampleatrendis to
adoptSDM (Elwyn et al., 2012; Lega & Witteman, 2013)o improve patient carthrough engagement.
Similarly, new healthcaraws arepromoing patientcentral careas a priorityparadigm shif(e.g. the
Pati ent 6s miOntarig. As$ teedheakhcasetdelivemnvironmenincorporats new
constraints and develops new goaliicians have unique needs and require a rich set of competencies to
practice medicineAs a complex socitechnical system, usintge CWA frameworkcan bean effective
approach to understaiathd desidbe the complexities of care in thitallengingworld.

As an output of WDA, mny AHs have been developed to describe patient h&althe of these
AHs were developed through a WDA, whereas others were develdgihéa the context offuller CWA
exerci® Some of these abstractions treat patients as biomedical machines with physiological processes
(Hajdukiewicz et al., 1998, 2001; Hall, Rudolph, & Cao, 2006; Miller, 2004; Watson & Sanderson,
1998) For example, some models represent the human bodyresting state during anaesthesia
(Watson & Sanderson, 199&)ecompose the human body into systems and o(Banss et al., 2009)pr
describe the cardiovascular system as an independent gi#dgtukiewicz et al., 1998 he scope of
these analysesemore biomedical in nature because they describe treatments and procedunes, and
modellingmedical treatment without including the consultation phégéin the confines of emergency
or surgical care to unconscious patieptgjent values and wishéal out of the scopef analysisand

the model can be scoped to a largely physical model of repairing damage or improving physiological
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processes I n these contexts, O6aberrations in physiol o
6domaiwhiupgnc | i nMilen 200 wor ko

In other cases, patients are conscious and therefore capable participants in their own healthcare.
Ashoori and BurngAshoori et al., 2014nodelledthe patierdasanactor approach effectively during a
study of a bithing unit. The CWA showed rich coordinative points, shared artefacts and adjusting
structures, and described the patieraraactive partner that engaged in her own heéitiparticular the
AH modelledthe patient as a physical function of prescript@ssessmerdind consultingln another
example, Rezai and BurfRezai & Burns, 2014nodelledpatient values, skills, support systemsd
abilities in a home healthcare scenavith WDA and ConTA The scopelid not include the patient
within clinical practiceRegardless, both examples demonstrate that CWA is capable of characterizing
patients as emotionally complex, social creatures and that CWA can successfully descrilzapatient
decision makeywith rich sets of values and capabilities to support their own health@ditein CWA,
WDA can describe many complex relationshipst areboth biomedical and patienglated.

Building a model of patient treatment is challenging, and is further complicated byahees of
effectively treating patients with the assistance of EMRgresentno CWA modelor AHs of patient

treatmenfddress this context and need.

4.1.1 Model Objective and Scope

The objectives ofhe AH is to capture the complexities, balancasd chdenges regarding
patient treatment from a clinici@perspectiveSuch a model could be specific to an individual
physician, practiceor speciality. In an effort to offer a breadth of utility, the goal of this AH is to capture
generic and common healdreprocesseand priorities, without worrying about specific or unusual use
casesThe goal is to develop a model that could represent all types of clinicians involved in prewviding
triagingcare, including, but not limited to, physicians, physiothistapnurse practitioners, dietitians,
mental health workerand pharmacists.

Themodemustgo beyond the | aymends and paternal i sti
biomedical proces&Vhereas physicians are experts in disease, patients are expleeis @wvn
experience of diseasad in their preferencé€gVeston, 2001)One of the challenges of patient care is
incorporatinghep at i ent 6s val ues and p(Legdreekr\\bttencae, 2013Yhet o de c i
abstractiormustarticulate the challenges of treating patients in a world ofvacitine campaigns,
conflicting personal valueand complex determinants of health. In this sense, the model needs to

describe the biopsychosocial constraints and nuances of patient treatme
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Finally, the modemustcapture the impact and role of EMRs in delivering healthcare. The model
needs to describe tltemplexprocesseassociated withisingEMR recordsand how they interact with

clinical practice

4.1.2 Intended Uses

As an insightful modl of patient treatment, the Ashouldserve severglurposesThe goal of

developing this AH was to support many use caseliding

1. Change ManagementThe AH should provide greater context when trying to plan for the

implementation of new systems, npvocessesand new workflows.

2. EMR Development As patient treatment complexities evolve, so must EMRs. Providing a better
context and understanding of patient treatment coffiéat valuable insights to EMR developers
Developinga modern modedf patienttreatmentaiddresses a gamd could lead to the design of

improved EMR systems

3. Additional AHs: Clearvalueis seerin understanding healthcare as a complex system. An AH of
patienttreatment could providelzasis for additional analysis. For example, ustdadingpatient
treatment would be a precursor to understandingidr@agement diealthinformationand data
codification

4.2 Model Development

4.2.1 Model Context

The study was conducted through collaborations with SMEs in Onfdii®included managers
andclinicians within a community hospital and at a FHT. Somd&efconcepts that were included are
reflections of a singlpayer system in Canadadreflect a Canadian perspective on social determinants
of health(Mikkonen & Raphael, 2010Y he idea of for-profit healthcare anthird-party insurance

companies are not present.

4.2.2 Information Gathering

Collection ofdatato build and validate modefer the CWA framework is not very well
described in the literature. The scope of my work did not iratoaking acontributionto this gapand |
adopted standard practices in the field to meet with SMEs and users to inform my work. The data
collection was semstructured and did not follow a rigid social science approach, such as greunded

theory.The development dhe AH and the WDA was meant to capture important aspects of patient
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treatment, but was not intended to be a perfect representation of all caveats in the ToenalDA
served as a guide for inquiry.

| gathered my qualitative data to conduct a WDA by aating local thought leaders in the
community. To understand how data is used for secondary purposes, | met with hospital directors,
program managerand executives. To understand a clinical perspective, | met with several doctors and
observed users whoene entering data. My observations and interviews lasted approximately an hour
each, and | took detailed notéset participants discuss their ideas and thoughts openly, and asked follow
up questions to direct the conversation to areas of interest.

After taking notes with each participantranscribed the notes to a computer amchmarized the
conversation and idealsshared myhotes and summariggth the participants. The participants reviewed
the notes and provided additional clarifications an@sabout the important themes and ideas | had
summarized.

Based on the results of each interview, | dedguestions to subsequent participants to explore
ideas that | had not fully understood, to get a second opinion on a topic, or to explore new areas. My goal
was to validate my present models and expand on them with new information. When contradictions
occured, | asked more participants to clarify the topic, and when similar commentsl doossed the
interview time on new areas. | interviewed participants until | felt confident about the resulting AH. | met
with some participants a second time to revie&vAH in detail and confirm my understanding of the
concepts and ideas of our previous meefiitgs enabled me to validate my results.

The development of th&H took place over the span of 12 montAgotal of 10 iterations and
versions of théAH werecreatedoefore the development of the final version. In addition to working with
SMEs, information for the WDA was collected by reviewing textbooks such as pathophysiology
textbooks(Gould & Dyer, 2014and health system textbookhompson, 2015best pactice guidelines,
professional standard€ollege of Physicians and Surgeons of Ontario, 2012a, 2(dradgxisting
literature(Biro et al., 2016; de Lusignan, 2003; de Lusignan & van Weel, 2006; de Lusignan et al., 2003;
Elwyn et al., 2012; Gagnon €t,&010; Jiancaro et al., 2013; Majeed, 2004; Saleem et al., 2009; St
Maurice et al., 2013)nsightful information and anecdotalsowere gathered during previous research
(StMaurice & Burns, 2014)

4.2.3 Abstraction Hierarchy Development

The development ohHs is challenging because moliled) abstract concepts and idezs be
accomplished in many wayllodel developerseed to engage and observe users and articulate thoughts

and suggestions into tiAeéH. Often, the literal suggestions and ideas from Skibst be abstracted into
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high-level concepts and ideasHs are intended to be helpful, but not perfect, and managing the scope
and level of detail of thenodellingexercise is a challenge amdof itself.
The first phase of a WDA is to determine the system boundadpglancemust beachievel in
the analysis: a domain boundary that is too narrow will leave out connections and interactions that exist
outside the boundarywhereas a broad boundary can digtthe modellingeffort as time is spent
developing concepts that are not germane tonbeellingobjective(Burns et al., 2009he scope of
work was primaity clinical,andtheb oundary was restricted to activiti
contol during a patientdés use of services, even if
included in the scope of the analysis. Patient flows and activities outside of an encounter with a clinician
were excluded from the scope (e.g. pat@pitng not to take medicines, choosing to perform exercises,
adjusting diet, consulting with family, etc.).
Patientprocess flow diagram@igure3) and informatiomprocesglow diagramgFigure 4)were
developed with SMEs to describe the generalized activities of the clinic and its cliniciahe.gkecess
flow diagrams presentegeneralizecverviews of commonprocessesot all components of thgrocess
diagpanswer e necessarily Oact i v athegrdpiesedtadrpossijgocessesh pat i
during a visit. In the case of patient flows, miostctionswithin the clinic (involving a combination of
triage, assessment, treatment, care trayesfiek scheduling) were captured. In the case of information
flows, mostfunctionsinvolving the EMR (involving a combination of summarization, sharing, updating
and interpretation) were also captured. THise diagramdaterweret r ans | at e deralizedt o t he 0

Functionb6AH.ayer of the

Figure3. General patienprocesgunctions.
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Figure4. General informatioprocesgunctions.
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Usingmy boundary definition, previous work regarding medical rec@@d$/aurice & Burns,

2014) and discussions with SMEs, five goals were developed to describe the purpasentf
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After describing goals angrocess flowsa list of concepts that linked thdagers was developed

with help from SMEs. This included articulating abstract concepts such as values and balances, and

showing how system goals were mediated to perform functions. These concepts were translated into the
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FunAH.i

onod

| ayer

of

t he

The physical function layer of theH represented concepts, objeesd actors that were needed

to perform thepatient and information process@$ie physical form represented details and attributes of

the objects and actors that were relevant tesylseem processes. For example, the social status and

severity of symptoms were relevant attributes of the patient.

4.3 Modelling Results

The patient flows and information flows eaghreplaced into separate views of the sahht

(seeAppendix A. Showing two views increased the readability of the hierarchy and allowed each type of

procesgo be displayed separately. Other than the generalized funatidnspecifically noted omissions,

all elements of the modalreshown in each view.

4.3.1 Functional Purpose and Treatment Goals

Five functional purposes were identified in thid. The treatment purposes (e.g. goals) included

concepts of patient education,dimcial compensation, health improvement, sustainablearailgublic

safety. These goals are linked to abstract functions which represent constraints to be respected in

achieving each goal. In some situations, each goal is met during treatnsamhesituations, one goal
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may take priority over the othdfor example, a patient with a communicatlilseasanay need to be
guaantined to ensure public safetithe expense of their individual wellness and freedom. Howther,
goal of themodelledsystemgererally is to achieve all goals simultaneousiytside of fringe case$he

details underlying these concepts were developed in consultation with SMEs.

4.3.1.1 Functional Purpose: Educate Patient

As part of treating patients, clinicians aim to educate pati€hts.includes providing
information about health conditions, treatmeatyd lifestyle. Educating patients is an important goal in
their treatment since poor education or incorrect information can interfere with treatment and must be
considereds a goalFor example, SMEs mentioned that some patients may not wish to be vaccinated
based on individual patient beliefs about vaccines. In this context, the overall goal of treating a patient is a
combination of education, improving their healihd ensuring puie safety from communicable
diseases.

As shown in theAH, during treatmenpatient education is mediated by patient means and
abilities (e.g. patients who cannot afford physio therapy might be educated about exercises instead of

receiving a referral) ahpatient values (e.g. not being willing to accept a certain treatment).

4.3.1.2 Functional Purpose: Receive Financial Compensation

In Ontario, feefor-service payments are provided by the Government, a third party insurance
provider, or the patients themselvda.other situations, such as clinicians who are partFéifid or
physicians who work at a Community Healtbntre clinicians are salaried and employed by the
Government to provide healthcare services and treat patients. Sometimes physicians are cdmpensate
through a combination of patienapitation (e.g. payment per patient per year), by the services provided
and according to special bonuses for achieving specific care prd@dtimeapson, 2015)
While treatment could bmodelledaltruistically, paymento clinicians impact the treatment
approach. As mentioned by SMEs, some doctors in thiiofeee r vi ce mod el adopt a o060
probl em6é approach to maximize potenti al remuner at
remuneration and notiglen by best practice or health outcomes, this concept is important to capture in
the AH and show as a treatment goal that impelitécal processethrough abstract functions.
AsshowninthédH, compensation is medi atbiitydopgayy a pati en
uncovered costs and fees), best practice guidelineg(egrnmenbonuses for specific additional
interventions, which are based on best practice guidelines), patient flow (e.g. volume and theoretical
maximum billable time), system resoasc(e.g. thgovernmenbudgej, professional values and training

(e.g. what services can be performed and opting to select strategig$nigvsaximum remuneration),
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balancing risks versus benefits (e.g. determining if receiving compensation for thetrieis worth any
potential risks or benefits to the patient), and professional standards (e.g. what actions are permitted,

ethical and appropriate).

4.3.1.3 Functional Purpose: Improve Patient Health and Wellness

An obvious goal of patient treatment is to imype patient health and wellness. Patients who are
not looking to improve their health or wellbeing (directly or indirectly) will not seek treatment. SMEs
mentioned that sometimes patients seek assistance for social reasons and not for strictly medigal reas
the biopsychosocial nature of care accords services to gatieatare isolated socially, or experiencing
significant life challenges such as jols$or homelessness.

Improving patient health is mediated by patient resources (e.g. financial abpiy clinicians
when required, afford drugs, bavesocial supports to support care), the ability to actually see the patient
(e.g. patient flow), patient values and beliefs (e.g. willingness to accept recommendations), best practice
guidelines, healtkystem constraints (e.g. scheduling constraints for referrals), physiology and
psychology principles, professional values and training (e.g. what treatment can be perfamohed)

balancing the costs and benefits of a treatment plan.

4.3.1.4 Functional Purpose: Provide Sustainable Care

In Ontario, clinicians need to select appropriate tests and treatments that support a sustainable
healthcare system. Cliniciaatsoneed to avoid unnecessary procedures that are of limited clinical value.
For example, SMEs describpdat i ent s who r e q u e savitaif tasgwitholtd o o d wo r k ,
clinical reason. Unlike fully privatized healthcare systems, clinicians need to make treatment choices that
respect the public purse and support a sustainable healthcare system by ensuring diagnostics are medically
necessary. This type of conflict resotutiis challengingWeston, 2001and is important to include as a
constraint in treatment. Patients are not always able to receive the tests and treatments that they want
because of limited health resources.

Sustainable care is moderated by best practicetines, patient flow (e.g. volume and capacity),
system constraints (e.g. budgetary limits), professional values (e.g. caring about the public purse), and

professional standards of care (e.g. guidelines).

4.3.1.5 Functional Purpose: Ensure Public Safety

Cliniciansmustplace individual patient treatment into the context of public safety. Patients who are a
danger to others, have communicable diseaseuld endanger their community in other ways (e.g.
poor eyesight in a senior citizen who drives) requireintv ent i ons t hat are not nec

best i nterest . For exampl e, SMEs di scussed that t

40



public safety, but may also result in social isolation and poor medical outcomes for the inglistchral

Public safety is an important element to moddigalth careEnsuring public safety is moderated by
professional values and training, the balancing of risks versus outcomes, and professional standards. This
also has an impact on many informatftows, such as mandatory reporting requirem¢@tdlege of

Physicians and Surgeons of Ontario, 2012a)

4.3.2 Abstract Functions and Treatment Constraints

Abstract functions represent constraints that need to be respecteddinigal processeée.g.
generdl zed functions) to achieve the systemdéds treatm

consultation with SMEs.

4.3.2.1 Abstract Function: Balance Patient Means and Abilities

Patient means (e.g. financial, social) and abilities (e.g. mental competencgregtieed to be
balanced and considered in their treatment. For example, SMEs mentioned that a physician will need to
take a patientdés ability to pay for drugs into co
physiotherapy. Likewise, an elderlgg i ent 6 s access to peer groups and
to live at home or require homecare. This constraint influences treatment functions and plays a role in
how medical records are processed (e.g. looking up patient details and sodiaétaeinues) and

summarized for sharing (e.g. summarizing data for a referral).

4.3.2.2 Abstract Function: Patient Values and Beliefs

Patients have varying worldviews and values that need to be understood and balanced during
treatment. For example, SMEs mentioned that some religions would object to blood transfusions, some
cultures will not tolerate birth control, some peer groups adbdedse information about vaccines, and
some female patients may be uncomfortable with a male doctor performing certain medical procedures.
This abstract concept plays a role in patient assessment and trgatoceduresPatient beliefalsomay
play arole in how information is shared with other providers, based on patient perspective about privacy

rules and regulation®erera, Holbrook, Thabane, Foster, & Willison, 2011)

4.3.2.3 Abstract Function: Best Practice Guidelines

Best Practice Guidelines suggesalth screenings, preventative teatsd appropriate actions for
patients with specific characteristics (e.g. age, diagnosis, etc.). SMEs referred to guidelines that
recommend specific treatment functions (e.g. recommending a test), or specify thamtabgati
transferred to another level of care (e.g. sending a patient to a stroke unit from the emergency room). Best

practice guidelines have a significant impact on the review of medical history. The constraints on
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treatment that are associated with beatfice guidelines are represented through this abstract function,
but guideline documents were not included in the Physical Function AHlie order to manage project

scope.

4.3.2.4 Abstract Function: Patient Flow

Patient flow is a representation of patiessering, moving through, and exiting the treatment
process. Patient flow represents limits related to patient volume and throughput. Patient volume is an
important constraint on the systeas the flow of the patient through the clinic and the healtrsyetem
must be taken into consideration, and is important for all generalized functions. Without capacity,

treatment is not possible.

4.3.2.5 Abstract Function: Balance System Resources and Constraints

As asinglepayer, publiclyfunded healthcare system, healtiecdollars and resources in Ontario
must be taken into consideration during treatment. Not all drugs or treatments are available, and some
procedures have significant waiting lists due to insufficient system resources (e.g. number of beds,
number of surgats, etc.). This abstract function describes a constraint in selecting treatment options for

patients while achieving treatment goals.

4.3.2.6 Abstract Function: Physiology and Psychology Principles

Human anatomy, physiologgnd pathophysiology principles are iantant constraints to be
consideredluring treatment. When patients are suffering from situations that are not strictly biomedical
in nature (e.g. social distress, isolation, stress, etc.) psychological principles need to be taken into account.
This abstrat function helps describe constraints during triage, patient assessment, treatohénainsfer
of care. From an information perspective, these principles are important when clinicians interpret results

and data and update the medical record.

4.3.2.7 Abstract Function: Professional Values and Training

Clinicians are not uniform in their decisiorss with patients, clinicians have worldviews,
professional valuggnd priorities. For example, physicians may choose to see more patients in a day (e.qg.
volume) and povide care to a large number of patients, or may choose to see fewer patients for full
assessments to provilggherquality care. Worldviewalsomay impact ethical decisions, such as
valuing the public purse. A syl andseso$driaritesis dased ®1c o p e
training and personality characteristics. This abstract value system plays a role in assessing patients,

performing treatmenigind deciding when it is appropriate to transfer care. It also plays a role in a
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cliniciands i nt e rhigkduality documentatiomn thahigabove minimum standards. Patient and

documentatiomprocessgare constrained by professional values and training.

4.3.2.8 Abstract Function: Balance of Risks, Costs, and Outcomes

Whenever treatment is@rided to a patient, there are risks, possible outcoameiscosts. If a
clinician determineshat therisk is highandthe probability of a positive outconie low, another
treatment option may be selected. Similarly, a clinician may balante#fthcare costs of surgery for an
arthritic patient versus a prescription, and make a treatment determination that is based on total costs,
recovery periodsand quality of life. Risk balancing takes place in consultation with patients who
describe theipreferences and capabilities. In situations where patients pose a risk to public safety, a
clinician must make an appropriate determination between risks and potential negative outcomes to the
patient and public.

This abstract concept plays a role in asgests and treatments. Risksoare evaluated when

choosing to transfer care. Information functions assist in determining risk.

4.3.2.9 Abstract Function: Professional Standards

All clinicians are governed by professional associationscaltdiges For examplephysicians in
Ontario are governed by the College of Physicians and Surgeons of Ontario (CPSO). The CPSO
establishes specific conditions and training requirements for all physicians in Ontario. They have policies
on medical recordCollege of Physiciansra Surgeons of Ontario, 20124md provide guidelines
regarding reporting information to third parti€ollege of Physicians and Surgeons of Ontario, 2012a)
The concept oprofessionaktandards constrains patient assessnpeescription and treatmeritansfer
of care and maintaining, reviewing, updatirand sharing medical records. To manage the scope of the
domain analysis, the standards documents were not included in the scope of the model and are not

included in the Physical Function of tA&l.

4.3.2.10 Abstract Function: Information Flow

Information Flow is a representation of information that enters the syatelhs, used and stored
in an EMR. Information flow is important in managing care and impacts decision making and timing. If
information is not avitable when needed, it wiliffectmany aspects of treatment. As an abstract concept,
information flow is important through all information functions in the Generalized Function layer of the
model. Information flow impacts financial compensation (e.gitgha bill and document encounters),
patient health (e.g. improved care quality through informateomj public safety (e.g. reporting

mandatory information to appropriate authorities).
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4.3.3 Generalized Treat ment Processes

The generalized functions represtrg generaprocesses in healttare, as described Figure3
and Figure 4 Each generalized function was linked to abstract function constraintsaitiat be
respected to achieve the system goals, and linked to the appropriate physical componemsoétses

4.3.4 Physical Treatment Elements and Attributes

The physical functions layer of tiéH represergconcepts, objectand actors that were needed
to perform tke processemodelledin the generalized functions. The physical form repres#etails and
attributes of the objects and actors that are relevant to the system processes. Keeping in mind that the
clinician is the system controller (argiot represented in the physical form), the relevant actors and
objects in theAH include the patient, type of assessment, clinic staff, level of care,,fanchsnedical
records.

4.3.4.1 Physical Form: Patient

The patient is obviously an important actor assodiati¢h all generalized functions. The
patient attributes that are relevant in treatment include pdtiéutily and friends (e.g. presence of
social supports to facilitate treatment), the pat
as employment, stressors, etc.), the severity of
the clinical case. The patient and their most important attributes are included in the mode&Hedhey

the entire treatment ecosystem.

4.3.4.2 Physical Form: Assessment Type

Different types of assessment® usedA physical exam would be detailed, whered€-mminute
assessment would be problemented. Other assessments may play the role of triage and refer a patient
directly to the hospitaffrom primary care) or admit a patient (from the emergency ro&eNerity and

complexity play rolein the type of assessment that will be used with the patient.

4.3.4.3 Physical Form: Clinic Staff

The clinical staff support many processes. Depending on the speciabzaitid location of the
care deliveryresourcesnay begreateror fewer. Larger clinics with multiple clinicians will have a larger
support staff with specific roles and responsibilities. Smaller clinics with an individual doctor may only
have a single sygort resource who plays a generalist role. The type of staff and their abilities varies

according to location of the practice.
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4.3.4.4 Physical Form: Forms

Many formsare employed tsupport the information processes during treatment. The location of the
forms andheir type (paper or electronic) are relevant attributéseamformation flows and processes
described irFigure 4

4.3.4.5 Physical Form: Medical Record

Medical records support all the information flow processes. The location of the status (e.g. availability)
record type (e.g. paper or electronand location of the system are relevant attributes.

4.4 Discussion

4.4.1 Comparisons to Other Models

My AH provides ahigh-level perspective of patient treatment within a biopsychosocial
perspective and includes informatiproceduresn separate view My AH is different compared to
existing modelsasanAH, the modekanarticulate complex ideas within tipatienttreatment
environmentlt is a formative reference model. No existinlg describe how treatment takes place with
clinician-controllers and modern patient. As a maleneel view ofpatientcare,themodel is similar to a
model of medication administration in home care, which facilitated-depth understanding of
medication safety ptdems andanalygd medication errordim et al., 2015)

4.4.2 Design Implications

WDAs andAHs are consumed during design by using the EID appr(2uieins & Hajdukiewicz,
2004; Momtahan & Burns, 2004)he AH cansupport system designers by properly articatathe
ecosystem and clinician decisioraking in context. The model supports system thinking and can help
articulate how changes may impact the ecosystem through linear and ripple @digcistt, Carayon,
Buckle, & Catchpole, 2013Based ommy analyss, the decision support requirements for health care are
becoming increasingly complex. The challenge for system engineers will be to determine how electronic
systems could support, and not hinder, the treatment praceslition the analysis is a remiler that
technologycentric solutions and implementations that do not take the larger heakheammeninto
consideration during the entire treatment process will likely fail to thrive. Creating a product that is

compatible with the nuances that described in the AH would be a competitive advantage.

4.4.3 Limitations

MyAHi s i ntended to be helpful, but not perfect.

and aims to provide ligh-level overview of treatmen©bvious opportunitieare preserfor a deeper
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analysis of the work domain in special areas. For example, complex nuances to medication prescription

and administration have been simplified and abstractet/imo d e | as O6Prescribe |/ Pel
It would be possible to do a madetailed WDA on this specific issue. For example, Lim, Anderaod

Buckle developed a detailed analysis of medication administration in homg.icaret al., 2015)and

this could be performedithin the scope of patient treatmeht this sensany work is incomplete. In

this same sense, the amountrafdellingto be performed is infiniteandmy hierarchy is a contextual

overview that could serve as léprint for additional work.

4.4.4 Future Work

The current AH descrilsgatient treatment and takes a ldgghosocial perspective over a
biomedical one. Taking a patietgntrel perspective further, the AH could more formally incorporate
aspects of SDM thinking. This would be compatible with the current \@sdeneral qualities of
treatment with SDM includdeliberation with patients, an individualized approach, information
exchange, involvement of multiple parties, finding middle ground, espousing mutual respect, developing
patient education, encouraging patient participation, and following a processagitls(btakoul &
Clayman, 2006)Adopting SDM is considered important because inadequate patient involvement in
decisionmaking can result in poor health outconiEsompsonrLeduc, Turcotte, Labrecque, & Légaré,
2016) However, it is important to note that §0s not always easy for clinicians to implemeantd
barriersexistto its use in patient care: in addition to requiring more tinesamight not apply to the
patientds charact er i (kégdrécesal., @a08Yhuk, @ goal wauld bertd captute s i t u a
SDM and non SDMroceduresvaluesand concepts.

It would be interesting to compare SDM and +8IDM perspectiveto patient carenviting
SMEs to comment and develop a similar AH could leadhtoteresting comparisoof work, sincethe
current work doefclude a SDM expert iits development. Such a comparison could helgescribe the
perceptions and realities of what shared decision making is and how itssi¢dyincorporated in
routine clinical care. The ides drawing comparisons is further discussedtiapter6.

Another interesting perspective about SMhat it is a shared process between at least two
actors; colloquiallySDM has been described as a dance between providers and [§&tievasds &

Elwyn, 2006) Thus, developing a full perspective of SDM will require at least one other AH describing
patients as a controller. Work Rezai & Burng2014)could provide a good starting point for developing
an AH from a patient perspective. Team perspestto patient careodelledwith SOCA (se&shoori et

al. [2014) alsocould be helpfufor understanding SDM in cateamscomprisedf family physicians,

nurse practitioners, pharmacists, medical specialists, careginerpatient¢Légare et al., 208; Yu et
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al., 2014) Generally, @irther work on this AHand line of inquirycould lead to interesting contributions to
SDM research.

4.5 Chapter Summary

4.5.1 Key Findings

| created an AH to represent the findings of a patient treatment WDA. The AH was developed
through collaborations with SME# represents a biopsychosocial perspective in patient treatment, and
includes processes that are associated with electronic information management. The AH is broken down
into two views which capture clinical processed arformation management. The model can be used by
system developers to improve systembeéalthcare by better supporting complex decision making in
context. The modedlsocan be used as a reference to describe different healftysteensn various
environments, such as primary care clinic, or emergency room environments. There are interesting

opportunities to further explore paties@ntrel care and SDM by continuing to build on this AH.

4.5.2 Connections to Case Study and Research Questions

This chaptehelped define the constraints within the overarching work context, within which the
remainder of my analysis takes plaBebsequent chapters will anadyslements of this large space in
increasing levels of detail. This chapter provides context for mgathweork, but does not directly

answer any of my research questions.

4.5.3 Connections to Other Chapters

| use the AH of patient treatment in the chaptas part of my CWA of data codification.
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Chapter 5

Data Codn fiimcmaHeaal t hcar e

In the previous chapter, | developed an AH for patient treatrmetitis chapter, tonstruct
models with CWA to better understand data and data quality in primargrdiacorporate my analysis
of patient treatmen®o encompasa broadoerspectivel develop two sets of CWA models. The first
CWA represents codification of data & dT in Ontario, and the second CWA represents data
codification in a community hospital. The reason for creating two separate madedsas/ comparisons
between both environments and extract insight from each domain. The comparison of these models is
done inchapter €hapter 61 discuss using thmodels from this chapter, and their comparisons for

designin chapter8.

5.1 Two Healthcare Settings

| created twcsets of CWA modelfrom two similar healthcare ecosystems in Ontafibe reason
for studying two separate systems was to broaden my ovedaisianding of data codification in
healthcare, and not rely exclusively observations and information from primary care. fagllels the
use of theComparative Cognitive Task AnalygiS2TA) by Kirschenbaum, Trafton, and Pratt (200Ir)
their study theyargued thamodellingmultiple parallel domains resulted in maeneralizable results
and enabled a better and broader application of reButtsis casel amconductingwo analyses using
CWA to broaden my perspective of data quality. Lateorirfally make comparisons between my
modellingoutputs

The two domains | studied were data codification at a FHT, and data codification at a hospital.
Both domaingim to treat patients effectively, aspire to create useful data for analydibave repting
requirements tgovernment agenciegarly on, | also notethe presence dfteresting differences: the
hospital uses a different type of medical record system compatbdFHT (hybrid vs fully electronic);
the organizations provide differetypesof care (primary care vsirgentcare) and are therefore governed
differently; and data is coded by different types of employees (e.g. in the hdspitRls are responsible
for coding datays. clinicianswho are responsible at the FHRIthoughthese differences were obvious,

it wasunclear how thewould impactdata codificationMy goal was not tperforma full CWA analysis
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of both systems, but rather to focus on tasks and processes that contributedtorntiie summarization

of clinical information and its capture through structured input fields

5.1.1 The Family Health Team

As a starting point for understanding and analysing data codification at the FHT, | developed a
series ofrocess flow diagrants represent relevant codification tasks. Thiial processnapping was
accomplisheds a result of interviews with SMEs and a preliminary research pogjecerninguser
impressions of data and data quality (Se&aurice & Burns, 2014)The codificatiorprocesseare
shown inFigure5. As depicted, data is created during patient treatmenplacddinto an EMR.

Depending on user preference or ability, while treatment takes platirician may associate a code and
insert this information into the EMR system while creating medical records. In other situations, the
records from the EMR are searched and reviewed by support staff or AHPs after a patient visit, and new
codes or recar enhancements are recommended to physicians. These updatbs approved by the

record owner (typicallythe physician associated with the patient). For clinicians working at FHTs, data
needs to be summarized into a reporting database. AHPs typiedliym this work themselves and

generate the information for their record based on their work with patients.

Figure5. Codificationprocesseat a Family Health Team.
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Severalimportantnotesshould be mentioned concernifgiTsand data codification:

1. Every regulated profession has policies recording clinical documentation and medical records. For
example, in Ontario the College of Physicians and Surgeons of Ontario (CPSO) has a medical records
policy that outlines specific requiremts and guideling®2012a) Data codification is ndiypically
addressed in these policies. Thus, primary care clinicians are under no obligation to code data.

2. Primary care clinics operate independently andagrably small businesses. Lacking a universal

standard, clinicians and FHTs who chotiseodify data are not bound by a collective standard.
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Physicians and FHScan make individual choices about terminology, coding, and decide which
clinical processes merit cditiation.

3. There is a difference between coding a diagnosis and making a diagnosis. For example, lab results for
a patient may clearly indicate the patient suffers from diabetes. A physician is ultimately responsible
for associating a diabetes diagnosisihe pati ent 6s medi cal record, an
diagnosis. This is a different issue than coding the diagnosis in an accuratedsapports
secondary use.

4. FHTs have an obligation to report their activities togheernmentThe process to dekt this data is
based on capturing structured data, but varies from FHT to FHT.

5. Data codification is a clinical responsibility, agenerallyis not offloaded to clerical or
administrative support staff. The responsibility to code, and acceptancaesftgpically lies with
the patientds physician.

Coll oquially, primary care i s Shemartalusienso descri bed
lawlessness, or the lack of strict policies or procedures in primary care. From a data codification

perspedte, this characterization seems appropriate.

5.1.2 The Community Hospital

As a starting point for understanding and analysing data codification labspéal | developed a
series oprocess diagrants represent relevant codification tasks. This infii@cessnapping was
performedas a result of interviews with SMEs. As well, | am presesttigolled in a diploma program to
becanea Certified Health Information Management Professional (CHIMR)addition to theoretical
lessonsl have had several hosalitpracticums where | worked in the health information management
(HIM) departmenbf the hospitgland abstracted data. The hospital codificgtimtesseare shown in
Figure 6.As depicted, the HIM department is responsible for codifying datagmptb/ees of the
departmenperform their duties by reviewing medical records. Since the HIM department is not
associated with direct patient care, it must rely entirely on the information within the medical record to
abstract and codify data. During qualitsasance processes, the department finds and retéeards

and may request updates from clinicians if adgitional documentation missing.
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Several importanpoints about hospitals and data codificatican be noted

Figure6. Codificationprocesseat acommunity hospital
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1. Hospitals have specific medical records policies, proceasdgledicatedtaff.

2. Hospitals need to provide informationgovernmentgencies fomandatory reporting purposes.

New funding formulas in @tario also rely on coded historic daonsistent coding from hospital to

hospital is assured by ethical guidelines, quality ayaitd a management structure.
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Data codification is not a clinical responsibility. Data codification and records management is

managed by HIMPs from the Health Information Management (HIM) depatthowever, some

user interfac€Ul) implementatios of hospital systemaskclinicians to select items from lists and

structure data elements, whiishincreasingly comparable to the work of primary care clinicians

5.2 Methods

Two sets of CWA models were developed for two different healthcare ecosystems in Ontario.

5.2.1 Boundary and Scope

The first step in conducting a CWA is to determine a system boundary for theattD#® define

a scope for the task analysis. Without a wielfined focus, a CWA cdpe unnecessarily long, and the

length andbreadthof a CWAarenot proportional to its overall value. Thus, articulating goals and

defining ascope early in thenodellingtask is critical to making a good use of time and extracting

maximum valueln my analysisthe WDA was scoped for understanding the work domaioczged

with secondary use of dafBhe boundary was restricted to activiteesl taskshat werepart ofa

ma n a gwerk scapeinfluence and controlThis included asks and processes that related to coding

data and managing records, and incluaggects that a manager could understand, ovensgéeontrol
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through policies and procedures, even if indirda.user had two roles (e.g. clinician and manager), the

WDA was conducted to cover their scope of work and needs as managers.

5.2.2 Information Ga thering

The development of theWA modeb occurredover the span of 12 monthsd was done
alongside the patient treatment AH from chapte3irilarly, data was collected fromeetingwith eight
SMEs, iteraing through various model concepts, gathgfeedbackand reworing my CWA models as
required. Information waslsocollected by reviewing textbooks such as pathophysiology textbooks
(Gould & Dyer, 2014pand health system textbookEhompson, 2015best practice guidelines,
professional standard€ollege of Physicians and Surgeons of Ontario, 2012a, 2042tprior
published works on the subjg@&iro et al., 2016; de Lusignan, 2003; de Lusignan & van Weel, 2006; de
Lusignan et al., 2003; Elwyn et al., 2012; Gagnon et al., 2010; Jiancaro 61.8l. Majeed, 2004;
Saleem et al., 2009; - $aurice et al., 2013)nsightful information and anecdotalso weregathered
during previous resear¢BtMaurice & Burns, 2014)Several iterations of each phase of the CWA
exercise were produced befahefinal versions were completedalidated and reproduced in Microsoft

Visio.
5.2.3 Cognitive Work Analysis

5.2.3.1 Work Domain and Environment

The development diHs is challenging because many wangs be employetb model abstract
concepts and ideas. Practitionamgstengage and observe users and articulate thoughts and suggestions
into theuseful modelsOften, the literal suggestions and ideas from SMEs needgenazalized and
abstracted inthigh-level concepts and ideakhe outputs of CWA aritended to be hpful, but not
perfect The moded and the requirements that are extracted from #rermtended to provide helpful
insights about the ecosystem that couldpgliedby designers.

Usingmy boundary definition, previous work regarding medical rec@sd$/aurice & Burns,

2014) and discussions with SMBsgeveloped an AH to describe data codification in primary care and
within hospitals. The two AHs were developed in tandenmedh ofthe AHswascreated | kept track of
anyelementghatwere differentvi t h a 6* 6, and de npdasentdn the bteemdHnt s

t ha

with an o6x6. Al boxes from t he &ddsrefeencmgaachnot at ed

comparisonsThis is shown irFigure 7.Marking differences also facilitated later coanisons.
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Figure7. Flaggedlifferenceson Abstraction Hierarchy.
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5.2.3.2 Task Analysis

After completing the AHs, several user tasks coulthbdelledand further studiedBecausd
was interested in how data is coded and structisresecondary usegselected two tasks that were
directly related tony researctprogram The gener ali zed function for &S
both systems. AtBRHT, t he i mpl ement ati on of this function i s
which is performed by clinicians. At the community hospital, the implementation of this function was the
6Abstract Encounter to Registryéd task, which is p
These two tasks weenalysedising ConTA StrA, and WCA. Since these tasks wegemerally
performed by individuals, and not teams, a 3CDalysis was not completed. For the WCA phhse,
linked the competency requirements back to the thidswerecreatedin order to link the task analysis

and work domain.
5.3 Results

5.3.1 Work Domain Analysi s

Two AHs were created to represent the findings of my WBdch model incorporateH 1.A
and AH 1.Bthatweredeveloped irchapter €hapter Jrefer toAppendix A. An AH for primary care
(AH 2.1) and an AH for a communityohpital (AH 3.1) are presentedAppendix B For each AH,
tables describeachboxin the AH and provid a context for each box in tiinctional Rrposes,
Abstract Function, Generalized Function, Physical Functiod Physical Form layer§hese tables also

areprovided inthe appendices.

5.3.2 Control Task Analysis

Thegener al i z®uhmdrize Ercaunt@askwasanalysedat aFHT and a community
hospital. At the FHT, this task involved inputting data into an organizational registry by clinicjans
using a wekbased reporting tooAt the community hospital, this was accomplished through abstraction
tasks by professionabders Neither implementation of the Su mma r i z etadk mwleed ant er 6

EMR to generate datandboth tasks includethanually inpuiing datainto another systenBased on my
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interviews and observation$e findings of the&ConTA are described as two sets @nd A DLs and
summary tables iAppendix G as described in the next paragraph
A base model of the control taaktheFHT is shown in DL 1.1 anche accompanying summary
table, DLSUM 1.1whichdescribe the conceptual basis of the control task. Separate models represent the
novice user (DL 1.1.1, DLSUM 1.1.1), the intermediate user (DL 1.1.2, DLSUM Jlab@}he expert
user (DL 1.1.3, DLSUM 1.1.3A base model of the control task in the community hospital is shown in
DL 2.1 and the accompanying summary table, DLSUM ®&Hich illustratethe conceptual basis of the
control task in the hospital. Separate models represent the novice user (DL RSLUMR.1.1) and the
expert user (DL 2.1.2, DLSUM 2.1.2).

5.3.3 Strategies Analysis

Based on my interviews and observatiorgoducel two setf strategies thavereusedto
complete thessummarization and abstractitagsks in eachenvironmentDetails are provided iBtrA IFMs
and summary tables iyppendix D

IFMs describingsevenstrategies forthé Su mmar i z e task at eé-blTuareshewn i IFM
1.1. Each strategy iustratedin detail in the table IFMSUM 1.1, as well as triggers thate associated
with each strategyFMs describinghreestrategies forthé Su mmar i z e tadk im a @community r 6
hospital are shown in IFM 2.Each strategy iexplainedn detail in the table IFMSUM 2.1, as well as
triggers that were associated with each strategy.

5.3.4 Social Organization and Cooperation Analysis

While analysingheé Su mmar i z e tadk at théHiTratdénrthé community hospital,
foundthat users were summarizing encousitedividually. The task was not team based and did not

include social interactions. A SOCA analysis wasapgpiropriate

5.3.5 Worker Competencies Analysis

| continued my study of thésummarize Encountétask at &HT and in a community hospital
by describing the skibasedbehaviour rule-basedbehaviouy and knowledgdasedbehaviour(e.g. the
SRK taxonomy) required to complete the task in each environfieaiSRKs taxonomiegrepresented
in Appendix E SRK 1.1 represents my findings from the FHT, and SRKgdsmy findings from the
hospital.

5.4 Discussion

Many benefitacaued frombuilding CWA models for two systems in parallel. Mainly,

broadening my scope to investigate similar processes into two different envirenioaied the size of
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my pool of SMESs, and gave me twice as many processes to observe and considgy llstlieve that

my models are both better because they were built in parallel pBotlied advantagdsy encouraging

me to ask different types of questions and gave me ideas of concepts to model. As a result of my parallel

development, my models haveogided more generalizable results and may enable a broader application

of my findings. These benefits are similar to those describdédrbghenbaum, Trafton, and Pratt (2007)

who performedCognitive Task AnalysisGTA) on twosimilar domains.
Althoughbroadeningheinvestigation provide two rich CWAs,it is not likely separate,

independent analyses would have resulted in the same outpthtis sensghe act of generatinte

models in tandem may have biased or influenced each paoimay havemissedsomeimportant

nuances or interesting artefaatsa consequencé/hereas | have a clearer picture of codification in

healthcare, it may have beertlze expense diigherresolution models of hospital or primary care.
Regardless of these potehthallenges and biases, building the CWA modelsionstrated the

usefuhessof the CWA framework for analysing complex setézhnical systems. The todlsatCWA

provided were helpful and offered many useful templates.

The results of my CWAs in this chier are further discussed in chapger
5.5 Chapter Summary

5.5.1 Key Findings

Two CWASs: In this chapter | created two CWAs of codification in similar domains. My results
are shown in the Appendices of my dissertatidrese CWAs are a first use of the framewarktudy
thistype ofproblem.

Pros and Cons:While creatingtwo CWAs in tandem resulted in a larger pool of SMEs and
exposed me to a bigger rangamddellingideas, it is possible thatcaosscontamination of ideas
occurred. This crossontamination could have resultedtfire outpus of both CWAsbeingmore general

than specific to my individual domains.

5.5.2 Connections to Case Study and Research Questions

I have three research questions:
1. In primary care, how are indivihl users influenced by theinvironmento inputhigh-quality
data?
2. What techniques could be used to design systems that persuade usersigharguality data?
3. Is it possible to improve data quality in primary care by persuading users with thetedace?
This chapter involved an analysis of the codification taskronmentnd helped clarify how users are

influenced by theienvironmentFor the case studthe chaptecontinued my analysis of context.
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Through the development of two CWA modétdecame clear that the data codification problem is
complex and features interesting setohnical components. BymployingCWA, | learned that users
codifying data in healthcamee influenced byarious organizational considerations, such as

- Timemanagemerd e ci si ons and a userb6s overall scope o

- Role assignment and training

- Record ownership

- ProfessionaValues and standards

- Funding models

- Quality improvement initiatives
Generally, | found that thiechnology usetb codify data in each domawassimilar (e.g.data is entered
by putting data into labelled fielfld also found thatomplex sociahnd organizational structugexist,
and these structur@secrucial contributorsto the overall proces€oding and data quality will not be
improved purelythroughtechnological lenseand influenang factors exist withina largercomplex
environment

5.5.3 Connections to Other Chapters

The two sets of CWAs are comparedirapter6. The models presentad Appendix A through
AppendixE will be used to support designchapter8.
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Chapter 6
Comparing Cogniti vModWolrsk Anal ysi

In the previous chapter, | developed two CWAs of codification in similar domaittss
chapter, kcontinueby comparinghe models | created in the previaspter The idea behind this
comparisoris to review hospital data management processes, compare them to processes in primary care,
identify gapsand differencesand transfer knowledge.
Performing a compason of two CWAs is a novel approaahd can be used to extractique
insights from comparable systenThe approactitself, is a contribution to the field of human factors
and Ihavesubmitteda manuscript tdheoretical Issues in Ergonomic Scienehichis under revew at

the time ofthis writing.

6.1 Introductio n

In ergonomicssituationsoccasionally arise in which practitioner wants to transfer ideas and
solutions between dissimilar system domains. Transferring knowledge between two complex socio
technical systems has the potential to be very rewarding, but quite challenging. For example,atempts
often madeo take lessons from aviation and leverage them to make healthcarasateown in the
examples oKapur et al(2016 andClay-Williams and Colligan(2015. While these comparisons often
areenlightening and interesting, they are not condusystematally. Opportunities to improve
comparisongan be takewith a careful analysis of work and environmental constraints in the comparator
domains.

When making comparisons, several potential comparators might generate value to system
designers:

1 ComparingSimilar Systems with Different Performance Characterisétgppose two systems
appear to share similar processes and physical characteristics, but have clear performance
differences. A comparison of the two complex domains could reveal interbstiagiars,
attitudes, valuesand training that create different system characteristics that may contribute to

good or poor performance. The identification of these characteristics would be useful for design
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1 ComparingModelling Choices Suppose a new paradigm to treatment eaigts; itprogresses
away from paternalistic care, afatuses ompatientcentral care Building separate modelsith
SMEs who are experts in bagipproaches of care and comparing the resaolitd provideuseful
insights about approaches and perspectives to patienfltasaisecase was mentioned in
chapterd.

1 Comparing Current and Future System Staildse implementation of rich software solutions in
complex socigechnical domains requires the careful consideratidoebfvious, attitudes,
values and training to support future change. A comparison of a complextsntinical
syst emds esltgimended futwe state eould identify gaps and mitigate potential
problems

1 Comparing Systems in Conflic€onsider two systems in conflict, such as two nasi@ates or
two corporations. A detail ed eavirenimgbhsbstsactand ¢ omp
values and goals could help partigsidentify common ground and areas of difference. This
could be useful during various types of negotiations.

In practice, many techniques and approachest &timodellingprocesses and Wlesigns (see
Limbourg and Vanderdonckt 2004)he idea of making comparisons between these types of models is
not novel, but only a few tools, such as the Concurrent Task Trees (CTPateead, Mori, and
Galiberti 2001) have been created to support taskdellingwith comparison features. These tools are
useful for designing user interfaces with teams and support knowledge consolidation. Maifidting
Language (UML) version control alsanbe thought of as a series of model differences and model
unions(Alanen & Porres, 2003)Engaging in version control strategies using difference algorithms can be
thought of as a comparison approésbe Kelter, Wehren, and Niere 2008grsion controandCTT are
relatively straightforward comparison approachesg are basednadifferent use cases and address
differentanalyticalneeds.

Transferring knowledge between complex sdeichnical systems requires more rigour than
simply comparing processes. For example, comparing the performance of health systems from an
internationa per spective requires a deep understanding
culture, governance structures, infrastructure, worker capabiéitiesvaluegPapanicolas & Smith,

2013) The dimensions for comparison extend far beyond procegsen@heseadimensions heavily

influence the context and execution of processed without taking theséhe userand their

environmental characteristics into consideratinngdellingand comparisons would be incomplete, and
knowledge transfer limitedhus, comparing performance between complex systems requires toolkits and

frameworks that go beyond processdelling
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Several frameworks havengodellingscope that extends beyond process analysis and
incorporats user cognitivdeaturedn the analysisi-or example, Hierarchal Task Analysis (HT&ge
Shepherd, 1998% a populamodellingtechnique that deals with the decomposition and analysis of tasks
It is agoaloriented framework that allows for theodellingof the cognitive and physical processe
associated with achieving a system goal by breaking down the processes-galsubiTA is a
cognitive engineering tool that is well suited for analysing cognitive tasks in a descriptivieomesyer,
it has not been adapted to describe differencegdes systems.

Anothermodellingapproach that addresses user cognition is CTA. CTA is a set of methods that
includesuser perception, cognition, and motor actions required to accomplish(Kiaskenbaum et al.,
2007) Unlike HTA, CTA has been used tompare different system solutions (€andall, Klein, and
Hoffman 2006) In one exampleylioch, Mistrzyk, & Rister (201pused CTA to compare two
communication methods. In their study, voice control was compared to datalink communications between
a coclpit and ground control. Thisudywasaccomplishedby a semiformal task analysis and allowed
the authors to understand the differences between two cognitive approaches. The authors were able to
make recommendations to improve airline safety. ComparisithsCTA wereformalized as an
approach birschenbaum, Trafton, and Pratt (200#ho developed C2TAn their study, they argued
thatmodellingand analysing a single domain wouldt have necessarily met the needs of the users. The
authors suggested thiats only possible to determine if processes and cycles have common elements
compared to other forecasting environments by studying and comparing several similar systems. Thus,
modeling, studying and comparing similar systems resulted in better and more generalizable results.
Clear advantagesan be found bgomparing similar systems.

Vicente (1999)argues that properly understanding work demands and complex systems requires
an andysis of cognitive constraints and environmental constraints. Based on this criteria, understanding
the cognitive requirements of a task is helpful for systems design but does not frame the work within the
context of the t as k offs,ciltural and professinal vglues traging user tr ad
requirementsor team composition. Thus, the drawback of CTA and C2TA comparisons is the absence of
incorporating environmental constraints into thedellingand analysis. These environmental elements
are mportant contributors to the differences between complex-$ecimical systems, as evident when
trying to compare healthcare systems and their performésee Papanicolas and Smith 2013)

An interesting opportunitgxistsfor transferringeritical knowledge and lessons through
comparisons. However, successful comparisons will need to incorporate the cognitive and environmental
aspects of work to support meaningful and useful transfers. Thusjagagenin currentlyavailable

tools: whereas it ipossible to compare processes and the cognitive aspects of tasks, and while the
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benefits of comparisons have been demonstréteimpetusis to adapt an ecological framework to

support comparisons.

6.2 Comparisons with Cognitive Work Analysis

I have describd a need for an ecological framework that could support complex domain
comparisonsl propose thaCWA is a suitable framework for this purpose due to its aphitised

approach to look at domain constraints that considers both environmental and taslintenst

6.2.1 Why CWA for comparisons?

As an ecological framework, CWA analyses work demands by taking cognitive and
environmental constraints into consideration. Thus, CWA provides the bafdfésg able to compare
cognitive aspectsuch asC2TA, while framing the cognitive aspects within anvironmentnd context
that render the analysis more meaningful. CWA mewstaeedto compare complex system domains
provides a set of tools to incorporate a complex environraedtwould enable rich comparisons.

As a tool, CWA is an excellent solution for drawing complex comparisons because the
framework already incorporates some comparison concepts. For example, duringléént types of
system constraints are essentially compared through several levelsaftadrsand during ConTA,
different types of users (e.g. experts and novices) are contrasted. Thus, the CWA framework already
provides mechanisms and tools for comparisand the framework itself provides an effective
compari son paradigm. At a minimum, compar,jsons ar

and comparisons with CWA are a viable adaptation.

6.2.2 How to Compare CWA Outputs?

The phases of CWA output differetypes of models. Abstraction Hierarchies (AH), Decision
Ladder Trees (DLs), Information Flow Maps (IFMaind the Skill, Rules, Knowledge (SRK)

Taxonomies are outputs from the CWA framework that can be compared.

6.2.2.1 Comparison of Abstraction Hierarchies

Different types of hierarchical structures frequeatiyused to model complex systems. An AH
is specified by a mearend relationship between levels: the purposes for which the system was designed
(functional purpose); the intended causal structure ofrtheeps in terms of mass, energy, informatan
value flows (abstract function); the basic functions the system is designed to achieve (generalized
function); the characteristics of the components and the connections between them (physical function);
andthe appearance and spatial location of those components (physical function). The physical function

sometimess used to model relevant attributes of the components. Moving between levels of the hierarchy
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provides a deeper understanding of the system hyeaimgy what, why, and how. Abstraction
Decomposition Space (ADS) can be used in conjunction with the AH to break down the analysis into
different levels of resolutiofVicente, 1999)

Obviously, without appropriate boundaries and context, an AH descthsrgystem constraints
of an orchestra would be difficult to compare to an AH describing the system constraints of an air traffic
control centre; such a comparison would be meaningless. Thus, assume two system domains have been
analysed and share similamopes and boundaries that make them reasonably similar in order to compare
their respective AHs.

As an example of AH comparisoBurns, Bisantz, and Roth (2004anted to understand the
differences between two sets of AHs, and how the models refleciediual choices in the approach to
a domain analysis. The study compared different (but very similar) command and control centres of
separate naval combat vessels with the intent of understanding the choices of differemod&/érs.
The comparison of Aklwas done through a Venn diagram that visually described the common and
different elements within each level of the Adthoughthe aimof the studywas to understand
modellingchoices in similar systems, the study demonstrated some of the initial nosaleguired to

compare two complex systemmdelledwith CWA.

6.2.2.2 Comparison of Decision Ladder Trees

ConTA uses Rasmussends DL trees (1974). DL s
associated with individual control tasks, and enable the use ofgtsai describe expert and novice
decisionmaking patterngVicente, 1999)DLs are represented by a series of -getacessing (rectangles)
and knowledge states (circles) that represdatmationprocessing patterns. Consecutive states of
knowledge arseparated by mental activities to transform one state of knowledge to the next. ConTA
requires information about the state of the work domain, and outputs the required actions on the work
domain(Vicente, 1999)

Ideally all users gain experience and evatifubecome experts. Instead of trying to determine
what would be required for a novice to accomplish a &@skodellercan instead try to determine the
preconditionghathave to be satisfied for expert performance. A cornerstone of ConTA is to model
processingoehaviourttoward designing computérased information systems that deliberately induce and
support expert action, which thereby lead to gains in cognitive effici@icgnte, 1999)DLs are tools
desigredto achieve the objective of discoveringdladocumenting expert cognitive sequences. Through
the use of shortcuts, a practitioner can articulate novice and expert pattiee Bhderves as a tool to

illuminate ways to induce expert action.
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Expertise in a DL can be expressed through the creation 6 s hunt i ngé effects t|
abstract levels of thinking. As described by Rasmussen (1974), a trained operator will only occasionally
have to move through all the steps of the basic sequence. Shunting results from subconscious or intuitive
dam processing; Ament al activity may take place at
state |l ater in the sequenceo, or fifan associati on
directly from one state of knowledge to another ote me s e.@hese shurdscevolve in the
constructive learning process associated with training and are represented by arrows from data processing
activities (e.g. boxes) to more abstract states of knowledge (e.qg. circles).

In addition to shunts, DLsslo al | ow f or the description of &1l e
transition from two separate knowledge states (e.g. going from a circle to a circle). Leaps represent
intuitive data processing performed by the subconscious and describe associatigatsatiore
complexhighetrlevel reasoning. Leaps rely on the large capacity of holistic perception and recognition, as
well as the large data processing capacity of the subconscious functions of generalizatiodediag
(Rasmussen, 1974)

Using CWA to compare specific cognitive processing activities is useful because common tasks,
established during WDA, ar®t necessarily the same. By developing and comparing tasks with ConTA,
| can create a common template spanning two systems and explore variations in the processing paths in
two similar ecologies. This approach is ,whehl with
allows for dichotomous representations in DLs.sIdichotomy of information, with different processing
paths, is already present when comparing novice and expert user performance. The use of shunts and
leaps is already common practice to represent differeandshis technique could be used to represen
differences between systems, instead of differences between types of users. ConTA allows for a rich
comparison of control tasks in an ecological context.

ConTA analyses can be compared by overlaying common elements and showing graphically
where systemdiverge and reconnect along common paths. To the best kiowledge, however, there
are no examples thaamaware ofin whichDLs have been compared from two different systémthe

overlay concepshown inFigure8, two systems (S1 and S2) share a common DL.
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Figure8. Two pathson acommonDecision Laddef{StMaurice & Burns, 2015)
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6.2.2.3 Comparison of Information Flow Maps

IFMs are modding tools from the CWA framework that can be used to describe how a task can
be accomplished (Vicente, 1999). As an example of strategy comparison, Vicente (1999) describes a case
study in which the strategies of technicians and engineers are contrhstettoubleshooting electronic
equipment. The comparison of strategies used by each group is done throughrawdtibd, different
criterion or resource requirements used as attributes are shosvmsirand each strategy is shownaas
column This enables an effectivegh-level comparison of each stratedfyMs alsoareused to model
teamwork in SOCAThe comparison of team dynamics could be accomplished through a similaatable

well.

6.2.2.4 Comparison of SRK Taxonomies

The SRK hierarchy is axonomy, not a model. Each level distinguishes categories of human
behaviouraccording to fundamentally different ways of representing the constraints in the environment
and is not a detailed model of psychological processes. Each level of the taxon@syauls to a
category of human performance. The primeniterionin the development of the taxonomy is usefulness,
t abl e-based h e
logic, and skilkbased abilities. Tdntaxonomy is useful for selecting users and developing effective
training (Vicente, 1999)

As a taxonomys described in a table form, comparing two taxonomies would involve the

and not necessarily O60truthdé. As a

creation of a table to compare the skills, ruéasl knowledge requiremeristween each system. This
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sideby-side comparison of SRK taxonomies would easily highlight common and different user abilities

between complex systems.

6.3 Comparison of Two Codification Systems

The purpose of the analysis and comparison of the systems vdastify specific ways that the
domain of thd=HT could producéigh-quality dataHigherquality data would be more accurate,
complete, timelyand usable (sezhapter2 for a discussion about primary care data qualitiie goal
was to compare the FH® the hospital domain and identify specific attributes that could be transferred
from oneenvironmento the otherMy goal was not to do full CWA analysis of both systems, but rather
to focus on tasks and processes that contributed to the codifiaaticguality of dateBased on the
results ofchapters, | compared WDA, ConTA, StrAand WCAmodellingresults. Sincehapters did

not include a SOCA componetitjs aspect wagot compared here.
6.3.1 Comparison Method

6.3.1.1 Common Boundary and Operator Definition

Becausd amaiming to compare two systemgjefined similarity aswo systems with common
goals Some of these shared system goals should be
WDA phase)l used a set of common goals to ensure thedbditegrity of the analysis determining
thatall tasks ActeeOn the similar work domai(Vicente, 1999and therefore would be appropriate to
compare.

Whereas tension between clinicians and managers previmagthgen expressgde Lusignan et
al., 2003), | used SMEs from both groups; incorporating clinician and management perspectives that exist
within the larger ecosystem was important. However, in the final analysis of codification, the system
operator was a manager archetype, and the use oftlifsita for secondary purposes was the emphasis
of the analysis. Choosing a manager as the operator did not preclude the manager from being a clinician
who is delivering care. If the manager was a clinician delivering care, each analysiescribedsa
functionbased approached to processes and responsibilities.

The system boundary was restrictesvirk domain elements h at wer e wi t hi n t he
influence and controF-unctionsandprocessethat the manager could oversee through policies and

procedues were included in the scope, even if indirect.

6.3.1.2 Work Domain Analysis Comparison

The AHs were compared visually with a Venn diagram (similar to the approach uBednisy

Bisantz, and Roth 2004This comparison, broken down by abstraction layerssigranary sheet which
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allows the practitioner to highlight similarities and differences between the work domaMayfte &
Burns, 2015). This Venn diagram is accompanied by a comparison table that discusses and comments on

each noted difference. This dabed a quick but useful comparison of both system domains.

6.3.1.3 Control Task Analysis Comparison

Conceptually, th@otionof comparing similar tasks is to enable the possibility of overlaying both
systems onto a common DL. Asy analytical interest is to compmand contrast two systems, a common
DL provides a visual opportunity to identify areas of interest. These areas include all points where
processing paths diverge in the common DL. To track these aheaglabelled these sitganctions.As
a conceptal exampleFigure9 shows that a junction exists at thkert knowledge state, following the
Activationinformationprocessing activity on the DL. Junctions could appear at any information
processing or knowledgstate in the DL. In theory, junctions highlight an opportunity to explore how one

system could behave more like another.

Figure9. Opportunity at gunction(StMaurice & Burns, 2015)
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| reviewedmy DLs from chapter5 (see DLs 1.1 to 2.1.2nd worked to applyny common DL approach.

Where possible, common DLs were linkadd junctions were identified for further analysis.

6.3.1.4 Strategies Analysis Comparison

| abstracted the strategy characteristics into categories to enable comgayissfesring to each
set of IFMsfrom chapter5 (see IFM 2.1 and IFM 2.2) noted that different users were performing the
tasks in each environment and adopted the sociahizaggon comparison paradigm by noting which

users were performing tasks a@ndorporatingstrategies in each domain.
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6.3.1.5 Worker Competency Analysis Comparison

After each WCA was completed frochapter5 (see SRK 1.1 and 2,1)created dable
summarizingmy findings for each level of the taxonomy at eadlormationprocessing step.abstracted
a summary for eadhehaviourbased on the WCA and identified which spediféhavious were unique

to a SRK and whicbehavious were common.
6.3.2 Results

6.3.2.1 Abstraction Hierarchies and Comparisons

A common AH representing patient treatment was developed as a subcomponent of both system
domains (see AH 1.A and AH 1.B). AH 2.1 represents data codification at @aRHRH 3.1 represents
data codification within a hospital. AHis referenced by AH 2.1 and AH 3.1. A Venn diagram
comparing the AHs is shown KFigure10, and a summary of differencesprovidedin Tablel.

Figure10. Venn diagram of differences in the WDAs.
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Tablel. Comparison of Work Domains.

Ref Level AH 2.1 AH 3.1 Modelled Differences
GF1 | Generalized| Associate Code - In the FHT environment, there is a
Function domain goal to have each clinician

associate ICED and ICD10 codes with
elements of their medical records. This
not a generalized function in thespital
environment.
GF2 | Generalized| Create Priority | - As part of a data quality initiative at the
FHT, there is a 0]
generatd by a regional program to
attempt and code thienost importart
diagnoses. This suppsthe associate
code function and limits the scope and
complexity for clinicians.
GF3 | Generalized Approve Perform In the FHT settin|
medical record. Any changes must be
approved after receiving a suggestion.
GF4 & & Updates are not required and can be
ignored. In acute care, the hospital
6ownsd the medical
Updates and | Updates physicians to complete updathsring
C quality assurance processes. Physiciar
odes . o .
may lose hospital privileges if they do
not perform updates.
PF2 | Physical Primary Most The hospital record is owned by primar
care physicians at the FHand owned

Function Code List

& | Functions | Updates Updates

Suggest Request

Function Physician (Rec Responsible by the organisation in the hospital. This
Owner) Physician has an impact on several generalized
functions.
PF3  Physical Data - At the FHT there are data specialists w

support physicians in the codification o
data. They provide suggestupdates to
records. This role is rolled into the HIM
responsibility in the hospital setting.
PF5 | Physical Allied Health | HIMP At the FHT, coding is performed by
clinicians. In the hospital environment,
this role is completed biflIMPs.

Function Specialist(s)

Function Professionals

6.3.2.2 Decision Ladder Comparisons

At the FHT, the specific t aseeDL2.h).dlecompetethty was
task, users had to review their own records and notes (or work from memory) and summarize their
encounters into a specialtzeegistry that collects data for government reporting purposes. These
clinicians were not physiciaps ut a l | kept medi cal records within a
physi ci,amdinteradted directly with patients on a daily basis. Tistithe task, users signed

into a website, entered data into required fields, and submitted their data.
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I n the hospital environment, the specific task
To complete this taskIMPs had to review patient rexds and abstract (e.g. summarize) the
information.Specifically, they had topen a software application, enter data into required fialus
submitthedataby clicking a button

Two junctions were identified between types of users in the primaryCéaeThey are shown

graphicallyFigure11 andFigurel12.

Figurell. Junction at System StatedRecord Encountétask
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6.3.2.3 Information Flow Map Comparisons

Table2 provides an overview afiy results by linking strategy characteristics to triggers (e.g.
why this strategy was used), strategy adopters (e.g. users using the staattjy specific stragies
from the StrA that link to the characteristic.

Table2. Comparison of Strategy Characteristics.

IFM 1.1 IFM 2.1
Strategy
Characteristics | Strat | Performed . Strat | Performed .
4 By Triggers 4 By Triggers
SameDay 1, 2, - .
Entry 3 Clinician Policy - - -
4,5, o Workload. 1, 2, .
Bulk Entry 6 Clinician Experience. 3 HIMP Policy
. Clinician & Te(_:hr_ncal
Delegation to : abilities.
7 Admin ) - - -
Others Support Experience.
P Workload.
Paper Notes to Technical
Support 6,7 | Clinician abilities. 2,3 HIMP Experience
Computer Entry Experience.
Workload of Technical
Complete on Admin clinicians abilities
Paper and 7 S 3 HIMP SRS
! Support Clinic Historic
Transcribe
processes processes.

6.3.2.4 SRK Taxonomy Comparisons

After developing arsRK taxonomyfor each information processing and knowledge state from
ConTA (See SRK 2.1 and SRK 2.Pcreated a chart summarizingy findings for each level of the
taxonomy at eacimformationprocessing step. As shownTiable3, | abstracted a summary for each
behavioubased on the WCA and identified which spedi@havious were unique to a SRK and which

behavious were common.
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Table3. Comparisa of Competencies.

Information Processing Step
Taxonomy — = =
. efine ormulate
Observe | Identify Evaluate Interpret Task Procedure
Record Create Time Balance
= Encounter - Patient Mamt Priorities, Valug - -
.g (SRK 2.1) List 9 and Time
©
D | Abstract Identify Look For
ol Look For . .
© | Encounter - Content Field Specific Content - -
§ (SRK 2.2) Values in Records
< | Common _
@] Skill Find Launch | Place Values
. Records Software | Into Fields
Behaviour
Record Policies
. Heuristic Policies and
S | Encounter - L and - -
o Validation Org Goals
= (SRK 2.1) Org Goals
‘S | Abstract Codi Proiect Codi
odin rojec odin
% Encounter - J e J - -
b Reqgs Criteria Regs
8 (SRK 2.2)
% Common | Follow Complete
o Rule Policies & - - - Org Reqgs| Mandatory
Behaviour | t N2 O Fields
Current
. Record Recall Recall ID Recall
S . . Schedule Benchmark i
© | Encounter| Patient Patient . Registry | Encounter
.c% SRK 2.1 Details List and Experience System Details
S ( 1) Priorities y
% R d Medical
9 Abstract ecor . edica . , Medical
B | Encounter Layout & wSlj Q Terms wSlj QR | Special Terms
o Medical Docs and Docs Codes
S| (SRK2.2) . & ICB10
qg) Terms Physiology
2| Common
X Knowkdge - - - - - -
Behaviour
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6.3.3 Discussion

6.3.3.1 Work Domain Comparisons

WDA comparisons should allow a practitioner to characterize system differences in a qualitative
manner ando explain any differences in system performance or efficiency through differences in the
work domain. Performance differences could be explained by variations in the domains at any level of the
AHs, and could identify specific constraints that impactegidystem positiug or negatively.

Conceptually, WDA comparisons allow for the identification of successful elements within each system
and could offer insight regarding how differing elements might impact other domains.

In this examplecomparing both ¢e of AHs showed differences in the Generalized Functions,
Abstract Function linkages, and Physical Functions. For example, some of the differences in the
Generalized Functions represented different organizational structures. In the case of the hamdpitl, d
weretold to correct or add material to records during quality assurance by the hospital. In the FHT,
records were owned by each doctord they were in control of all chang@$ereforedoctors were
given suggestions about correcsam additiors, and were politely asked to consider changes. In both
systemsrecords and codification occurred, but ownership factor impacted how the task was prioritized
and valued differently by decision makers. In one environneeding was required by the orgaaiion,
whereas in the othgroding was a negotiable action.

Another functional difference between the two systems is that FHT clinicians were asked to
summarize encounters in a registry and add codes to their medical records, whereas in theahempital
of HIMPswasdedicated to this task. Since the type of employee performing the task was different,
different levels of training and available tiragisted Based on these role definitions, FHT clinicians
werenot expected to provide rich data using ISBr ICD-10 codes, whereas this was required in
hospitals when the taskashandled by HIMPs.

In terms of values in the abstract function of the AH, the act of coding data and inputting codes
intomedicalrecords s not | inked toathhe TédRi onfi mgdi. oTdli sValase s
model feature and represents observations and feelings about coding data, as expressed by some SMEs.
This modellingchoice can be interpreted as an opportunity: in the future, it might be possible to engage
FHT clinicians into the codification process by helping them understand the value of coding and ensuring
they are able to incorporate these values into their professional practice. In fact,cseverahity
driven data initiatives discussed during interviews aipuicgue this goal. In hospitals, since clinicians
are not asked to code data, incorporating data abstraction into professional practice would not be a useful
goal. However, understanding how HIMPs are trained and how they have coding practices incorporated

into their professional practice could be useful for the FHT.

73



In addition to differences between the models, similantiee notedSeveral concepts from the
Abstract Functions and Functional Purposes overlapped. Overlaps are a partial artefactdimgy
both systems in tandem; as concepts were revealed from interviews in either domain, they could be
realistically linked ananodelledin both domains. This is similar to the development of common concepts
from two systems described Kyrschenbaum, Tafton, and Pratt (200%yhen using C2TA; arguably, the
overall analysis of each domain is enriched and more applicable through the analysis of two similar
systems.

6.3.3.2 Control Task Comparisons

The purpose of the comparison of DLs was to identify juncti&ash junction represesan
opportunity for deeper analysis, comparisamd potential design interventions. Junctions invite a
practitioner to investigate and ask deeper questions about the relationships between the ConTA and WDA
phases of analysis. Isahieason for a junction in the DL reflected in the AH? In some situations, one
systemds path in the c¢ommo,asitihdicatessaynorb efficignt ef er abl e
processing path.

During my case study, selected two similar tasks thabelieved would be comparable. At first
glance, it appeared that the tasks in both systems involved, generally, very similar processes. However,
when attempting to put the DLs from each system into a conhoit became clear that the tasks, when
placed into thie respective ecosystemserecontextually different. Specifically, the tasks differed when
they reached thiaformationprocessing mechanisms at the higimerpretandEvaluateinformation
processing levels. In the case of the FHT task, users prodassadanagement and work priorities at
the higher levels of the control task, since these users needed to balance clinical assessments with coding
responsibilities; the control task was ultimately alibune managemenin the case of the hospital task,
users processed information about special coding cases and special requirements at higher levels. This
was based on specific diagnosasd users had to identify ways to complete the task as completely as
possible given a large set of coding requiremehtsgontrol task ultimatelwasabout accuratelfinding
codes and meeting business requiremaffithout producing a common DL, the differences between the
tasks became apparent and provided informative insights about each domain.

Instead ofplacingthe wo controls tasks onto a common Dichose to put the ConTA DLs for
all types of users into a single common DL for each task. Whereas the hospital DLs did not offer any
interesting insight from this approach, in the case of the FHT, tagks$nterestingunctions were
identified. These junctions are shown in Figliteand Figurel2. They demonstrate the concept of

comparing DLs.
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In the first junction Figurel11l), it is visually obvious that intermediate users were more engaged
in their data codification processes and spent more time evaluating the value of their work and deciding
how to manage their time and tradeoffs. In contrast, novice users did not ctimsidaliue of their task
and blindly completed the work, while expert uaamderstood their work value heuristic amallonger
engaged in an evaluaticend had predetermined priorities regarding their datal&gingall these paths
onto a single DL focomparison, it appears thatermediate users may engage in the deepest thinking
about their data qualityrrom a design perspective, the DLs suggest that novice users should be
interrupted when they have reached@ual Stateknowledgestate, and expeuserscould benefit from
support to encourage deeper thinking before begyn to engage in tHeormulate Procedure
informationprocessing activity.

The second junctiorF{gure12) existsbecause novice useiil not enter their data in bulk and
thereforedid not go through a®bservatiorknowledgestate to understartie work thatmust be done. In
contrast, expert users tended to bulk enter dataemuired the additional process of reviewing a sheet or
report to understantthe work that hado becompleted Based on this knowledge, it would be
advantageous to encourage expert users to work like novice users (e.g. enter data on the samesday), as thi

would reduce the cognitive load and complexity of the task.

6.3.3.3 Strategies Analysis Comparisons

My analysis showed several strategy characteristics that were unique and common.darignary
strategies were schedule oriented as a result of codification deigpndary task to patient caaed
wereartefacts of time management requirements and workload decision making. Hospital strategies
aimed to improve task efficiency and enhance acyutdospital artefacts were driven by optimization
needs and a desite avoid quality assurance loopbaceks] being asked to redo work

Bulk data entry was a strategy characteristic from both environments. In the hospital, bulk entry
of data into the abstracting system is policy driven and a functiprooéssData enty is delayed by
approximatelysix weeks and a consistent lagxistsbetween realime events and reporting capabilities.

At the FHT, bulk entry by clinicians is a strategy to cope with workload but is against policy and is also
the least efficient approhdecause of additional cognitive requirements (e.g. checking which patients
have already been inputted and referring back to documentation instead of reporting from memory). The
most desirable strategy in each domain was diffeadthpugh interviews wit FHT managers indicated

that only half of the encounters entered into the system respectediaametry policy.

At the FHT, clinicians performed data entry. This is argpafre efficient: clinicians can use
their memory and cognition to record infortiom, whereas HIMPs need to review notes and familiarize

themselves with each individual episode of care. The benefit, however, of the HIMP isiia dputity
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assurance process that occurs through the secondary interpretation chegesptscializedaining to
ensure standard decision makiBy assigning the task to a rrolinician who does not know the patient,
there is a verification of information and the removal of bias. The execution of the task by different
parties is a key difference in thisrtext and results in data quality differences.

In the hospital abstracting task, experts use paper to take notes before using a computerized
interface to input data. Advanced abstracters suggested that anyone with experience would use this
approach. Thisuggests that rooim availableto provide the computerized interface to support the task
and avoid the need to work with paper to take notes during the task.

6.3.3.4 Worker Competency Comparisons

Whenlfirstc hose t he &6édRecor d Enc o utasksércomparisom,the Abstr ac
tasks appeared similar: users were signing into computerized systems, entering data iraadields
submitting the data into a databathese tasks appeared similar for analgsisause they are both
common skiltbasedehavious at the lower cognitive levels in the taxonomy.

However these tasks were quite differdsdicause they featudifferences irboththerule-based
and knowledgdasedbehavious. Rule-basedehaviouwassimilar at lower ends of the cognitive tasks
(e.g following organizational policies and mandates) and following mandatory field rules in the user
interface. At higher levels, cognitive tasks required differeletbasedoehavious (e.g. interpreting
policies vsreading coding project definitiondnowledgebasedcbehavious were completely different
between the two SRKSs, which clarified that clinicians and HIMPs do not have the same training and work
competencies to perform their respective tasks. Despite similar ecologies, the tasks requiretyifésrent
of training and cognitive supportd/hereas both systems generate coded data through a similar interface
(e.g. boxes and drop downs), the skill overhead was quite different.

6.3.3.5 Knowledge Transfer

One of the use cases for comparing systems was to unddistaadseof different
performance characteristics in similar systems, and to facilitate the transfer of knowledge and ideas
between systems. The identification of differences can be helpfudphrould the identification of
similarities. Understanding how similar complex donsaiohieves a function cahow a generalization
of process and contefivhen the approach is similar) loelp generate transferable idéaten the
approach iglifferent). Differences can generate ideas for change or improvement between systems.

In my codificationexample record ownership was different in each system. It became clear that
the issue of record ownership has a signifiedfgcton the type of processes and responsibilities within

the domain. In the hospital, records were owned by the institution. This allowed the hospital to demand
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changes to records when they were required for quality assurance purposes. The hospital developed
central policies ad procedures and expertise, and is able to ensure consistency throughout all records in
its possession. At the FHT, individual physicians own the medical record, and they are able to adopt
record policies, or not, based on their own discretion. This itaphe generalized functions around chart
codification. Assuminghatthe goal of the complex domaiissto codify data, the hospital would be wise

to maintain ownership of their records, and the FHT could consider following suit with a new records
managerant framework and mandate; such a chanoged significantlysimplify and improvedata

codification and policy enforcement.

In comparing the ConTA DLs, in the FHT environmetdctors codify their own data in
collaboration with team members. They haveeasdo data specialists and other clinicians. poaess
change could hospitals consider loading some of their codification tasks to clinicians? Interestingly, the
domain comparisons offer some insight as to what might happen. Offloading the taskelymuald
result in clinicians worrying about time management, instead of proper and accurate data codification.
However, the hospital could consider a iy model where clinicians code aspects of the record and are
assesa afterward by HIMPs. A twdiered approach would provide the benefits of the FHT processes
(e.g. data that is closer to ré¢imhe) and the benefits of the hospital (e.g. improved quality assurance and
accuracy)Presently, each domain has made different tradeoffs: in hospitals, MIM#Ps code data, up
to asix-week delayoccursin providing coded datdut the tasks guaranteed tbe done. At the FHTthe
delaycould be zero days froassociated diagnostic codes to data, but no guarargeen thait will be

done.

6.3.4 Future Work a nd Limitations

The approach to dramg comparisons through the use of CWA is novel and systematically
revealed insights into domain functioning and opportunities that could basilissed by analysing only
one domain. As a proof of concepty analysisilemonstratethatthe approach is viable. Future work can
begin exploring this approach to transfer information from increasingly disparate systems. For example,
could comparisons with CWA help transfer knowledge from aviation to healththis is explaed by
Kapur et al(2016 andClay-Williams and Colligar(2015. An additional case study could analyse a
simple task from both systems, such as booking an appointkhgicbmparison approach to
superimpose those tasks within a rich work domain and the outputs of the models could provide valuable
insights to improve the process within healthcare. This would demonstrate that increasingly different
systems could be succes$fudompared.

One obvious limitation to my comparison approach is that the CWA models need to be developed

with the concept of comparison in mind; the inten
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this reasonit is unlikely thatoff-the-shef CWA models in the literature could easily be compared.
Althougha comparison from models in the literature wagformedby Burns et al. (2004the number of
published models CWA models would need to grow astronomically before comparing models from the

literatures beconsa regular opportunity for investigators.

6.4 Suggestions and Recommendations

My comparison of CWA models is amtributionto the liteature.To my knowledge, have
presented the first full comparison in this manusceptfuture reades may be interested in some
suggestions regardirtge futureuseand adoptiorof this method

First, | want to highlight that CWA is an excellent framework for conducting systems analysis.
The toolkit is a highly effective set of templates to help comoaiaifindings, and givesodellersa list
of questios and inquiries during the analysis of a complex steahnical systemCWA made me
considercognition in ways | would not havgitially considered, and my analysis is richer as a result.
Presently, th limitation of CWA is thatt is difficult to learn and digest its nuances. | found Q¥®{A is
like jJumping out of an airplane; yahould avoid doing for the first time without someone
accompanying you along the waf course, you can do it alom@d yo u 6 | | Gjinésh lingooewdy h e
or another, but the quality of the output will vary consideraWigh this in mind, | found doing several
CWAs simultaneously and seeking comparisons was an excellent approach to appreciating the framework
alongsde some good coaching from my advis®nalyzing similar systems was an effective way to
quickly deepen my understanding of the approach. Future novice modellers should consider adopting a
similar strategyo learn CWA and appreciaits nuances

More experienced modellers might have more confidence and insight to address the question of
similarity between systems. In my case, | may have beenagdpiessivavhen ensuringhatthe
functionalpurposes and abstract functions were not merely similar, &uotiédl. | wadikely too
restrictive in letting g modek diverge because | wanted to ensure | could draw a comparison. In another
context, perhaps with less on the line, there might be moretménp | a ytbhe idea okimilarity in a
less rigid waylt is unclear how this might impact the overall analysis; | would be curious to learn if
loosening similarityconstraintsvould paydividends in insight without sacrificing model consistency and
meaning. There is still a lot of room to play with the idéaimilarity, and this aspect of my work is not
intended to b@rescriptive but flexible. Future modellers showddntinue toexperiment with this idea.

Lastly, the idea of identifyingimilar tasksvas rewardingin this case, it was very interesting
tha my CWA described how the abstraction and summary tasks were, indaegry similar. This was

a highlight of my exploration of this idea. Future modellers should not be afraid to attempt comparisons,
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and withdraw when it appears there are incompdidsl The process of assuming a comparison and

breaking that assumption is an interesting journegnithof itself.
6.5 Chapter Summary

6.5.1 Key Findings

Comparison of CWA models:| have described an approach to compare complex-sectimical
systems through the use of CWA. While several reasande seen faronducinga comparison, | have
demonstrated that understanding complex differences between two systems can be inflarmative
identifying potential performance differences and transferring knowlédigepproach was used to
identify different team structures, training neeatsd cognitive tradeoffs that vary between two similar
systems. My approach was able to articulateifipalifferences between the ecologies and output
interesting insights.

Similarities, Differences and Exchangesinderstanding how similar complex domains achieve
a common function can show a generalization of process and context (when the approakn)i®si
help generate transferable ideas (when the approach is different). Differences can generate ideas for
change or improvement between systems.

Dondét judge a t Buwidgmpgoomparisan ofdwm Kimilardasks, 1 reinforced the
oldadagd r om systems design that wunderneath a user
contextexiststhat influences and distinguishes the actions of users: look beyond the user interface! In this
caseseemingly similar tasks took place is diffat contexts, with different priorities addferent

required competencies.

6.5.2 Connections to Case Study and Research Questions

I have three research questions:

1. In primary care, how are individual users influenced by ta@iironmento inputhigh-quality

data?

2. What techniques could be used to design systems that persuade usersigharguality data?

3. Isit possible to improve data quality in primary care by persuading users with the user interface?
This chapter continued my review of the codification skironmenby drawing comparison§he
procesdelped meo understandhe unique factors that influence primary care us@rgnary care users
are uniquely influenced by thetnvironmentSomeexamples include

- Primary care usersavea primary responsibility to see patients. Data codiraysecondary role.

Balancing these responsibilitissquires time management abiliteasd, importantly, time
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- The codification of data (through secondarirgim a summary screesr adding codes to
records for example) is nadutomaticallya c omponent of a c¢cliniciands
training.
- Record ownership in primary care forces FHTs to make suggestions to physicians and
recommend potential cogeCodification is influenced by physician discretion.
- Performing codification tasks is not complex, but completing the task in primarpearmes
cognitively complex because usepgestion the value of the work. Expert usdggeloppre-
determined idemabout the value of the tasid if their notions are negative, they will prioritize
other activities. Thus, they are influenced by their previous experiences.

6.5.3 Connections to Other Chapters

This chapter built aim theCWA models developed ichapters. Some of the comparison insights

are used for developing designschmapterB.
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Part C

Me asur emeDretsaingdn | mpr ovement

This part of my dissertation featurésdechapterghat focus on improving data quality within a
primary careecosystemThiswasperformedduring a case study by developing a data quality
measurement approach anddmalysng historic data to better derstand data quality tradeoffs. The
results of this work are presenteccimapter7. Based on the results of my mod#&lem PartB and
information gathered from the case study, | devemeralconceptsvith PDin chapter8. As a capstone
to my dissertation, showin chapter 9, via a field studihat data quality can be improved lsing
persuasive technigues
My manusar pt titl ed 6An Exploratory Case Study to
Data Quality Tradeof f s & h a3ourbakoéData and mfermdtiendQuafito r pub
and will be published in April 201A second manuscriphat | have ppducedt i t UsiagdPeréuasive
Design to Improve Datantry Behaviour in Primary Calievas submitted to thimternational Journal of

Medical Informatics (IIMland is under review at the timetbfs writing.
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Chapter 7
Measmeadf DQ@ual ity in Primary Car ¢

During mymodellingwork in the first part of my dissertatiphdescribed the primary care
codification ecosystem and compared ithedata codification ecosysteofi a community hospitaind
gained several insights. Siifiezally, | looked atthed Su mma r i z e cofitrol task amekaenineil
the various strategies used by cliniciafisen, loutlined various user competencies required to perform
the summarization task as part of clinical practice.

In this chapter | go ito greater detail about a specific example of a systensupport additional
work and define design priorities) this chapter | describe my approach to developing several data
guality measures fahe reporting tool of &HT (which was previouslymodeledwith CWA). | alsodo a
detailed logistic regression of several metrics to better understand hownasegadata quality in
primary careand what ecological aspects might influence th€his information, combined with my
modellingwork from the previous chapters, is used to develop severatjdality-enhancing design

concepts for primary care the chaptes.

7.1 An Exploratory Case Study to Understand Primary Care Users and Their Data
Quiality Tradeoffs 8

St-Maurice, J, & Burns, C. M. (in press). An Exploratory Case Study to Understand Primary Care
Users and Their Data Quality Journal of Data and Information Quality.

Abstract: Primary care data is an important part of the evolving healthcare ecosystem. Generally, users in
primary cae are expected to provide excellent patient care and rhighrgjuality data. In practice, users
must balance sets of priorities regarding care and data. The goal of this study was to understand data

guality tradeoffs between timeliness, validity, congteess and use among primary care users. As a case

8 The content ofection 2.4, Data Quality, was published as péthe accpted manuscriph the Journal of Data
and Information QualityStMaur i ce & Burns, in press). I't was publishe
provide better structure and readabilitgtdh e di ssert ati on, mo s tshooviin chapter2, paper 6s

while the remainder of th@anuscripis shownhere
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study, data quality measures and metrics are developed through a focus group session with managers.
After calculating and extracting measurements of data quality from six years of historic data, each
measue wasmodelledwith logit binomial regression to show correlations, characterize tradeoffs and
investigate data quality interactions. Measures and correlations for completeness, use and timeliness were
calculated for 196,967 patient encounters. Baseti@analysis, there was a positive relationship

between validity and completeness, and a negative relationship between timeliness and use. Use of data
and reductions in entry delay were positively associated with completeness and validity. Our results
sugget that if users are not provided with sufficient time to record data as part of their regular workflow,
they will prioritize spending available time with patients. As a measurement of a primary care systems
effectiveness, the negative correlation betwesnand timeliness points to a selinforcing relationship

that provides users with little external value. In the future, additional data can be generated from
comparable organizations to test several new hypotheses about primary care users.

7.1.1 Study Purpo se

In chapter2, | have described some anecdotal evidence of interactions between data quality
dimensions in primary care, and have articulated an impetus to better understand these interactions. For
example, if a user invests several hours entdriglyquality data that is a perfect representation of a
clinical encounter, users would have less time for patient consultations ari8tddeaurice & Burns,

2014) Otherwise, users increase the amount of time per encdBnosvn et al., 2012)More likely,

users are making sacrifices, taking shortcuts and engaging in tradeoffs regarding their data to manage
their workload and priorities. The objective of this study is to better understand primary care users and
their data quality tradeoffs by measuring and@ating different types of data quality. This is done
through a case study.

7.1.1.1 Development of Measures and Metrics

The first part of our study involves defining contextual data quality measures in a primary care
environment. We use interviews with expertetsure our measures are reflective of primary care data
quality issues. The purpose of this part of the study is to create the best possible measures of data quality

using available metadata.

7.1.1.2 Analysis of Historic Data

The second part of our study aimaitmerstand primary care users, their tradeoffs, and the
impact of tradeoffs on data quality. As a hypothesis, we believe users balance time and priorities to

achieve several different goals, such as patient care and data entry. We believe users eadag#dn t

84



and that there is an impact on data quality. For example, as users choose to delay their input of data (e.qg.
timeliness), we would expect an impact on data accuracy and completeness.

To study user choices, data quality measures and metriasadyeed in regression models. The
purpose of this analysis is to numerically characterize the relationship between different data quality

dimensions.

7.1.1.3 Scope

The scope of our work is to understand clinicians in primary care as users of data and data
systemsThese clinicians include physicians and allied health professionals (AHPs), such as pharmacists,
dietitians, mental health workers and nurses. These users have a dual role of providing patient care,
documenting clinical findings and generating data. V8e abnsider managers who use the data
generated by clinicians to inform decision making. Our scope does not include clerical staff and does not
include patienggenerated data, or patients as users of information. As well, we are not including data

from remrding devices that may generate faulty information and observations.
7.1.2 Methods

7.1.2.1 Case Study

Case studies are widely used in data quality reséifatnick et al., 2009)Case studies are
empirical methods that use a combination of qualitative and quantiéxitkence to examine phenomena
in a realworld context. The irdepth inquiry of a single instance can lead to a deeper understanding of the
subject, generate useful information and generate hypottidgelkjerg, 2006) Exploratory case studies
are intendd to be theory generating.

For our case study, we worked with a FHT in Ontario. These organizations employ AHPs who
work in family physiciands practices. AHPs enabl e
clinical practice by providing servisesuch as counliag, health promotion or lifestyle coaching. The
AHPs working for these organizations are required to create normal clinical documentation, but must also
record their activities in a structured format to help the FHT generate quarfenisréAs a public
organization, these reports are required by the Government to rationalize and maintain funding. As an
accountability measure for the organization, these reports measure the number of patients that have been
seen by t he ogagdprovide mbularaasdregarding presenting problems, the number of
patients seen for followp, the referring physician type and basic patient demographics. AHPs collect the
information for reporting purposes. The information is not used for billimggses to an insurer.

Creating these quarterly reports from an Electronic Medical Record (EMR) is challenging for

larger FHTs. These larger organizations are comprised of several individual clinics. As a clerical task,
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consolidating data from 20 individUEMRs to compile a single report each quarter is time consuming
and erroiprone. As well, the EMR is not able to capture some of the required information. For example,
the EMR is not able to report whetherb6aoschedtbed
visité, and determining this information may requ
Though retrieving this data may seem like a trivial problem to solve from a technical perspective, the
EMR is proprietary and withoutpport from the EMR vendor to gather this data, there is no practical
way to generate this information for thousands of patient visits every quarter. For a small FHT with a
handful of AHPs, this is a manageable problem with clerical staff and clericalssesc For large FHTs
with hundreds of AHPSs, this problem can become very complex and time consuming.

As an alternative to manual clerical processes, some larger FHTs have opted to ubasedeb
tool to capture statistics outside the EMR system. ThissgFHTSs the flexibility to capture the required
data fields and to generate data for fluid reporting requirements. Instead of hiring clerical staff to generate
these data points, participating FHTs ask clinicians to record clinical documentation vétailEand
report additional data for reporting purposes into the-based tool. Functionally, this tool is best
described as a wdinsed survey tool that is specially customized to capture statistical data required for
Government report# screenshot iavailable inAppendix G

Before the adoption of this wdiased system, managers reported spending days working with
clerical staff tabulating reports with spreaests and paper notes. The wWesed reporting tool provides
a significant process improvement for FHTs opting to use it. Another benefit to capturing information in
this separate tool is that it can be esssaciasby t he
supporting decision making, assessing performance and catering programming to population needs. The
relationship between primary care users, managers and this reporting tool is very similar to situations and
challenges described in the litenatuSome of the issues parallel how clinicians input structured data into
EMRs.

7.1.2.2 Data Source

The source of data for our case study isthelwebs ed reporting tool 6s dat e
is not from a primary care EMR, it is manufactured in tandentirtical documentation, and collects data
from users in the same ecosystem. Unlike an EMR, the database is an excellent source of structured data,
can beanalyse on a large scale and does not suffer from the nuances of free text. This is similar to other
studies that measure data quality through external sources Bdataver et al., 2006)

This data source is interesting because it suffers from a variety of data quality challenges that
mimic the challenges observed in medical registries. For examjaeigthe study managers expressed

concerns about the accuracy of the data in thebaskd tool, and also suggested there were several
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concerns about the timeliness of information from users. These data quality concerns (e.g. late data entry
or inaccurée entries) were thought to have a direct impact on the quality of the reports issued to the
Government. As an accountability measure, the qua
reputation and funding. The data in the system is imppneeds to be reliable and therefore needs to
meet high data quality standards.

By working with a FHT and the data from its reporting database, we created several models to
represent data quality relationships and tradeoffs. Our case study inghali¢gtive methods to define
data quality measure through interviews with managers at the FHT, and the use of logistic regression to
analyse quantitative data.

7.1.2.3 Ethics

A research protocol was submitted tethe he Uni ve
FHT6s privacy officer and the FHT6s Board of Dire

started by interviewing experts and discussing data quality with a focus group.

7.1.2.4 Qualitative Development of Data Quality Measures

We usedaqualtatv e approach to define data quality measur
fourst ep process that included an exploratory meet.

a focus group about data quality and an identification of feagieasures.

7.1.2.4.1Step 1i Exploratory Meeting with a Subject Matter Expert.

After receiving ethical clearance, we held a preliminary meeting with the Operations Director at
the FHT. This contact is responsible for using and interpreting the data in thngepml. Having been
in this role for over 5 years, we considered this Director a subject matter expert (SME) regarding the web
based tool 6s dat a.

Prior to our meeting, the Director was given literature about data quality to review as a primer to
the dscussion. In addition, we brought a list of potential data quality measurégperet al. (19960
stimulate discussion about data quality within the reporting tool. Over the course of the meeting, several
possible data quality dimensions and formwleer e expl ored. This formed an |

guality measures that aligned with the SMEO&s cont

7.1.2.4.2Step 2i Exploratory Measures.

Foll owing our discussion with the SME, we met
teamto discuss possible data quality measurement approaches. As an exploratory exercise, analysts

created several potential data quality measures and graphs. These measures were created by programming
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gueries directly into the underlying SQL database. Thdtsesiithis exploratory exercise were exported
as sample data quality measures and supported with sample data. Whereas the SME was not constrained
by technical issues and metadata limitations, the analysts were forced to place an emphasis on data quality

dimensions that were practically measurable and programmable.

7.1.2.4.3Step 3 Management Focus Group.

We facilitated a focus group with managers by
sample data quality reports from the analysts (step 2). The firoup was conducted over the course of
90 minutes with 5 middienanagers. The discussion was setniictured. We prepared questions (shown
in Table4) ahead of tira to guide the conversation.

Notes were created over the course of the discussion. These notes were distributed to all
participants for comment immediately following the session and all contributors were asked to share any
additional feedback. All feedbaekas documented and grouped thematically. To structure the results, we
created a table summarizing results by data quality dimension, organizational concerns, and measurement

discussion.

Table4. Open Ended Questions Used with FoGusup.

Question | Open Ended Question

1 There are several types of data quality dimensions. Examples inc
accuracy, timeliness, granularity, usefulness, value and consisten
Which dimensions are the most relevant to the data stored by the
reportingtool?
2 Based on the top 5 dimensions
#1, show notes to group], what are ways you feel you could calcu
or measure this type of data quality? What woulddtwenulabbe?
3 Before this discussion, | calculatedveral sample data quality
measures for [this month last year] with the help of the Informatiot
Management team. Here is a copy of those calculated measures
out sample measurements and calculations created earlier].

3a. Which measures do you thiate the best representation of dat
quality in the reporting tool?

3b. Which measures are not a good representation of actual dati
quality?

3c. Do you have any suggestions for adjusting the calculations?
Should other variables be taken into consitien&

3d. How would you improve data quality in the reporting tool?

7.1.2.4.4Step 4i Feasibility Analysis.

We mapped the data quality measurements created by the analysts to the results of the focus

group discussion. The purpose of this step was to filter measures that were feasible (e.g. calculable) and
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measures that were not feasible. To bring structugeetresults, we added a feasibility column to our
summary table and noted whether each requested data quality measure was feasible or not given the

dataset and the available data attributes.

7.1.2.5 Development of Data Quality Variables

After identifying feasibé data quality measures with the focus group, each measure needed to be
carefully articulated as a quantitative measure. Through collaborations with the data analysts, each
feasible measure was defined and implemented through SQL. Effective data getlitg oan be
defined at the data item, attribute, record, or database(levahkaranarayanan & Cai, 200Based on
previous studies (sed&lake and Mangiameli [201)1the data analysts identified each data quality
dimension as a Boolean value for eaetord.

As part of the development of measures, some concepts had to be further refined after the focus
group exercise. For example, measuring usefulness and usability through the generation of reports
required refinement and contextualization; when shanléntry be flagged as used in a report? In some
cases, it was possible to measure a data quality dimension in two ways. For example, the timeliness of
data could be measured as satag Boolean flag (e.g. was the data entered on the day of the
appointmet?) or could be measured as a delay in days. Both measures were kept for modelling purposes
as it was unclear which measure would be most appropriate or effective.

Defining each measure with a meaningful name required careful consideration and research. F
example, the focus group provided a measurement approach that could, according to participants, be
useful to measure accuracy. However, the measure was better described as validity based on previous
studies such ashat ofBray and Parkir§2009.

7.1.2.6 Measures from Historical Data

After finalizing the individual data quality measures and their calculation, the data analysts from
the FHT exported data dating back to 2008. Per th
identified and all information p&ining to patients or users was removed or masked to ensure that
individuals could not be associated with the information provided for analysis. For each encounter that
was recorded in the system, a set of data quality measures was provided with dalevatitibutes, such
as the entryds username (masked), the month and vy

health promotion, nursing, diabetes care, etc.).

7.1.2.7 Data Adjustments

Based on the data quality measurements defined by the orgamidaio management t eam

the raw data collected needed to be adjusted. In some cases the time delay for entering records was either
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impossible (smaller than 0) or seen as highly unlikely. The definition of unlikely delay was based on
discussions withite focus group, and defined as delays greater than 120 days. Unlikely delay was
identified as an input error and not a true representation of the amount of time it took to enter data into the
system. In these instances we kept the entry for analysis mauels but recorded a NULL for the time

value, and set the validity flag to false.

7.1.2.8 Simple Correlations

To understand some of the user tradeoffs, we performed a simpledritdsle correlation
between each data quality dimension. We aealyhe datasetsing the R statistical software and the
HmiscpackagdHarrell Jr, 2016and combined the results into a single matrix. We calculated Pearson

correlations and performed significance tests usingcire function.

7.1.2.9 Model Testing

The dataset included dagaality measures for individual encounters and multiple observations of
data quality for several users and several periods of time. Whereas simple correlations can be informative,
they do not take these variations into consideration and the correlatiobe sanificantly skewed. We
anticipated variance in users and variances assoc
tradeoffs given the structure of the dataset, a multilevel model was required to compensate for multiple
observations.

Multi-level models were built based on the data quality measures. The repeated observations were
accounted for by using a multilevel mixeffects model and a normal correlation structure. We included
a random intercept term to control for clustering afarace on individuals (110 users), program area (7
different areas), years (4 years) and months (12 months) over repeated measures.

The models were anagd using the R statistical software andlthe4packagdgBates et al.,

2016) Each model was develeg using forward stepwise regression; each model started with no
variables and we tested the addition of additional variables by comparing ANEBArEs and Akaike
Information Criterion (AIC) values. If additional variables and interactions were natistaty

significant, they were not included in the final model. All models were developed and reduced with this
approach into their final form.

Not all measures were appropriate to model as dependent variables. For example, validity was

measuredatové&x 7 % Oval i d6 and modalddsingregressitne correctl y
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7.1.3 Results

7.1.3.1 Qualitative Results

Over the course of the focus group session with the FHT, six data quality dimensions were

discussed. A summary table with the data quality dimensiomrtamizational concerns with the data

(Question 1 fronTable4) and suggested measurements (Question 2 and 3rtbte4) are shown in

Appendi x F.

The f

7.1.3.2 Data Quality Variables

easibility of weach

i dea, as

The definitions for each data quality variable is providét & serie®f logical rules inTable5.

di

These rules represent the underlying logic programmed into SQL queries and use terminology that flows

with business processes and integfagic. To clarify some of the business logic and terminology, a

screenshot of the entry form is available in Ampendix G In order to test models, it was inrmt that

all data quality variables be calculable from historic records and to ensure the variables did not require

system changes or new data points to measure data quality.

Table5. Data Quality Measures

Dimension Definition Implementation Variable
Timeliness Timeliness is a Measure 1Measure the number of days | EntryDelayDays
measure of whether | between the encounter and the day the ( A

: . nd
the data is out of date| was entered into the system. Can be EntryDelayWks
and available for use | roundedup to the closest week. Cannot &
when needed. smaller than 0.
Measure 2Business rules state that user, SameDayYN1
need to enter data on the same day as tt True or False (0/1
encounter. This measure of timelines is :
flag regarding whether or not that busine
objective was achieved.
Integrity, Validity can be To be considered valid, an encounter da| Valid_YNiI True
Validity,and |[def i ned a s|mustmeetthe following criteria: (1) or False (0/1)
Accuracy of being logically or | Encounter date must occur before the er

factually sound;
soundness or
cogencyo.
data quality, validity is
more primitive than
accuracy and relates
the logical state of
data.

date (e.g. future dates imply an incorrect
date entry). (2) Encounters must be
recorded after 20081-01 (which is the
systembébs kickoff d
is an initialencounter with a referral date,
the referral date must be within six montl
prior to the encounter.
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Dimension Definition Implementation Variable

Completeness| Completeness refers { To be considered complete, an encountg Complete_ YN

the quantity of data | that is an initial encounter must have all | True or False (0/1
elements that have | required data elements, including & (1
been used to describg referral source; (2) at least 1 secondary
the breadth and depth encounter reason; and (3) must not have
of the clinical primary reason for visits of typ@®thed
encounter.

Usefulness, | High-quality data mus] The data was flagged as used if the usel Used YN

Usablllty,_z_and be fit for the use by accessed the report generator tool and True or False (0/1
Accessibility | data onsumers or its | entered data on the same day.
collection is irrelevant|

7.1.3.3 Data Adjustments and Filters

The original dataset spanned seven years (from 2008 to 2015). Over this period of time, 294,001
encounters were recorded by 133 different users. Each user was a member of one or more of the seven
different program areas.

Unfortunately, the database ontgaided capturing entry dates as a data attribute in late 2011.
Therefore, timeliness could only be calculated for a portion of the dataset. As such, we had to limit our
analysis to data spanning from 2012 to 2015 in order to incorporate the timelinessioim&his subset
included 196,967 individual encounters for 110 users working in seven different program areas.

There were 440 records where timeliness was below zero (0.002% of the dataset) and 2,228
records where the timeliness was over 120 days (dfli#e dataset). A total of 2,668 records were given
a time delay of NULL and each of these entries was flagged as inaccurate during further analysis and

modelling

7.1.3.4 Descriptive Statistics

There were 196,967 encounters. Based on the criterialfatnte5, individual entries into the
system were categorized as being timely (O for false, 1 for true), valid (O for false, 1 for true), complete (0O
for false, 1 for true), athused (O for false, 1 for true). The distribution of records in these categories is
shown inTable6 by program area. Many users contributed data to multiple program areas therefore the
total number of users shownTable6 is greater than 110.

Holding each progrararea equal frorfable6, we calculated program area averages. As well,

we calculated an overall average for all 196,967 records. These results are shallen
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Table6. DataSummary by Programrea

Program # Valid Complete | SameDay Useful Al\gzzge
Area Users | (% records) | (% records) | (% records) | (% records) (in dayys)
Counselling o8 49,537 8,657 29,841 2,043 742
Services (96.0%) (16.8%) (57.8%) (4.0%0) '
Diabetes Care 36 55,159 8,019 21,822 4,586 11.92
Services (99.2%) (14.4%) (39.3%) (8.3%) '
Health
Education and 39 41,692 17,262 29,899 6,359 506
Nursing (97.3%) (40.3%) (69.8%) (14.8%) '
Support
Health
. 10,084 4 548 518
Promotion 20 "o o o o 29.16
Activities (99.5%) (0.0%) (5.4%) (5.1%)
Homecare 11 9,699 6,307 5,640 458 3.01
Services (98.6%) (64.1%) (57.3%) (4.7%) '
Nutrition 32 16,868 1,332 9,354 2,387 437
Consultations (98.8%) (7.8%) (54.8%) (14.00) '
Pharmacy 11 8,722 1,159 2,774 880 20.44
Consultations (88.5%) (11.8%) (28.2%) (8.9%) '
Table7. Measure Averages.

Grounin Valid Complete Sameday Useful Al\ézrlgge

ping (% records) (% records) | (% records) | (% records) (in dags)
By Program 96.8% 222% 44.6% 8.5% 11.65
Area
Overall 97 4% 21.7% 50.7% 8.8% 9.26

Additional breakdowns of the data is provided in Appendix H Data is broken down by delay

grouping (e.g. delay by month, etc.), entry month, entry year and program area.
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7.1.3.5 Simple Correlations
P e ar s ameations were calculated for each variablé are shown iTable8. Same day
and Day Delay were not correlated because both variables represent the same data quality dimension and

a correlation would not be lagl.
Table8 Si mpl e Corr el ations (Pearsonods

complete_yn | used_yn | valid_yn | sameday_yn| entry_delay wks
complete_yn 1.00 -0.02%** | 0.07 *** | 0.20 *** -0.10 ***
used_yn -0.02 *** 1.00 0.00 -0.11 *** 0.05 ***
valid_yn 0.07 *** 0.00 1.00 0.16 *** -0.45 ***
sameday_yn 0.20 *** -0.11** | 0.16 *** | 1.00 N/A
entry_delay wks | -0.10 *** 0.05 *** | -0.45 *** | N/A 1.00
Significance Codes: 0O 6***6 0.001 o6**6

7.1.3.6 Data Quality Models

Three models were created using a forvateghwise method for simplification. The delay
variable was converted to weeks by dividing the values by 7 and rounding up to the closest week. This
was done during model reduction to control for over dispersion. A summary of the final simplified
models isshown inTable9. The measure of timeliness, as a count in weeksanalyseds a negative
binomial andnodelledas a count data element. The measures of validity, completenessjesasrdry

and use were recorded as binary variablesaaatisedising a logit binomial model.

Table9. Data Quality Model Results.

Data Quality Dependent Independent Variables | Random Effects
Dimension Variable
Completeness complete_yn | valid_yn + useful_yn (1user) +

(1|reportingarea) +
(1]year) + (1|month)

Timeliness sameday_yn | useful_yn + complete_yn (1|user) +
+ valid_yn (1|reportingarea) +
(1|year) +(1|month)

Use used_yn complete_yn + (L|user) +
sameday_yn (1|reportingarea) +

(1lyear) + (1Jmonth)
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7.1.3.6.1Completeness as a function of Usefulness and Validity.

Given two |l evels of the completeness variable
indicating a complete entry), mulgvel logistic regression was completed and reduced with a forward
stepwise method. This exploratory model investigates the relationship between the completeness of an
entry, as correlated with other data quality dimensi Neither the entry delay (in weeks) nor the same
day flag for timeliness contributed significantly to the model. The coefficient results, the odds ratios and
the random intercept values for users, program areas, months and years for this modehareTsines
10.

Tablel0. Coefficients for Completeness Measure.

Coefficients Estimate [LL -UL] Odds Ratio(LL - UL)
(Intercept) -6.477 *** [-7.65--5.299] | 0.001 [0.000 0.004]
valid_yn(yes) 2.493 *** [2.30971 2.678] 12.106 [10.06514.560]
used_yn(yes) 0.095** [0.029 0.160] | 1.099 [1.030 1.175]
Random effectaisers = 13.645, month = 0.004, year = 0.032, program area
8.203Si gni ficance Codes: 0O 6***6 O

7.1.3.6.2Timelinessas a function of Use, Completeness and Validity.

Given two |l evels of the tiawetlriyneasrsd vaXad aibd ki da
day entry), multievel logistic regression was completed. This exploratory model investigates the
relationship between the timeliness of an entry and how timeliness is correlated with data quality
dimensions. All data quayi dimensions were significant. The coefficient results, the odds ratios and the

random intercept values for users, program area, months and years for this model are $hbled in

Tablell. Coefficients for Timeliness Measure.

Coefficients Estimate [LL-UL] Odds Ratio (LL - UL)
(Intercept) -4.927 *** [-5.765--4.09] | 0.007 ***[0.003- 0.017]
complete_yn (yes) | 0.378 *** [0.334- 0.422] 1.459 *** [1.396- 1.525]
useful_yn (yes) -0.667 *** [-0.717- -0.617] | 0.513 *** [0.488- 0.539]

valid_yn (yes) 4.906 *** [4.653- 5.16 ] 135.116 *** [104.869 174.088]
Random effectsisers = 4.451, month = 0.011, year = 0.010, program area = 1..
Significance Codes: 0O 6***6 0.001 ¢
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7.1.3.6.4Useas a function of Completeness, Timelinesw Validity.

Given two |l evels of the use variable (606 indi
indicating use of the data on the saslag as it was entered), mdliéivel logistic regression was
completed and reduced with a forward stepwise method. This exploratory model investigates the
relationship between the use of data and how use is correlated with other data quality dimerhiens. In
model, the validity dimension did not significantly contribute to the model and was removed. The
coefficient results, the odds ratios and the random intercept values for users, program area, months and

years for this model are shownTablel2.

Tablel2. Coefficients for Use Measure.

Coefficients Estimate [LL-UL] Odds Ratio (LL - UL)
(Intercept) -3.231 *** [-4.155- -2.306] | 0.040 ***[0.016-0.1 ]
complete_yn(yes) 0.071 *[0.006- 0.137] 1.074 * [1.006- 1.146]
sameday_yifyes) -0.735 *** [-0.785- -0.686] | 0.479 ***[0.456- 0.504]
Random effectaisers = 6.997, month = 0.064, year = 0.119, program area = 1.13
SignificanceCo d e s : 0O 6***6 0.001 6**6 O0.0:

7.1.4 Discussion

7.1.4.1 Qualitative Results

During the focus group discussion, six themes and data quality dimensions emerged including
representation and interpretability, accuracy and validity, completeness, timddglassbility and
usefulnessgee Appendix J- The focus group also provided some insight about how each data quality
dimension might be measured. The group did not suggest, however, that their approaches to measurement
were perfect representations of edelta quality dimension. They did feel that their proposed measures
were viable proxies for each dimension. Two of the themes discussed with the focus group (i.e.
consistency / interpretability and believability) were interesting but according to thenddyats they

could not easily be measured with existing data.

The issue of consistency was the first item mentioned during the focus group discussion and
appeared to be a significant concern for the group. Believability was raised as a concerrhiater in t
discussion, but the group indicated it was less of a concern compared to the other measures. Though both
measures fell out of scope for this case study, they are noteworthy in their own right and could be

addressed in the future through a survey. Aeyioould provide a snapshot of current insights regarding

96



the datads interpretability and believability, bu
also be difficult to correlate these dimensions with the available historic measudteamnut to
understand tradeoffs.

The remaining themes were accompanied with suggested approaches for measurement. When we
had to characterize these measures as variabldabaledthem as measures cdmpleteneswvalidity,
timelinessanduse Timeliness and completeness were good representations of the discussion. Validity,
however, was used as a final description of the themes discussed regarding accuracy, integrity and data
validity. Initially, the term accuracy was used to describe the variablee¥#owaccuracy is too nuanced
and generally refers to whether or not the available data represents reality. Without comparing the
databaseds information to clinical c¢charts, it wou
the | ogtyadl wasabpbbdsi ble. Using the term validity
concepts discussed with the group and aligned with the suggested measurement strategy.

The group discussed the conceptuséfulnesandusability of the data and suggestthat
measuring a userods use of the data through report
acknowledged that measuring 6used was not a perfe
argument, the group suggested that a usefdymat run reports regarding data without a purpose (e.qg. if
it was not useful to some end), and the user would not be able to report on the data if it was not usable
(e.g. if it was not possible to derive some useful meaning or generate a report). Measein this way
could also be a measurement of accessibility, as it determines whether or not users know how to look at
their data. Overall, theseme asur e represents an interesting attr.i
succinctly fall into a sigle and clear dimension. At best, measuring data use was seen as a proxy measure
for usefulness from the userds perspective, but w
Government reporting. At worse, it measures data access. Either wasgpbegul measurement maps to

the use dimension of data quality.

7.1.4.2 Data Quality Variables

Data quality measures were calculated for each entry in the database using the measures

described iMable5. This provided 196,967 observations of each variable.

7.1.4.2.1EntryDelay

One of our measures of timeliness was the delay in entering information. If a user saw a patient
on a Monday, and they recorded their visit on the on Wednesaagntry delay would be 2 days. This
measure is significant because it shows that over fifty percent of users delay their entry. This measure

allows for the discrimination of users who are extremely late versus users who are only a few days late.
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The chalénge with this measure, however, is a high standard deviation of 9.32 days. This led to
difficulties in having models converge. Models were less sensitive and were able to converge when we

used a less specific variable by measuring the delay in weeks.

7.1.4.2.2Samd®ay_Y/N

Our second measure of timeline was a simple Boolean value indicating whether or not a user had
met the business requirements of a same day entrfyaBs7, 50.7% of our observations were flagged
as meeting the Same Day criteria. Since approximately half of the users submitted their data on the same

day, this Boolean expression is a powerful discriminator and usefuiddelling

7.1.4.2.3valid_Y/N

Foreachentrywal i dity was measured using the FHTO6s bu
interface logic. These rules were developed in consultation with the data analysts. Generally, this measure
would flag, as a Boolean, whether or not the entry was logicallylpesEior example, it was clearly
erroneous to record an encounter that predated the inception of the organization.

Logical errors in the database directly impact the quality of reports provided to the Government.
PerTable7, 974% of our observations were flagged as meeting the validity criteria. This validity value is
comparable to the results from a medical registry case study which reported 98% accuracy based on a
gold standardArts, 2002) Formodellingpurposes, these resulvere too homogenous to use this

variable as a dependent variable in logistic regression.

7.1.4.2.4Complete_Y/N

For each entry, completeness could be measured using business rules and logic. These rules were
developed in consultation with the data analySenerally, this measure would flag, as a Boolean,
whether or not an entry had captured all required information with specificity. According to business
rules, users were supposed to record a referral source for initial encounters. If they did notrgheir en
would be flagged as incomplete.

These types of errors were noticed by the focus group when they attempted to provide reports by
referring physician. These errors directly impact the quality and specificity of reports provided to the
Governmentbecauseny i ncompl et e data would be cTable7Tact er i ze
21.7% of our observations were flagged as meeting the complete criteria. This raifober ithan we
expected. Our definition for completeness may have been too restrictive as our results differed
significantly from other studies about medical registry assessments, which reported 94% completeness
(Arts, 2002)
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7.1.4.2.5Used_Y/N

After reviewing theesults from the focus group, this measure was the most difficult to define in
practice. Conceptually, we wanted to know if users were accessing and using their data. However,
generating a Boolean variable for 196,967 records was not immediately obhioulst we attempt to see
if users had generated a report that included the recorded entry? If a user generated a report once per
month, how could that be measured on a per entry basis? How could we aggregate the number of report
generations against the othgpes of measures? Conceptually, measuring usefulness is helpful to
understand the value of data, but difficult to measure in practice.

The data analysts described a novel strategy to measure the usefulness dimension by looking at
instances where a usecorded information and generated a report at the same tiniealfer, 8.8% of
the data entered was accompanied by a report on the same day. Though this@npoehensive
measure of usefulness, it was a reasonable proxy to help understand whether or not users utilize their data
in a literal sense. A limitation to this measure is its simplicity; for such a rich and nuanced dimension, the

measure is a simplermmial and removes some important depth.

7.1.4.3 Simple Correlations

We gener at ed resorrefaionse Th&rewere sevadakalues that showed very small
and negligible relationships (e.g. < 0.10). There was a small, statistically significant passtotation
(r = 0.20) between Completenessifiplete_yphand Timelinesssameday_yn suggesting that timely
entries were more likely to be complete. There was also a stronger, statistically significant negative
associationr(= -0.45) betweenlelay daysndvalidity yn suggesting that as the delay increased there
was a higher likelihood of inputting invalid data.

While these results are interesting, they are not the best representation of the results of the dataset.
The parameters in the data vary atesal levels (e.g. users, program area, year and month). Simple
correlations do not take the multiple observations from multiple users into consideration and treat all
observations equally. The results would therefore be skewed by several types of éhdiifidrences
and users with different quantities of entries. Though the coefficients were consistent with other findings,
multilevel regression would offer more appropriate results by accounting for individual differences and

were used to understand ttedationships between variables.
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7.1.4.4 Data Quality Models

We developed and simplified three data quality models using-reudti binomial logistic regression.

7.1.4.4.1Completeness asfunction of Use and Validity

Our model for completeness includealid_ynandused_ynNone of the timeliness measures
were statistically significant. There were no interactions between variables.

It is interesting that timeliness and delay did not have a correlation with the completeness
variable. This implies that completenesaas impacted by time and that encounters are just as likely to
be complete if they are produced on the same day as they are if produced several weeks late. This may be
a consequence of the relatively high random effect coefficients for program arearanavbsh
accounts for most of theariability in the data. This would be an indication that completeness is
associated with the variability of users and program area workflows. Once the random effects are
removed timeliness is not significant. Thus, theabilities in completeness is better seen as a function of
users and program area than timing.

PerTablel0, there is a strong odds ratio of 12.106 between vatiies and completeness, and a
weaker odds ratio of 1.099 between the use of data and its completeness. This shows that if data is used

and valid, it is more likely to be complete.

7.1.4.4.2Timelinessas a function oblse, Completenesand Validity

For this modewe used thesameday_ywmariable to describe timeliness as the dependent variable.
This allowed us to use the same binomial regression techniques as the other models. The final model
included all of the other variables, since they were each statissigdlificant during reduction. There
were no interactions between variables.

Pea Tablel1there was a very strong odds ratio of 135.116 between the timeliness afdata
validity, and a much weaker odds ratio of 1.459 between timeliness and completeness. This result shows
that there is a very high likelihood that data was inputted into the system on the same day if the data was
valid. Completeness also contributeshe likelihood of data being entered on the same day, but not to
the same degree.

PerTablel1there was a curious negative odds ratio of 0.509 between timeliness and the use of
data. This suggests that the odds of an entry being timeggegtivelycorrelated with users using their
data. In other words, users who enter their data on the sameedagslikely to run reports. Thus, users
areeitherentering their data on the same dathey are using their data through reports. While this may

at first appear to be countmtuitive, it suggests there may be a causal relationship; users rutsrepor
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becausdhey are not entering their data on the same day. This interpretation is consistent with the

concepts and concerns discussed during the focus group sessions.

7.1.4.4.3Useas a function of Completeness, Timelinesw Validity

Our model for use includeomplete_ymndsameday_yrWhen choosing the best variable to
represent timeliness, tisame_dayneasure was selected because it was statistically significant and
provided the best AIC scores compared to the delay variable. The vediliityynvariablewas not
statistically significant. There were no interactions between variables.

PerTablel2there was a small odds ratio of 1.074 between the use of data and its completeness.
This implies that users who use have complete data were more likely to have used it. This is consistent
with the results of the completeness model. Likewise, there was a negative odds ratio of 0.479 between
use and timeliness, which is consistent with the timeliness model. Overall, the results of this model did

not present new information, but confirmed thatiehships uncovered in the two other models.

7.1.4.4.4Random Effects

Another interesting result from each model was the random effect measurements. The random
effect coefficients represent variability in the model associated with each parameter type. Practically,
random effects represent the amount of noise removed from the model, according to each variable. The

random effect coefficients are summarized ablel3.

Tablel1l3. Summary of Random Effect Coefficients.

Data Quality Model Users Month Year Program Area
Completeness 13.645 0.004 0.032 8.203
Timeliness 4.451 0.011 0.010 1.286
Use 6.997 0.064 0.119 1.133

In each model, we can see ttiare is a relatively high amount of variability within users and
program area. Thus, the measures are strongly influenced by differences in individual clinicians and
program area workflows. For completeness, the impact of users is 1.65 times the intpaprofram
area. For timeliness, the impact of users is 3.46 times the impact of the program area. For use, the impact
of users is 6.17 times the impact of the program areas. Relatively speaking, the impact of month and year
on each model is very smallhe variability caused by program area is consistent with the findings in
Table7.
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7.1.4.5 Primary Care Users and Their Tradeoffs

Our ability to measure completeness and Wgliduring this case study was a result of poor
interface design. As a solution to some of these data quality problems, it would be very simple to program
the user interface to reject impossible entries (to manage validity) or incomplete entries (to manage
completeness). From a strictly technical perspective, this may appear to be a valid approach. However, as
observed by Hirscf2012)applying a technicaBandAid to a complex problem will not necessarily
result in improved data quality. From a complexiegechnical perspective, understanding the user and
their context is paramount to generating helpful solutions and understanding the value of interventions on
the user interface.

Ironically, the results of our case study would have been significantlctegbhad users been
forced to validate or complete their data. Luckily, users were allowed to make mistakes and demonstrate
tradeoffs. This enabled a richer understanding of users and provides some potential generalizations about
primary care users. Thestdts may provide insights about ubehaviouiin systems where it may be less
obvious or straight forward to define and enforce valid or complete entries (such as within an EMR).

Our goal in this case study was to understand primary care users whspamesible for
recording data into a wdliased reporting tool. The purpose of a case study is to engage idegpthin
inquiry of a single instance. Case studies can lead to a deeper understanding of the subject, generate
useful information and generategothesegFlyvbjerg, 2006) Though the random effect coefficients
showed that there was a lot of variability between users and program areas, the results of our models
allow us to generalize certain aspect of primary care users. Our results have hedjaal these

hypotheses about primary care users.

7.1.4.5.1Users Prioritize Their Time, Which Impacts Data Validityd Completeness

Our models desibe users balancing timelinesslidity and completenes§Ve calculated that
when data is entered on the same tfagre is a much higher likelihood that the data will be veatid
complete If users do not achieve the same day benchmark, validity and completeness are impacted
negatively.

In an attempt to understand users and their tradeoffs, it is important to covisjdesers are not
entering their data on the same day. Are users forgetful, lazy or disgruntled? Probably not (a least, not
generally). Therefore, why are users opting out of the same day business requirement? What are users
doing instead of entering tin@ata on the same day?

Our data articulates the crux of the primary care problem and the root of this conundrum:
clinicians are asked to code data. Generally clinicians see patients as a priority and deliver healthcare

services as a vocation. Wheread bathe users are able to incorporate the same day entry into their daily
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workflow, the other half is not successfully adopting data entry into their day to day processes. These
users are prioritizing other activities over entering data. Hopefully tleegpgmding more time with
patients and at least sacrificing data validity and completeness for patient care. In this sense, sacrificing
timely data entry would be understandable.

This tradeoff is important to understand when asking clinicians to reparattivities and data.
If organizations wish to produdegh-quality data that is timely, valid and complete, they need to ensure
users have sufficient time to tend to data entry tasks. If users are forced to decide between succinctly
entering data on ¢hsame day instead of spending more time seeing patients, half will opt to see more
patients. Underlying our observations is not a user interface concern, but a reality associated with
workflow and complex sociechnical decision making. Improving dataatity will involve
documenting workflows and processes that vary by user and program area, and finding ways to encourage
and support sarrday data entry.

7.1.4.5.2Users Can Achieve Validity Without Sacrificing Completeness

During the qualitative interviews, it wasiggested that accuracy and validity problems are likely
negatively associated with completeness, since forcing users teemethingvill force them to enter
anything We al so discussed the example ofybemeseis pi cki
was the first item at the top of the drop down list. Conceptually, there is an idea that if you require users
to enter complete data, they will start entering arbitrary values into fields because they either do not have
the necessary informati, lose interest, or do not care.

Our results point to the contrary of this hypothesis: there is a correlation between users ensuring
their data is valid and submitting complete data. Given our results, thereisradeoff between validity
and compleeness and users are able to achieve both types of data quality simultaneously. Conscientious
users address both requirements simultaneously. As an insight from our case study, we have shown that
managers are reasonable to expect both types of daty giralittaneously.

Practically, this has implications for measuring total data quality in systems where there is limited
metadata. Generalizing our results, measuring completeness (which, arguably, is not necessarily difficult)

could be a good parallel mess of data accuracy and global data quality.

7.1.4.5.3Use of Data as Compensation

An interesting result from our case study is the increased use of data when there is a delay in
entry; there was a negative correlation between entering data on the same daygpaatas\We also

saw a correlation between use and completeness, and use and validity measures. Thus, users who do not
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enter their data on the same data run more reports to compensate with use, and this use helps counteract
the negative consequences afedayed entry.

These results offer an interesting insight into users and could explain why users are generating
reports: when data input is delayed, users generate reports to understand what has been submitted and
what has not. Generally, users who havieeed their data on the same day have no reason to review their
data and interact with it. As a measure of system effectiveness, this is not a good result: the results
suggest that users are not engaging with their data because they find their datinoptaréelpful, but
because they need support in completing their data entry task.

In a sense, the system is merely-seifhforcing and not providing users with value. An
0effectived system would | ikely Imryendiwauldt |l e corre
demonstrate a richness of use beyondrséifforcement. Future systems should aspire to break this

correlation.
7.1.4.6 Implications and Application of Findings

7.1.4.6.1dmplications for System Design

There are several implications for this work that imierest developers and engineers. Most
obviously, we noticed that completion and validity within the database could have been controlled more
effectively at the point of entry. The user interface could have been designed in such a way as to reject
impossible (invalid) data submissions and force users to provide all required information and ensure
completeness. The user interface can also flag questionable entries for the user to review. There are
obvious opportunities to improve data quality deficientiesugh design interventions that would be
simple to implement, and could be implementedemptively in other systems. As discussed, this needs
to be approached within a larger context and is not merely about technical interventions.

Another importantrnplication for engineers is to consider building relevant metadata into data
structures to enable future data quality measurements. Our case study is a reminder that if there is a need
to measure some form of data quality over time, the system will elgriead data to generate
measures. In our case study, we created measures based on focus group results and available data points,
but were I imited in our scope by the systembs dat
insight from a databadbat did not have any direct data quality measurement tools and metadata built
within its core design. On the other hand, weobdve
a system that had few tools designed to measure data quality@iance

In order to successfully encourage and measure data quality, engineers and designers need to
consider data quality early in the implementation and design of systems. In the same way that there is a

call for &éprivacy by tiahefsewgystém&daGavoukign et aR@0Q,iamp | e ment
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similar 6équality by designd paradigm would be an

consider.

7.1.4.6.2mplications for Healthcare Environments

Our case study presents interesting results spaltyfifor the primary care domain. The dataset
that wasanalysedvas manufactured within the same ecosystem, and previous w8itkMgurice and
Burns @014 suggest that there are similar data quality problems within the EMR. Since some of our
insightsré at e to workflow, the implications of this co
the use of EMRs and clinical documentation. Developers and engineers creating EMRs in primary care
should carefully consider the processes in which EMRs candoessfully adopted into workflow and
understand that a delay in data entry creates more work for clinicians (e.g. increased time to generate and
use reports) and decreases data quality (e.g. reduces completeness). Encouraging and supporting prompt
data efry is an important goal and understanding users is valuable.

Outside primary care, there are other instances in healthcare where clinicians are asked to input
data into a reporting system. Either through the completion of forms or through the double entry into a
second system, the workflow described duringthesaseu dy i s common . For- exampl
term care system, nurses are required to complete assessments usutipR@lirdes et al., 2000)
Similarly, nurses complete RAIC for the Department of Veterans Affa(idawes, Fries, James, &
Guihan, 200Y. These medical registries can be improved through processes and galise2002)but
may experience some of the same tradeoffs discussed in our findings because the data entry is performed

by clinicians.

7.1463Contri butions to the O6Newd Worl d

Arguably theworld of healthcare is changing. Healthcare is evolving towards learning and
adaptive healthcare systems, interoperability, fBMtson and large amounts of patient generated data;
we are entering a 6newd era of data in healthcare
From this perspectivehis study is very important. Our case study clearly demonstrates that
healthcare environments with clinical users still struggle with basics. Unless clinicians are able to enter
information accurately and completely on a consistent basis through thecheakpectrum, the likes of
IBM-Watson are not going to have access to data to interpret. Understanding users and how they can
better input is a precursor to feeding new data analytics engines. Fixing and understanding the issue of

basic data inputinhgalhcar e i s a precursor to any ambitions t
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7.1.4.7 Future Work

There are many interesting opportunities for future work with the existing dataset. Our random
effect coefficients were grouped into single values but coufdrtiger broken down by additional
predictive variables. Without acquiring new data, it would be possible to compare months of data entry
(e.g. to explore the idea of seasonal data quality) and to compare program areas (e.g. to assess data quality
in nursescompared to social workers). Understanding the nuances of different months and program areas
could provide valuable insights regarding workflows and the timing of potential interventions. There
could also be additional user interviews to provide aboufindings. These interviews could help further
describe the relationships suggested by our results and find causeshafhasdour

Another opportunity relates to other FHTs using the same database reporting tool. These
comparable organizations represdifferent geographies and organizational structures. Comparing the
results from our case study to data from other Os
into the data quality phenomena that were observed. Whereas our current vesadi®b several
hundred thousand records, it would be possibantilysea dataset of two million records broken down
by several different primary care organizations. This would support the generalization of our findings and
would provide an opportunityttest our hypotheses.

Now that we have a better understanding of primary care users and their tradeoffs, our results
could be used to identify opportunities to develop new designs and enhance processes that support data
guality. How could we encourageass to enter their data on the same day? Would it have the anticipated
benefits? What design paradigms would be effective for encouraging and rewarding users? We plan to
conduct A/B tests on design concepts to better understand how data quality coypdovednby
encouraging sameay entries.

Finally, we have described a hypothetical link between our dataset and data from primary care
EMRs. Our hope is that our findings would apply to other systems used by clinicians in the primary care
ecosystem.Undagrsandi ng the userdés interaction with the re
to understand their relationship with health records. However, this relationship needs to be defined and
explored more carefully in a separate study. This would ievebmparing the data quality measures and
results from an EMR and looking for similarities and differences. If such a study was successful in

demonstrating a link between several primary care tools, we could further generalize our findings.

7.1.5 Conclusions

Thecrux of data quality problems in primary care is that clinicians are asked to manufacture
coded data in addition to their health care responsibilities. These users balance several priorities and are

part of a complex socitechnical system. To understamsers and their tradeoffs in this environment, we
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used qualitative and quantitative methods to understand how these users tradeoff and balance their
priorities, and how this impacts data quality in primary care. We defined several variables based on
availeble data in a webased reporting tool.

We have shown that delayed entries have a negative impact on data quality, and that users in
primary care should be accorded sufficient time to complete data reporting workflows. Users should not
be placed in a pasdn where they must decide between patient care and data input, as half of the users
will opt to provide additional patient care. As well, our results debunk a myth that suggests users will
either provide accurate data, or complete data; there was reme®idf tension between these two
measures. We also observed a negative relationship between use and timely data entry. As a measurement
of a systems effectiveness, this points to arsgtfforcing data repository that provides users with little
value. Abetter system delivering more value to users should not show a correlation between data use and
data entry.

These results have useful implications for designers and engineers that are engaged in designing
data quality measures, creating primary care EltRtlEanalysingmedical registry data. Future work will

include testing designs that encourage speaéltaviourghat are linked with higher data quality.
7.2 Chapter Summary

7.2.1 Key Findings

A Complex Context, A Simple Interface:The interfacghrough whichusers are asked to input
data in this example ®raightforwardThere is no reason that an experiengsetwould not be able to
enter data within 30 seconds. The limiting factor with this system is not technology, but ecological and
cognitive.This workfurther supportshei dea t hat codi fication itself i
boxes and selecting items in menus), but that the undedyivigonment and context thatquires
cliniciansto code their own data goblematic and challengind.it is difficult for users to enter timely
and accurate data in a structured, sangpbtem, there are reasons to question the ability of users to enter
equally simple data into an EMR.

User Tradeoffs It is clear that the users are rigbod robotéwho follow all organizational
rules The results of this chaptbegin to clarify and riculate reasons for poor data by looking at
different usébehavious and tradeoffs.

Benchmarks The results from this chapter provide definitions and benchmarkstiogdality
measures that will be hdip for identifying priorities and measuring future improvements.

CWA Models: Thebehavious and tradeoffs described through thizrk areconsistent with the

findings of themodellingwork from Part 1 of the dissertati. For example, the fact that users prioritize
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their tasks and delay data enafignswith the varying levels of expertise discussed in the ConTA4eiso
(Appendix Q and the StrA IFMsAppendix D.

7.2.2 Connections to Case Study and Research Questions

I have three research questions:
1. In primary care, how are individual users influenced by #@ironmento inputhigh-quality
data?
What techniques could be used to design systems that persuade usershigharguality data?

Is it possible to improve data quality in primary care by persuading users with the user interface?

This chapter was a case study and provideshbexampleof data, data quality, usdecisionmaking

and ecological factors. This chapter goes into further detail compared to the previous chapter, provides
greater details about how a codification task takes pfaaaenvironment and shows how users are
influenced by aspects of themvironmentand contex{e.g. available time)The results also provide

insight to what type of intervention may be required to improve data quality in a real systmiques

to improve data quality will require a baseline,jethis provided here.

Users have been characterized as making dynamic choices when using the system, even though
the technology is essentially just a basic web survey. The task itself is easy, but in the context of a clinical
practice the task is challeging to complete on time, varies highly in qualéyd varies from program
area to program area. The findirggdy arewell explained witha complex socitechnical lens.

7.2.3 Connections to Other Chapters

In chapterB, design concepts are developed basetth@ffindings of the previous CWA models
The results of this chapter are used to identify design goals toward spebificiourchangesThe next
chapter continues to examine this exantpleleveloping specific PD to improve data quality based on

these reults
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Chapter 8
Design Concepts for Data Quality

In the previous chapter, | analysed a case of data quality in a primary care system. | use the
results of my analysis ithis chapteby developingseveral mockups and design cortedjpat are
intended to help improve daquality by encouraging specifiszehavious. The mockups weralso
generated by interpreting the results of GWA models

8.1 Persuasive Design

8.1.1 Using Social Persuasion with Clinicians

In the introduction to my dissation, | mentioned several examples of data quality improvement.
ABE consisted of local meetings where comparative data was presented to individual physician practices
(de Lusignan et al., 200@nd was described as the most successful change agent ¢tiniaian
attitudes toward data qualifge Lusignan, 2005More recently, a data quality feedbdokl generated
comparativedata quality feedback ameas successful at improvecording(van der Bij et al., 2016)

All of the previous exampldaavolved a comparisoaf users to generate succes$fehaviour
changeThis is part of two basic social processgmrsuasion and social comparisdrthat are effective
at creating lasting cimge.Thus, he effectiveness of teestudiescan be explained kgocial psychology
processeswhich provide an understanding of the processes that result in chapgesonal belief,
opinion, selfefficacy, andehaviour(Suls & Bruchmann, 2013Yhese studies strongly suggest that
persuasion and social comparisores effective approaches thangingelinician behaviour The studies

also praide evidence that persuasion wouldaneeffective approach to improving data quality

8.1.2 Persuasi ve Technology

Persuasive systems may be defined as fAcomputer
to reinforce, change or shape attitudes(Omas behavi
Kukkonen & Harjumaa, 2008Persuasive Design Techniqu@DTs) area set of techniques that can be

adopted by system engine¢osreate Behaviar Change Support Systems (BCSS) to help users adopt a
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newbehaviour or to adapt their currebehaviourfOinasKukkonen, 201Q)PDTsarebuilt on several
psychological theoriesuch Herzberg's theory of motivatiann d M a Bidraochy@fsneeds
Four notable PD modelsave been developdidorning, 2013)including the Design with Intent
method(Lockton, Harrison, & Stanton, 201,ahe Persuage Systems Design (PSD) Process Model
(OinasKukkonen & Harjumaa, 2009) F o(20090)Eight-Step Design Processnd Fogg & Hr eha
(2010)Behaviour Wizard modeln a comparisorirorning (2013¥ound that the Design with Intent
Method and the PSD modelet more classic desigmiteriacompared to Fogg and were better grounded
in design theory. (This is not surprising, as Fogg was trainetbelsaaioual psychologist and not a
computer programmeyrin the literature, specifically in healthcare applications of PD, the PSD model is
more regularly referenced.
Using technology to persuade uskas many advantageSystems haveariedbenefits as
persuaders, such as interactivity and an abilitytopd per suasi on strategies acc
This kind of interactivity has not been possible in traditional m@diéjumaa, 2014)As well, perFogg,
(2003) systemsan be more effeste thanhuman persuaders because they
9 are persistent
offer anonymity
exist in locations and contexts that are not possible for humans

1

1

1 quickly adapt tdarge amounts of data

1 simultaneously attempt several modalities to influence people
1

are able tscale to a large user base

In healthcare, the use of PDT has feed primarily on aiming to change patieehaviourand
positively change health outcomes. As an example, in 2012, 101 studies had looked at 83 different
interventions on webased products that aimed to persuade users toward better{Ke#dtrs, Kok,
Ossebaard, & Van Gemeijnen, 2012)In contrast, few examplékat usePD to influence clinicians in
healthcarere found

As persuasive approaches to improving data quality have been sucdéssildes sense to
offload the persuasion to technolo@xtending previouwork on data quality with PDT, formal
behavioual change models and desigameworkmodelscould be a highly effective approach to
improving data quality in primary carat present) do not know of any existing uses of PD to improve

data quality with clinical users.

8.1.3 F o g gBemaviour al Change Model

PD can be used to createrguasive technology through the analysisaifaviourmodels Fogg

(2009) suggests thdiehaviourchange is a function of motivation, abilignd triggergi.e. Behaviour=
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fx [motivation ability, triggerg) and proposes the Fogg Behaviour Model (FBMie idea is thatach
element obehaviourchangemust be triggered simultaneously, or behavioumwill not take placeB.
Fogg, 2009a)Fogg furtherexplainsthat if behaviourchangedoes not occur, at least one of glements
from his BMAT model is missing

According toFoggs (2009aBMAT model it is important that the triggeoccurin a context
where users havenoughmotivation and ability to perform tasks related#&haviourchange. For
example, if a user is highly motivated to do a task, but not capaperformingit because of a skill gap,
atrigger (e.g. gpromp) will not result inbehaviourchange Ability is sometimeslsoreferred to as
capacity. In the same way, if a trigger is applied to a user who lacks the required resources to perform the
task (such as time or monew)trigger (e.g. a prompt) will not resultlehaviourchange. Fogg suggests
thatbehaiour change is most challenging with taskatare hard to do, and motivation is low.
Generallymotivation and ability are limiting reageritsbehaviourchangeFoggo6s mo d e | can be
identify obstacles that inhibit people from performing a debehaviour

The FDM is helpful because it clarifigghenbehaviourchange will occur.

8.1.4 Persuasive System Design Model

Based on severakehavioual change modeléncluding the FBM) OinasKukkonen and
Harjumaa(2009)developed framework for designing persuasiystems, known as the PSiodel.
Their model presents a set of PD featuaes] helps aligthe intent, eveist and strategies that can be
used to persuadsesers The PSD model is helpful becauseategorize designfeatures into the following
four categories:
A Primary task support: features that support users in performing their primary task
A Dialogue support: features that support userigevitteracting with the system
A Credibility support: features that make systems more credible and, therefore, more persuasive
A Social support: features that motivate users by increasing social influence through the system
A combination of features from these four categories can be aigetiieve persuasive goals. The PSD
model helgidentify howa user may be persuaded, but requardssign t@answemwhothe users are, and
whythe change is required in order to buald appropriate persuasion cont&inasKukkonen and
Harjumaa also dicuss key foundations to PD, such as understandingrtftmation technologys
aways doi ngbad@snmitmernt énd compistencyneededor PD; direct and indirect route®

behaviourchangeare possibleandsolutions should be incrementapen unobtrusive andeasyto-use
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8.1.5 Literature Gaps

Oinaskukkonen & Harjumaa (2009, p. 48&pte thafi wi t hout careful ly analy
context, it wild!l be hard or even i mpossible to

opporune and/ or inopportune moments for deliveri
continue by describing the importance of recognizing the iigo¢rsuasion, understanding the
persuasion event, and defining the strategies to use. Theofaloderstanding the use context, user
context, and technology context of persuassomghlighted

The gap with th®inasKukkonen & Harjumaa (2009) discussiontloé persuasion context is
that it discusses the importance of understanding context,fails to deliver specifics aboliowto
analysea domain or system and extract the necessary eletmdntdd a persuasive contexio toolkits
for systems analysis are suggested to accompany the PSD.

Recently Alahaivala & OinasKukkonen (2016notedthat studies often fatb provide a
systematic analysis of contextual factors, andshstematic analyses of the persuasive contexts have
been lackingOther studieslsohave noted gapin models hat caninform the design of PD (Mohr,
Schueller, Matague, Burns, & Rashidi, 2014s well, literature reviews have focused on extracting,
analysng, andcategorizingpersuasive system features but havechatacterized system analysis
approacheso support PLehto & OinasKukkonen, 2011)It is notclear if the details around systems
analysis are underreported, or done arbitra@lgnerally, a formal systems analysis framewdw&s not
appear to bassociated with PDrhis gap was highlighted by Fogg in 2009 when he suggesteithénat
are not manyvell defined processes for designing persuasive technologyhatmitactitioners regularly
adapt methods from other fiel@. Fogg, 2009b)While some work has addressed the design aspects of
PD, it doesot appeathat there are many wedefined proesses that take designé@m analysis to

implementation.

8.2 Defining the Persuasi on Context with Cognitive Work Analysis

Throughout my dissertation, | have defined data quality as a complextsobitcal system.
Currently, no obvious approachas avaiblefor linking my results to PDAs such, | needed to develop

anapproach for linking these frameworksickily,the i dea of defi ni nginas éper su

Kukkonen & Harjumaa (2009) is ver.bnceth&@dWwmati bl e
frameworkprovides a systematic approach to understanthingext, environmentand cognitionit easily
addresses many of the information requirements described by-IKukétenen & Harjumaa. As well, the
idea oftying CWA to FBM and PSD has previously been exploredieyzai & Burng2014) though with

only a few phases of the CWA framework.
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To link CWA, FBM, and PSD, | took theiork of Rezai & Burng2014)a step further by
adopting a Who, What, Why, When, HWWWWH) paradigmFor each of the questions of the
WWWWH, | linked appropriate sources of information from either C\AheFBM. The answers to the
WWWWH approach provided a persuasive context, which could then be used by tHdyP&inlogical
approachiakesadvantage ofhe strengths of each framewof®WA provides insight about context,
environmentandcognition; the FBM provides information about when change will occur; and the PSD
provides tools and design ideas that can create a chabgkawiour The combination fothese
frameworkdfilled the analysigo-design spectrum with a seriesusfefultools and sources of information.
My approach is described in greater detail ale14.

Table14. Linking Frameworks formEcologicalApproach to Persuasive Design.

PSD
— — . = . CWA .
§ § E 3 Analytical Need Context CWA Analysis
c m "
% Identify the persuader and the
2 5 § user, or class of users, who a Ecological ConTA (DLs)
= g D the target of the persuasive 9 SOCA (IFMs)
o intervention.
® 3 . .
| Do | © Identify whatbehavious need ConTA (DLs)
&1 52| 2 to change and what the new . ,
= . : Cognitive DL comparisons
= | < 5 target action obehaviour (junctions)
© K looks like.
Contextualize the reasons for
- the task in the complex syster|
§ 2 Why did oldbehavious Ecological WDA (AH)
develop and what are the
constraints on newehaviou?
£
8 . vating f
.g Id_eqtlfy motivating factors Ecological WDA (AH)
& | within theenvironment
=
S » | Identify user abilities and
s 2 | capabilities. Identify Coanitive ConTA (DL)
3 | constrained resources (e.g. 9 WCA (SRK)
< | time, money, etc.).
(%] .
o) Ident_lfy reasons users adopt _ ConTA (DLs)
o | specificbehavious or Ecological StrA (IFMs)
— | strategies.
oy o How will we create a change?
= g 5 What design principleand
T o strategiesvould be
= appropriate?
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My approach isimilar to the framework describég Mohr et al.(2014) The Mohr model aimed
to Aprovide a framework for the translation of tr
treat ment model 6. Similar to nWYWWAHparadigmwith sorheh e Mo h
minor differences. For example, Mohr et al. caphekaviourchange strategies undi&tow
(Conceptuaband define the specific intervention heuristics uritiew (Technical In my approach, |
describebehavioual change strategiesiderdNVherd(e.g. when will the change occur) amske the PSD
to identifythe technical heuristicand persuasive strategidgohr et al. us@/Nherbto describe the user
and task completions, where | u®hatto articulate the specifisehaviourchangege.g. What needs to
change)

The Mohr approacHoes not provide a set of tools to define data souacelsanalytical tools to
systematically gather information; like the work®inasKukkonen & Harjumaa (2009 provides a
theoretic basis forneegyt he i nf or mati on f or each qukoswf@ on. As
both theory and application blurs the elegance of the mivdd$o attempts to further break down the
analysis into theoretical and instantiation groupitgsny case, &reakawn of theoretical and
instantiated components is not requjieeicauseny approactassumes that most of the necessary
information is available from a rich CWA analysisd that the theoretical aspects of the analysis already
havebeen incorporated

| descibe each step of my approach in greater datitand provide examples from my CWA

of data codification

8.2.1 Who is the target?

This part of my approach involves identifying the user, or class of useris tiatarget of the
persuasive interventioithe types of users generafiijouldbe captured within the ecological analysis
performed during the WDA of a CWA, and should be attached to the processes under study.

In my overarching case studygthsers are thdinicianswho areemployinga F Hdpérsng r
tool. These users cleardyelinked to the task in AH 2.1 (Appendix B). More generally, however, identify
which user or group of users might be more challenging within the confines of a completesbnioal
system. In situations involving teaslynamics, identifying users might involve reviewing multiple AHs

or using SOCA to understamdhich useiis the target of PD.

8.2.2 What i s the change?

This part of my approach involves identifyimdpatbehavious need to change and what the new
target action bbehavioumeeds to be. This information can be taken from the ConTA phase of CWA.

This is a good fit because ConTA is reatipdellingwhatmust be executed and/or processed by the
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system and controller and describes these goals regardless of whisesufgpconduct the activity, or
how (Mcllroy & Stanton, 2015)

In addition to using ConTA to identify interesting tasksah use my comparison approach.
Recall, Icompard different DLs from different domains or levels of expertisédentify junctions
These junctions identifspecificdesign opportunitiethat can inform current and desinese behavious.
The opportunities are in effective persuasive opportunities and represent where a system might benefit
from a change in us&ehaviour

As an example, one of the junctions identified a difference between expert and novice users at the
Alert state. Based on this junctidhe opportunityexiststo have expert users favor a novice approach to
entry and process data on the same day. Thusp#ufic change ibehaviouwould be to havenore
experienced users enter their data on the same day once they have been alerted (by virtue of their
workflow) that data must be entered.

8.2.3 Why is the task completed ?

This part of my approach involvesntestualizing the reasons for oliehaviourand the
constraints on newehaviourIn addition, thegoal is to understand why thehavioumeeds to change
and what aréhe potential limitations. This informatioshould be captured icological analysis
perfomed during the WDA of a CWA, arghould manifest itself as a series of abstract functions and
functional goals

As an example, in my AHhe record encounter task is linked to the abstract functions of
6Benchmar ks and Nor ms 6 aofitdesedifks i theeAsl helpaonteitualizea | ue s 6 .
the task and offer insight into why it is important. In this case, entering data is a professional
responsibility associatedlith patient care, and enables benchmarks. Establishing and measuring norms
and berhmarks are associated with accountabititerefore the task is important. In terms of
understanding constraints and reasons fobeltaviour the link todProfessional ValuéanddTrainingd
is insightful. Building and moderatingehavioutthrough a ense ofidutyd or by developing the sense of

a professional norm could be valuable approaches to PD.

8.2.4 When will the change occur?

To understand the conditions under whighaviouwill change, | refer to the FBM. This model
suggestshatbehaviourchange is a function of motivation, abilignd triggers. The FBM is built on the
ideathatbehaviourchange only occurs when there is a combination of proper motivation, ,adility

trigger.
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8.2.4.1 Motivators

This part of my approach involves identifyindpa motivators may already exist within the
useb snvironment Theconcepts to catalogue existing motivators that are currently present and
develop a better appreciation for potential motivating factors. Enhancing current motivators or
introducing new miivators might be effective strategi€sgg (2009a) describes motivators as either
sensation (pleasure/pain), anticipation (hope/fear), or belonging (acceptance/rejection). He thiagjgests
these core motivators are central to the human experience.

Informationabout motivators malge captured ircological analysis performed during the WDA
of a CWA. Motivators maymanifestthemselvess a series of abstract functions and functional goals
might take the form of tradeoffs or balances.

If my goal was tdhave users enter their data more regularly, | would look at the record encounter
task in the Generalized Function and seettigtiask is tied to benchmarks and norms. The relationship
between the task and the abstract function is that usemsspansible for meeting organizational
benchmarks; failing to report data could result in disciplinary action. According to the FBM, this type of
motivation would be fear of disciplinary action. It is possible that other forms of motivation, other than
fear, could be effective at improving data quality.

8.2.4.2 Abilities

This part of my approach involves identifyinger abilities and capabilities and identifying
constrained resources (e.g. time, money, .gkeherally, he issue of user abilities is nicely exgdrby
CWAG6s WCA with the SRK taxonomy.

If my goal was to have users enter their data more regularly, | would identify time as a constraint,
and users would need time management abilities. Referring to SRK 1.1 in Appes#ixsE/and8

describe time meagement capabilities for users.

8.2.4.3 Triggers

This part of my approach involves finding reasons tisars adopt or chanpehavious. My
approach to triggers is similar to my approach to motivatorsc®heepis to catalogue existing triggers
that are currently present in the system. Enhancing current triggers or introducing new triggers might be
effective strategies. Removing negative triggers that encourage undesaaalgourin the system also
would be an effetive design approaclonce they are identified
In my example, Analy®d different triggers for strategies during my comparison of CWAs.

Based on my comparison of StrATiable2, | can see that users select strategies baserjanizational
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policies, workload, experience, technical abilities, and practice workflohanges and proxy

persuasions for any of thefsetors, supported with PD, could be viable triggerchanisms.

825Answer i ng O0Howbo the FersuadiennStratefgy i n g

To transform my persuasion context into designs, my approach ugeSiEnBy using PSD to
identify and categorize persuasistnategiesl am effectively completing the WWWMW/paradigm by
an s w e rHio nvifientifying the persuasion strategy involves selecting a route, which is either indirect or
direct, and selecting a messd@nasKukkonen & Harjumaa, 2009 he route and the message must be

compatible with the persuasion context.

8.3 Persuas ive Design s to Improve Data Quality

Theresults ofchapter7 arean important part of my research becathey allowed me to identify
specific design objective3 hisenabledne tocontinue my case study by measuring the impactewf
designs irchapter. In this sectionl develop my persuasion context with the results of my CWA and
identify three design goals based onfingings fromchapter7. | usePD principlesfrom the PSD model
to create mockups of interventions that can improve data qualityisiyf mockups and desigdeas
revealpossibilities, and are not intended to represent the entirdtbrafapotential POntervention that
could possibly be applied the reporting systemMy cr it eri a was to thalentify 6
could be mtroducedeasilyto the reporting tool during a field stu@shapter).

8.3.1 Goal 1: Reduce Entry Delay

Based orthe results othapter7, thiswas c¢cl early a significant i ssue
reporting tool. PeTable7, between 2012 and 2015 only 50.7% of users were entering their data on the
same day as their encountand there was an average 9.26 delay in days for enterindBdatzd on the
interview resllts in Appendix F and the correlations frafmapter7, reducing the delay should improve
data quality within the system and is a valid design goal.

| usal my ecologicalapproach from the previous section to definepgesuasion context. |
employednformation from my CWA about data codificatidrfocused on using information from the
junction described in Figure21The persuasion context is showrTiable 15 and builds on the

framework mapping establishedTable 14.
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Tablel5. Persuasion Context to Reduce Entry Delay.

Question Answer References
Our target users are AHPs entering da_Lta into the_FHT reporting AH 2.1 in Appendix
Who tool. There are n@omplex team dynamics or multiple classes of B
users. '
Based on the comparison of Novice and Expert users, thereis| ConTA 1.1.1-1.1.3
What opportunity to have expert users favor a novice approach to en in Appendix C.
and process data on the same day. This oetuhe Alert level of | Junctionsn Figure
the ConTA, when users have finished a patient encounter. 11 inchapter6.
Summarizing the data is related to benchmarks and norms. Th
will help the organization baccountable Timely data will allow
the organization to respomolneeds more quickRrofessional AH 2.1
Why Values and Training provide potential insightful constraints on in A en.dix B
change. Building and moderatibghaviourthrough a sense of PP '
6dut ydé or b penskehaerbfesgonah rgprmtcdulesbe
valuable approach to PD.
c
2 | Users have professional values which will lead them to input da
© ) . o ) AH 2.1
> | Users are responsible for meeting organizational benchmarks; . .
= . J 2 I . in Appendix B.
§ failing to report dat&ould result in disciplinary action.
&CJ _g Users need to prioritize their time and engage in time manager;  Steps 7 and8 of
= = | to change thibehaviour They need time and time management SRK 1.1
< | abilities. in Appendix E.
(%) . . . . .
o Us¢r§ make strategic chqlces (and are tngge_r_ed) by organizati Comparison of StrA
o | policies, workload, experience, technical abilities, and practice !
= in Table2
= | workflows.
o | My message primarily asks users to enter data on the same dg
& | wantto appeal to their sense of professional duty and want to ,
0 : : : Persuasion Context
@ establish thévehaviouras a professional norm. | want users to th Analvsis
= | = | about entering their data right away and avoid the bulk entry y
2 strategy. | want to encourage them to usesimeeday workflow.
[¢] .
3 | Direct or Indirect. Persuasion Context
x Analysis
Reduce entry delay, dialoguebased persuasion strategy could K
appropriate. Effective approaches might include Praise, Rewar
Strate (virtual), or Suggestiong&educe entry delay, a persuasion strate PSD
9 | based on social supppebuld also beppropriate. Effective desigt
principles might include Social Comparison, Normative influenc
and Social Facilitation.

My first design uses the praise principle whi ch st ates that #fAby offeri

users mor e o0 p(@®©naskuekonere& Hanumaa, 2008, @. 493) attempts to encourage
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and normalize entering data on the same day. The PD should encourage users to think abothdieeping
statistics and award numbers high and change their workflows and entry strategiesute is direct.

This concept is shomin Figure13.

Figurel3. A use of thepraisedialogueprincipleto reduce élay.

Congratulations! You're on a roll! gls0s(n

You've entered usable data into the system every day for the
last two weeks and received Gold Status. Keep it up!

<

A S
ML

Your Badges & Awards

Timely data is good w 100% percent of
data! You have gold your data this month
allnlie

status for entering has been complete!
your data on time.

Your best data-entry

You're having your
streak to date is 15 — best month this year!
days! How high can !

you go”?

My second design uses theggestiomrinciple whi ch st ates that ASystenm
suggestions wil/l h a v @inasKuklartere & Hapumaas2008,993yle power s 0
attempts to encourage and normalize entering data onthe samenddy appeal s to a userbd
management skillsThe PD is designed ®ncourage usets change their workflow and adopt the same

day strategy from StrA. The route is dire€this concept is showin Figurel4.

Figurel4. A suggestiordialogue toreduce élay.

to go back and look at your schedule and find records
tomorrow... It takes less time to enter data from memory!

ENTER MORE DATA

My third design uses the social facilitation principi c h st ates that #fAsystem

% Remember: If you don't enter all your data today, you'll have

likely to perform targebehaviourf they discern via the system that others are performingehaviour

al ong w(OtndsKukkoreem® Harjumaa, 2009, p. 49%)attempts to normalizéhe sameday
entrybehaviouby showing how commoit occurs in the organization. It also tries to show that the

behavioun s a nor mal professional s thduty dlnisidan&xamdplepfar t of

an indirect route. This concept is shoim Figure15.
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Figurel5. A simpleuse of thesocialfacilitation principleto reduce entry delay.

Did you know? 80% of the organization’s users submit

their data on the same day!
ENTER MORE DATA

8.3.2 Goal 2: Increase Completeness and Accuracy , and Enhance Believability

Based on the interview results in Appendix F and the correlationschiapter7, valuewould be
seenn improving accuracy and completeness within the sydtamlable7, between 2012 and 2015
only 21% met the completeness requiremanthe same time, interviews (Appendix F) noted that
sometimes a trust issigexperienceavith the dataand the data needs to eublechecked with
information in EMR system; #y alsonoted issues with interpretability of the data. Based on these
commentsit is not clear if users understand how data is measured as timely, cQmipietid. To
support eetter understanding of data quality and to buildt users should be presented with
opportunities to improve and understand their current score or atatusiderstand what inputted data
6meansé in t.he bigger picture

| focused on using information from the junction described in Figure 11. The persuasion context
is shown inTable16; it builds on the framework mapping established able 14.

Tablel6. Persuasion Context to Incred@@empleteness, Accuraand Enhance Believability.

Question Answer References

Our target users are AHPs entering data into the FHT reporf AHPs showrin AH
tool. There are no complex teagnamics or classes of users.| 2.1 in Appendix B.

Based on the comparison of Novice, Intermediate Expert
users, there was an opportunity to have users adopt interme
What | userbehaviourby interpreting tasks more deeply after reachir
the system level of the DL. Users need to more carefully
consider the data they are entering.

Summarizing the data is related to benchmarks and norms.
task will help the organization be accountable and allocate
resources to maximize health outcomes and population hea
Accurate data will helpo monitor population health effectively AH 2.1
Professonal Values and Training provide potential insightful in Appendix B.
constraints on the change. Building and moderdigttaviour
through a sense of O0dutyd d
professional norm could be valualgieal for aPD.

Who

ConTA1.1.1-1.1.3
in Appendix C.
Junctions in Figure
10 inchapter6.
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Question Answer References
& | Users have professional values which will lead them to input
‘§ data. Users are responsible for meeting organizational AH 2.1
£ | benchmarks; failing to report data could result in disciplinary, in Appendix B.
= | action.
&CJ _g Users need to prioritize their time and engage in time Sters 7 and8 of
= = | management to change thishaviour They need time and tim SRK 1.1
'S: management abilities. in Appendix E.
g,) Users_ ma_ke stra’_te_gic choices (and are triggered) b_y | Comparison of StrA
o | organizationapolicies, workload, experience, technical abiliti .
2 . in Table 2.
= | and practice workflows.
My message needs to make sg®ioritize completeness and
o | accuracy of data. | wamw appeal to their sense of professiong
S | duty and want to establish thehaviouras a professional norm Persuasion Context
# | 1 want users to understand the quality of their data and how .
O o . : Analysis
C;) = | might impact thel_r benchmarks. | want users to think more
I deeply about their data. | waméers to trust the system and
value the data they inputtonthe system.
% Direct. Persuasion _Context
o Analysis
Improve completeness and accuracy, a persuasion strategy
on primary task suppqrtould be appropriate. Effective
approaches might include task simplification, tailoring alerts
and selfmonitoring. Flagging input errors and aiming for task
simplification are relatively straightforward paradigms. Userg
Strategy| described problems with believabi t y (e. g. tr PSD
recording of data) and expressed diffiguihderstanding how
data was being tabulated by managenmiatclarify how data is
captured and how it will be use@jnaskukkonen & Harjumaa
(2009)suggest applying system creditlyi principles, such as
verifiability and trustworthiness.

My first design uses theelf-monitoringprinciple whi ch st ates t hat

oneobds

2009, p. 492)The design attempts to educate users about the quality of their data by providing them with

fi a

own performance or st at(QmnsKakkopegn &Hatjusnaat h e

Sys

user

links to learn more about data quality measures and expectation. The design tries to establish a sense of

professionalism around data qalby providing a score. The design also invites users to fix poorly

scored entries and improve their data quality. The concept is shdvigure 16

121



Figurel16. A scoring mechanism to encourage $etinitoring

/ 90% of your entries are valid and
@ appear to be error-free.

What types of entries are considered valid?

80% of your entries are are complete
m== | and have all required fields.

What is a complete entry?

the same day as the patient encounter.

= 7 5 50% of your entries were recorded on

How are same day entries calculated?

Your data score is B-

Learn how you can improve!

Review Entries with Poor Scores m

In my second d&gn | adapt the concept of verifiability and trustworthinpgaaciplesto this

context by showing users what data they have inputted into the system and confirming how it will be
interpreted! want users to better appreciate the data they have inpUttisddesign also supports data
accuracy and completeness, as it invites users to edit their submission if anything is missing. The use of
iconscan make ieasier to identify specific data characteristics by cateddry.concept is shown in

Figurel17.

Figure 17. A confirmation screen to develop credibility

Based on your entered data, the system has recorded...

TQ’ +1 Dietitian Visit

+ 1 Gluten Allergy (Celiac) as
Primary Reason for Visit

+1 Patient Rostered to Dr. Ess

+1 Visit for Quarter 3

DAY +1 Visit for January 15, 2015

+ 1 Follow-up Appointment
Required

+ 45 minutes in a patient
encounter

+ 3 secondary issues
documented

L7 b Qe
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8.3.3 Goal 3: Increase Data Engagement and Use

Previous studies have found a positive relationship between use and data quality. For example,
ABE proved to be an effective tool for improving data quality in primary @eé.usignan et al., 2006)
by providing users with a baseline during meetings, &litug users about how data is used and recorded,
and establishing goals. Thus, increased attention and focus on data, engagement of stakeldolders
comparisons had positive impacts on data quality. Facilitating these processes would be a good use of PD.
The idea of data use als@ssupported by the interview results from Appendix F. Data included
in the correlations ichapter7 did indicate a positive relationship between use and completeness

suggesting that improving use would have positives impactiata within the reporting tool.

8.3.3.1 Persuasion Context

| focused on using information from the junction described in Figur&He persuasion context
is shown inTablel17; it builds on the framework mapping established in Table 14.

Tablel7. Persuasioontextto Enhance UsandEngagement

Question Answer References
Who Our target users are AHPs entering data into the FHT report AHPs shown in AH
tool. Thereare no complex team dynamics or classes of useil 2.1 in Appendix B.
Based on the comparison of Novice, Intermediate Expert
users, there was an opportunity to have users adopt interme
userbehavioutby interpreting tasks more deeply after reachiri ConTA 1.1.1-1.1.3
What the system level of the DIEngaging with data would influence in Appendix C.
the Evaluate phase of the control task, where users balance Junctions in Figure
time and priorities and determine whether they should inves 10 inchapter6.
more time to reord data accurately. A PD should help users
wantto record data accurately.
If users access their data, this will help them understand the AH 2.1
Why present benchmark and relativerms Entering the data also . .
S L . in Appendix B.
supports the objective of monitoring population health.
c Users have professional values which will lead them to inpul
2 data. Users are responsible for meeting organizational
< vt L AH 2.1
> benchmarkstailing to report data could result in disciplinary . .
= \ - in Appendix B.
g action.Users should have some motivation to want to see th
data.
c
2 _g Users need to prioritize their time and engage in time Steys 7 and8 of
= = managemenb use their data (e.g. generatiegorts takes SRK 1.1
2 time). They need time and time management abilities. in Appendix E.
(%)) . . .
o Users_ mqke stratefg.lc choices (and are t_rlggered) by | Comparison of StrA
> organizational policies, workload, experience, technical abili .
= . in Table 2.
= and practicavorkflows.
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Question Answer References

L, | My message needs leadusersto think more deeply about the
§ data. | want users to understand how the data could be use( Persuasion Context]
[ improve population health. | want users to engage with their Analysis

2 = | data.

= Q
3 Direct. Persuasion _Context
I Analysis

Based on the success of previous studies, social support de
principles could be highly effective strategies for getting use
Strategy | more engaged with their data. Sodamparison, normative PSD
influence, social facilitation, competitipand recognition could
each be effective design principles.

My firstdesignuses t he soci al comparison principle,
greater motivation to perform the tardpethaviourif they can compare their performance with the
per f or man c(@nasKukkanént&dlarjsndaa, 2009, p. 499)he goal$ tohelp users
understand the value of data from a population health perspdttizelesign establishes different
measures for useandthe clinic and shows a team goal. The design should encourage users to enter data
and integrate the task into their workflow to have their information properly reflected.dbsetdwant
to ensure that their status Adsvis their peers, their clinjand their gal is asgoodas possible. The

concept is showm Figure 18

Figure18. A comparison of an arbitrary indicator to improve engagement.

Dr. Tee Dr. Ess
! I I
7% 1 35% |
% Diabetics I | I
with quarterly 1 |
visits ’
| Or S |
0% | - o€ | 100%

20% 4 70%

Clinic (U] Team

Baseline 45% Goal

My second design uses thecial facilitation principlewh i ¢ h s astesn uders aré mofi s
likely to perform targebehaviourif they discern via the system that others are performingehaviour
al ong wi(GinasKtkkoaem& Harjumaa, 2009, p. 495)his display showthat other, similar

users are seeing patients and inputtingdata. Al so puts the user6s data i

w t

nt

they havecontributed to the team effort. In this sensegtieciplec ooper ati on princi pl e,
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system can motivate users to adopt a target attituder@viouby leveraging humanbeig s 6 nat ur al
drive to ceo p e r (@ihasKukkonen & Harjumaa, 2009, p. 498 also used. The design is shawn
Figure 19

Figure19. Social facilitation of visit volume to improve engagement.

What's the big picture with the data you just recorded?

You

3,143 patients seen this quarter 256 patients
seen this quarter

How are you making a difference?

Lifestyle

Clinic Group

Heart Disease
Clinic Group

Clinic Group

# patients supported this quarter

8.4 Discussion

8.4.1 An Ecological Approach to Persuasive Design

Table 14links CWA to PD | call this mapping between the framewoeks@cological approach
to PDbecause it uses CWA to identify useful information from an ecological (and cognitive analysis)
framework | am purposefullyotreferring to my approach aséeonceptuaframeworlobecause | have
merely performed a mapping exercise between my CWAs and the information requirements of the PSD
and FBM. My purpose for using a WWWWapbproactwas to gather useful informati@md
contextualizehiedata to help aakignern(e.g. me) consolidate data and pick an appropp@tsuasion
principlegiven the contextAfter further use and additional testing, Table 14 could form the basis for a

broader conceptual framework to support PD.

8.4.2 Limitations

My 6 e c o | approachardvidles a conveniemntay to combine CWA, FBMand PSD.
However, the approach is built on the assumption that CWA has systematiedilgd the correct
breadth and depth of the problem space, and that it has been done in a wafjitiexitly supports
PSDb6s per suas i mossibletaskstwemmodelledwitio ConTa larld StrAduring my CWA

If there was interest in using PD in another area of the codification domain, additional analysis would be
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required.In practice therewould likely be a lot of back and forth betwestodellingwork with CWA
and incorporating the information into PD. Not all CWA analyses will be compatiblenwitbroposed

approachand CWA models would need to provide sufficient depth to adopt the WW\fyavdtligm.

8.4.3 What about Ecological Interface Design ?

In its original conceptualization and description, EID only used the WDA and WCA phases of
CWA analysis. The phases of ConTA, Stead SOCA do not fit the original intent of the framework. In
a sense, soephases of CWA are orphanddus, aédvelopingarelationship between ConT/StrA,
SOCA and PDTthrough my frameworks interesting because it extends the relationship betaleen
phases of CWAand desigmrinciples Therefore, myapproach is an interésg contribution to the CWA
communitybecauset establishes a link to desigihis also interesting to note that the constraints and

philosophies behind EID are compatible with PERere is ho obvious contradiction.
8.5 Chapter Summary

8.5.1 Key Findings

Ecological Approach toPersuasve Design Since there are very few system analysis framewbis t
are intended to provide a persuasion contaxapped content requirements from existing PD

frameworks tovarious phases of CWA and showed how CWA can mfBD.This is shown in Table 14.

Design Conceptsi developed several design concapts use different design principles. Mockups

were presented amwgerebased on my approach to defining the persuasive framework.

8.5.2 Connections to Case Study and Research Qu  estions

I have three research questions:
1. In primary care, how are individual users influenced by th@iironmento inputhigh-quality
data?
2. What techniques could be used to design systems that persuade usershigharguality data?

3. Is it possiblgo improve data quality in primary care by persuading users with the user interface?

In this chapter, | have proposed a technique to desigiffective persuasive system by
combining CWA, FBM and PSD. | have shown how this approach could be ustsbign persuasive

elemensg and which PD principles could chanigehavious that would increasgataquality.
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8.5.3 Connections to Other Chapters

In chapter, | develop a mockup for a FHT based on my design concepts from this chapter. The
FHT made some adjustmentieveloped a prototypand deployed the solution as part of a field study.
This provided an opportunity to tasie design concepts from this chapter.
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Chapter 9
| mproving Data PQuCalaietyy

In the previous chaptgrdeveloped severaesign conceptdn a sensehis chapters a capstone
to my dissertation that ties all elements togethgmusingmodellingwork (chapters3 to6) and
developingdata qualitybaselines antheasure(chapter7), | developed enceptuaPDs that aréintended
to improve data qualitgchapter8). Here | demonstrate the effectiveness of this prockesthis chapter, |
present my methods and findings regarding a field study at a FHT and show that data quality can be
improved through PO.was very lucl to have the opportunity to deploy some of my design concepts
into a live system and to measure the impasténtervention had on data quality measusesr a period

of time.

9.1 Field Study

In chapter?, | described a case study that used data frBiTa After the case study, the
organization wasterested in exploringraysto improve data qualityAs a collaborative project, a field
study wasconducted taneasure the effectiveneskthe introduction of a new screen the U| with
included PD elementsn data qualityThenewfeaturewas deployedo thesame wekbased reporting
tool describedn chapter?.
Conceptually, the FHT wanted to deploy a minimalistic interventiahwould have minimal
impacts on workflow and total entry tim&s a challengehe FHTplannedto unobtrusively improve data
guality without amending fields or overall systbghaviour It was also important that any changes
require retraining. The goal of introducing a minimal change veasnpatiblefor research purposes
because it would reduce the amount of noise introduced into the s¥&teaxampleif the organization
had changed theehaviouo f i nput fi el ds or forced users to be
mandatory, comparative measures would not be helpfalworstcase scenario, forcing users to change
their input habits bwlteringt he way data is inputted could introdt
data qualityas well agancel any positive impacts of a nelvelement This obviouslywould be

counterproductiveto my dissertation and research goals
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Beforedeveloping any mockups or prototypeih the FHT, we decidedie should try to
improve data quality by introducing information into a new sumreargenThisinterventionwould be
purelyinformative with no interactive components. The new feature woeddirelittle user interaction,
could be easily skippednd wago be minimally disruptive. In practice, this meant introducing the
summary screen into the data entry workfld¥sers would ee the summary screen after each entry
Whereas armally users clickng ®RecordE n ¢ o uat theeenddof the input form would beought to a
new encounter forpthe change showdddesummaryscreeand asked users to click
E n ¢ o u mhe eemdX is shown inFigure20.

Figure20. New User Experience Workflaw

Original Workflow

+1 v + ter
[ S—— +1 visit for Diabetes  +1 referral from Dr. Bob
+1 visit for Distitians m
[ — | |
[ oo J aowe I we ]
-

gidee cofd el Bl— Data Summary Screen /v New Encounter Form

New Workflow

9.2 Experimental Design

Conductingan analysis of data from a regktemhas obvious benefiteany phenomena are
observed in contexand the results are more meaningful. Instead of trying to control for an experiment
that reproduces results similar to the real world, results can be interpreted based on real data. It is easier to
argue that the impacts of an intervention would appdy teal system when impacts have, in fact, been
measured on a real systardowever, thisapproach is not without challenge measure the effective of
the summary screen, | needed to consider experimental designs that were appndpaatecumstances

and respected several constraints.
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9.2.1 Pre-Post Test

Most studies of PD designs involve patients who are randomly assigned to control and treatment
groups. These studies are designed as randomized control trials @dTsmpare exposure to a PD
treatmentgno treat ment, or Oclassicd trealtehie&ts (such
OinasKukkonen, 2011)

From a PD perspective in healthcare, my situation was somewhat unigue. Whereas most studies
evaluatethe effectiveness of PD on patient outemnl was looking to measure the impacts of PD on
clinicians using a system. Per the resultstapter7, | knewthere was a significant variation in the types
of users and program areas and that measuring a statistical difference between two groues|uiculd
more users than were availabde. well, randomizing groups in an organization could cause confusion
andcrosscontamination between users working in the same practices. Working with the FHT to
communicate with users who would experience the aharmyld be logistically challengingnd it was
not clear how questions or concerns could be easily addressed or triageerafvdmmized approach
(e.g. by program area) might resolve some of the logistical challenges, but would make results difficult to
interpret because of significant differences between groups.

After consulting with a statistician and reviewing texts specifically related to evaluating user
interface changesee Sauro & Lewis, 2014)decided taneasure the effectiveness of the intatien as
a prepost repeated measures experimental design. With approximately 50 usefspst pneasure using
a pairedtest would provide statistically significant results and provide some evidence of changes in data
guality over the two periods. | exaged the data for usezightweeksbefore and after the intervention

and used this as the basis for my analysis.

9.2.2 Statistical Process Control

While a paired-test might demonstrate tivapacts of PD in a system, noise within the data
might skew results positively or negativeRhis is because the data is coming froonomplex socie
technical systerwhere anumber of variables could changeer the course of B6-week study and
impact data quality measures. For example, managemerihgggrogrammingttanges, organizational
behaviouy strategic directiorandmanagement priorities could easifyroduce changesver the course
of months. As well, it should be expected that patient volumes and care needs fluctuate seasonally (e.qg.
higher volumes for the flu in the winter, and lower volumes for assessments around the holidays as staff
take vacation). Thus, a ppost analysis of an intervention may be appropriate and insightful, but it might
not be sufficiently compelling; results coldé attributed to normal change, ngisea 61 ucdny br eak

selecting a study windothat happened to produce good experimental results
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Based on the results froohapter7, it is obvious that | could have access targe amounof
historical data to ¢lp measure the effectiveness of my Blassically, an approach to understanding
some of these complex situations would banaly® data experimental results against historical data. A
multi-factor mixedeffect ANOVA might be able texplainthe impact®f time (e.g. year, month, week)
on dependent variables and be separated from a intervention value; changes could be attributed to the
intervention and a combination of several other factors. In practice, with real data, the drawback to this
approach ishat it assumes all noise inducing variables can be identified, and tbbthese variables are
presently and historically measurable with existing data points. Lackiataepgueof weekly measures
to represent complex soeiechnical dimensionsartd e  u s e r 0 s, aenixedeffecoapproaah t
was not especially practigadtatistically validnor insightful As a novel approach to this problem, |
decided to borrow from healthcare quality improvement literature an8itatistical Process Control
(SPC)as a measurement instruméatovost & Murray, 2011; Thor et al., 2007)
Thenotionof SPC is to measure process variance in two categories. The first type of variance in
SPC is chance variation (also known as commonecearsation). This category of variation is caused by
phenomena thatrealways present within a system. This variation is a hormal process change that should
alwaysexistwithin a systemandtheimpactshould bemeasurd within predictable limits. Genelig,
chance variation is anticipated noise associated with normal system operations. The second type of
variance in SPC is assignable cause variation (also known as special cause variation). This category of
variation is caused by phenomena tr&nottypically, or historically, present in a system. This variation
will change a process and can be described as a signal-ocanrdiom variation. Generally, assignable
cause variation is associ at dMontgopmaénh20@lhanges to the
A common analytical tool for SR&he XmR chartconsists ofwo graphs. The first graph in the
chart is a measure of a variable over time (e.g. X). This graph shows the mean calculated value for the
analysis period, an upper control limit (UCknd a lower control limit (LCL). A line graph is shown
over a period of time. If values are above or below the control limits, they represent assignable cause
variation. Values between the control limits represent chance variation. The second graphartthe
shows the moving range (e.g. mR) between each value in the X graph. A mean value for the period and a
UCL arealso shownThesegraphs represent the absolute value of the change from period to period and
can be used to identify significant variatidfariation above the UCL is abnorrmidontgomery, 2001)
Trends and changes within the XmR chart that are within the UCL and LCL can be information.
If an upward trenaccursstarting at a specific time interval, it can be useful to attribute theseashang
an assigned cause. For example, if an annual chart shows an increase or decrease in performance at fiscal

year end, the assigned cause may relate to a financial incentive or organizational pressure. Identifying
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different assigned causes can provitights to a process and be quite interegtihgntgomery, 2001)
Many examplesf the use of SPC in healthcdfénor et al., 2007are available

SPC is intended to be used when measuring data from a real system. Philosopldeally, it
capture the challgges and nuances associated with measuring complextsohitical systems over
time. SPC ofteris used to measure quality improvement by a team. It becomes part of a quality
improvement philosophy, andigused by teams during weekly or monthly meetimgsack progress,
identify potential signal changes and causes, and improve processes. In my case, SPC lends itself well to
contextualizing historical data and provides a suitable approach to contextualizing the results of my
intervention. This use of &Pis intended to further support the yprest analysis and provide evidence
that the observed changes are not associated with random noise or normal variations by incorporating
historic data into the analysis. | want to show that | am causing-eandomvariation and a phenomena

of my own making.

9.3 Methods

Severalcomponents tthis field studyexisted First, qualitative research and interviewere
used tadesign andlevelopthe new summary screesecond, theffectiveness of the new summary
screenwasdeterminedvith a repeated measure study desagrd multiple measures were used to
quantify its succesSPC was used wmbtainthe measure outcomes relative to the previous yeatly,
user feedbdcwas gathered through a surveshichincluded aradapedsurveyfrom the System

Usability Score (SUS) measurement tand free text comments

9.3.1 Ethics

The field study was submitted to the University of Waterloo Ethics Board and approved prior to
meeting with users, designing changasgathering datal he cdlaboration was seip as a secondary
analysis of data and was primarily initiated, developed deployed by the FHT. Users were not
required to opt into the study, as it was conduct
and update cye. | served a consultancy role to facilitate the design of a summary screen and to assess its
impact as a third partpll shared data was anonymizehd the identity of users was withheld by the

FHT. I had no direct contact with participant$he studyintroducedvery lowrisk to studyparticipants.

9.3.2 User Interface Design

As a primary goal He FHT wasnterested in improving the timeliness of the#@ta.The
organizations wanted to use PDréaluce the delay between seeing patients and recording tbatiaain
systemand wanted to improvéheratio of sameday entriesimproving accuracy, completeneasd use

were considered secondary objectigéghe intervention
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The summary screen was designed in collaboratd.i
FHTO6s information management ofasarammry scleéntamdiewdXyr eei ng
(seesection9.1), amockup including PD elemenigs developebdasd on ideas frommhapter8. To
facilitate a brainstorming session, the design concept was turned into a workshegewihded
guestions, graphical elemengmdUX ideas(This worksheet is shown lsppendix ). Theworksheet
was used during a discussion with the Operations
meeting to gathemdditionalfeedback.

A secondmeeting took place with th@perations Manager and the information management team
after theravastime to gather feedbarthistook approximatelgix weeks. Based on the discussion of
that meeting, aecond worksheet was developed and provided to the developmentAezpy of this
second worksheét shown inAppendix J) This worksheet was used to create a prototypeprocess
took approximatelgix weeks.The prototypavas shown to the Operations Manager and his taath,
several revisions were made until the design met all stakehdidgtsrements

9.3.3 Data Quality Measure s

The data quality measures forstfield study are shown ifiable18. Althoughthese measures
wereinspired from the results presentecivapter7, a 12-monthgapexistedbetweerthe studiesDuring
that time, the FHT refined some of tieasure based on feedbadkirther analysisand adjustments to
business rules:or example, theelay measure ichapterrfwas a O6r awd del ay i n dat a
study, it was possible to adjust the delayakeweekends and holidaysto consideration. For example,
if an appointment took place on a Friday and was entered on a Monday, theoddédilye calculated as
havingan adjusted delay df dayand a raw delay & days.Both measures are presented in the results.
The completeness measure was also simplified by removing the secondary reason for encounter
requirement because business rukesdinanged. The usage measuveas useful for logistic regression,
butit presented problems as a weekly measure. It was normalizgdtasbetween the number of
reports generated by a userdthe total number of entrieShe measure is expressed aorepgenerated

per entry.
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Tablel8. Field Study Measures.

Measure Name Definition

SameDay Enty Percentagef records that were entered on the same day.

Average Delay Per| The average amount of delay between a patient visit and entering the dai

Encounter the system, measured in daRaw measures andjastedvalues are showto
compensate for weekends and holidays.

% Complete Number of records that were measured as complete. An entry was meas

complete if the reason for visit was not specified@bhei If the visit was an
initial encounter, the referral source must be specified.

% Valid Percentage of records that weneasured as valid. A record was considere(
valid if the appointment date occurred after the entry date, if the appointn
date occurred after January 1st 2088 if the amount of time between the
appointment date and entry date was less than 4 mdintfs.encounter was
an initial visit, the time between the referral date and appointment date m
less than 6 months to be considered valid.

ReportsGenerated | This is a standardized measure of report generation as a function of entri
perEntry the systemGrouped by week, the measure is reports per entry. nsasure
of data usagéelhe ideds to adjust for high users of the system (e.g. peoplg
who record more data would probably run more reports).

The data measurement criteria were paogned into queries in SQRII data points, including

historical data, used the same measure definitions.

9.3.4 Deployment

Once the design and measures were finalized, the FHT went through internal processes to test the
new summary screen and receive appréaah the management tedmfore a final launchOnce all
assurances and approvals were received;mailnotification with a video introduction to the summary
screen was sent to all users of the system. The next business day, the intervention wak deploye

simultaneously to all users as a hard launch.

9.3.5 Data Collection

After a preliminary analysis of the data in early Januafyllalataset was provided in mid
February Since users were known to delay their entries, it was important to determine whether or not the
datasetvas completeObviously, sers who were late in entering their data would not be cagtudaia
collection and this would positively skew the resuls a preliminary analysis, the number of recorded
encounters and number of individual useregng data by weelWwereanalygd Based on this data, an
average was calculated. Weeltghe end of data export havimgufficient datavere removed from the

analysisData was aggregated by user, and averaged by week.
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9.3.6 Pre-Post Analysis

To measure the effectiveness of the interventiom field study was sefp using arepeated
measuregxperimentatiesign Measures were calculatéat pairedusers foreightweeks prior andiine
weeksafter the implementatio®ne week was added to the pwsplementation period because of an
annual holiday break for the organizationds empl o
was compared from each periadensurehatno thedifferencewas not significantThe measures for
each user were averaged for the pre and post pebatis for premeasurement and pesteasurement
measuresvereanaly®d with apairedt-test P-values,C o h e n @nd poWemwascalculatedby using the

RealStatistics Resource Excel plugin available at-stafistics.com

9.3.7 XmR Charts

XmR charts were generated with tRestatistical software and tloggchartspackage. This was
done after reproducing the results of an exampleW#eeeler, 2012ith the software to ensuits
accuracyThe chart generation was scripted and automated to take data directly $emmondarpQL
databasé¢hat performed the data grouping

XmR charts were created for variables that were significahieipaired-test.To give context to
the results, the XmR charts were generated with data from the year prior to the intervention, and the
period following the intervention. All data points were used to calculate the averageattCLCL
values. The impl@entationof the user interface (Ul) changas graphically marked on the XmR chart
with a black | i ne aG@hdrtsivdrecreatan byebredikidd dovihtha dha Byoweek
and by month.

When reviewing the XmR charts, some weeks were knownifiziatty skew the analysis and
were removed. For exampM/eek 1 in January 2016 only included January 1, wivigba holiday.Data
generated for thiseekwould have been significant outlierAs well, Week 53 in 201%nly included 2
working days &fteraccounting fosstatutory holidays and were likely staff vacations during this period.
Data from these weeks were outside the control limits but were not associated with a control process and
thereforewereremoved.

When reviewing the results of the XmR charts, several variations could be attribagsigteed
causesTwo managers that were familiar with the orgatibn, its cultureand its data initiatives were

asked to comment on likely explanatsdar changes.

9.3.8 User Survey

A survey was created and distributed to users inJaidiary. Users were invited to anonymously

answer structured questions and provide-fes¢ feedback about the wélased reporting tool and the
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new summary screeihe purpose was to delfrigsers anabtainfeedback about how the changes
influenced the users.

| took a simple approach to analysing the free text responses. | categorized cobyments
identifying themas either positive, neutral, or negative. | also identified comments thatelaged to the
systemds performance outside the context of the
relevant to the interventiohalso flagged answers that discussed the desired behaviour changes, such as
timeliness, or elicited an emotial response. After categorizing responses, | referred to them to further
understand my qualitative results as appropriate.

The structured area of the survey included 10 questions about the reporting tool that were adapted
from thestandardSystem Usabity Scale (SUS), and 10 questions that were specifically about the new
summary screer.changed the nouns in the SUS survey to refer specifically to either the existing system,
or the new summary screélfhe questions adapted from the SUS tool veer@y®d separately to
generate a SUS score for the reporting tool and the summary scoadidence intervalsf 95%were
calculatedThe modified SUS questions are showrmAippendix K

Additional Likertscaled questions were askedt@luatehe impact of the system on user
motivation and perceived data quality. The mode, mediash mean for each question was calculated.

Thequestions arshown inAppendix K
9.4 Results

9.4.1 User Interface

The summary screeasdesignedimplementedand deployeds shown inAppendix J

9.4.2 Deployment

The intervention was deployed on November 28, 2016. The introductory video was seen 40 times by mid
February. The video can be viewedtp://bit.ly/210tXCu No complaints or concerns were immediately

reported and the deployment was considered succeasfiliwithout incident

9.4.3 Data Collection

Over the course of 2016, each wéklan average of 52.0sers inputting data into the reporting
tool and an average visit volume of 118&sed on treeweeklyaveragesuyser entries and recorded
patient volumeavas assessed for each week after the intervention. The data appeared to be complete and
consistent upo the end of Januarpata provided in February did not appear to be complete at the time

the data was providezhd was dropped for further analysis
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To aggregate the data for XmR, | calculated data quality measures for each user for each week,
andtheraveraged the result. This &6by user 6Saagp& r oach i
Lewis (2016)when evaluation Ul changeand it balances the data by users equally. For example, if one
user saw 40 patients and recorded them all late, andeaneser saw 1patientsandrecordedhem all on
time, we would balance the measure: one user would be on time a0W&time, and the other wouloke
0% on time the average would be 50%. The data is slightly more complex to generate from historic
recads but provides a balanced measure that represeriistibgiourof a set of users.

9.4.4 Pre-Post Analysis

The results of the paireetést for the prgost analysis of the implementation of the summary
screerarepresented iMable19. Thedata quality measures arased on 53 paired user$e report

generation data is based on 58 users.

Tablel9. Pre vsPost Resultsvith Paired FTest

Pre Post Change p-Value Power CohenD

Average Delay Per

Encounter, Raw 58 2.4 -34 0.006 0.815 0.393
(n =53)
Average Delay Per
Encounter, Adjusted 2.8 1.4 -14 0.014 0.779 0.375
(n =53)

Percent of Records
Entered Same Day 629% 732%  +10.3% <0.001 0.996 0.632
(n =53)

Percent of Records
Measured Complete 864% 816% -4.8% <0.001 0.978 0.545
(n =53)

Percent of Records
Measured Valid 98.9% 996% +0.7% 0.045 0.537 0.282
(n =53)

Reports Generated
Per 100 Visits 5.2 72 +2.0 0.151 0.289 0.193
(n=38)

Average Number of
Reports Generated 58 7.1 +1.3 0.411 0.124 0.109
(n=159)

The average number of entries per user for theerimd was336.62andfor the posiperiod was314.31

The difference oR2.31entries was not significant (p = GB.
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9.4.5 XmR Control Charts

XmR Control Charts are shovin Figure21to Figure26 for ead data qualityThe data was also
grouped by montwhere possible, ashown inAppendix L

Figure21l. XmR for TimelinesdMeasure (Recording Delairaw).

XmR Control Chart of Average User Raw Recording Delay (Timeliness)
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Figure22. XmR for Timeliness Measar(Recording DelayAdjusted.

XmR Control Chart of Average User Adjusted Recording Delay (Timeliness)
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Figure23. XmR for Timeliness MeasurdPercentSameDay Entry).

XmR Control Chart of User Same-day-Entry Measure (Timeliness)
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Figure24. XmR for Completeness Measure.
XmR Control Chart of User Complete-Entry Measure (Completeness)
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Figure25. XmR forValidity Measure.

XmR Control Chart of User Valid-Entry Measure (Validity)
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Figure26. XmR of Use Measure.
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9.4.6 User Feedback

Seventeen users responded to the suAvesyimmary of the answers and a copy of all text
comments is provided iAppendix M

The 95% confidence intervals of the SUS score for the regaxbl was 58.10 70.90. This was
based on 15 users, since two users did not answer all questionSlSkarveyquestions relating tthe
reporting tool. The 95% confidence intervals of the SUS score for the new summary screen wias 57.84
68.63.Thiswas based on all 17 user respon3ée. interpretation of these SUS scores is discussed later.

All 17 respondents answered the other Ligsrdle questions. For each question, average, 95%

confidence intervals, mediaand mode were calculated and includedppendix M
9.5 Discussion
9.5.1 User Interface

9.5.1.1 Description of final content

In the final design of the summary senethe usehas to scroll through the content of the
summary screen before seeing a second ORecord enc
The summary screen was dividetbithree sections.

The first section wassed!| OredY duro uEn tUpyé.t eTdh iDsa t
confirmation of some of the recorded data (e.g. 0
Below this confirmation area was a summary of the total visits recorded for the tncaudidition,an
0 E Eintt wagplaced below the text.

The second section was called O6How did this <c¢h
section featured three graphs that management felt presented the most important information they wanted
to ensure users were tkiing. This included a pie chatiat broked o wn t hne-showsrate frors the
lastthreemonths, the usdollow-up ratio fromthelastthreemonths and a graph of scheduled visits (no
shows and actual encounters) over the last two weeks. Beneatbthemeg t s, users coul d cl
my statso and gen e rThdsecomsecten waodegighed to engageusarstwih. their
data and encourage use. The intent was to show users their data. The timeévspareeks was created
to match théadge calculation. If this time period was too long, users would never be able to effectively
improve their statistics. For example, showing that data was late over the cawserainths would
taketwo months to clear. If there was a negative periodaté, a user would be reminded of their
negative measures and might be discouraged from entering their data. If the tirnadsparrtioo short,

it might be too easy for users to improve their scores.
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The third section of tdaegessu maad yAwaraecedm. whlse ca
only shows a 6Same dayd badge which i ssamedaygr a mmed
recordsDifferent badgegare presentedt the 70, 80and 90 marks. The text provides a curisarheday
percentage measure. As |l ong as a user remains bet
badge available to them. This is intentional to allow users to keep their badges even if they miss one or
two appointments; the badges are attemptragvoid discouraging userBhis section also displayed the
percentage of users that enter their data on the same day.

9.5.1.2 Design Evolution

From the original mockup presented to the FHT (Appendix 1) to the final implementation
(Appendix J), several notableangesvere seetthrough the consultation process.

First,the consultation resulted in the removako€ial supportiesign principles. In the original
worksheet, users were compared to their team. This was the adoption of the normative influenae principl
and was designed to make users have the same goal. Through discussion and debate, the FHT determined
that the culture of the organization was not ready for comparisons of any kind. They considered that
individual users would be upset by their data viats low and did not embrace the idea of the social
facilitation principle.

Another change occurred in the first section. Originally, a confirmation of all inputted data
elements was intended to appear. Instead, the FHT wanted to highlight only thrée datcattributes
that were important for users to track and watch. This change simplified the display for users and drew
their attention to the most important metrics, from a management perspective.

Finally, the original mockup included badges to emaga timelinesssameday entriesand use.

These badges were chosen as examples, and the FHT was encouraged to brainstorm other potential
badgeghat might be appropriate. The FHT decided to start with a single badge as a proof of concept that
drew atteribn to their primary objective of reducing delay.

Overall, the original mockup and final implementation are comparabttthe insights from the
organization and decisions of what to keep and what to reject are insightful and interesticigfin

themselves.

9.5.1.3 Links to Previous Design Concepts

Despite evolutiorof the designseveral of the original PBonceptswvere still visible.
4. The credibility support principle, as shownRigure 17, is visible in a simplified form in the first

section.
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5. The graphs in the second section of the summary screen are similar to the concepts for social
facilitation in Figure 19, but without the social comparison. In its present form, the concept is
better described as the primary task supportraeliitoring principle.

6. The third section features badges, which is an implementation of the pedéggtinciple from
Figurel3.

7. The ADid you knowo comment at the bottom of
social facilitation principleas described ifigure15.

Many of the design concepts developedhapter8 appeared on the summary screen.

9.5.1.4 Unexpected Impacts

Anecdotally, there was one unexpected impact fitmeruse of badges, which represent
paradox. The challenge is thhesystem cannot know how many patient visits a user was supposed to
have over a period of time. Therefore, if all the current data from a user was entered on the same day over
the prevous week, their badge would score them at having a 100% same day. However, say a user did not
entertheir data for two days: upon signing into the system, they would still see that 100% of their data
had been entered on the same day based on their prpeidosnances. In this use case, entering data
(the desired task armehaviouy would drop their score. Thereforéhe PD is incentivizinggainst
entering data, because the PD suddenly provides a negative feeling, instead of a rewarding feeling. The
negaive feeling could be nicely aligned with FBM as a curious negative motivator. However, the user has
no opportunity to avoid the negative impad they have missed their winddwis unclear if they would
be better in the future because of this situatoonf they would be less inclined to pay attention to the
PD.

9.5.2 Time Interval for XmR

For generating the XmR graphs, | calculated the mean and the control limits based on data from
the year prior to the implementation of the summary scig@s.made sensas | wanted to capture the
normalvariability associated with aneyear cycle, such as the impact of quarteglyorting, patient
volumes, staff vacation, etat the same time, | did not want to capture more than a previous year
because the system aoidjanization has had an evolving mandate. | argue that in this situation a previous
year is a reasonable timespand that this choe balancgseveral constraints and measugen or mal cy 0
in the measure and proviglan opportunity taliagnosemeaningful changes in the process. My results are
consistent regardless of the time intervals selected, and regardless of the breakdown by week or month

(See Appendix L).
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9.5.3 Data Analysis

In the prepost analysis, there were statistically significant changes &athedayentry
percentage, accurg percentagecompleteness percentaged average delayhe impact on data use

was not significant.

9.5.3.1 Timeliness Measure (Delay in Days)

According tothe prepost analysis, thmtervention reduced thaw delay in days from Bto 24
days. This is a 60% reduction in the del8lye test was statistically significant (p ©06) with a power
of 0815 T h e Co h e BBwouldbeadnsideredrmediumto-high effectsize The adjusted delay
was reduced from 2.8 to 1.4, whicha 50% reductioT his test wasalsostatistically significant (p =
0.014) with a power of 0C79 and an effect size of 0.375
The XmR Control Chastfor this measurés probably the most interestigcausehereare
clearly assignable causes of charnigee change that is immediately obvious occurs in April 2016. Two
points were below the LCL, and withiwo weeks three points were above the UCL. As well, between
April and July 2016, 10 of the 14 points were above the UCL. Between July and the Ul ichiatge
November, onlyonepointis outside the range. After the Ul changihtof theninedata points were
below the LCL.There appears to be a downward trend from October 2016 to January 2017, which
intersects the Ul change. While it appethitthe Ul change contributed to the reduction of the average
delay, the downward trend suggests another process change may have been takimgathesl out to
a Director at the FHT to understand potential causes for the chsawgein the XmR charas wellas any
other potential processes that may have been at play in the months prior to the Ul change
During conversations with the FHT liecame clear thatanychangesn delaywere aligned
with fiscal reporting periods. In April, the FHT needed to sulanméport to the MOHLTC and therefore
required timely data from all users by the end of March. Managers thlooitge organization were
asked to remind users to input their data on time (FHT Director, personal communication, February 15,
2017). This explias the values below the LCL in March. When asked about the jump and values above
the UCLs in the third quarter of 2016, the Direct
Ministry initiative by whi ch 0BpApd-uhe) &t [instemad] e t o s u
submitted a combined report for boteporting quarterat t he] end of September [
seethatdelayinMayul y peri odo. Furthermore, the Director
reporting tool]inAu guasntdd fist arted putting data quality resul
in both September and October highlighthd ng [ avera
Director thought that the summary screen had made an impact on reduain@-tdl Director, personal

communication, February 15, 2017).
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The comments from the Director clarify several patterns in the data. The improvements in March
and the degradation in Apsiteredue to reporting due dates with the Government. The high delay
between April and July can be attributedhe organization not needing to submit a report and therefore
paying less attention to data entry. The gradual reduction starting in September can be attributed to
bringing greater attention to delay during megtirDespite this information, there is still evidence in the
control chart to suggest that Ul change had a significant impact on the delay; the results prior to the Ul
change were within normal ranges and have historical precedents. The data aftehtmeg®Irepresents
an unusual improvememwith a majority ofpoints faling below the LCL. The XmR chasupport the
idea that there was a reduction in delay, but the result from the paestdnay be skewed positively as it
included a combination of pcesses. Attributing the entireduction in delay to the Ul change is
probably unreasonable.

The data supports the idea that users are operating within a completesbaical system and
that data quality measures can be impacted by environmentatsfastch as reporting periods and
management priorities. The data suggdsisusers change thddehaviouraccordingly.Interestingly,
these observati@support the ideas extracted from StrA that suggested different processes and entry
patterns were function of organizationdbehaviour(see Appendix D).

The historic data prior to the intervention is almost as interesting as the results of the intervention.
It demonstrates that pressure and persuasion has been appliedislyin a cyclical way by the
organi zationds management team, and iexpededobeys t hat
a better persuader by virtue of its constant pressure. The results suggest that PD can reproduce and

augment normal organizatial persuasion.

9.5.3.2 Timeliness Measure (Same-Day Entry)

According to the prgost analysis, the intervention increased the percentager@day entries
by 103%. The test was statistically significant (p < 0.001) with a power 060.99T he Cohenés D o
0.632would be considered a large effect.
The XmR chart tells a compelling story. Prior to the change, the systemwsagtalatively
stable.Small spikesoccurredprior to the end of each quarter, which is consistent with the assignable
causes in thosentie frames from the delay data. Prior to the implementgtiene were no obvious
trends and there were pat-of-control signals. After the changemajority of the pointsvere above the
UCL, and all pointavere above the previous avera@ased on theesults of the XmR charts and the
paired ttest,the evidencas compellingthat the intervention increased the numbesasheday entries
within the systemThese results could be attributied®D components on the summary screen which

werespecifically dsigned to encourage thighaviour
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9.5.3.3 Completeness Measure

According to the prgost analysishe intervention decreased the percentage of complete records
by 4.8%. The test was statistically significant (p < 0.001) with a power®&&®T he Co heOdds D of
would be considered a large effect.

The XmR control chart shows that the completeness measueralatvely stable measure over
the previous yeaNo remarkable spikes or changezurred and no obvious trends out-of-control
signalswere seenThe week prior to the implementation, the completeh#ésshighpoint. It is not clear
why this occurred, but a single measure above the UCL is not necessarily sig(ificatgomery,
2001) At the Ul change mark in the XmR chart, a significant impacthe completeness measisre
seen The moving range value is above the UCL, which indidhitgthe impact and change from period
to period was significanOnevalue after the implementatiamasbelow the LCL Interestingly, it appears
that aftertheni t i al OGshockd of the appeaiigbereturnimgto mmalip| et e n e
fluctuating above and below the average, similar to the previousearesults of thetestshow a drop
after the implementation and an average reductiorei® tveek window. fie XmRpresentgnore data
after the intervention anddicatesstabilization. In this sense, the XmR provides more context to the
results and provides additional insight about the results

The measurbas two components whet hemr 6 t gt i6€®Dri hwas sel ected, a
referral date was enterethe changes in this XmR do not align with organizational reporting quarters
andlikely are attributable directly to usbehaviour| contacted the FHT to enquire about which measure
maybemor e significant in this variance. The data an
referral issue. Out of a total of 3,670 initial visits after the implementation, only 250 had a reason for visit
that had 6ot her 6 olntged. OftHose same & 6Y®imtial visits, [agptoeémately] &,870
of them had a referral date of 1900-01 or earlied (FHT Data analyst, personal communication,
February 16, 2017). | enquired how it was possible for users to enter a date-6flAB0@s this seemed
guite odd. fAThere is an option where you can [cli
system therefore records] the date of :0@@1. [We implemented this feature because] staff pushed
back saying thaavehéeéenhedoedberakbWwaydate handy so the
[ é] | f [users] |l eave the default option of 6l kno
[ ent er ]JFHTaDatd andlystppergonal communication, February 167)20hus, it appears that
immediately after the snmary screen introductiothe complete measure was reduced beddese was
a statistically significant change in the amount of entries recorded withithe d on 6t know t he d
of entering the rierral datefor initial encounters

It is very interesting that a passive change to the user interface (e.girdemantive summary

screen) changed udeehaviourin this way.The summary screen appeafter users enter the information
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and select refeal details. This may representeaction to thé S a me bddgeon the summary screen:
in order to hit this metric as quickly and easily as possible, users abandon the referral date to optimize
their time. To countebalance thidehaviour adCompletmesébadgemay be appropriate

Thebehaviourchanges in this case sesahess sensitive to environmental factors, and related
more strongly to individual uséehaviour The dhiangesould beattributable to task flow, user
prioritization, and cognitionBased on discussions with the FHfldoes not appear thtitis reactionwas
orchestrategit appears that a statistically significant number of users responded independently to this
stimulus in the same manner. This gives support to some of the finditigs©dnTA analysis from the
first part of the dissertation (see Appendix C and Appendix E) which described time management
behavious and skills, and predicted the idea of users balancing task value against entry task. In the future,
it would be interestig to correlate thedmehavious with measures of expertise (e.g. length of
employment).

The drop inthecompletenesmeasureandits recovery is acurious and interesting result. As a
hypothesis to explain the data, it is possible that userspvere s sur ed t o O6catch up6é6
immediatéy after the intervention;usewéo ul d need t o c| e atoreaucetiher c k|l og 6
entry delay for future visitsThis means that there would be a higher volume of wndckdata to enter
immediately after the interventiomvhich would require a shottermchange to entrpehaviour to adapt
to the new goalGiven a higher volume to meet the entry delay goals, and without additinadb enter
data, users likely cut corners to reduce the@ ova | | entry time and clicked
to reduce their overall work tim&his hypothesis would be consistent with the time management
phenomeanthat was measured and modelled earlier in my dissertdtendrop in the completeness

measure appears short lived and appears to resolve itself.

9.5.3.4 Validity Measure

According to the prgoost analysisthe intervention increaseabe accuracy measure by'%. The
test was statistically significant (p < 0%)4with a power of 0.37. Rejecting tle null hypothesis should be
done cautiouslyT h e C o h e n @woul®be@dnsideredzaBalito-medium effect.

The XmR control chart shows that thalidity measuravas stable during the study period (e.g.
eightweeks prior to and after the Ul changde data looks symmetrical over the Ul change marker, with
a small change and some mild improvements. This is consistent with the results of thetpatred t
Looking over the previous year in the XmR chart, the accuracy measure seems erratic. It @jogsanot
to follow quarterly reporting periogand there areut-of-bound signals from week to week. When

broken down by montfAppendix L), theXmR appears mucimorestable and less erratic, but still lacks
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any clear patterns or trends. These results support the concerns about this meastagptaa The

current data does not show a meaningful improvement to this data quality dimension.

9.5.3.5 Use Measure

According to the prgost analysis, mimpact on report usgas seenfThe XmR control chart
shows that the use measure was stable during the year prior to the Ul change, and that the Ul change had
no noticeable impacts on trends or patterns. Tadtseof the test and the XmR control are consistent.
Users did not generate more reports as a function of the summary screen and were not encouraged to look

at their data more or less often.

9.5.4 User Feedback

The survey provided an opportunity to understaserperspective about the new summary
screenA majority of respondents had used the system for atti@astears and reported signing into the
system at least on a weekly basis.

9.5.4.1 SUS Scores

The reportiveggescaewds®s with dafiderce intervals ranging from 58.10 to
70.90. The new summary screen avenage63.24 with confidence intervals between 57.84 and 68.63.
The scores clearly overlap and are very simhlarsignificant differences seerbetween the current
system and the sumary screen.
Trying to assign subjective measures to these scores can be challenging; a SUS score of 64.5
should not be interpreted as a 64.5 out of 100. SUS scores are better measured through percentiles
compared to other studies and SUS scdanrgoret al. (2009)associated subjective rating scales with
SUS scores to help practitioners interpret individual scéi@sa web application, a score of 64.5 falls
bel ow the average and would receive subdaetei ve r1 a
results would translate to a(Bangor et al., 2009)
These results have twiake-aways. First, the summary screen did not represent a degradation of
the overall systemdbs usabi | iUXeither.ISecond, thérelaren o t meani
opportunities for improving both the wdlased reporting tool arile new summary screen. Users
provided helpful suggestions in the free text comments that identify clear usability issues that could easily

be addressed.

9.5.4.2 Miscellaneous Likert-Scale Questions

Assumingthata neutral rating average3n the LikertScale all of the norSUS questionkad

95% confidence intervals that overlappetkatralagreementating. The only notable result about the
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reporting toolis the questiord feel like the data | am entering into the reporting tool is collected and used
for a meaningful purpos&which was skewed toward agreemdirtie only question thatasskewed
toward agreemeris regarding the new summary screéhtook mae time to enter data into the system
because of this scre@iThus, there is a performance problem with the summary screeris Tlogotally
surprising, since an additional screen has been inserted into the workflow for data entry. A mild
agreement wit this statement is reasonable.

Generally users appear neutral about the new summary screen: they appear to be neither
enthusiastic nor angry about the intervention. Since the summary screen was intended to be a passive
introduction into the system, thesesults are positive and encouraging.

9.5.4.3 Free Text Comments

Many interesting response®rein the free text area of the surv&ve comments mentioned concerns
about the performance i mpacts of the sunangariyc esdcr e
6t he summary s cr dmaethe pracedsnolr g cuimme rasmane 6, O6[ t he e
really adds up!d6 and o6it feels slower to |l oad pag
Likert-scale answers, there does appear to be a legitimate concern about the performance of the system.
The FHT received this feedback and is presently working on adjusting their queries withahlsd
functions to reduce the load time by 80% (FHT Data analyst, personal communication, February 16,
2017).

In other comments, users provided suggestiong¥oand user interface adjustments to the
summary screen. For example, two users suggested having the summary screen appear only once a day,
instead of after every encounter, or enabling a daily, weakly monthly view. These suggestions are not
unreasonableral could easily be implemented by the FHT. Taking the summary screen out of the
workflow would address all of these concelmst it is not clear if this contingdo provide the same
effect on usebehaviour

Several users articulated positive feedbaottgavethe intendedehaviourchange heuristics the
summary screen was i nt e nldimddamtnow eateringestats everyd/daysFor e x a
instead of every-94 day$ | likedseeing the graphd'm a visual person and this helps to suminga
what | view as i mpor tltavastniceitonséedncentlves onthe styeenpof reaching ¢ e 6
goal s and receiving badgeaotpthasawho ave ndt [been timéhin coul d
the pastd. Somee uwsaesr so nsluyg gaens tiendi ttihaelr i mpact with ¢
somewhgtnow | again rely on my own motivatiérrhese comments align with the PSD proposed by
OinasKukkonen & Harjumaa (2009}here ardalifferent kinds obehaviourchange (e.g. ontme, short

term, long term)and different kinds of interventions are appropriate for each. While it appears clear that
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the summary screen introduced a chandeehmaviouy further work will be required to properly
categorize the change as either short or long term.
Other comments in the survesereconcerning. One user repedthatit felt like there was new
pressure on data entry. This is not an incorrect impressibasbociatingressurao enter data with the
summary screen wamexpected. Based on comments from the Director at the FHT, there had been
reminders to staff prdating the implementation of the summary screen (FHT Director, personal
communication, Febary 15, 2017). By this comment, it appears some $ssavshe summary screen as
an accentuation of management reminders to enter data on time, and had a negativeTlit@aason.
further described by anotherspondentvho said the summary screendeadhen f e e | Afanxi ous a
unhappyo, and complained that @Athe summary screen
Anxiety and unhappiness from users are very strong words. However, the true cause of anxiety is
not the summary screen or tdistatistidsaSpecificallp, theuserhe user 6
complained that the summary screen caused anxiety because the system reminded them that they had no
show visits on their record. This would be akin to a student expressing anxiety over seeing their grades
posted on a krning management platforiRegardless, if users feel that the summary screen is tracking
their progress closely as a proxy manager, it is understandable that performance tracking could cause
anxiety.This correlatesvith some of the historical findings tie XmR for delaywhich showed that
increased pressure reduced delay; however, this comment suggests the adaption was not necessarily a
positive response to managementdéds oversight.
In terms of improving the summary screen, a few design heuristics nppgllagiate some of
this anxiety. Currently, the data provided is onl
management did not fetilatthe organization was ready to compare users; management had anticipated
negative outcomes to &1s seeing their performance compared to other users. However, in this case a
comparison might help alleviate some of the anxiety of this user by normalizing their results. If a user is
worried about their performance, would it not be helpful for thenemtbe performance of other, similar
users? A comparison paradigm coul ahddngagementhand | d a wu
reduce potential anxieties about their own dakds concept is incorporated inpartof the PSD model,
which describsnormative influence and social facilitation as design principles. However, the impact of
these principles would have a different response. Regardless, thigadiebnot be difficult to
incorporate into the summascreen.
Contrasting esponsesgvere given regardinghe summary screeiVhereas some users expressed
seeing a carrot, others saw a sti8&sed on the data and outcomes, this would be an example where
performance and preference are not correlateqipeargperformance is oeoring where prefrence is

not.
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9.5.5 Primary Care User Hypotheses

Case studies can lead to a deeper understanding of the subject, generate useful infandation
generate hypotheséslyvbjerg, 2006) With the result$rom this field study, my hypotheses about
tradeoffs can be improved@hrough logistic regression ohapter7, | developed three hypothesis about
primary care users. These hypotheses included (1) Users entering timeijlldetale off othertypes of
data gality (e.g. validity), (2) Users have the ability to achieve validity and completeness at the same
time, and (3)Jsersare presently using their data as a necessity to thpdiata when it is late. This
chapter has allowed me to further build on thegmotheses.

The first hypothesis, thasars prioritize their time which impacts data qualitgs further
supportedby my results. | did observe tradeoffs and time conservation when the implementation was
deployed (per the delay XmRigure 21 and Figure2Z2. However, the users sacrificed completeness (at
the intervention, per the XmRjgure24). Validity was not significanthaffected In chapter7, |
hypothesized thaisers entering timely data (e.g. users prioritizing their time) impacted validity
completenesdn this case, | have evidence that this prioritizatiffactscompleteness. Thus, more
generally, receiving and encdmgystanpasagsihavenel v dat a
evidence that completeness and validity can be impactdchblness

My second hypothesis, that users have the ability to achieve validity and completeness at the
same timemay require further consideratidduring the intervention validity held but completeness
droppedmmediately, before recovering after a transient pefibg. XmR for completenegEigure24)
is an interestin@rtifact and suggesthat the intervention itself introduced an immediate change in how
users behave. Users may have decided to quickly get their data up to date, and took shortcuts to achieve
this goal. Thus, accuracy and completeness can be achievdthegously if there are no changes in the
ecosystem.

Finally, | proposedhatusers are presently using their data as a necessity to input the data when it
is late Conceptuallythe idea was that as delay increased, users would need to run more Hejhists
was true, as the delay decreased after the intervention, | would have expected the number of reports
generated to drop. However, no statistically significant change in the number of reportswasatedn
(Figure26). This hypothesis would require further testing, but presénigynot compatible with my

results from this chapter.

9.5.6 Limitations

The measures used for data quality were imperfect. This imsitmithe issues discussed in
chapterr . On one hand, | 6ve shown how to gather insig

for objective data quality measurememkernatively, | 6 v e¢he lanitatiomsof trying to measure
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data quality in aystem that was never designed for objective data quality measurements. The validity
measure, for example, was mostly measured as valid and was not a good discriminator. Suggesting that
the summary screen had a minimal impact on data validity may natdrecat conclusion because the
measure may not fully capture this data quality concept. The same measure was removed from regression
analysis irchapter7.

Another limitation is the number of measurements after the implementation. Waigheageeks
of measures after the introduction of the summary scatewed me to show thatl@ehaviourchange
occurred that waelated to data input and data qualftyther measurewill be needed to qualify this
change as either short or long term. This would require ongoing work, as different types of persuasive
elements would need to be tested over several years to measure the length of effects.

Several practical benefits to engjag in applied research with a single Fit€re experienced
was lucky to have such an engaged and interested partner tvitlodn both a case study and a field
study. Doing both studies with the same organization, however, may have introduce@jotigirsthe
process control that may have amplified some results. For example, | suspected a secondary process at
play in the delay measure. It is unlikely that the 60% drop in delay is fully attributable to the summary
screen. This secondary process thaye been partially inducday the results ofhapter7. In a perfect
world, two separate organizations would have been involved to avoidghés to bettaregulate this
potential problemandimprove the separation tie results of the summary sanéetervention from

other processes

9.5.7 Future Work

As a result of this field study, design improvements and additional evaluations would be both interesting

and appropriate.

9.5.7.1 Improvements to the Summary Screen

Several design improvements would improve tisability of thesummary screeand further improve the
data quality measures in the system
1. The current version only has a 6Same Day Perce
improving this measure of data quality. As a next step, other badgatdéoata quality
di mensions could also be introduced. The next
badge that could provide users with additional feedback to improve data quality.
2. Several users suggested adjusting the summary screen saltes not appear after every

encounter. The summary screen could be programmed to appear once per day, or the content
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could be moved to the right side of the input screen. This would communicate the information
without introducing an additional click it input process.

3. Introducing careful comparisons to user data could help them better understand the meaning of
their data and give better context. For example, if a user has a 1Skewaateit would be
hel pful to under st-shawd rtahe ahidnitdh@s$ rshpw mdle ssd on
rate. This change would likely entail changing the existing pie charts into bar graphs.

4. Several users complained of system performance issues. These should be resolved by
programmers to minimize the impact oéthew screen on overall time requirementstaed
recording task

5. Several users made usability improvement suggestions. They were mostly special use cases that
arise from users moving between physical locations. These changes should improve the reporting
tool 6s base usability.

9.5.7.2 Additional Analyses and Evaluation

My results have beajuite encouraging and interestingeveral important avenuesn be taketo

continue investigating the findings

1. The measures have shown immediat®rtterm improvementOinaskukkonen & Harjumaa
(2009)suggest that lontermbehaviourchange is very difficult. Therefore, it will beteresting
to see if there are lasting effects, and if those effects last for a long period of time. A return to
6 n o r bekalidumwithin severamonths or not,would be quiténteresting anavould provide
evidence of longvs. shorttermbehaviouimpacts. This woulgrovide an opportunity to further

debrief usersandadijust the summary scremmaximize the length of the impact

2. A few other FHTs in the province of Ontario are using the same report tool for statistical
purposes. It would be interesting to do a reproduction study and work with an organization that
has not had a previous history of data quality improvement with n@ the summary screen
has been through a few more iterations, this will be worth negotiating. This would help

understand how much of t®% reductionn delay $ attributable to the Ul change.

3. Several Ul elements have been deployed simultaneouslyritisar which specific element on
the summary screen is causing a change, or if a combination of persuasive akateihy

simultaneously.
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9.6 Chapter Summary

9.6.1 Key Findings

Several interesting insights result from this study.

Intervention Evaluation Method: A simple approach to evaléed design would be to do a pre
post comparison of a set of users. A patregbt can provide statistical measures, but in a noisy system it
is possible to either have positive or negative findings based on system wnaisengensate for this, |
used SPC to put the data into context with a complimentary toolkit. What was interesting was that the
results | calculated with a simplégst matched the results | foundainalysingmy dataset with SPC. In
this case, there wascarrelation of results. In addition, SPC provided opportunities for some interesting
insights about the system by prompting me to ask questions about events over a period of time. This
woul d not have been possi bl e fuwe studiesaSPG coulchbea i c 6 e x p
valuable tool for assessing the impact of human factors interventions in a real lsysterse iis
relatively simple and easy to communicate.

Simple Intervention with Measurable Results:The intervention that was deployedad the

reporting tooldés workfl ow made an i mpact on dat a
and the systemb6s input areas and business |l ogic w
was primarily i nt esmdseplessingdata qudlity eoncern,tirheBness, ldnd &vas

successful. A simply summary screen presented to users can impact data quality andedteanger
Context & Environment: The analysis of assignable causes in my entry delay SPC allowed me
to measre periodic organizational impacts on data quality. Quarterly trend changes were associated with
reporting cycles and organisational culture. It was clear when management was interested in tracking
data, and when it was not. This supports the idea thagality is part of a bigger soeiechnical
system and that the coding task is impacted by th
User Tradeoffs: The drop in the completeness measure was fascinating because, upon
investigation, it was caused by users adapting to tiegistraints in a similar way. Multiple users adapted
tothenewsamed ay heuristic by picking the 61 do not kno\
idea that data quality is part of a bigger seteichnical system and that the coding tasknjzacted by the
user cognition and decision making.
Neutral Feedback:According to the Likerscale questions on the survey, users were relatively
neutral about the summary screen. The SUS score for both the reporting system and the system screen
could betranslated as mereg OKd and coul d be i mproved. Other tha

loading data on the summary screen, the change was neither positive nor negative. The free text
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comments suggests that some users saw carrots (e.g. motivators add)resde others saw sticks
(e.g. pressure to enter data).

Performance Anxiety: Some concerning claimsaidthat the intervention made users feel
unhappy and anxious about their data. Originally, comparators were not introduced into the system
because magement felt it would introduce competition between users and cause stress. Comparators
could also have the alternate effect of normalizing data for users and reducing their anxiety about data.
This idea would need to be further investigated.

9.6.2 Connections to Case Study and Research Questions

| have three research questions:
1. In primary care, how are individual users influenced by th@iironmento inputhigh-quality
data?
What techniques could be used to design systems that persuade usershigharguality data?

3. Isit possible to improve data quality in primary care by persuading users with the user interface?

Based on the results of this chaptatisicovered othering interesting ways in which individual users are
influenced by thie environmentandwas able to measure the impacts of organizational pressure and user
decision making. By introducing a new screen and not changing any of the input fields on the reporting
tool, I was able to improve data quality by eluding to ecological variables. @atasquality is not a

technical problem, but a complex sotézhnical problem and the output of a series of processes, polices,
technology and workflows.

This chaptehas shown that is possible to improve and change data quality through changes to
theuser interface. In this case, PDT has been effective at making a measurable change and impacting
several data quality measures. PDT was deployed without changing input scrieeoisig a task change
within the interface.

This chapter has shown that P3Tan effective technique for persuading users. However, this
study was not able to capture which element or design concept, specifically, contributed to an
improvement. A combinatioaf CWA, FBM, and PSD appear to have supported the design of effective

solutions during the case studihere is merit to using PD to improve data quality in primary care.

9.6.3 Connections to Other Chapters

In chapterB, | linked my work with CWA to my designs, and my design concepts are linked to
the results of this chapteZWA is linked forward to my results. However, my results have also validated
some of the findings | incorporated into my CWAs. Specifically, during 3tidentified that users are

triggered to adopt different strategies accordngrganizational pressure sAvell, the choice of
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strategies has an impact on input delay. When | saw the results of the XmR fdiFdplay 21 and
Figure 22 and received some context for the patterns from the, Fit@sable to validate the previous
modellingchoices and the assation between the results of my chapters.

Anot her example was my ConTAd&6s characterizatio
behavioumanifested itself when the summary screen was deployed. The fact that a significant number of
users reacted in tharme way and chose to traok their time againstlata quality in similar ways was
interesting and unexpected.
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Part D

Concl usi on

PartD of my dissertatiomprovides aconclusionby summarizing my findings and contributions
and discussing thgeneralizability of my results
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Chapter 10

Concl usi ons

To conclude my dissertation, | will highlight some key themes and ideas, review my contribution

to the literature, discuss some limitations, and describe future research.

10.1 Case Study and Research Questions

During my dissertation, | used an instrumental case study approach to answer three research questions.

10.1.1 How are individual users influenced by their environment to input high -quality
data?

My case study investigated the contextual cooiét relevant to understanding data quality, and
how users are influenced by themvironment CWA was an excellent framework to document my
findings. | was able to identify and document several ways in which users are influenced by their
environment This was accomplished through a WDA of patient treatment and two CWAs of data
codification. Appendices A through E offer a rich description of influencing factors. Interesting insights
and comparisons also were discussed in chapter 6 and further descwbgghbat the primary care

environmenis unique compared to the codification environment at a community hospital.

10.1.2 What techniques could be used to design systems that persuade users to enter
higher -quality data?

The techniques that can be used to persuade users span the entirety of the dissertation. CWA, as
an analytical technique, provides very useful information and context. Pairing this technique with the PSD
through my ecological approach to PD also showethim®. The full suite of techniques include a
systems analysis with CWA, a measurement of data quality as a baseline with qualitative and quantitate

approaches, and a use of PDT to develop interventions.

10.1.3 Is it possible to improve data quality in primary ca re by persuading users with the

user interface?

During my field study in chapter 9, | was able to demonstrate that it is possible to improve data

quality, specifically the timeliness dimension, by using a PD approach.

10.1.4 Other Findings

Through my case studialso gathered other insights about data quality in primary care including:
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1. The crux of the data quality challenge in primary care is that clinicians are asked to manage time
and balance priorities. Coding data involves more than entering a code ihtooaidg data
incorporates several ecological aspects (such as role assignment and training, record ownership,
professional values and standards, funding models, and quality improvement initiatives) and user

decision making (such as choosing time managesteategies).

2. Hospitals code data effectively with dedicated teams, but struggle with providing timely data;
HIMPs produce reliable and higjuality data, but regime data is not a reality.

3. | have observed consistent tradeoffs in data quality in pyicere. In this sense, it appears that
asking clinicians to enter higuality structured data can feel like a game of wkaaohole.
Achieving all facets of data quality is very difficult; data consumers will need to prioritize their
most pressing data ditg concerns.

4. Some very basic data entry issues must be resolved before the era8fd&gn and Big Data
in healthcare can truly begin.

Through the case study, | have benefited from wor
reporting system wasimple enough to use for longitudinal data quality research but sophisticated enough

to offer insights about data quality and coding within a primary @ave@onment It would have been

challenging to study user behaviour and their tradeoffs, and dadigions with PD, as well as deploy

intervention in manageable research cycles.

10.2 Summary of Contributions

I have made numerous contributions to the field of human factors engineering and data quality, and have

produced a number of papers that are cugremder review.

10.2.1 Contributions to Human Factors Engineering

I have made the following contribution to the field of Human Factors Engineering:

1. | demonstrated that CWA is a flexible and versatile tool. My models of patient treatment and data
quality are thdirst of their kind and help broaden the applications anecases for CWA.

2. | built on the work oBurns et al. (2004and developed an approach for comparing CWA
analyses. | demonstrated how this approach can be used to extract interesting andsigigsie in

from similar domains and inform design.
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3. 1 built on work byRezai & Burns (2014and developed an approach to link CWA, the FBM, and
PSD. This ecological approach to PD allowed me to design persuasion elements that were

effective at changing user behaviour in a complex context.

4. | demonstrated the use of SPC as a measurement appraafibld study and validated this

approach against a more 6classicd experimental

10.2.2 Contributions to Health Informatics and Data Quality

I have made the following contributions to the field of Health Informatics:

1. | developed a patient treatment Alvht adopts a biopsychosocial perspective and can be used to

design better EMR systems in primary care.
2. lused CWA to describe the environmental factors that influence data codification and data entry.

3. | developed an approach for developing measures [fioimary care reporting system, and

reported baseline measures for use and comparison by other engineers.

4. |developed several PD concepts that could be introduced into primary care systems to improve

data quality.

5. 1 built on existing approaches to improgidata quality through social persuasion (geg.
Lusignan et al., 2006; van der Bij et al., 20f@)incorporatinghem into an effective PDT in a
primary care system. This is the first use of the PSD to identify design principles for changing
clinician® behavi our regarding data entry and is ad

the use of technology makes the persuasion consistent and systematic to all users.

10.3 Generalization of Findings

There will be questions about the generalizability of nsgts. In many ways, my work has
addressed the 6l ow hanging fruitdé in a FhHen report
thatit is possible tanalyse aocictechnical system, and emulate successful social processes with
technologyto change data entry behaviouldy models were specific to this conteand itis unlikely
thata third party could adopt my models and persuasion context verbatim to replicate results elsewhere.

In this sense, my work is a recipe agmplatefor future wok. Applying this work to EMR solutions
will require assessing the applicability of the CWA models and determining appropriate design goals for a
persuasive interventiodome differencebetween areas will be trivial; thoughivacy laws areot

identicalfrom jurisdiction to jurisdictionthesedifferences are unlikely to obfuscate the overall analysis
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and findings. Similarly,@rminology issuesuch as using the acronyMR or EHR,arenot fundamental
barriers to understanding and appreciating the work.

Generally, ng CWA models are a starting point for understanding other primary care
environnents,and could be used to understdmubpital coding environments. Usiny models and
findingsin Canada and Europe, where there are similar single payer healthcare systems, should not
require a foundational rework. However, usmgmodels in the United States may prove challenging.
For example, primary cara the United States transforms ande®data based on the requirements of
severabprivate insurance companies. This introducesitieet i on of &6upcodi ngd with |
biasing of data for economic purpogetersh et al., 2013)As my models were developed to represent a
singlepayer scenario, whenghysicians are essentially independamitrepreneurs anuncompetitive
monopoly several nuances and relationships between data, health, ecoraomisgstem sustainability
could be fundamentally different. Readers from the UnitettStaill need to carefully consider the
premises of my models, and may have success with incorporating ideas from behavioural economics.

Regardless of the specific jurisdiction and contéxXuture readersgppreciating system
differences and understand how other systems operate could prove very valudhlgis arguably a
significant strength afny work and could be interesting on the wider international sTdgeidea of
understandingnternationaldifferences igascinating andcould be an effdive use of CWA comparisons

in the future to assess generalizability.

10.4 Future Research

Based on the results of my research, some interesting opportunities are provided for further research.

10.4.1 Other Areas of Healthcare

In many areas of healthcare, cliniciame asked to enter and codify data. Some of these
situations require the use of a baiitform, or require data entry into a secondary syskEnexample, in
the longterm care sector, nurses are being asked to fill out specific patient assessmentseaatpin
a format called RAMDS (Guthrie et al., 2014; Hirdes et al., 20085 well, in primary care, it is
common to use custom forms to codify ddtaese systems and use cases mimic quite closely the system
| studied in my dissertation. My work si@escribed an approach to establishing data quality benchmarks,
comparing workflows and ecologies, and looking for PDs to improve data quality. It could be applied to

other areas, which could bring value to the healthcare system.

10.4.2 Better Persuasion for Bet ter Data

My approach to using PDs is at its infancy and will need to develop alongside innovations to

EMRs and developments in the PD community. Presently, there are few examples of persuading clinical
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users, and the literature is placing an emphasi®osutner side PD. As my results were very
encouraging, | would like to continue perfecting the use of PD principles to change the behaviours of
clinicians and improve data quality. There are obviously many more concepts and directions to explore.
Identifying which concepts are more effective than others would be very valuable work. The issue of
short vs. longterm impacts on behaviours would also be interesting to catalogue and understand.
Based on previous studies, social comparisons might prove toldg &ifiective; this would
need to be explored with partners interested in changing organizational norms and exploring the
polarizing issue of user and performance comparisons. Some of this work might involve continuing to
work with current colleagues torther develop the current Summary Screen. Some of this work might
include finding ways replicate my results within EMRs. Government agencies also might be interested in
incorporating PD principles as inexpensive approaches to improving overall data iguakty
registries.
Generally, years of work remain to grow to our full understanding of how to incentivize data
guality through the use of PDT strategies, as part of a larger and more complex ecosystem.

10.4.3 Compar ison of Additional Systems

I would like tocontinue developing my comparison approach and work on additional examples. |
genuinely believe that some very interesting insights could be transferred between complex systems with
this approach. The approach will need to be further refined and perfeatédhelieve it could be a
helpful addition to CWA when used to compare more disparate systems.
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of Patient Treatment (AH 1.A & 1.B)

Abstraction Hierarchies
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Work Domain Analysis of Data Codification

Appendix B
Abstraction Hierarchy of Data Codification in a Family Health Team (AH 2.1)
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AH 2.1- Functional Purpose (FP)

p | BoxName Description & Rational for Links in AF2.1

in AH2.1 Functional Purpose Modeling Choices How (AF)

FP1| Monitor Primary care users code data to measure and monitor AF2
Population population health within the community. Coded data ca AF4
Health help identifypatients withcommon chronic diseaseghis AR5

is mediated by quality initiative®.g. programs that are
funded to target specific patient populationahd
professional valueg.g. an interest in running a
preventative practice that priorities chronic disease
management)

FP2| Maximize Primary care users code data to maximize revenues. AF1
Revenues Codification can help physicians identify patients who a AF3

eligible for special billing, and may also be a requireme AR
for billing the Government®rimary care physicians are

able to bill the Governmenwith special codes to receive
bonuspaymentsif data is coded properlylhis is mediateq

by funding models, professional values and organizatio
benchmarks.

FP3| Maximize Codificationcan allowclinicians to activate decision AF2
Patient support tools, such as the drug interaction module of ar AF4
Health EMRor facilitate the adoption of best practice guidelines AF5
Outcomes This helps maximize patient health outcomehis is AR

mediated by quality improvement initiatives, professal
values and relative norms.

FP4| Facilitate Identifying patients and codifying data can support AF2
Continuity of | patients in their journey across the healthcare system. | AF3
Care example, there are initiatives to identify and track patier AF4

who haveCOPDThe purpose of these initiatives is to AF5
improve their cae through dentification, and to reduce AF6
their readmission rates in hospitdrlhis is mediated by AF
professional guidelines, quality improvement programs,
training, relative norms and information flow.

FP5| Accountability| Within Family Health Teams, reports need to be genera AF6

to Public
Purse

to the Government to demonstrate accountability for
funding. Coded data, which can be created within a
registry, can be used to generate accurate reportss is

mediated by performance benchmarks.
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AH 2.1- Abstract Function (AF)

o ) Links in AF2.1

D Box Name Descrlptlo_n & Ratlor_lal for _
in AH2.1 Abstract Function Modeling Choices Why | How
(FP) | (GF)

AF1| Funding In primary care, there are potential bonuses FP2 | GF1

Models associated with care. For example, a physician is GF2
eligible to bill an extra code to the Government
every quarter for diabetic patient§unding models
allow clinicians to maximize revenues and
incentivizecertain coding practicesPriority codes
are associated with funding models.

AF2| Best Practice | Best practice guidelines can help clinicians provid, FP1 | GF2

Guidelines the best care and maximize health outcomes. FP3 | GF4
Coding records allows for the identificatioh FP4
patients to apply best practice guidelin€3uidelines
will influence which codes are needed as a priority

AF3| Legal and Legal documentation standards moderate revenu¢ FP2 | GF1
Professional and provide a record of diagnosis that rationalize | FP4 | GF3
Documentation| and support codification. To facilitate the continuit]

Standards of care, documentation standaramsust be adopted
to support and maximize transfers of care.

AF4| Quality Quality improvement initiatives aim to improve FP1 | GF2
Improvement | health care qualityQuality improvement initiatives | FP3 | GF4

also address documentatiayapsand data quality FP4 | GF5
problems Quality improvement maximizes health

outcomes, facilitates theantinuity of care and

allows a family health team to monitor population

health. These programs guide improvement.

AF5| Professional | Professional values and training play a role in FP1 | GF1
Values and whether or not a clinician withoose to code their | FP3 | GF3
Training data, or approve amendments suggested by allieq FP4 | GR

health professionalslraining also influences how
clinicians record information in reporting registries

AR5 | Benchmarks | Benchmarks and norms are useylthe Government FP1 | GRB
and Norms and health team administration to compare FP2 | GR

performance between employees and organizatio| FP3
Benchmarks give users a reason to input data, as| FP4
enables them to compare themselves to FP5
benchmarks.

AF7 | Information Information Flow is a representation of informatioy FP4 | GF6
Flow that enters the system, is used and is stored in an GRB

EMR registry or mental model GPR
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AH 2.1- Generalized Function (GF)

- . Links in AR2.1
D Box Name Description & Rational for
in AH2.1 | Generalizedrunction Modeling Choices| Why | How | Within
(AF) (PF) GF

GF1 | Associate | As part of data quality programs, clinician

Code are encouraged to use common To GF6
terminology and codes within the EMR. Il AF1 from
this workflow, clinicians associate the AF3 PF2 | AH1L.A
recommended code to a note or diagnosi{ AF5 from
field. Easy to remember codes are taken GF2
from a shortlist.

GF2 | Create As part of data quality programs, common  AF1 PF1
Priority codes are suggested as a shortlist for AR2 PF3 | To GF1
Code List | clinicians to adopt in their records. AF4 PF6

GF3 | Approve The owner othe medical records From
Updates (generally the family physician) must AF3 PF1

! : GF4
approve changes to their records, since AF5 PF2 to GE6
they are the health information custodian.

GF4 | Suggest Allied health professional and data quality

- : PF3 | To GF3
Updates specialists review records and suggest AF2
e PF5 from
and Codes | changes and codes to enhance clinical AF4
) PF6 GF5
documentation.

GF5 | Find and Allied health professional and data quality To GB,
Review specialists create searches and find recoy AF4 PF3 from
Records that meetspecific criteria GF6

GF6 | Data Sink | Data comes from and goes into the EMR
(EMR) system afteibeing processethrough AF PF4 | To GF5

workflows.

AH | Treat Data is created during patiefreatment. A

1.A | Patients separate abstraction hierarchy represents AH 1x | AH 1.x To GF6,

+ | with this domain.This generates data to the | To GF8

AH | Medical EMR and forms the basis for summary dg To GF1

1.B | Records and codification.

GF8 | Summarize | Clinicians who work for Family Health

. . o AF5 From
Encounter | Teams must summarize their activities fo
) : . AF6 PF5 GF7
reporting purposes. Data is collected in a AF7 To GE9
registry, or inside the EMR

GF9 | Data Sink | The data registry is used to create A PET7 From

(Registry) | Government reports GF8
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AH 2.1- Physical Function (PF)

. i Links in AR2.1
D Box Name I_Descrlptlon & Ratlonal for _ e T
in AH2.1 Physical Function Modeling Choices y ow
(GF) | (PFo)
PF1 Team Team structures play an important role in
Structures | workflows andinfluence the type of authority that | GF2 PFol
allied health professionals havegarding GF3
information and codes within the medical record
PF2 Primary Primary Physicians are the medical record owne
Physician They are important actorthat must approve any GF1 | PFo3
(Record changes or amendments to the medical record. | GF3
Owner)
PF3 Data Data speialists (such as Quality Improvement
Specialist(s) | Decision Support Specialists) are employed by GE2
Family Health Teams to work twealth care quality GE4 PFo2
improvement anddata quality improvement PFo3
: : . GF5
projects.They provide expertise and workflow
support.
PF4 | Medical Record All information that is coded needs tee reflective
: : : " ) PFo4
of theinformation contained within the medical GF6 PEG
record.
PF5 | Allied Health | Allied Health Professionadse responsible for
Professionals | providing additional health care services in clinici GF4 | PFo3
They have patient treatments roles, coding roles| GF8 | PF®
andsupport a variety of workflows.
PF6 Reference | External reference terminology and nomenclaturg
Terminologies | (such as IGID0-CA) are internationally recognized
) : | GF2 | PFo3
and lists ofcodes that can be used to consistent codif] GE4 | PEoa
Nomenclatures| data and ensure is it easier to tag data and find
information when required.
PF7 Encounter | The encounter registry at a Family Health Team
Registry database where information is stored and used f
Government reporting purposeshis role can GF9 | PFa
sometimes also be filled by reports from the EMHR
if data is properly coded.
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AH 2.1- PhysicaForm (PFo)

Box Name
in AH2.1

Description & Rational for

Links in AHR2.1

Physical Form Modeling Choices

Why (PF)

PFol

Organizational
Structure

The organization type and structure will
influence how clinical teams are structured.
Some family healtieam are governed by a
community board, while others are governed
by a board of physicianSome clinics work
with independent doctors, while others work
in larger groups or networks.

PF1

PFo2

Mandate

Data specialists have varying mandates bas
ontheir experience and role at a Family
Health Team. This is an important attribute i
understanding how a data specialist will
approach data workflowand support quality
improvement

PF3

PFo3

Training and
Experience

Experience level is an importaattribute for
physicians (record owners), data specialists
and allied health professionalhis has an
impact on coding.

PF2
PF3
PF5
PF6

PFo4

Complexity of
Clinical Case

The complexity of a clinical case and patient
status will have an important impact on the
medical record and may impact the ability to
accurately code diagnoses.

PF4
PF6

PF®

Quality of
Documentation

The quality of records will have an important
impacton the medicalecord and impact the
ability for other clinicians to interpret data,

properly code datand understand the clinicg
case

PF4
PF6

PFo6

Type of
Clinician

Allied Health Professionals can be different
types of clinicians. This will impabtir scope
of practice and their ability to code different
types of informationSome clinicians might

have a data quality mandate, or a health car
quality improvement role.

PF5

PFo7

Purpose / Use

The purpose of a registry will influence what
data isentered into the system, and how that
data will be used. This will impact which fielg

are required and how information is collecte

PF7
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Abstraction Hierarchy of Data Codification in a Community Hospital (AH 3.1)
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AH 3.1- Functional Purpose (FP)

p | BoxName Description & Rational for Links in AH 3.1
in AH 3.1 Functional Purpose Modeling Choices How (AF)
FP1 Monitor In community hospitals, data is coded and provided to
Population | Government agencies, suchthg Canadian Institute of AF2
Health Health Information (CIHIJo monitor patient health and AF4
health delivery. CIHI generates annual reports based o AR5
this data.
FP2| Maximize | Coded data is used to calculate resource intensity scorsg
Revenues | for patient visits. New funding models, such as the Hea AF1
System Research Fund (HSRF) program, redigbn AF3
guality coded data to generate appropriate compensatic AF6
for hospitals Revenue generatiors an increasingly
important reason to code accurate data.
FP3| Maximize | The codification of data in community hospitals enableg
Patient the identification of community trends, such as the AF2
Health prevalence of mental healttiiagnoses. Hospitals can use AF3
Outcomes | this information to create interventions aimed at helping AF4
specific patient populationsCoded data is not available i AF5
the Hospital Information System (HIS) and hospitals arg AF6
only able to enhance the outcomes of future patients
through audits of historic performance.
FP4| Facilitate Identifying patients and codifying data ctire hospital
Continuityof | 6 SGGSNJ ARSY (A TFe a8dssutie LI G A
Care healthcare systenand better understand reasons for-re
admissions. Coding data allows hospitals to relate data
back to other sectors of the healthcare system, such as AF4
: o ) . AF
primary careFFor example, there are initiatives to identify
and track patients who have CORInded datahelps
identify future opportunities to improve the health care
system.
FP5| Accountability| In community hospitals, data is coded and provided to AF1
to Public D2@OSNYYSyid F3SyOAaSas &dzO- AF6
Purse compare regions and hospitals, and generate

accountability within hospitals when benchmarks and
delivery norms are not achieve@IHI generatesyblic
report cards and hospital rankings based on coded data
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AH 3.1- Abstract Function (AF)

Links in AH
D Box Name Description & Rational for 3.1
in AH 3.1 Abstract Function Modeling Choices Why | How
(FP) | (GF)
AF1 Funding In hospitals, funding is provided through several
Models mechanisms. New funding modédiave increased the
importance ofhigh-quality data, such as the Health
System Research Fund (HSRF) program. These n] FP2 | GF3
need to be taken into consideration when coding FP5 | GR
data ard ensuring the captured data is complete an
accurate New funding models give hospitals
increasing reasons to code data.
AF2| Best Practice | Best practice guidelines can help clinicians provide
Guidelines | the best care and maximize healtiitcomes. Coding
. e . FP1
records allows for the identification of patients to
) e . FP3 | Gh
apply best practice guidelineSince there is a delay
in coding, befspractice adherence is measured
retrospectively.
AF3 Legal and | Legal documentation standards provide a record 0
Professional | diagnosis that rationalize and support codificatiém.
. : : . . . . FP2
Documentation| hospitals, if data is not in a medical record, it canng EP3 GF4
Standards | be coded Documentation standards are also shape
by policies and procedures.
AF4 Quality Quality improvement initiatives aim to improve
Improvement | health care quality. To support higher care quality,
quality improvement initiatives also address FP1
. . . GF4
documentation and data quality. Quality FP3 GF5
improvement maximizes health outcomes, facilitatg FP4
the continuity of cae and allowghe hospitalto
monitor population health.
AF5| Professional | Professional ethics dictate that if data is not in a
Values and | medical record, it cannot be coded. Trainamgd
. o FP3 | GF3
Training valuesalso enable clinicians to fuljocument
encountersin their notes to support coding.
AF6 | Benchmarks | Benchmarks and norms are usedtbg Government | FP1
. ) . , GF8
and Relative | and hospital administratioto compare performance| FP2
- GF9
Norms and understand minimum workflow performance. | FP3
Benchmarks support workflows and system goals.| FP5
AF7 | Information | Information Flow is a representation of information GF6
Flow that enters the systm, is used and is stored in a FP4 | GF8
hospital information system, or abstract database. GF9
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AH 3.1- Generalized Function (GF)

- . Links in AH 3.1
D Box Name Description & Rational for
in AH 3.1 Generalized Function Modeling Choices | Why | How | Within
(AF) | (PF) GF
GF3| Perform | If Health Information Management
. L From
Updates | professionals (e.g. Coders) detect deficienci
e : AFl | PF1| GF4
or errors within medical records, the most
: e AF5 | PF2 To
responsible physician must perform updates GE6
or risk losing hospital privileges. '
GF4| Request | If coders detect deficiencies or errors within
) . To
Updates | medical records, thewill formally request an
. AF3 | PF1 | GF3,
update or amendment. Records might be
- . AF4 | PF5 | from
deficient because of quality, or because of GE5
minimum legal requirements.
GF5| Findand | As part of normal quality assurance process
) ; : . To
Review | during coding, Health Information
. ) . AF2 GF4,
Records | Management professionals review medical AF3 PF5 from
records to ensure they are complete and GE6
error-free.
GF6 | Data Sink | Data comes from and goes into th®spital
HIg Information System (HIS) and is also To
supported by paper record3he HIS feeds AF PF4 | GF5, to
data abstracting and coding as the abstracte GF8
did not personally treat patients.
AH Treat Data is created basetlringpatient
1.A Patients | treatment. A separate abstraction hierarchy | AH AH
+ with represents this domairiThis abstraction puts | 1.x 1.x | To GF6
AH Medical | data into the hospital information system
1B Records | (HIS).
GF8 | Summarize| Health Information Management
Encounter | professionals review medical records and AF1 PF5 | From
create abstracts by summarizing and coding AF6 PF6 | GF6
data to represent the clinical encounter. AF7
GF9 | Data Sink | The abstraction software collects the
(Registry) | summarized and coded information, which iy AF6 PET7 From
eventually transformed into a single file and| AF GF8
submitted to CIHI on a monthly basis.
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AH 3.1- Physical Function (PF)

. i Links in AH 3.1
D Box Name I_Descrlptlon & Ratlc_)nal for _ e T
in AH 3.1 Physical Functiomodeling Choices y ow
(GF) | (PFo)

PF1 | Team Team structures and dynamics play an importay GF3 | PFol

Structures role in workflows and influence the type of GF4
authority thatHealth Information Management
Professionalsare givenwithin the hospital and the
influence they have on clinicdbcumentation

PF2 | Most Hospitalsarethe medical record owners. The GF3 | PFo3
Responsible most responsible physician must perfoamy
Physician changes or amendments to the medical record.

PF4 | Medical Record All information that is coded needs to reflect whi GF6 | PFo4

information is contained within the medical
record.

PF5 | HIM Health Information ManagememRrofessionals ar¢ GF4 | PFo3
Professionals | responsible for providinépr codingdata, GF5 | PF@

reviewing records for quality arglipporing a GF8
variety ofrecordsrelatedworkflows.

PF6 | Reference External reference terminology and GF8 | PFo4
Terminologies | nomenclatures (such as IAD-CA) are PFo5
and internationally recognized codes that can be usg
Nomenclatures| to consistent codify data and ensure is it easier

tag data and find information when required.

PF7 | Encounter The encounter registrwith the hospitalis a GF9 | PF@
Registry database wher@abstracted datds storedand

used for reportingo Government agencies.
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AH 3.1- Physical Form (PFo)

5 Box Name Description & Rational for Links in AH 3.1
in AH 3.1 Physical Form Modelin@hoices Why (PF)
PFol| Organizational | The organization type and structure will influence PF1
Structure how teams are structurednd supported Teaching
hospitals may be structured differently than
community hospitals. The size of themmunity
hospital will also impact its organizational
structure.
PFo3| Experienceand | Experience level is an impant attribute for PF2
Training physicians andllied health professionals. PF5
PFo4| Complexity of | The complexity of a clinical case and patient stat PF4
Clinical Case | will have an important impact on the medical
record and may impact the ability to accurately
code diagnoses.
PF® | Quality of The guality of documentation within medical PF4
Documentation | recordsimpacts the Health Information
al yI 3SYSyid LINRFSaairzyl
information.
PFo7| Purpose / Use | The purpose of a registry will influence what datg PF6
entered into the system, and how that data will b PF7

used. This will impact which fieldse required and
how information is collected. y K2 & LJA G |
registries (such as DADs and NACRS) are mana
and mandated by lawlhe purpose of data will als
influence which references terminologies are
required to describe the clinical situatiavith
codes.
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Appendix C

Control Task Analysis Decision Ladders and Summary Tables

Summarize Encounter in RegisttyBasdine (Control Task 1.1)

CONTROL TASK ANALYSIS

Summarize Encounter in Registry

DL11

Primary Care

9. User halances available time vs value
proposition of entering data quality vs
accurately vs delay.

EVALUATE
8. User knows
whether tlherle isa 10. Desired
conflict in the oriti d
business [REERET) priorities an
. data entry goals
requirements,
) known.
amount of available
time, or data goals.
INTERPRET

6. Whether all patient
visits have been
entered into the

registry.

7. Evaluate the
data entry task.

o

11. Desired priorities
and data entry goals
known.

be summarized and
recorded in the IMS
system at some time.

1. User
treats
patient

ACTIVATION

PROCEDURE

5. Identify which
patients need to be IDENTIFY DEFINE TASK 12. Identify the system
entered into the that will accept registry
regjstry. data.
4. User knows
whether patients have SETOF 13. Data input system is
been seen and should OBSERV selected.
be recorded.
3. User determines ; .
14. Identify which
eeniaate | oBseRve FORMULATE | cat ctements wi
i PROCEDURE | be required by the
the registry and system
which has not. e
2. A patient visit must 15. Desired

elements identified
and available to
enter.

16. User
submits
data
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CONTROL TASK ANALYSIS
Decision Ladder Summary

DLSUM 1.1
Primary Care

Summarize Encounten Registryc Basdine (Control Task 1.1)

Related Abstraction Hierarchies: AH 1.A, AH 1.B, AH 2.1
Descendant Decision Ladders: DL 1.1.1 (Novice), DL 1.1.2 (Intermediate), DL 1.1.3 (

Step | Ladder Code | Text Description

1 Activation User treatspatient. Patients are seen daily by users, who are als

clinicians.

2 | Alert A patient visit must be | After each patient visit, a user must enter a
summarized and record into the registry system.
recorded in the
reportingsystem at
some time.

3 | Observe User determines what | The user must determine whether or not the
data has been recorded yist has been recorded into the registry. In
Into the registry and some situations, this is trivial. At other times,
which has not. users delay their entry of the encoter by

several weeks and it is not always clear whic
entries have been entered, and which have n
4 | Setof | Userknows whether | The useris presented with, or has a mental
Observations| patients have been seel model, of all thepatients that have been seen
and should be recorded and that should have an entry in the registry.

5 | Identify Identify which patients | Based on the list of patients seen and patient
need to be entered into| current in the registry, the user can identify
the registry. which patient encounters must still be entered

into the system and which have previously
been documented.

6 | System State| Whether all patient The useinterpretsthe system state and know
visits have been entereq which users must be entered, and which are
into the registry. already present.

7 | Interpret Evaluate the data entry | The user evaluates the scope of the task. Thg
task. user may assess the amount of available timg

and whether the requiredhformation is
available.

8 | Ambiguity | User knows Wwether The user may enter a state of ambiguity. The

there is a conflict in the
business requirements,
amount of available
time, or data goals.

may conflicting business requirements such g
seeing more patients, or spending time
entering data into the registry.
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9 |Evaluate User balances availablg The wser will balance their time and priorities.
time vs value _ Users will determine whether they should
proposition of entering | invest more time to record data accurately, ol
data quality vs delay entry tasks, gurovide high levels of
accurately vs delay. detail.
10 | Ultimate Desired priorities and
Goal dataentry goals
understood. The user understands their ultimate goal, as
11 | Goal State Desired priorities and ri?fﬁi]t?hz?rliggf ;::fonr(;?r:'els' They wil
data entry goals P gy
selected.
12 | Define Task | Identify the system that| The user identifies the system required to ent
will accept registry data; gata into the registry. The user may also
require information from other systems, such
a4 GKS OfAyAaAdQa StSO
paper record system.
13 | Task Data input systens The user selects and opens required tools.
selected.
14 | Formulate | Identify which data The user identifies which data elements will
Procedure elements will be required to enter data into the registry.
required by the system.
15 | Procedure | Desiredelements The user knows which values belong to whicl
identified and available | fie|ds in the registry data entry tool.
to enter.
16 | Execute User submits data. The user enters all values and submits data.
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] I e

Primary Care
Novice User

EVALUATE

AMBIQUITY

INTERPRET

The novice user
performs the task
immediately after

seeing a patient

and does not @
need to identify
which patients
need to be
entered into the
registry No need
to observe
system data to
identify patient.

IDENTIFY

Perceived
as a
System
state

®

OBSERVE

The novice user
knows there was a
patient visit that must
be entered into the
system registry

User
treats ACTIVATION
patient

Identified

in terms of

deviation
from system state

©

DEFINE TASK

FORMULATE
PROCEDURE

EXECUTE

The novice user does not
challenge the usefulness
or purpose of entering
data into the registry and
follows business rules.
Their goal is to enter data
accurately and on time.

The novice user
determines which
screen needs to be
used to enter data
into the registry.

The novice user
understands the
task required.

The novice user
reviews the entry
screens and
collects any
necessary data
from memory or
the EMR.

The novice user is
ready to enter the
required
information into
the system.

User
submits
data
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Summarize Encounter in RegisttyNovice User (Control Task 1.1.1)

Related Abstraction Hierarchies: AH 1.A, AH 1.B, AH 2.1

RelatedDecisionLadders: DL 1.1, DL 1.1.2 (intermediate), DL 1.1.3 (Expert)

Step | Novice Approach Type Ladder Code Abstraction Level
AH 1.A, Generalized
Begin| User treats patient Event Activation Functions, Assess
Patient
Thenoviceuser knows there was
a patientvisit that must be AH 2.1Generalized
. . Knowledge . :
A | entered into the system registry Alert Function, Summarize
) State
and knows what patient data Encounter
must be entered.
The useperceiveghe situation
- as a System state; data is not Shortcut -
entered and must bentered.
The novice user performs the
task immediately after seeing a
patient and does noheed to Information AH 2.1 Abstract
B | identify which patientsieed to Processing Identify FunctionsBenchmarks
be entered into the registryNo Activity Norms and Standards
need to observe systemr look
at reportsto identify patiens.
Userldentifiesthe situation in
- terms of deviation from system Shortcut -
state.
The novice user does not
challenge the us_efulnes_s or AH 2.1 Abstract
purpose of entering datmto the | Knowledge .
C ; . Goal State | Functions, Benchmark
registry and follows business State
: : Norms and Standards
rules. Their goal is to enter data
accurately and on time.
The novice user determines Information AH 2.1 Abstract
D | which tools are required to ente Processing Define Task | Functions, Information
datainto the registry. Activity Flow
Thenoviceuser understands the AH 2.1 Generalized
: Knowledge : :
E | tools requiredto perform the Task Function, Summarize
State
task Encounter
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Thenoviceuser reviews the entry

Information AH 2.1 Abstract
screens and collects any . Formulate . .
F Processing Functions, Information
necessary data from memory or Activity Procedure Flow
the EMR.
G | Thenoviceuser is ready to enter AH 2.1Generalized
S 7 Knowledge ) :
the required informatiorinto the State Procedure Function, Summarize
system. Encounter
: . H 2.1 Generali
End | Novice ser submits data. Event Execute A Generalized

Function, Data Sink
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Summarize Encounter in Registry

DL112

Primary Care
Intermediate User

The Intermediate user considers: How much time is available to enter data into the
register? How will data be used? Is high quality data required? Is accuracy important?
What are consequences of putting data into system or choosing not to enter data into
system? Who will use the data? Why is the data being collected?

EVALUATE

The intermediate user understands a
need to balance business requirements
and to identify priorities and goals.

®

The Intermediate user reviews list of patients to

@

Intermediate user balance the time
TS @ required to enter accurate data versus
the value of the data or consequences

of delay.

enter into the system and makes an assessment.

The Intermediate user has a list of

patients that need to be entered

INTERPRET

©

into registry to enter a ‘fully
completed’ state.

The Intermediate user
determines which
patient visits need to be
entered into the registry

IDENTIFY

Perceived
as a system
state

The Intermediate
user collects reports
from the registry
and compares to
daysheets from the
EMR to determine
what data has been
recorded into the
registry and which
have not.

SET OF
OBSERV

OBSERVE

The Intermediate user
knows there was a
patient visit that must
be entered into the
system registry

User
treats ACTIVATION
patient

DEFINE TASK

Interpreted
In terms of a task

Intermediate user
knows the type of
data quality they will
enter and how to

enter it.
The intermediate
user reviews the
@ entry screens and FORMULATE
collects any | PROCEDURE
necessary data from '

memory or the EMR. . .
The intermediate

user is ready to
@ enter the
required

information into
the system.

EXECUTE

PROCEDURE

User
submits
data
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Summarize Encounter in Registryntermediate User (Control Task 1.1.2)
Related Abstraction Hierarchies: AH 1.A, AH 1.B, AH 2.1
Related Decision Ladders: DL 1.1, DL INotice), DL 1.1.3 (Expert)

Step | Intermediate Approach Type Ladder Code | Abstraction Level
AH 1.A, Generalize(
Intermediate user treats patient. Event Activation Functions, Assess
Patient
The mtermedlat'e user _knows AH 2.1Generalized
there was a patient visit that Knowledge . .
. Alert Function, Summarize
must be entered into the system State
; Encounter
registry
The intermediate user collects
reports from the registry and Information AH 2.1 Generalized
compares to daysheets from the . : .
. Processing Observe Function, Find and
EMR to determine what data ha o .
: Activity Review Records
been recordednto the registry
and which have not.
The intermediate useperceives
the situation as a system state. sh
Data is not entered and must be orteut i
entered.
The intermediate user AH 2:1,Ger_1erallzed
) ) . - . Function, Find and
determines which patient visits | Information .
) . . Review Records,
need to be entered into the Processing Identify
. ) o & AH2.1,Abstract
registry after observing data frorj  Activity . .
) Functions, Information
reports and scheduling systems
Flow
The mtermedlate user has a list AH 2.1Generalized
of patients that need to be Knowledge . .

. . System State | Function, Summarize
entered into registry to enter a State Encounter
WTdzA & O2YLIX Si
Thelntermedlate user reviews _ AH 2.1 Generalized
list of patients to enter into the | Information . .

) Function, Summarize
system and makes an assessm¢ Processing Interpret :
. L o Encounter Professiona
regarding current priorities and Activity -
. . Training
available time.
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The intermediate user
understands a need to balance | Knowledge - AH 2.1 Functional

F . . Ambiguity
business requirements and to State Purposes
identify priorities and goals.

The intermediate user evaluates
severa! que_stlons_,, such as: How AH 2.1 Abstract
much time is available to enter ) )
. . . FunctionsProfessional
data into the register? How will Trainin
data be used? Isigh-quality data| Information 9
. . ) ) AH 2.1 Generalized
G | required? Is accuracy important| Processing Evaluate . .
- Function, Summarize
What are consequences of Activity
utting data into system or Encounter
putting y . & AH 2.1Functional
choosihg not to enter data into PUIDOSES
system? Who will use the data? P
Why is the data being collected?
Intermediate user determines
goal: choice to balance the time AH 2.1 Abstract
required to enter accurate data Functions,

g | versus the value of the data. Knowledge Ultimate Goal Organizational
Identifies if timeliness of data is State Efficiencies, Relative
important visa-vis available time Norms, Professional
and capacity to see more Training
patients.

Intermediate useinterprets
- situation in terms of a task. The Shortcut -
task itself is understood.
The intermediate user AH 2.1 Abstract
. Knowledge . .
I understandghe tools required to Task Functions, Information
State
perform task. Flow
The intermediate user reviews Information AH 2.1 Abstract
the entry screens and collects . Formulate . .

J Processing Functions, Information
any necessary data from memot Activity Procedure Flow
or the EMR.

The intermediate user is ready t AH 2.1 Generalized
L . Knowledge . .

K enter the required information Procedure Function, Summarize
) State
into the system. Encounter
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End

Intermediate user submits data.

Event

Execute

AH 2.1 Generalized
Function, Data Sink
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