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University of Washington
Abstract

Supporting Collaborative Clinical Trial Protocol Writing
through an Annotation Design

Chunhua Weng

Chair of the Supervisory Committee:
Assistant Professor John H. Gennari
Department of Medical Education and Biomedical Informatics

Clinical trial protocols are important documents that guide clinical research.
Modem protocol development requires collective expertise from a group of
Loosely-Coupled protocol writers, who work across distances and time zones.
Email has been the primary communication tool for these protocol writers.
Unfortunately, it inadequately supports collaborative writing tasks. Without
appropriate groupware technology, these protocol writers often compromise work
efficiency and the degree of collaboration to complete their tasks. This situation is
exhibited at the Southwest Oncology Group (SWOG), one of the Cooperative
Group Programs under the direction of NCI. While it is clear that its current work
practices do not support optimal collaboration, it is unclear how to improve the
collaboration and communication in such group work because the complexities of
collaborative protocol development has rarely been studied. This research utilizes
and extends Computer-supported Cooperative Work (CSCW) theories to identify

the problems in protocol development and to design groupware technology for



supporting this group work. This dissertation consists of four parts: (1) qualitative
fieldwork of the collaborative protocol writing process at SWOG; (2) a design of
an annotation model that facilitates in-context communication around evolving
documents during the iterative reviewing and revising process; {3) a design and an
implementation of a protocol collaborative authoring tool (PCAT) that embodies
the annotation model from #2 to address group work problems identified in #1;
and (4) a validation of the usability of the annotation model and the PCAT
prototype. In addition, this dissertation implements a grounded design process and
contributes a socio-technical design of groupware technology in a healthcare

setting to the literature of socio-technical approaches for system design,
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Chapter 1: Annotation for Collaborative Writing

Collaborative writing permeates many aspects of our working life. It plays a role
in a number of different tasks, such as collaborative design, collaborative
information integration, and group learning. Writing improves with iterative
reviews and revisions, However, the iterative reviewing and revising process is
often fraught with significant challenges for conflict resolving, change
representation, group coordination, and so forth (Farkas 1987; Posner and
Baecker 1992; Beck 1993; Sharples 1993). This dissertation addresses such
challenges for iterative reviews and revisions during the collaborative writing
process. Over the past decade, various annotation systems have been designed to
support collaborative reviewing of digital documents (Churchill, Trevor et al.
2000; Kahan, Koivunen et al. 2001; Brush 2002; Handschuh and Staab 2002). In
these systems, annotations are created as in-line comments embedded in digital
documents. Most of them, however, only work with static documents and barely
support annotation management. There has been little technology that supports
annotation on evolving documents and effectively manages shared digital

annotations from multiple reviewers throughout iterative reviews and revisions.

My primary research goal is to understand and to support annotation during the
collaborative writing process in the hope of improving in-context group
communication around evolving documents. Here, “document” is a broad concept

that refers to any written artifact, such as a text document, a software program, or
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a flowchart diagram, In addition, “communication” has multiple meanings: (1)
group discussion; (2) group awareness through shared feedback; and (3) persistent
group conversations, “In-context communication” means communication situated
in the context where the communication is inspired from or focused on; the
context could be a piece of text in a document or a topic on which multiple

messages are focused.

To achieve my primary research goal, I have selected a particular organization
that is dedicated 1o cancer clinical trial protocol development through
collaborative writing efforts, the Southwest Oncology Group (SWOG). I will
describe in section 1.2 the characteristics of the group and the documents that they

develop in the daily work.

Suchman initiates the concept of “situated action” (Suchman 1987) and
emphasizes the importance of “making work visible” for system designers
{(Suchman 1995}, Guided by her advice, 1 try to situate my system designs in a
thorough understanding of the work. Therefore, my second research goal is to

understand the group work of creating cancer clinical trial protocols.

Following these two research goals, my dissertation research consiéts of three
parts: qualitative fieldwork, system prototyping, and evaluations for both. In the
field work, I investigated the annotation uses in SWOG, identified the dynamic
properties of annotations, and created a new annotation model to support

collaborative writing of cancer clinical trial protocols. In the system prototyping
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process, | designed a web-based collaborative writing system that improves group
awareness and in-context communication for collaborative clinical trial protocol
writers. In addition, the first two parts are closely intertwined, as I will describe in
Section 1.4 and Chapter Three. Next I describe the broad context of my research

and the major messages in each chapter.

1.1. Broad Context: Annotations and Collaborative Writing

Collaborative writing has become a well-known group activity because of the
increasing need for collaboration in work and life. Many organizational leaders or
school teachers have used it as an effective pedagogical tool to facilitate
collaborative learning in c¢lassrooms or within organizations (Wolfe 2002). The
writing product can vary from a software program to a document. All of these
writing processes need iterative review and revisions because writing improves
over iterations and is not usually an all-at-once effort. Below I demonstrate how
iterative review and revisions are both essential and similar in two example

scenarios of collaborative writing.

Scenario One: Software Program Design

Modern software design often involves team work, where software designers play
varied roles or work on different parts of a software project. Team members, such
as testers or requirements engineers, often make annotations on a shared piece of
code or a shared requirements specification document. These annotations can

indicate bugs in the code, suggest improvement for coding techniques, or record
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revision notes associated with the code or the requirements specification
document. Software designers later revise the code or the requirements
specification document following the suggestions indicated by the annotations.
The review and revision process continues to iterate throughout the entire

software design and development cycle.

Scenario Two: Collaborative Writing of Research Documents

Scientific collaboration requires collaborative researchers to write research
documents or scientific papers together, where they play different roles such as
reviewers or editors. Currently there 1s no widely adopted annotation tool for
collaborative writers to carry out the collaborative reviewing task. Following the
most popular group writing strategy, writers write independently first, and then
review one another’s writings by making and sharing the comments within the
group. Later the chief editor selectively incorporates the comments, revise the
writings, and distribute the newer versions of documents to the group for

subsequent reviews.

In both of these scenarios, software designers and rescarchers use annotations or
comments in their collaborative writing processes. According to Webopedia
{WebOpedia 2005), an annotation is “a comment attached to a particular section
of a document. It is a way to use computers in a workgroup environment to edit
and review work. The creator of a document sends it to reviewers who then mark

it up electronically with annotations and return it. The document's creator then
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reads the annotations and adjusts the document appropriately.” These shared
annotations or comments serve as communication channels and knowledge
sources for collaborative writers during iterative reviews and revisions. Two
major challenges confront collaborative writers here: (1) to ensure that
communication carried out through annotations always occurs in the appropriate
context while development documents are being changed and (2) to consolidate
inconsistent annotations from collaborative writers. In reality, collaborative
writers often have to communicate and share review comments separately from
documents, as I will illustrate in Chapter Four, There is little prior knowledge
about how comments have been used by collaborative writers and how

technology could improve annotation uses in collaborative writing settings.

Over the past decade, digital annotation technology has become a burgeoning
research area to support the development of digital libraries and the semantic web.
However, approaches to digital annotations are still limited by the view of
annotation as static labels that serve as metadata or commentary messages for
static documents. Most annotation designs ignore the fact that documents may
change. Therefore, once the document that an annotation is attached to is changed,
the annotation may become orphaned, obsolete, or ineffective (Cadiz, Gupta et al.

2000, Brush 2002).

Limited by the assumption of a static document, prior research rarely addresses
the challenges involved in collaborative annotation on evolving written artifacts

and there is no efficient mechanism to manage annotations throughout the
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lifecycle of a developing document. In addition, little research has been done to
investigate the functions of digital annotations in coilaborative design activities,

such as collaborative writing.

Motivated by the above research problems, I focus my research on understanding
and supporting annotation for iterative reviews and revisions of the collaborative
writing process. In this dissertation, I have carried out my research in an example
setting of collaborative writing in a medical domain, an organization that develops

cancer clinical trial protocols through collaborative writing efforts.

1.2. Collaborative Clinical Trial Protocol Writing

Evidence-based medical practice relies on carefully controlled clinical research.

As described by the National Cancer Institute (NCI):

Over the last several decades the medical community has come fo
recognize that the reliable assessment of new therapies in people must be
a formal, structured process. Determining whether a new thervapy actually
makes sick people better, or whether a new preventive agent really
prevents disease in people at risk, requires that studies be designed,
performed, analyzed, and reported with great care. Otherwise, they will

not vield reliable conclusions.(Armitage 2003)

Clinical trial protocols are the important documents that provide details for

rigorous clinical research and assure the quality of clinical care. Protocol
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development is a very important step early in the life cycle of clinical research
because any error generated during this step may propagate and magnify itself
downstream in the process. In reality, the current protocol development process is
far from ideal. It is a tedious process for most protocol writers, Moreover,
generated protocols may contain errors, such as inconsistency and incompleteness,

which are primarily introduced during writing.

Protocol development is complex in part because it requires collective expertise
from biostatistics, oncology, radiology, patient care, immunology, and possibly
other domains. Therefore, group work among multidisciplinary clinical trial
researchers is indispensable. The NCI has sponsored the Cooperative Group
Program (CGP), which promotes and supports multi-center trials for cancer
treatment, prevention, and early detection. The Southwest Oncology Group
(SWOQG) is a CGP member. Protocol writers affiliated with SWOG are widely
distributed across the country. Specifically, the statistical center is located in
Seattle, WA the operational office is in San Antonio, TX; numerous principal
investigators for clinical trial designs are ail over the country. Currently, SWOG
protocol writers use email and Microsoft Word as their collaborative writing tools.
They frequently face challenges from version control, communication, and group
coordination. Word provides a “Track Changes” feature, but unless every writer
uses it, the entire collaborative process can break down. Additionally, although
email is the primary communication tool for protocol writers, it is not designed to

support group discussion, process knowledge management, or group progress
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tracking. In addition, email does not adequately support information management
within a group. Very often a response to an important question posted by NCI is
buried somewhere in someone’s personal emails; hence it is difficult for the
writing team to retrieve this email six months later when they want to justify their

answers to NCL

Unaided by groupware technology support, SWOG adjusts its work practices to
minimize mistakes in protocol development. While SWOG protocol writers are
aware that their work practices do not support optimal collaboration, they do not
know how to improve the collaboration and communication in such group work
practices because the complexities of collaborative clinical trial protocol
development have rarely been studied. Although many efforts have been made to
support clinical trial protocol development, none has investigated the process for
protocol development (van der Lei 2000); therefore, little is known about what
technology might be useful and available for improving the quality and ¢fficiency
of the group work for protocol development. Over the past several years, SWOG
has made efforts to improve its protocol development productivity and work
efficiency by trying out different information systems from outside software

vendors. Unfortunately, so far none of them has worked successfully.
1.3. Support for Collaborative Clinical Trial Protocol Writing

The current situation within SWOG motivates this research to gain an in-depth

knowledge about collaborative protocol writing and to explore the design space of
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an appropriate tool for supporting the group work and in-context communication

among collaborative clinical trial protocol writers.

1.3.1. Research Questions

This dissertation work aims to answer the following research questions:

1. What is the SWOG collaborative clinical trial protocol writing process like?

2. How can we create an annotation design to support in-context communication

for collaborative writers during iterative review and revisions?

3. How can the annotation design support collaborative protocol writing at

SWOG?

4, What lessons about healthcare groupware design can we learn from this

research?

Research question #1 motivates me to investigate collaborative writing at SWOG
and to understand communication complexities and annotation uses in the
collaborative clinical trial protocol writing process. Research question #2
motivates me to design a new annotation model that sﬁpports annotation on
evolving documents generated during the collaborative writing process. To
address research question #3, I validate the usefulness of the annotation design by
implementing it as a system prototype at SWOG. Through the system design and

prototyping process, [ try to understand the possible challenges for healthcare
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groupware design. By addressing research question #4, I reflect on my work and
summarize useful techniques for healthcare groupware designs, with a hope that
this knowledge may be generalizable to group work support in other healthcare

settings.
1.3.2. Research Hypotheses

I propose that a system supporting annotations on evolving documents during
iterative reviewing and revisions can enhance in-context communication among
collaborative writers. An understanding of the work details and user needs of
collaborative clinical trial protocol writers at SWOG is integral to the design of
such a system and can be strengthened through the evolutionary system

profolyping process.

In support of this general hypothesis, | make two usefulness claims in my research:
(1) an understanding of the current protocol writing process within SWOG is
useful for the design of a system that supports collaborative clinical trial protocol
writing over distances and (2) the system proposed in this research is useful to
SWOG protocol writers. In Section 1.4, I describe the methodology that I used to

carry out my research and to validate these claims.
1.3.3. Related Prior Work

Group work for clinical trial protocol development has barely been examined

from the perspective of Computer-supported Cooperative Work (CSCW).
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Previous efforts to support clinical protocol development are mainly from the
knowledge representation perspective and are represented by Design a Trial
(Modgil and Hammond 2003), EON (Tu and Musen 1996), and PROforma (Fox J
1998). Most of these existing knowledge-based protocol design systems are
designed for a single clinical trial designer or are limited in research stages. They
have not been through field trials by clinical trial researchers. They focus on
encoding developed protocols in computerized formats and supporting execution
or sharing of protocols on computer, but fail to augment the natural group work
for protocol development among collaborative and multidisciplinary clinical
researchers. In contrast, my research is focused on the support of group work,

especially group communication, for collaborative clinical trial protocol writers.

To support in-context communication around evolving documents among
collaborative clinical trial protocol writers, my work integrates and extends prior
work from the following research areas: (1) communication support from
collaborative writing research; (2) in-context asynchronous communication
support from collaborative design research; and (3) socio-technical approaches for

system designs.

There are few longitudinal studies of collaborative writing (Beck 1993). Most of
these studies are limited in that they were carried out in experimental settings for
a short period of time (less than three months). Protocol writing is special for
these characteristics: (1) it has a longer duration (usually 4-12 months in average);

(2) it happens in a real-world work setting; (3) it involves people with more varied



12
specialty expertise; and (4) there are rigorous review processes and high quality
expectations for the resulting document. It is unknown how the collaborative
clinical trial protocol writing process may be different from the previously studied
processes, what challenges may be specific to the domain of chinical research, and

what challenges may generalize.

A system design is the ultimate goal of a work process study. The communication
issue has been one of four core issues in collaborative writing system designs
(Sharples 1993). However, many synchro.nous collaborative writing systems do
not have direct support for communication: they either assume collaborative
writers can coordinate communication outside editors by other means or that the
writing is used for the communication purpose. Prior systems do not address
issues such as design rationale capture, in-situ discussion, and feedback support
between reviewers and editors; therefore, the potential for group communication

support that annotations hold has not been fully brought out.

Web-based collaborative writing systems quickly emerged with the development
of the web; representative systems include wiki (Burrow 2004), BSCW
{Horstmann and Bentley 1997), REDUCE (C. Sun 1997), and Web-Blogging
{Treese 2004). These systems view annotations as merely static metadata or
annotations, rather than as a leading force that drives the evolution of shared
documents. Clinical protocol development has rigorous reviewing and revision

procedures, which are poorly supported by these collaborative writing systems.
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Writing is an iterative process and reviewing is an important component for
quality control. Discussions among collaborative writers are crucial in framing
ideas and generating content. If those discussions are not well linked to the
evolving document, collaborafive writers can easily lose the context for their
communication. Sharples concurred on this point by saying that successful
communication in collaborative writing should be in context (Sharples 1993).
Existing collaborative writing system designs rarely address support for in-
context communication. However, this topic has been active in other two closely
related research areas, design rationale capture and annotation support, which
have made great advancement supporting in-context communication among
asynchronous collaborators. My research to support annotation during
collaborative writing, with a particular focus on improving in-context
communication during iterative reviews and revisions, connects multiple research
areas, including armmotation design, collaborative writing support, and design

rationale capture (Lee and Lai 1991).

An appropriate design methodology is essential to a successful system design. In
addition to creating an annotation model and a collaborative writing system, I
refer to the literature for socio-technical approaches to system design, including
prior work on participatory design, ethnographic fieldwork, and other groupware

design methodologies. In Chapter Two I elaborate on this literature in more detail.
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1.4. Methodology: A Socio-Technical Approach

Aiming at increasing the mutual feedback between qualitative fieldwork and
participatory design and achieving the synergy between both, I implemented a
socio-technical approach as illustrated in Figure 1.1. Expanding on Cockton’s use

of the term (Cockton 1999), 1 call this approach grounded design.

Qualitative Participatory
Fieldwork > pe_ /< Design

O |G|

Formative
Evaluations

—

Figure 1.1 A Grounded Design Model

According to Figure 1.1, this grounded design process consists of three
intertwined components: qualitative fieldwork and participatory design, both
aided by formative evaluations. Qualitative figldwork investigates instances of
working roles and their work activities, and then sensitizes designers with the
working context. Participatory design engages role-based user advocates, who
understand users and can articulate their user needs to designers, to participate in
the evolutionary prototyping process. I conducted formative evaluations to
understand the interaction between user advocates and the prototypes, and to elicit

user feedback for the prototype design. Formative evaluations also complement
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the fieldwork with user input from the prototyping process. With this design
model, I carried out qualitative data analyses throughout the iterative design
process for deriving subsequent design hypotheses, identifying the focus for the
subsequent field work, and adding to the knowledge of the work context. 1 will
provide details for my research methodology in Chapter Three. Using this model,
my work leads to three categories of research results: field knowledge about
collaborative writing at SWOG (Chapter Four), a design to support collaborative
writing through annotations (Chapter Five and Six), and evaluation results and

lessons learned about groupware design (Chapter Seven).

1.5. Results: Field Knowledge for Protocol Development

Through interviews, participatory observations, and participatory designs, this
work provides an understanding of the collaborative process of protocol
development in the distributed organization SWOG. The major findings focus on

the following aspects:

e What are the characteristics of collaborative clinical trial protocol writing

processes?

» How do protocol writers review and revise clinical trial protocols under

development?

e How do distributed protocol writers communicate and coordinate within a

group?
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¢ What are the major challenges for collaboration among distributed clinical

trial protocol writers with various specialty expertises?

s What are the design recommendations for supporting collaborative protocol

writers?

I elaborate on the answers to these questions in Chapter Four. Briefly,
collaborative clinical trial protocol writing process is a loosely-coupled
collaboration (Haake and Wilson 1992), where collaborators work
asynchronously and autonomously most of time. Protocol writers have disparate
training backgrounds and expertise, and work in different roles. Many protocol
writers also do not share a consistent view of the protocol writing process, SWOG
uses several strategies to avoid errors in collaborative writing, including the
adoption of the single-scriber strategy and several writers’ strategy (Posner and
Baecker 1992) at different stages of the protocol development and the policy to
distribute about only three drafts for reviews. The biggest challenge for SWOG
protocol development comes from iterative reviewing and revising of protocol
drafts, where in-context communication support is greatly needed. Part of this

field knowledge inspired my design of an annotation model (Chapter Five).
1.6. Results: An Annotation Model for Collaborative Writing

I propose that an annotation model with dynamic properties such as contextual
and activity information is useful for collaborative work around evolving

documents. This annotation model defines both the communication context and
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the document context for an annotation. A design of life cycle management for
annotations helps users distinguish resolved annotations from unprocessed ones. I
propose that it _is unnecessary to robustly anchor every annotation to a new draft
m collaborative writing if this annotation has already been incorporated or
resolved. My annotation model defines an activity status for every annotation and
this status information could help alleviate the “annotation overflow” problem in
an evolving information space. The transitions of the annotation status enable
collaborative writers to understand what happens to a particular annotation by
indicating whether there are responses to an annotation, whether annotations are
incorporated into a newer version of the document, and so on. Milestones in an
annotation’s life cycle could vary from system to system depending on the
particular work. For collaborative writing support purposes, I define five statuses
for an annotation: “unread”, “read”, “responded”, “resolved”, and “incorporated™.
With the status information, reviewers can stay aware when their opinions are
received by others; writers can indicate their work progress by changing the status
of annotations to “incorporated”. Compared to existing annotation models, which
do not support annotation incorporation and do not provide feedback to reviewers

about how annotations are received by editors, this annotation design provides

mproved feedback between reviewers and editors.

Compared to existing annotation models such as RDF (Brickley and Guha 2004)
and Dublin Core (Campbell 2002), this model has the following major additions:

(1) it supports life cycle management for annotations; status information



18
determines the stage of an annotation in its life cycle and supports progress
tracking and improves feedback between reviewers and editors; (2) it provides
richer context information for annotations, including version information of the
document, a physical text anchor in the document, as well as conversation context
through pointers to threaded discussions; and (3) it defines structured
communication messages and facilitates flexible annotation sorting based on
annotation’s different fields. Figure 1.2 shows an example of the status transition
diagram for annotations and how annotations are carried across versions during
collaborative writing processes. In Chapter Five, I will elaborate on this

annotation model, its design principles and properties.

Version [—UIP Read
Unread N-1 —— » Incorporated
y y__g Incorporated

Read —
evIsion
| oo ereien| Revion |

l<v‘% Responded @
Y
Version
—— P Read
Incorporated Resolved N
I

Figure 1.2 Status Transition and Design Rationale Capture
1.7. Results: The Protocol Collaborative Authoring Tool (PCAT)

To embody the above annotation design and to further understand the

collaborative work among protocol writers by using a tool for user engagement, I
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designed and prototyped a web-based collaborative writing system prototype
called the Protocol Collaborative Authoring Tool (PCAT). PCAT supports these
features: (1) awareness of the group work and individual contributions to the
evolving document, (2) a shared repository of documents and annotations with
version control for both, and (3) a web-based integrated reviewing and revising

cnvironment.

PCAT enables multiple protocol writers distributed over distances to review a
shared web document or to edit different sections of the document synchronously.
When protocol writers work asynchronously, they can track review and revision
progress by subscribing to email notifications or by browsing activity histories for
all annotations. Annotations can be shared within the group immediately after
they are created. An annotation starts its status with “Unread;” later the status may
be changed to “read”, “responded”, “resolved™, or “incorporated.” (See Figure 1.2)
Annotations can also be threaded based on their topics to support in-context
communication among collaborative writers. Once the shared document is
changed or revised, unprocessed annotations will receive updated version
information to stay consistent with the evolving document, while incorporated or
resolved annotations will be automatically archived and hidden from the view of

the updated document, In this way, collaborative writers can focus their work on

unprocessed annotations only.

As an integrated collaborative writing environment, PCAT also supports user

management, web email, progress report, and other web services.
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Figure 1.3 In-Context Discussion within PCAT

Figure 1.3 shows a screen shot of PCAT. I present the full details and functions of

this system in Chapter Six.

1.8. Evaluation Results

I conducted formative evaluations throughout the PCAT system prototyping
process and carried out two case studies of the PCAT prototype to validate the
design of the annotation model and PCAT. I used participatory observation, semi-
structured interviews, and survey techniques to collect user feedback during their
uses of the prototype system. I will present the full details of these results in

Chapter Seven. To summarize, my results show that SWOG users acknowledge
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the usefulness of the annotation design, Among all the features, the top three
highest-rated features are (1) pinpointing text in a document for an annotation (2)
highlighting annotations from different reviewers in different colors and (3)
addressing annotations to specified users for communication purposes. User
feedback indicated that annotation sharing among collaborative writers is a
double-edged sword. On one hand, there is an increased accessibility of
annotations; on the other hand, the work load is shifting among users and there is
an increase in the efforts for users to read shared annotations, which were not

accessible before using the system.

I also analyzed the accumulated formative evaluation results throughout the
participatory design process and identified a number of socio-technical challenges
for system adoption in this healthcare setting. The challenges include changing
user requirements, expanding user needs, lacking user incentives, disparate user
backgrounds, and subtle organizational nuances. Such challenges may generalize

to other group work settings.

Overall these evaluation results help me better understand: (1) the uses of digital
annotations during collaborative writing; (2) the organizational challenges for
designs of healthcare groupware; and (3) the user needs for collaborative protocol

writing support. I present the details of the evaluation results in Chapter Seven.
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1.9. Significance

This work has contributions for three fields: Medical Informatics, Computer
Supported Cooperative Work (CSCW), and Social-technical Designs. This work
provides an initial knowledge about the collaborative clinical trial protocol
development process at SWOG and extends research on asynchronous
collaboration around evolving documents. [ designed an annotation model with
improved support for in-context communication for collaborative writers. I also
contributed a prototype collaborative clinical trial protocol writing system to
cancer clinical trial researchers at SWOG. Moreover, this work supports
collaborative writing by integrating and extending research from multiple
connected areas such as annotation, collaborative writing, and design rationale
capture. To validate the generalizability of my field knowledge and my system
design is beyond the scope of my dissertation, but my work provides a basis to

further this research. I will elaborate on these contributions in Chapter Eight.
1.10. Guide for the Reader

The remainder of this dissertation elaborates on the ideas and work presented in
this chapter. In Chapter Two, I review and discuss related work that this research
has built on. In Chapter Three, I describe the methodological approach that is
being taken by the work. In Chapter Four, I describe a field study of the group
work for clinical trial protocol development Withh} SWOG. Chapter Five provides

the details for an annotation model that supports asynchronous collaboration
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around evolving documents. Chapter Six describes the PCAT prototype system
for collaborative clinical trial protocol reviewing and writing over the Internet.
Chapter Seven describes the evaluations designed to validate the usefulness of the
designs of the annotation model and the PCAT prototype system, Chapter Eight
provides a reflection of the work and lessons leamed about healthcare groupware
design and the major contributions made by this work. I conclude in Chapter
Eight with challenges for healthcare groupware design and remaining research

issues for my future work,
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Chapter 2: Related Work

To support communication around evolving documents in the collaborative
writing process, it is important to understand the embedded communication
complexities and challenges. I describe previous efforts to support protocol
development in section 2.1. My work integrates and extends on prior work from
multiple areas in a fruitful way. In section 2.2 1 describe previous studies and
understandings about collaborative writing processes including their
communication characteristics and tool support needs. On this basis, in section 2.3,
I describe and compare éommunication support in multiple different domains. In
section 2.4 I describe existing socio-technical approaches to groupware designs

and analyze their strengths and limitations.
2.1, Efforts Supporting Protocol Development

A few earlier medical informatics researchers have recognized the importance of
supporting clinical trial designs. For example, Hammond and Modgil et al.
developed a knowledge-based system called “Design a Trial” to critique trial
design ideas provided by doctors and to generate natural language protocol text
(Modgil and Hammond 2003). Musen and Tu used a knowledge-based approach
to support protocol knowledge representation in EON (Musen, Tu et al. 1996).
Some other efforts for clinical trial design support vary from workflow
streamlining, such as WITH (Fazi 2002), to providing sharable and reusable text,

such as WebCTES (Franciosi, MacLeod et al. 2001).
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These tools facilitate the automation, standardization, and dissemination of
clinical protocol knowledge; but they have some common limitations. First, most
of them take a knowledge-based approach to design rigorously computable
models for protocols. Such knowledge-based systems are not intuitive to domain
experts and necessitate assistance from knowledge engineers, who might
complicate the task. Second, group-writing task is often characterized by a high
degree of ambiguity and the lack of a fixed goal. Such work requires support for
interactive and expressive group communication, which is often missing in
knowledge-based systems for protoco] development. Most of them are designed
for a single author, A few recent studies have shown that protocol development is
a collaborative scientific process that relies on achieving consensus within a
interdisciplinary group of clinical trial experts (van der Lei 2000; Fazi, Luzi et al,
2001; McDonald, Weng et al. 2004). However, so far no prior research has
investigated the work process, either single or group, for clinical trial protocol

development.

2.2. Understandings of Collaborative Writing Processes

Previous studies about collaborative writing offer relevant knowledge to my work
from the following aspects: (1) the nature and complexities in the collaborative
writing groups; (2) the challenges involved in iterative reviews and revisions; and

(3) the communication support needs among collaborative writers. I conclude this
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section with an analysis of the need to investigate clinical trial protocol writing

processes.
2.2.1. Nature of Collaborative Writing

Quite a number of researchers have gained understandings of collaborative
writing processes through surveys or interviews (Lunsford 1992; Posner and
Baecker 1992; Beck 1993). Beck surveyed the experiences of twenty three
academic collaborative authors. He found that discussions took place during
writing more than before or after writing, and adherence to an initial plan was not
seen as an important determinant of success. Collaborative writing is reported to
be a dynamic process with continuous negotiation and re-negotiation of questions
related to content or the group. Posner and Baecker interviewed individuals
working on twenty two collaborative writing projects from computer science,
medicine, psychology, and other areas. They demonstrated the rich strategies used
by co-writers, such as single writer, single scriber, separate writers, and joint
writers. They also provided thirteen design requirements for collaborative writing
systems, such as “preserve collaborator identities”, “support communication such
as annotation,” and “support separate document segments.” Such requirements
partly inform the design of the collaborative writing system in this work as
Chapter 6 describes. Ede and Lunsford also studied collaborative writing and
concluded that collaborative writing is not a stable or coherent construct, and it
occurs in complex and multiple modalities. They found that (1) authority drives

the hierarchical structure of a collaborative writing group; (2) productivity and
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efficiency is valued through assembling information to solve problems; (3) the
dialog is loosely structured; and (4) the roles of writers are fluid. These results
imply that it is important to understand the orgamizational structure and
characteristics of collaboration among protocol writers when we try to support

communication in a collaborative writing process.

2.2.2. Support for Iterative Review and Revisions

Communication among editors and authors during iterative review and revisions
was first thoroughly studied in the Technical Communication domain (Farkas
1987; Farkas 1991; Farkas 1995). Farkas pointed out that editors need to indicate,
explain, negotiate, and distribute changes to authors. Therefore, a good annotation
model should support mutual feedback between editors and authors. Farkas also
found that it is important to archive not only developed documents, but also
review comments, all drafts, and personal notes throughout document
development. This finding implies that document development rationale capture is
very important. However, currently no review tool captures all this information.
Later, Neuwirth et. al (Neuwirth, Kaufer et al. 1990) noted that writers could not
understand review comments well, and were frustrated about inconsistent
comments. Green summarized requirements for document review support (Green
1997), which include inserting comments in context, identifying reviewers,
viewing comments and documents together, sharing comments immediately, and
so on. Kim et. al. used interviews to understand review practice of collaborative

writers (Kim and Eklundh 2001) and identified some common strategies within
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groups, such as centralized document control and small group size. They also
observed that change representation disturbs the flow of reading and collaborative
writers tend to give general comments about the changes that they make. In

summary, little is known about how writers incorporate review comments and

share review comments within the writing team.
2.2,3. Communication Support Needs in Collaborative Writing

Some field observations about coﬁlmunication in collaborative writing include
studies of grade school children writing in a classroom (Mitchell, Posner et al.
1995), MBA students writing in an experimental laboratory (Olson, Olson et al.
1992), and university researchers collaborative writing over a web-based tool
(Collaboratus) (Lowry 2002). These studies are limited in that they were carried

out in experimental settings for a short period of time, less than three months. As
Beck and Bellotti noted that there are few longitudinal studies of collaborative
writing (Beck 1993). Beck & Bellotti conducted in vivo case studies of three
collaborative authoring projects that lasted between three weeks and one year.
The three groups relied heavily on phone, diskette, fax, and electronic file

exchange to communicate and ¢xchange the shared document.

2.2.4. Summary

Compared to previously collaborative writing processes, protocol writing has
some unique characteristics: (1) it has a longer duration (usually 4-12 months); (2)

it happens in a real-world work setting; (3) it involves more varied people with
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diverse backgrounds; and (4) it has rigorous quality control and invelves both
peer and hierarchical reviews. It is unknown how collaborative clinical trial
protocol writing processes may be different from the above studied processes and
what challenges may be specific to the domain of clinical trial research and what
challenges may generalize. Although many efforts have been devoted to clinical
trial protocol development support, none has addressed what the process is
exactly like for protocol development (van der Lei 2000). An understanding of
protocol development processes is missing but valuable to the collaborative
writing literature, The curtent deficiency of this understanding motivates me to

carry out a fieldwork at SWOG and the results are described in Chapter Four.
2.3. Previous Approaches for Communication Support

Writing is a creative design process with a document as the end product.
Therefore, communication support for collaborative writing can borrow ideas
from multiple areas, including (1) communication support for collaborative
writing; (2) document-centric communication and collaboration support through

annotations; and (3) in-context communication support for collaborative designs.
2.3.1. Communication Support in Collaborative Writing Systems

A system design is the ultimate goal of a work process study and many
collaborative writing systems have been created. Communication issue is one of
four core issues in collaborative writing system design {(Sharples 1993). However,

many synchronous collaborative writing systems, such as ShrEdit (Dourish and
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Bellotti 1992) and GROVE {Ellis, Gibbs et al. 1991), do not have direct support
for communication by assuming collaborative writers can coordinate
communication outside editors by all means or the writing itself is communication.
There is only some implicit communication support for reviewers and editors in

asynchronous collaborative writing systems through annotation designs.

The most relevant systerns include Quiit (Fish, Kraut et al. .1988), PREP
(Neuwirth, Kaufer et al, 1990), and InterNote (Catlin, Bush et al. 1989), Qult
supports annotations on work-in-progress drafts or annotations, and organizes
these artifacts in a tree structure. It also supports information sharing through an
activity log and information exchanging through semi-structured messages. PREP
is another work-in-preparation editor that supports ‘“writing through
commenting.” This system explicitly highlights the importance of supporting
communication between writers and reviewers via comments. PREP is
advantageous for its column-structured interface for displaying a writing plan,
content, and associated comments. This interface design is the initial one that
enables reviewers and writers to see content and comments side by side. Both
Quilt and PREP are limited in that they do not provide support for annoctation
incorporation; InterNote filled this gap. InterNote is designed to enhance
annotative collaboration through a hypermedia framework. InterNote supports
two types of annotations: suggested changes and textual commentary for notes,
comments, and non-specific suggestions. Researchers of InterNote also specified

a set of widely useful requirements for annotation support in collaborative writing
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systems, including “annotations from multiple reviewers should be sharable,
sortable, and merge-able” and “authors should be able to incorporate annotations
easily.” To satisfy the first requirement, an annotation in InterNote is a structured
object with multiple properties. To satisfy the second requirement, InterNote uses
a mechanism called “Warm Linking” to update content by incorporating
annotations through dynamic links, through which users can “push” the content of
an annotation into a document or “pull” content of an annotation from a document
for revising. The annotation model design in my research borrows ideas from the

above designs to a great degree, as [ will describe it in Chapter Five.

These three systems are all prior-to-web generations without the wide
accessibility needed by a mobile group, especially those protocol developers who
are often temporarily involved in protocol writing and distributed all over the
country. It is hard to ask these protocol developets to install a system if they just

write only one protocol in their whole career.,

Web-based collaborative writing systems quickly emerged with the development
of web; representative systems include wiki (Burrow 2004), BSCW (Horstmann
and Bentley 1997), REDUCE (C. Sun 1997), and Web-Blogging (Treese 2004).
These systems utilize the popular collaborative platform, the web, to support
collaborative writing. BSCW provides a shared information space to facilitate
collaboration among authorized users; wiki enables everyone to change the
co-ntent of a web page from anywhere; and web blogs chronically organize

content from multiple sources. Unfortunately, these systems do not inherit the
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annotation designs in the previous three systems and share these limitations: (1)
most annotations in these web-based systems are appended at the end of a
document segmentation or a document, rather than precisely located around the
text where the annotations are attached to; (2) there is no further advancement on
annotation design to facilitate automatic annotation activity fracking or
notification. None of these systems support “annotation incorporation” as
IntertNote supported a decade ago. These systems view annotations as static
metadata or comments, rather than a leading force that drives the evolution of
shared documents, Protocol development has rigorous reviewing procedures and
iterative reviewing and revising processes; the above systems do not satisfy such

needs as well.

As Reeves pointed out, writing is an iterative process; reviewing is an important
component for quality control for a shared document (Reeves and Shipman 1992).
Reviewers and writers often need to discuss or clarify some writing problems; it is
very important to support such discussions or communication in the context of an
evolving document for several reasons (Trigg, Suchman et al. 1986; Reeves and
Shipman 1992). First, research has shown that problems and solutions often co
evolve (Fischer and Reeves. 1992); discussions among collaborative writers are
crucial for framing the idea and generating the content. A related concept, situated
cognition, points out that problem solving, understanding, and leaming often
occurs in the context of the environment, If the activities of collaborative writers

could not be appropriately linked to their context, collaborative writers can have
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difficuity m making sense of their communication. They may also run into the
same discussions again and waste time. Sharples also concurred on this point by
saying that “successful communication in collaborative writing should be in
context.” (Sharples 1993) Unfortunately, the above collaborative writing systems
do not adequately support this feature, which however relates to research efforts

on in-context communication support from other areas as follows.

2.3.2. Communication Support through Annotations

With the further development of Internet, research supporting collaborative
reviewing makes substantial progress in interface design and annotation modeling,
Popular annotation models include RDF (Brickley and Guha 2004) and Dublin
Core (Campbell 2002), which define static properties for annotators or the
annotation content. Based on such data models, most collaborative reviewing
systems are called “annotation systems” because reviewing messages are
designed as embedded and sharable annotations attached to documents. These
annotation systems, such as comMentor (Roscheisen, Mogensen et al. 1997),
Annotator (OQvsiannikov, Arbib et al. 1999), Annotea (Kahan, Koivunen et al.
2001), critLink, and CREAM, primary different from one another in interface
design. Among them, most relevant systems to this research include D3E (Sumner
and Buckingham Shum 1998), CoNote (Davis and Huttenlocher 1995), WebAnn
{Brush 2002), and StickyChats (Churchill, Trevor et al. 2000). The first three are
web-based and support asynchronous working mode, and the last one is based on

instant messenger technology and requires synchronous collaboration. D3E is a
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digital document discourse environment designed to facilitate scholarly
publication and peer reviewing. It displays comments as threaded discussions side
by side to a reviewed document. Reviewers can view ongoing topics of discussion
and join interested ones easily. In D3E, documents are also divided into
segmentations and comments are anchored to the end of them. Granularity for
annotation anchoring is not high in D3E. Similar problem exists in CoNote, which
is designed as a collaborative learning environment based on HyperNews for
student uses in classrooms. A reviewer has to go to pre-defined locations in a
document to add annotations. Therefore, this system lacks the flexibility for
“annotating anywhere in the document.” CoNote embeds a lot of needs from
classroom uses, which sacrifices its generalizability. In contrast, WebAnn is
designed to be a generalizable annotation system based on the common
annotation framework developed by Bargeron et. al (Bargeron, Gupta et al. 1999).
Compared to previous annotations system, WebAnn supports enhanced
annotation notification service and improved annotation anchoring granularity. A
user can highlight any text span and insert an annotation. It also supports in-situ

discussions through annotation replying, editing, and deletion.

Green described a review tool Revufile used within IBM (Green 1997). Revufile
also defines a type and a disposition for each comment. A type indicates the
importance of a comment. A disposition could be either “unassigned”, “‘open”, or
“accepted”. It is helpful for work coordination and group communication. The

definition of these two properties supports group communication without
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interruption or cost. It is one of the earliest effot to define dynamic properties in
annotation designs. However, these properties only support “review” processes

and provide little editing support. It is unknown how comments are incorporated.

Annotation systems provide a better support for collaborative reviewing than
those collaborative writing systems presented in the previous section; however,
most of the annotation systems work well for static documents only and have the
“annotation orphaning” problem (Brush 2002) for dynamic documents generated
in collaborative writing processes. Sharples et. al viewed communication and
version management as two separate issues for collaborative writing support
(Sharples 1993), which is not quite right in this context. Communication support
unaided by version management could easily go out of context. The annotation
orphaning problem leads to a need for an improve annotation system design that
could integrate appropriate version control, annotation incorporation, and
collaboration support around annotations. Unfortunately, by far these issues have

been tackled separately by researchers in different areas.
2.3.3. Commuunication Support for Collaborative Design

It 1s unclear what the communication support requirements are for asynchronous
collaborative writing systems. Barely addressed questions include (1) what
communication means to asynchronous collaboratife writers, (2) what should be
communicated among them, and (3) how we can support in-context

communication. To help address these issues, I borrowed some ideas from a
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closely relevant research area that supports in-context communication: design

rationale capture.

Design rationale is an explanation of why an artifact is designed as such (Lee and
Lai 1991). The usefulness of design rational capture has been well recognized by
software designers. Zaychik and Regli state the importance and challenges to
capture communication and context in software project lifecycle (Vera Zaychik
2002). They point out that email as the widely used communication tool poorly
supports context-based communication among co-workers; therefore, valuable
design knowledge is often hard to be extracted from email communications. This

is also true in document development organizations.

Design rationale capture systems provide a framework for recording discussions
about design decisions. Grudin identified three key reasons for design rationale
capture, which are for subsequent comsuitation, design improvement through
Jocused attention to capture rationale, and communicating progress to other
group members (Grudin 1996). Applying his ideas to asynchronous coliaborative
writing, I infer that such things should be communicated timely: document
evolution rationale, work progress, and feedback for the ongoing writing.
Collaborative writers need design rational capture to understand how a work-in-
progress document evolves and what resources justify or lead to its evolution.
There is also a need to communicate progress between reviewers and editors,
because their progress inter-depends on each other. Document design rationale

capture helps reviewers understand how comments are incorporated by editors.
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A famous design rationale capture system is the Issue-based information system
(IBIS) for helping members of a project team discuss issues related to a problem
and come to a consensus on a solution (Kunz and Rittel 1970). In IBIS,
participants in the online discussion argue about design issues by taking positions
and making arguments for and against those positions. IBIS provides a nice
hypertext interface for organizing positions and arguments around issues. Users
can display overview diagrams to glance at captured design rationales and look at
the underlying text if required. For unknown reasons, the above nice ideas from

IBIS have received little attention or adoption.
2.3.4. Summary of Communication Support Approaches

In sum, during asynchronous collaboration writing, collaborative writers need to
communicate writing rationale, work progress, and review comments in the
context of their work. The need some mechanism that support co-evolving
discussions and documents. A new system design can extend previous annotations
system designs to achieve these goals by integrating research ideas from the
research areas in version control, design rationale, annotation notification services,
and collaborative writing support. Inspired by the related work summarized above,

I provide such an annotation design in Chapter Five.
2.4. Groupware Design Methodology

Supporting collaborative protocol writing requests an effective groupware design

methodology. Only in recent years, group work has received more attention and
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studies in the medical informatics community (Pratt, Reddy et al. 2004), and
groupware design methodology is even rarer. However, with more and more
healthcare activities carried out by group work, groupware design will be urgently
needed by this community sooner or later. My work as an exploratory study
toward an understanding of challenges involved in groupware design for
multidisciplinary healthcare researchers has been inspired by several groupware

design theories or methods.
2.4.1. Social-technical Design

The theoretical foundation of this research design is the social-technical approach
to system design (Emery and Trist 1960). Ehn points out that “requirements
specification and system description based on information from interviews were
not very successful (Ehn and Kyng 1991).” Ehn also acknowledges that there is
more to software systems development than building the right system or building
the system right; there is a soctal element of joint discovery and learning. O’Day
provides a social-technical design cycle {O'Day, Bobrow et al. 1996), and points

out that field studies and system designs can inform each other.

There are two limitations of this design method. First, it 1s unknown how mature
the system design should be before it could be used to inform field studies.
Second, it is a “system-oriented” research method, and the field study is used to

serve the system design. There is a one-way communication from field work to
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system design, but the potential of the system design for deepening the field

understanding is omitted.
2.4.2. Ethnographic Fieldwork

Some researchers intertwined social and technical aspects by basing requirements
on an empirical understanding of the social organization whgre the system will be
used. Suchman is the first researcher who emphasizes the importance of “making
work practice visible” for system designers in her work study research (Suchman
1995). Since then, ethnography has been widely adopted to understand work
practice in work-oriented design or ethnographically-informed design. However,
the attempt to make work practice visible and intelligible for system design
necessarily relates to two bodies of knowledge: the actual work activities and
knowledge of practitioners, and what is considered relevant information for
requirements analysis in system design. Researchers have recognized that it is not
easy to precisely identify these two parts, Many sociologists think that pure
ethnography should not be interpretive: “Enacted work practice details are not
texts which symbolize meaning or events. They are in detail identifying them, not
anything else. (Garfinkel 1996)” Therefore, ethnography is often criticized for
two major limitations: (1) it is time consuming and impractical for fast and
efficient system design; and (2) it is hard to evaluate what ethnographical results
are relevant to system design, and what designs are feasible or applicable (Shapiro
1994; Crabtree 1998). To address problem #1, John Hughes defines four practical

ethnography strategies to make ethnographic studies match the fast pace of
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software design. These are (1) concurrent ethnography (2) quick and dirty
ethnography (3) evaluative ethnography and (4) re-visit previous studies (Hughes,
King et al. 1994). Similarly, Millen proposes “rapid ethnography for system
development (Millen 2000),” which 1s a collection of field methods intended to
provide a reasonable understanding of users and their activities given significant
time pressures in the filed, but these field methods are centered on values of

commercial products.
2.4.3. Participatory Design

Meanwhile, another method to approach “socio-technical” designs is to carry out
a participatory design (Muller 2002), which was first used to maintain the
democracy, and later used to engage users in software design with a central idea
to actively engage users throughout the design process. This method relates to
schools of techniques to addressing its fundamental problems such as “how
design choices can be warranted” and “how to select participants that represent
users.” Pankoke-Babatz et. al. use “user advocacy” in system adoption studies and
prove its effectiveness for representing users (Pankoke-Babatz, Mark et al. 1997)
because user advocates can communicate between designers and real workers
based on their experiences of system uses and their knowledge of the work. And
there are all sorts of techniques to engage users throughout a participatory design,

including mockups, evolutionary prototypes, and simulations.
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24.4, Combining Ethnography and Participatory Design

Later, pure participatory design is critiqued for possible overreactions to user
opinions and potential dangers of designing systems that work best for wrong
work scenarios (Crabtree 2003). On this basis, instead of using general system
design methods, researchers started to intertwine ethnography and participatory
design in particular and address problem #2 identified above. Blomberg and
Suchman intertwined ethnography and participatory design in software designs
(Blomberg, Suchman et al. 1996). Helena Karasti extends Crabtree’s idea and
proposes “work practice sensitive participatory design (Karasti 1997).” In her
dissertation research, she developed a video analysis method to use ethnography
results in participatory design, however, it only involved workers in design
workshops and engaged participants in discussions only. It is hard to tell how that
method would be effective because they did not evaluate their design ideas by
embodying the design ideas into interactive artifacts. By furthering this research,
Crabtree pointed out that “ethnography should run in parallel to exploratory and
experimental activities of user participation, thus enabling the design to maintain
an adequate grasp on the current practice in working up the future through
cooperative design (Crabtree 2003).” Even so, Crabtree still struggled with
challenges from conventional ethnography methods, including intervention,
interpretation, and user proxy. Crabtree and Karasti recognized the importance of
integrating ethnography and participatory design, but did not give a practical

solution to the involved challenges.
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Hartswood et. al. called for a principled synthesis of ethnomethodology and
participatory design and coined a concept called Co-realization. Co-realization
means that the full implications of a new system design for work practices cannot
be grasped by studying the work as it is now, but will only be revealed in and

throngh the systems subsequent uses (Hartswood, Proctot et al. 2002).
2.4.5. Summary of Design Methodologies

In this section I review the relevant groupware design methodologies including
social-technical design cycle, ethnography, participatory design, and combined
ethnography and participatory design. Overall, this research has separated
qualitative ficidwork from system designs, or has largely focused on design-
oriented ethnography without considering how designs might provide feedback
for ethnography. Those approaches created a one-way communication between
users and designers, “information is floating from the work practices to the
designer, but no information about the future technology or uses is floating back

to the future users in the workplace (Bardram 1996).”
2,5, Summary of Related Work

In sum, my work in this dissertation is focused on designing annotations for
collaborative writing by integrating and extending work from areas including
annotations, in-context communication, and design rationale capture. I also

borrowed ideas from the social-technical design cycles, and adopted a variety of
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socio-technical design methods and come up with a “Grounded Design” method

as I will describe in Chapter Three.



Chapter 3: Methodology

Many system design methods make qualitative field work an integral part of
system designs, such as contextual design (Beyer and Holtzblatt 1999} and
participatory design (Kensing and Blomberg 1998; Muller 2002). However, these
embedded field studies are often design-oriented and are prescriptive.
Alternatively, ethnography has been widely used to provide descriptive field
knowledge. The typical problem of conventional ethnography is that it is hard to
communicate relevant field knowledge to system designers and to derive useful

system design ideas from this knowledge.

The objectives of this dissertation research are to gain knowledge about the work
for protocol development and a deeper understanding of the field through a
system prototyping process. Therefore, in this chapter, I describe my design
method called “grounded design” that achieves both a descriptive field
understanding and a specific system design by intertwining concurrent fieldwork

and system prototyping.
3.1. A Grounded Design Model

In early 2004, Cockton proposed a new design model called “Grounded Design”
{(Cockton 1999), which is inspired by the Grounded Theory {Glaser and Stravss
1967). As Cockton described, grounded theory grounds theories in data and

cycles through data collection and coding until coding stabilizes, whereas
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grounded design grounds a design in contextnal and evaluation data, and cycles
through contextual research, designing, and evaluating until problems require no
further contextual research and/or design changes. Cockton also emphasized that
verification of design should be achieved through evaluations. Cockton coined a
beautiful concept but did not provide concrete methods to achieve it. I have
borrowed this concept and implemented 1t in my way, as illustrated in Figure 3.1.

This method is based on the following premises:

¢ Qualitative fieldwork identifies representative working roles for participatory

design.

¢ A gystem prototype is not only a means to validate design ideas but also an
interactive tool to help achieve an in-depth understanding of the current work

practices and validate the accuracy of this understanding,

o Evaluation should be an integral component of an iterative system design

process,

s Parallel qualitative fieldwork and participatory design simultaneously inform

system prototyping and effectively provide feedback to each other.
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Figure 3.1 The Grounded Design Model

There are three concurrent processes represented by three squares in Figure 3.1:
qualitative fieldwork, participatory design, and formative evaluation, This design
model leads to three research results, as represented by three ovals in Figure 3.1:
field knowledge about protocol development {Chapter Four), a system design
(Chapter Five and Six), and evalvation results as well as a design reflection

(Chapter Seven).

Qualitative fieldwork describes the work process and assembles instances of
working roles and their work activities to sensitize system designers with
knowledge of the work context. The participatory design process engages role-
based user advocates into evolutionary prototyping of the system. Both fieldwork
and the participatory design inform the designs of the prototype. The prototype

plays two important roles in the whole research process: (1) as an embodiment of
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the design ideas and (2} as a measurement tool to better understand the vsers
through their interactions with the tool. Both of the qualitative fieldwork and the
participatory design process receive feedback from formative evaluations, which
are carried out to understand the interaction between the user advocates and the
prototypes. The three processes are concurrent without any strict ordering among
them. Qualitative data analyses are conducted throughout the iterative designs for
deriving design hypotheses, for adjusting subsequent fieldwork, and for

improving understandings of the work context.

The primary objective of this grounded design model is to derive system designs
from field knowledge. This method is different from some modem participatory
design processes that include qualitative fieldwork and formative evaluations.
First, qualitative fieldwork in conventional participatory design methods is
prescriptive and focused on a particular system design. However, a field contains
much knowledge that may lead to more than one system prototype. In this method,
qualitative fieldwork is not driven by a particular design. During this research, 1
was open to all possible ideas that may improve the current work practice of
protocol writers at SWOG and was trying to make the field research and the

participatory design meet in the middle from both ends.

Second, formative evaluations in conventional participatory design processes are
focused on the system prototypes’ usefulness, effectiveness, or other system
measurement. In my grounded design method, formative evaluations have dual

purposes: one is to assess the system prototype, and the other is to assess the
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accuracy of the field knowledge. As Figure 3.1 shows, there are two feedback
loops, rather just one. Qualitative fieldwork largely relies on interviews,
observations, or other qualitative methods. The availability of a system prototype
makes it possible to deepen the field understandings through the dynamic
interactions between users and the prototype. The prototyping process
complements interviews by eliciting some tacit knowledge from users. Users can

also better articulate their ideas with a concrete prototype system.

I expect this grounded design methodology to increase the synergy of both
participatory design and qualitative fieldwork in three ways: (1) qualitative
fieldwork provides work context information to designers; (2) participatory
design engages users and brings out tacit work knowledge; and (3) ongoing
formative evaluations validate the accuracy of the fieldwork results and verify the

evolving system designs.
3.2. Data Collection

Before my data collection process, I had received an approval for human subject
research from the University of Washington. Next [ will describe how I collected
data for this research during the qualitative fieldwork, the participatory design,

and the formative evaluations.
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3.2.1. Qualitative Fieldwork

My qualitative fieldwork at SWOG focused on group communication,
information integration, and group workflow. In further detail, this work used
participant observations of Protocol Review Committee (PRC) meetings, semi-
structured interviews, and collection and analysis of protocol development

artifacts to leverage information gained from these sources,

Participant Observation

At the outset of this research, protocols were reviewed twice in PRC meetings. 1
was on site for three months to observe PRC meetings, which were attended
primarily by local statisticians and one protocol coordinator manager from San
Antonio via conference calls. I made notes on the behaviors of reviewers and the
content of discussions. I obsetved where in protocols major questions or
discussions occwrred, how reviewers made and shared comments, discussed

questions, and resolved disparate opinions,

Artifact Collection

During the fieldwork and the participatory design process, I collected the
following protocol development artifacts including (1) email communication
among protocol developers, which were forwarded to me by protocol writers; (2)
protocol review comments: some of which were from PRC meetings or from

other roles such as data coordinators or study coordinators; and (3) organizational
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protocol development guidelines or standards. These data complement one
another by contributing different knowledge. I analyzed emails to derive
communication patterns and identify problematic scenarios. I analyzed comments
to identify typical problems in developing protocols and their distributions across
sections and to understand the uses and functions of review comments. I also
referred to SWOG guidelines or standards to understand the organizational

expectations or views of protocol development,
Semi-Structnred Interviews

During the fieldwork study, I identified five key roles for protocol development:
(1} protocol coordinator, (2) study coordinator (or principle investigator), (3)
biostatistician, (4) data coordinator, and (3) Protocol Review Committee (PRC)
member. A writing team usually consists of the first three roles, aided by
reviewers working in the other two roles. I interviewed fifteen SWOG protocol
writers covering the above five roles all of whom had been recently involved in
protocol writing. I accessed them through the snowball sampling method, a
special non-probability method used when the desired sample characteristic is rare.
This method is appropriate for my research because it was difficult to locate
widely distributed protocol writers. Snowball sampling relies on referrals from

initial subjects to generate additional subjects.

Each semi-structured interview lasted about an hour. During the interviews, [ used

two techniques. One was the “process query” technique by asking each
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interviewee to draw a diagram of the writing process based on their perceptions.
The other method was the “Critical Incident Technique” by asking the
interviewees to recall some extreme scenarios that they expenenced. Critical
Incident Technique helped me gain knowledge about real personal experiences
while minimizing interference from stereotypical reactions. [ taped all the

interviews, transcribed half, and made notes for the remaining half.

[ divided my qualitative fieldwork into two parts. O.ne was prior to the first
attempt at a prototype for system designs. The first part helped me gain design-
sensitive work practice details and informed my participatory design process.
New knowledge gained during the participatory design was used to guide the
second part of field study. Therefore, the second part of my fieldwork was carried
out concurrently with my participatory design. The whole design process has been

illustrated in Figure 3.1.
3.2.2. Participatory Design

The participatory design spanned more than one year. Next [ describe three
techniques of participatory design which I used in my research. They are role-

based user advocacy, iterative prototyping, and change management.

Role-based User Advocacy

Protocol development at SWOG is a group work divided among a number of

strictly predefined roles. I came up with the idea of “role-based user advocacy™ to
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engage the important roles in the group work into a system design process with
the hope that the design would not just support certain roles while ignore the

needs of the rest.

With the help of the SWOG leader, I formed a participatory design team including
three users who were advocates of new technology, had ample protocol writing
knowledge, understood the work complexities, and represented a normal protocol
development team. They were a protocol coordinator and two statisticians, who
had been closely involved throughout the system prototyping process. These
participants evaluated system prototypes in their real work practices and provided

feedback for the design.

In addition, I kept a couple of executive officers informed about the ongoing
participatory design. Periodically I reported the status of my prototyping and
demonstrated my prototypes to them. They understood the organization’s culture,
provided the leadership, and encouraged the participatory users to try out the new

technology from this research.

Iterative prototyping

A prototype is a modifiable and extendable representation of a planned software
system. Prototypes vary in fidelity, excitability, and the scope of representation.
In this dissertation research, I started with an exploratory prototype, then used an

experimental prototype, and finally worked on an operational prototype.
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At the beginning of my participatory design, I developed low-fidelity paper-based
mockups to assess the logical feasibility of my designs. I call it an exploratory
prototype because it is a throw-away prototype used to clarify design goals, to
identify requirements, and to examine alternative designs. 1 designed two
alternatives: one is a web-based collaborative writing system, the other is a
Microsoft Word-based additional plug-in that supports collaborative writing
features. My participatory designers at SWOG preferred the web-based design to
the Word plug-in. These mockups were designed using Microsoft Visio, a
drawing package that helps create sample screenshots that look as though they are
from real Windows systems. I developed new workflow scenarios with these
system prototypes. I performed cognitive walkthrough on the scenarios for my
participants and elicited their feedback to refine the design. This process took a
few months to complete and was cost-effective compared to prototyping using

computer programming languages.

After I reached a consensus with participants on the interface and workflow
designs using my exploratory prototype, I developed the exploratory prototype
into an experimental web prototype with increased fidelity and operability for my
participants. My major goal in this prototyping stage is to assess the technical
feasibility of the system design by considering design issues such as data backend
and concurrency control strategies. The prototypes were designed as web-based to
facilitate distributed protocol writers to access and test it. I went through two

major versions of the prototypes at this stage. One was to store protocols as text
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files based on my field study results that “each protocol writing team only has one
editor.” This is the Single Scriber strategy (Posner and Baecker 1992), by which
only one editor can revise the shared documents. However, my participants were
encouraged by the collaboration support in the system designs and claimed that
they were willing to give up the Single Scriber Strategy. Considering this user
need and the challenges for concurrency control associated with a file-based

backend, I upgraded the earlier design to one with a database as the backend.

Later, I extended the experimental prototype into an operable prototype by adding
a number of features that were necessary to make the experimental prototype truly
usable. These features also allowed me to carry out some usability evaluations. In

Chapter Seven, I will provide the usability evaluation results.
Change Management through Negotiations

A big barrier in innovation deployment is user resistance to changes. Markus
identified three categories of user resistance: user-centered, system-centered, and
interactional (Markus 1983), Since participatory design emphasizes the user, [
particularly watched for user-centered resistance, a resistance to innovation
caused by a lack of knowledge or reluctance to change by the user, Within the
SWOG setting, I tried to minimize this resistance through frequent negotiation of
changes with users, I prepared a “What would be changed’ document (see
Appendix II: An Sample Change Management Document) prior to some

participatory design sessions to demonstrate the potential value of the design and
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to explain to users about the changes to their work practices. 1 also [ elicited their

feedback and discussed the tradeoffs between design ideas with them,

In summary, I held participatory design meetings once every two weeks and made
design meeting notes to document the decision making process and the problems
that arose. In this way, at the end of this research, captured design rationale for

this research may help me analyze my design methodology.
3.2.3. Formative Evaluations

There was no prior collaborative clinical trial protocol writing system for
comparison when I carried out this design; therefore, I adopted a self-reflective
evaluation in this research and collected feedback from participants as the designs
evolved. As Kaplan pointed out, well recognized-areas of system evaluation in the
medical informatics literature include: (1) technical and system features that affect
system use, (2) cost-benefit analysis, (3) user acceptance, and (4) patient
outcomes (Kaplan 1997). Since (2) cost-benefit analysis and {4) patient outcomes
are long-term research goals beyond my dissertation, I focused my evaluations on

(1) usability of the designs and (3) user acceptance.

For ¢valuation research in medical informatics, Kaplan’s suggestions are to (1) set
up evaluation objectives from multiple perspectives and from the beginning of
system design; and (2) use multiple evaluation methods (Kaplan 1997). Therefore,
I used both qualitative and quantitative methods in my evaluations, including

follow-up interviews, observations of system uses, focus-groups, and surveys. I
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also used a four-staged evaluation plan, which included (1) system testing from a
software engineering perspective (2) formative evaluation through simulated task
role-playing or demonstrations (3) task-oriented, role-centered, an& scenario-

based user testing and (4) case studies in the field.

I scheduled formative evaluations with participants periodically, once every
couple of months on average. At every meeting, I asked the participants to carry
out the tasks of their roles for less than half an hour or demonstrate the relevant

design features, and I elicited their feedback to refine the prototype design.

On this basis, 1 carried out one scenario-based study for the system. T asked the
SWOG executive officers to help identify an on-going development protocol and
ask the involved protocol writers to use the prototype system by carrying out real
protocol writing tasks, such as collaborative protocol reviewing or comment
incorporation, in an imagined scenario. This scenario-based study lasted two days
mvolving one protocol coordinator, one study coordinator, and two statisticians.
Patticipants performed tasks for their individual roles as well as group
interactions. I observed how users completed key protocol writing tasks based on
pre-designed scenarios and used focus-groups to elicit feedback from all the

participants.

Later, I also carried out a case study for another development protocol and this
study lasted nearly a week. A real protocol writing team and its PRC committee

as well as its data coordinator, about eight volunteers was selected to participate
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in the study. The focus of this study was to assess how the system may support
real collaborative protocol reviewing tasks and the protocol coordinator was asked
to incorporate comments online. I observed their PRC meetings and interviewed
all the participants afterwards. I taped every evaluation interview or focus group
study and made notes when I observed participants’ interactions with the system.
I also used a survey to ask participants to rate the major properties of the

annotation model and the major system features.

3.3. Driving Research Questions

The dual-purpose goal of this work is to understand the collaborative clinical trial
protocol writing process at SWOG and to support this process. Therefore, my
work was centered on a set of research questions as described below, The answers
to these questions can be found in the later chapters of this dissertation: Chapter
Four for the fieldwork questions; Chapter Seven for the system evaluation

questions and the participatory design questions.

3.3.1. Questions for the Fieldwork

RQ.1. What are the major steps in the protocol writing process?

RQ.2. Who is involved in each step and what are their job responsibilities?

RQ.3. How has email been used to facilitate group communication and how well

does 1t work?
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RQ.4. What is the most challenging part of the writing?

RQ.5. How do protocol writers coordinate the group work?

RQ.6. What is the protocol review and revision process like?

RQ.7. What are the views of the SWOG protocol development process held by

protocol writers working in different roles?

RQ.8. What are the uses and problems revealed in review comments?

3.3.2. Questions for Participatory Design

I particularly paid attention to these two aspects during the participatory design:

RQ.2. What are the sources for the design ideas?

RQ.10.How do qualitative data from different sources complement one another in

this research?

3.3.3. Questions for System Evaluation

Here is a list of usability research questions for the evaluations in this research:

RQ.11.How does the system design impact the users and how do they react to

these impacts?

RQ.12. How do users rate the usefulness of the properties in the annotation model?
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RQ.13. What are user behaviors concerming shared digital annotations during

collaborative writing?

RQ.14. Do protocol writers working in different roles share the same tool support

needs? Why or why not?

3.4. Data Analysis

Throughout the data analysis process, data accurnulate over time. I continuously
compared newly gathered data with previously collected data; in each comparison,
I looked for similarities and differences, coherence and incoherence, and relative
importance between old and new data. I have data from heterogeneous sources
including email messages, comments, interview transcriptions, evaluation notes,
and participatory design notes. Each type of data had iis strength and/or weakness
in revealing certain work process knowledge, and each needed slightly different
analysis methods. In Table 3.1 I use a “data analysis matrix” to describe the
concrete methods for each type of data in order to answer a set of research

questions most suitable for that type of data.
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Table 3.1 A data analysis matrix

Data Type Analysis Methods Research
Questions

73 email messages from an observed ' RQ3

protocol and about 50 emails from | Content Analysis

many other protocols

1140 protocol review comments Content Analysis RQ8

15 protocol development process | Content Analysis RQ1

interview transcripts/notes Data Triangulation through
RQS8

Participatory design meeting notes | Content Analysis RQS

over the past > 2 years Data Triangulation through
RQI10

6 evaluation interview transcripts | Content Analysis RQ11

and 8 short surveys Data Triangulation through
RQ14

Content Analysis

The content analysis method is for protocol review comments and emails.
Specifically, for comments, I analyzed these data at the semantic concept level
based on ten categories of protocol problems from literature (Musen, Rohn et al.
1987). I coded the data for existence, not frequency. Email analysis was similar to
comment analysis except for the differences in the coding books. I extracted
extreme scenarios or critical incidences from interview transcripts, emails, or
comments to explore complex problems in protocol development about group

communication, group work coordination, or version control.
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Data Triangulation

I applied triangulation, a process that combines multiple methods to study the
same phenomenon, to study the qualitative data from this study. I triangulated
interview transcripts to compare views of the SWOG protocol development
process held by different working roles. Similarly, I triangulated evaluative results
to compare expectations and feedback for the system design from the different
working roles. Moreover, I triangulated all the qualitative data that I have
collected including protocol comments, emails, interview transcripts, observation

notes, and evaluation results to address RQ 10.
3.5. Summary

I applied this grounded design method to the Southwest Oncology Group (SWOGQ)
to carry out both a field study and a system design. As illustrated in Figure 3.1,
the qualitative fieldwork has led to an understanding about the SWOG protocol
writing process and its communication complexities (Chapter Four). The
prototype designs have evolved into the designs of an annotation model (Chapter
Five) and a collaborative writing system (Chapter Six). Evaluations have led to an
undetstanding of the usability of the design and the social-technical gap for
healthcare groupware designs (Chapter Seven). A reflection of this research
process has resulted in some empirical knowledge about how we could achieve a

synergy between fieldwork and participatory design (Chapter Seven).
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As explicated above, the philosophical stance that people and work practice must
take preeminence in systems design requires that this work begin with detailed
qualitative fieldwork, which leads to an understanding of the collaborative clinical
trial protocol writing at SWOG. I will describe this understanding i the following

Chapter.
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Chapter 4: Understanding Protocol Development

There is little prior knowledge about the work process for clinical trial protocol
development. In this chapter I present an understanding of the protocol
development process at the Southwest Oncology Group (SWOG) with a focus on
these three aspects: (1) characteristics of collaborative writing in a distributed
clinical research organization; (2) collaborative writers’ work practices during
iterative reviews and revisions; and (3) loosely coupled collaboration among

protocol writers with different expertise.

In the rest of this chapter, I first provide some background knowledge for clinical
rescarch and clinical trials in section 4.1. Then I briefly summarize the data
collection method in section 4.2. Before describing the nature of collaborative
clinical trial protocol writing, I describe the organizational facts and strategies at
SWOG in section 4.3, Then I describe the major roles in a SWOG protocol
development team and their work responsibilities in section 4.4. On this basis, I
analyze the complexities in group coordination and communication in 4.5, and
describe the iterative reviewing and revising process for protocol development in
section 4.6. Later | summarize the group work support needs among clinical trial

protocol writers exemplified at SWOG in 4.7.
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4.1. About Clinical Trial Protocols

Well-designed clinical trials are the fastest and safest way to find treatments that
work on humans. Clinical trial protocols are important documents used in
medicine to support evidence-based medicine, which is “the conscientious,
explicit, and judicious use of current best evidence in making decisions about the
care of individual patients with specific sets of goals and treatment guidelines”
(Sackett, Haynes et al. 1991). A clinical trial protocol describes a carefully
planned study that evaluates the benefits and risks of treatments on the study
participants. A protocol must be developed before a trial begins so that c¢linical
researchers can follow the plan throughout the clinical trial study. Any error
introduced during the protocol development process may propagate and magnify

itself downstream in the life cycle of the clinical trial study.

Figure 4.1 shows the TOC of an example SWOG clinical trial protocol and lists
all the standard sections in this protocol. As a rigorously structured document, a
protocol] includes information for participant eligibility, test schedules, treatment
procedures, end point definitions, dosage adjustment rules, and a timeline for data
submission. Therefore, a clinical trial protocol is a complex and long document. It
is supposed to provide accurate details for every aspect of a clinical trial study. It
is no easy task to produce this complex document. Clinical researchers with

various expertise, including nurses, biostatisticians, radiologists, oncologists,



65
phamaceutical company representatives, and many others, often work as a group

to create a clinical trial protocol.

SOUTHWEST ONCOLOGY GROUP
APHASE Il STUDY OF CHIMERISM-MEDIATED IMMUNOTHERAPY (CMI) USING
NONMYELOABLATIVE ALLOGENEIC PERIPHERAL BLOOD STEM CELL
TRANSPLANTATION IN OLDER PATIENTS WITH ACUTE MYELOID LEUKEMIA
{AML) IN FIRST COMPLETE REMISSION
(A BMT STUDY)

1.0 OBJECTIVES

20 BACKGROUND

3.0 DRUG INFORMATION

4.0 DIAGNOSTIC AND STAGING CRITERIA

5.0 ELIGIBILITY CRITERIA

6.0 STRATIFICATION FACTORS

7.0 TREATMENT PLAN

8.0 TOXICITIES TC BE MONITORED AND DOSAGE MODIFICATIONS
9.0 STUDY CALENDAR

10.0 CRITERIA FOR EVALUATION AND ENDPOINT DEFINITIONS
11.0 STATISTICAL CONSIDERATIONS

12.0 DISCIPLINE REVIEW

13.0 REGISTRATION GUIDELINES

140 DATA SUBMISSION SCHEDULE

150 SPECIAL INSTRUCTIONS

16.0 ETHICAL AND REGULATORY CONSIDERATIONS

17.0 BIBLIOGRAPHY

180 MASTER FORMS SET

19.0 APPENDIX

Figure 4.1 TOC for an example SWOG Protocol

So far there has been no prior informatics system for supporting the group work
aspect of protocol development. In fact, group work for clinical research has been
an unspoken truth for many years. The National Cancer Institute (INCI)
established the Clinical Trials Cooperative Group Program for clinical trial
protocol development in 1955. Every year thousands of clinical trial protocols are

created through the Cooperative Group Program. The Southwest Oncology Group
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(SWOQG) is one member of the Cooperative Group Program and s dedicated to
cancer clinical trial protocol development by inveolving collaborative partners
distributed all over the country. In addition, a lot of pharmaceutical clinical trial
protocols are also authored through group work efforts. Therefore, a lot of
research issues involved in the protocol development in Cooperative Groups also

apply to the protocol development in pharmaceutical settings.

Besides the research value to the clinical domain, protocol development as a
lengthy real-world collaborative writing task also has an important value for
collaborative writing research. Descriptive knowledge about this group work may
inform future medical informatics researchers, who are interested in designing
technology to improve the protocol development process. This factor is a great

motivation for my research described as follows.

4.2. Data Collection

In my work, I used a hybrid approach including participant observation, semi-
structured interviews, and artifact collection and analysis to carry out the field
work and to generate ethnographically informed research results in this work. T
have described these methods in Chapter Three. Following the questions for
fieldwork listed in Section 3.3.1, I designed a semi-structured interview question
list, as shown in Appendix I: Questions in Semi-Structured Interviews. I first
interviewed four protocol coordinators, four stafisticians, three principle

investigators, and one data coordinator, each with a one-hour semi-structured
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interview. Later I informally interviewed some of the participants multiple times,
depending on the clarity of their input and their accessibility, to obtain further
input for the protocol development process at SWOG. In addition, I involved four
of them in my participatory design process of the PCAT prototypes. I also
participated in the Protocol Review Committee (PRC) meetings for more than
three months. During this period, I collected and analyzed 1140 protocol review
comments. I also monitored email communication within a protocol development
team and collected about 150 emails from protocol writers. Some emails were
from the protocol development team, and some were forwarded to me by the
protocol developers in my study, to help convey the problems and challenges in

the collaborative protocol writing process.

4,3. The Research Setting SWOG: Organizational Facts

Development of cancer clinical trial protocols involves extensive collaboration
among experts from different disciplines. As one of the largest adult cancer
clinical trial organizations in the world, SWOG has approximately 4,000 leading
clinical experts, statisticians, protocol editors, and other cancer researchers
distributed across the country. Figure 4.2 illustrated the organizational structure of

SWOG.
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! Organization
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San Antonio Seattle \ Across the country

< Ol

Protocol Writing = PI {n) + PC (1} + DC (1) + Stat (2)
Protocol Reviewing = PRC + CRA + Diisease Committee + CTEP/DCP

Figure 4.2 Organizational Structure of SWOG

SWOG reports to National Cancer Institute (NCI) directly, especially to its
Clinical Trial Evaluation Program (CTEP) and Disease Conirol Program (DCP).
SWOG has multiple distributed branches, including an operational office (Ops), a
protocol review committee (PRC), a statistical center (Stat), and a number of

disease committees (DC). The descriptions of these branches follow below:

1. The operational office (Ops). It is located in San Antonio, Texas and
serves as a resource center for protocol writers. It also carries out protocol
administrative tasks. There are six to seven full-time protocol coordinators
in 8an Antonio. They are responsible for about 120 SWOG protocols at

various stages every year,
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2. The statistical center (Stat). It resides in Seattle, Washington and houses
biostatisticians. They are responsible for designing and reviewing
statistical considerations of clinical trial designs. Its second mission is to
carry out data analyses for opened clinical trials and to publish trial results

to related research communities.

3. The data coordination center (DC). It is also in Scattle, The mission of
this center is to be responsible for supporting clinical trial development
and collecting data from distributed sites after clinical trials are activated.
Data coordinators provide input for patient eligibility criteria during trial
designs and answer inquiries about patient eligibility criteria afier trials are

activated.

4. Protocol Review Committee (PRC). It belongs to the statistical center
and carries out an official review for each protocol. Depending on the
quality and the complexity of the protocol, this review happens once of
twice during the protocol development process. The PRC committee
consists of approximately ten biostatisticians, who often participate in

protocol designs themselves.

5. Disease Committees. The Disease Committee is the liaison between
SWOG and NCI. Every protocol goes through the review of its disease
committee and then is submitted to CTEP or DCP for formal reviews at

the national level. SWOG has about twelve disease committees that are In
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charge of clinical trials for different types of cancers. The chairs of disease
committees provide input or review feedback for the developing protocols
of each committee. Under each Disease Committee there are numerous Pls

and Clinical Rescarch Associations (CRA).

SWOG’s distributed organizational structure affects the protocol writing process
in several ways, including email-based group comumunication, loosely-coupled
group work, mixed peer reviews and hierarchical reviews, Next, [ describe the

characteristics of the protocol developtnent group.
4.4. Characteristics of the Group

The composition of protocol development groups may affect the group writing
process. In this section, I describe the major roles (Section 4.4.1), the formation of
the group (Section 4.4.2), the diverse incentives of different roles (Section 4.4.3),

and the loosely coupled collaboration within the group (Section 4.4.4).
44.1. The Major Roles

The comprehensive treatment plan deseribed in a clinical trial protocol requires a
wide range of knowledge. Therefore, protocol development requires collective
expertise from multidisciplinary experts. To reduce the complexity entailed by a
large group, SWOG adopts the small group strategy. In SWOG, a protocol writing
team only includes four to nine members and it is assisted by a bigger group of

quality control reviewers.
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The writing team generates the substantial content of a protocol. The team is
additionally supported by the PRC, drug company representatives, and CRA
representatives; all these people provide consultation for the writing team and
review the protocols. Each member in the writing group performs one of the
following key roles: protocol coordinator (PC), study coordinator (SC), and
statistician. Multiple people often serve the same role. Each role has unique
expertise and is in charge of certain protocol development or review tasks as

follows.
(1) Protocol Coordinator (PC)

SWOG maintains a number of permanent staff to assist with the writing of
clinical trial protocols. One key staff member is the Protocol Coordinator (PC).
PCs are considered as the gate keeper of protocols and are responsible for
shepherding protocols through the protocol development process. A PC
contributes to the development by writing sections, providing boilerplates,
developing supporting forms (e.g., informed consent forms), and checking
consistency among sections. The PC also sets the pace of collaboration and
functions to coordinate much of the collaborative activity. PCs also schedule peer
reviews with the PRC, as well as CTEP or DCP. PCs are responsible for collating
feedback from the reviews, for getting relevant experts to respond to the feedback,

and for incorporating the feedback to revise the protocol.



72
The PC is one of the key professional members dedicated to clinical tnal protocol
development. PCs usually do not have medical domain expertise; their expertise
lies in boilerplate management, group communication and coordinator, word

processing, and compilation of a large document from heterogeneous sources.

Here is an example from the “SWOG Clinical Trial Protocol Development

Guideline” (SWOG 2004) with a list of responsibilities of a PC:

The protocol development responsibilities of a Protocol Coordinator for the
Southwest Oncology Group are:

* To coordinate and assist in the development and activation of studies.

o To assist the Study Coordinators by sending them information, answer
questions and provide clarification regarding the protocol development process
and group procedures.

e Specifically, to coordinate each proposed study to activation, ncluding:

o Putting proposed studies into a proper and acceptable format, and

o Making sure that all pertinent physician coordinators, statisticians and
committee chair perform a detailed review of the study and incorporate
comments and changes into the study.

o To serve as a liaison between NCI and the Comimittee.

e To ensure that the study is consistent in content and contains all the
information that is required by the NCI and the Group.

¢ To submit the study to the NCI for review and distribute information about the
study (such as approval or disapproval) to the appropriate individuals.

As the pivotal person in the protocol development process, a PC is proficient with
protocol development standards and formatting requirements provided by NCL

These frequently updated standards from NCI are to improve data comparability

across trials carried out at multiple sites, Here is one example standard:
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8.1 This study will utitize the CTCAE (NCI Common Terminology
Criteria for Adverse Events) Version 3.0 for toxicity and Serious
Adverse Event report. A copy of the CTCAE Version 3.0 can be
downloaded from the CTEP home page (htip.//ctep.cancer.gov). All
appropriate treatment areas should have aceess to a copy of the CTCAE
Version 3.0,

A SWOG protocol has twenty sections, most sections have a set of standard
wordings. These standards are updated at least twice a year to follow the changing
policies of NCI. Therefore, in protocol development teams, PCs master these
standards and are responsible for enforcing these standards in every SWOG

development protocol.

(2) Study Coordinator (SC) or Principle Investigator (PI)

According to the protocol development guideline (SWOG 2004), the Study
Coordinator (SC), who is also referred to as PI, is the primary advocate for a
research idea and the primary decision maker in protocol development. SCs work
for various organizations across the country and get affiliated with SWOG
through various disease committees, SCs are responsible for answering questions
regarding medical and scientific issues that arise during the conduct of the clinical
trial experiment. SCs respond to requests from biostatisticians and PCs during
protocol development, and later analyze the data in conjunction with the
biostatistician to write the manuscript summarizing the results of the clinical trial

study.
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SCs often create the initial draft of a complete clinical trial protocol, although
sometimes PCs do this for them when there have been a very similar protocol so
that PCs can copy lots of content from existing protocols. SCs are in charge of
writing the important sections in a protocol, including background or literature
review, treatment plan, objective, and study calendar. They are also the people

who have the right to approve all revisions made by Stats or PCs.

SCs all have a medical doctoral degree (MD), but have specialties in different
medical subfields. Sometimes a clinical trial research idea requires multiple SCs

with expertise in different areas to collaborate.

(3) Biostatistician (Stat)

Biostatisticians (Stats) are key personnel in the protocol development process
because they review protocols and write substantial sections, such as statistical
considerations and data collection forms. They carry out quality control for
protocols and they are the people who eventually analyze data collected through
clinical tr1als and write data analysis summaries for climcal trials. Well-designed
protocols can help them to collect the right clinical data for ultimate research
purposes. In this sense, statisticians are the ones who care protocol quality better

than anyone else.

Most stats obtain master degrees or doctoral degrees in philosophy. Therefore, in
protocol writing teams, they are one of the few people who are capable of directly

communicating the deficits in clinical trial protocols to PIs. In contrast, PCs



75
usually do not have this power. I will describe the loosely couple group in Section

44.4.

(4) Data Coordinator (DC)

Data coordinator (DC) has been included in the protocol development process
because of their important role in the later stage of the clinical research life cycle.
DCs take patient registrations and answer phone calls when the protocol is unclear;
they review data for quality control after it comes in. They conduct quality control
for clinical data and make requests for missing data when biostatisticians conduct
analyses. They participate in protocol writing by designing some variables such as
response (based on tumor measurements), eligibility, deviations, etc. Their role in
protocol review has been reduced due to the enormous amount of other work they

have to do after trials are activated.

To summarize, PC, PI, Stat, and DC are the four roles that form the essential force
for protocol development. Since they come from different backgrounds and have
different tasks in protocol development, they have diverse incentives in this group

work.

44.2, Group Formation

In SWOG, protocol developers are organized around disease committees. For a
development protocol, sometimes Pls are assigned by the head of a committee;

other times it is voluntary. The PI proposes a research idea for a trial and brings it
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to the committee for approval to move forward. Stats are usually assigned to a
committee or two and are usually the default statistician on trials of that
committee. There are seven PCs in SWOG. Therefore, every protocol coordinator
is in charge of trials for one or two disease committees. Protocol coordinators
always work on multiple trials at the same time because the six to seven PCs help
SWOG develop 120 developing protocols at various stages every year. Similar

situations apply to DCs, so every DC is responsible for trials from one or two

disease committees.

Among all the roles, there is more collaboration among PCs, DCs, and Stats than
between these three roles and Pls. PCs, DCs, and Stats are all assigned to certain
disease committees and continucusly work on protocols of those disease
committees. Pls are a dynamic population. A lot of PIs just write one protocol for
SWOG in their whole career. They have looser commitments and connections to
the disease committees compared to other roles for protocol development, Some
PIs may never meet or never have prior familiarity with other protocol developers.
In the eyes of Pls, the group work for SWOG protocol development is not based

on a long-term, but a short-term collaboration.

In addition, very often the protocol development group is a mixture of both
novices and experts and there is a disparity of expertise within the group. For
example, many PIs are new to protocol development; they need a lot of training
before and throughout their collaboration with others to design a new clinical trial

protocol. SWOG suggests that every new PI should participate in a one-day
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protocol development workshop to learn the process. But junior Pls still have to
learn a lot along the way throughout the protocol development process.
Sometimes, DCs, Stats, or PCs can also be novices too. There is a great need for
group learning support during protocol development. However, existing
technology available to SWOG protocol developers rarely addresses this need. A
lot of process knowledge, such as discussion and decision making, has never been

captured.
4.4.3. Vested Interests for Group Work

Protocol development is different from other collaborative writing processes in
that not all participants get authorship during protocol development. The
authorship of a clinical trial protocol and its subsequent research result reports
consist of PIs and Stats. PCs and DCs are usually not counted as co-authors.
Despite this fact, all people have vested interests in the quality of protocols to

different degrees,

For Pls and Stats, an error-free protocol ensures that they get accurate and
complete clinical data to test the research ideas. For the statistical center in
general, working out logistics ahead of time prevents future headaches while
monitotring the study. For the operational office, if there are multiple revisions to

a protocol after it activates, it greatly increases the workload of PCs,

For all of the major roles for protocol development, if they do not get things right

the first time, they will have to do more work down the road to fix the problems.



78
Unfortunately, the PI usually is out of reach after the protocol is completed and
the clinical trial study is activated, and then the responsibility falls on the primary
DC, the Stat and the PC, so there is more incentive for those individuals than the

PIL

For PCs, PRC and CTEP, it is their job to review protocols to enforce some
standards for protocol development and to provide quality control for protocols

developed at SWOG. They do not have the incentive of more work when things

£o wrong.
4.4.4. Loosely Coupled Group

One type of collaborative work 1s called Loosely-Coupled collaboration (Haake
and Wilson 1992), which is characterized as being asynchronous and autonomous
with few dependencies among the work carried out by different people. Protocol
development at SWOG falls into this category very well. The SWOG protocol
development group consists of multidisciplinary experts, who collaborate over
distances and across disciplinary cultures. These protocol writers are affiliated
with various institutes, they often work autonomously and asynchronously. For
most of them, protocol development is not their full-time job. Very often, most
clinical trial designers such as Pls and biostatisticians have to fit protocol
development into their busy work. Below are a few quotes from users at SWOG
that indicates the dynamics of protocol writers’ lives. All the names have been

changed from the actually emails in the rest of this chapter.
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“I've got some raging fires that will take me until late next week
to put out; after they've been doused, I'll put S0417 at the top of my list.”

“I'm hoping to start my review by the end of next week.
I may not finish it until the middle of the following week. Busy times.”

Therefore, protocol writers are loosely coupled with one another. This looseness
leads to indirect communication or misunderstanding across roles in the protocol

writing team.

Protocol writers usually do not have familiarity with other group members;
therefore, they tend to rely on PCs for centralized group communication. For
example, the statistician may have a question for the PI but asks the PC to relay
this question instead of asking it directly. Below is an example email
communication. In this example, Alice, Brian, and Cathy each represents a
protocol developer, The email writer wanted to distribute a document to Brian and
Cathy, but she did not contact them directly. Instead, she asked Alice, a protocol

coordinator to do it for her.

Hi Alice - attached is the NCI concept submission form
with the information you requested. Please see my
comments added to your email below, Will you forward
this to Brian and Cathy, as there are parts which they each
need to do, or would you like me to send it?

Indirect communication also happens because the different familiarity or different

social statuses among protocol writers. Here is another example:
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Hi Angela..any input? Can you nudge Bartt about this?
Cathy told me not to go any further on the protocol until the
NCI concept submission was completed and reviewed. Did
you ever talk to Doug about the Barriers meeting at SWOG?

In this example email, Ethon (who wrote this email) 1s an assistant for a PT Angela.
Bart and Doug are medical doctors, and Cathy is a PC. Ethon asks Angela to
nudge Bart and Doug. However, Ethon is situated at a different level from Angela,
Bart, and Doug in the hierarchical healthcare system. In addition, the roles in the
protocol development team have different authorities: PI has the highest authority,
and then is the stat, and the PC has the least power over others. It would be
inappropriate for Ethon to nudge other PlIs. Angela is at the same level as Bart and

Doug so she can make requests to these people.

Second, the role-based group work for protocol development and clear division of
labor among multiple roles within the protocol development team make everyone
works solely in their roles; they hardly have the opportunity to understand the
work details of other roles. In addition, the wide geographical distribution of
group members adds more challenges to this understanding. The visibility of the
group work is low within the group during the protocol development process. I
and my colleagues, David McDonald and John Gennari, once asked SWOG
protocol developers working in different roles to draw a process diagram for the
whotle protocol development process (McDonald, Weng et al. 2004) and we found

that no two diagrams contain the same set of steps. Protocol developers that we
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have studied can describe their jobs but cannot provide details for other group

members” work. I will elaborate on this observation in Section 4.5.2.

The lack of knowledge about collaborators affects the collaborative relationships
among protocol writers. Below is a quote from a statistician that indicates the

misunderstanding of some Pls about the collaboration within the group:

Most Pls consider the biostatistician as a co-author, but not all. Those
who view the stat as a service provider are often the ones whose
request starts getting ignored after a while. [ personally have learned
to assert myself (politely of course) with those Pls so that they know
this is a collaboration and that T do not follow orders, but am happy to
consider requests and help out where I can.

Similar misunderstandings are more common between Pls and PCs. Some Pls are
hands-off people who expect PCs to create a complete protocol based on their
sketchy research ideas. They do not know how they should be involved in the
writing process. But PCs often do not master the necessary scientific knowledge

for protocols. Such misunderstandings often lead to delays in the group work.

4.5. Group Work for Protocol Development

In previous sections, 1 described the organizational context and the group
characteristics. Next I describe the group work for protocol development and its

workflow, strategies, typical problems, and the common collaboration patterns.
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4.5.1. An Abandoned Workflow Model

To help protocol developers understand the complex protocol development
process and to increase the visibility of the distributed group work, SWOG
officers tried to use workflow modeling to communicate the major steps of this
task to protocol developers. The workflow in Figure 4.3 shows the temporal
relationships of thirty-five major time milestones during a normal protocol
development process with branches and conditions. This diagram is also the most
complete workflow model that SWOG has created. However, my interviewees at

SWOG all told me that this model has never been in use.

In reality, protocol writers cannot strictly follow this workflow step by step when
they write protocols. In addition, group work for protocol development is largely
taken care of by protocol coordinators in a more flexible and reactive mode. As
one interviewee pointed out, “every protocol is a new case.” Protocol
development often has unpredictability. Protocol development process varies
from group to group and from protocol to protocol. This workflow model is an

ideal and rational design of the organization, but is reported to be impractical.
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Figure 4.3 The SWOG Protocol Development Workflow

As an alternative solution, SWOG has provided a variety of guidelines to describe
the protocol development to novice protocol developers, including (1) “How an
idea becomes a protocol, a statistician’s perspective” by the statistical center
{(SWOG 2004); (2) “SWOG Protocol Development Guideline” by the operational
office (SWOG 2004); and (3) “SWOG protocol review guideline” by the SWOG
Protocol Review Committee (PRC) (Green and Lowry 2004). These documents
are more task-oriented, not workflow driven. They complement one another in
putting together views of protocol development tasks from different perspectives

and have been used as the “protocol development bible” in SWOG.
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This study result indicates that workflow support might not work well for protocol
development tasks. A good technology should consider the various needs of

different roles in protocol development.

4.5.2. Multiple “Views” of the Group Work

During interviews, I asked the participants what they see the biggest challenge is
for SWOG protocol development. Some said that there is no big challenge and the
work is often smoothly done; while others said that the process is tedious and

problematic. Below are some samples from my interviews, which are quite

different.
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Figure 4.6 A View by a Novice PC
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In fact, not everyone in my fieldwork drew a diagram. Some data coordinators or
biostatisticians working in PRC did not draw it. They asked me if “this is a rest.”
They seemed to be concemed about revealing their ability to capture a workflow
precisely in a diagram and wondered what would happen if their view is different
from some standard workflow model. Those who did not provide such a diagram

ended up describing the sequential steps in protocol development.

The above sample diagrams look different and provide different details for the
group work. There could be multiple reasons for the differences among these
diagrams. First, the low visibility of the work among group members may
contribute to the lack of knowledge among protocol developers. Second, the
diversity in the personalities of interviewees in this study may affect the shapes
and the details in the diagrams. Some interviewees are detail oriented; some
interviewees are focused on high level issues and tend to draw sketchy diagrams.
Third, it is possible that protocol developers working in different roles hold
disparate views of the protocol development process. From a situated action
perspective (Suchman 1987), individuals come to some shared understanding, but
that understanding 1s bound in one specific instance of interaction. Since this
difference does not interfere with the group work, a possible explanation is that

maybe there is no need for the process views to converge.
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4.5.3. Group Work Strategies

Currently SWOG does not have appropriate group writing technology support.
Therefore, to write complex clinical trial protocols, SWOG adopts some well-
known writing strategies. Below [ describe their email-based communication,
centralized resource and document management, as well as strategies for version

control and group coordination.
{1) Email-based Communication

Email is the major group work and communication tool among widely distributed
protocol writers. Protocol writers use email to share evolving protocol drafts,
review comments, and changing protocol development standards. They also vse
email to coordinate group work, such as tracking progress, compiling review
comments, etc. When [ asked the study participants to compare different
communication methods, such as phone calls, emails, and face-to-face meetings,
they told me that email is the most widely used and they like 1t. Here are two

quotes from the participants.

A: Most of the communication has been by email, some through
discussion at SWOG meetings. It is a combination of direct
communication with the study coordinator, communication with
the protocol coordinator, and broader communication to several
kev members of the committee.

B: We like email communication better than telephone calls
ot face-to-face meetings. It is very easy to track who said
what in emails. It also allows more flexibility for you to
respond to.



21
Communicating via email entails much meta-communication (communication
about communication) since protocol writers have to send out emails to ask
questions like “Why is the protocol written in this way” and “Have you received
my comments?” when they are not aided by shared background group awareness
or design rationale capture. Below is an example of an email message that shows
both how a protocol coordinator explains a new version and has difficulties in

getting prompt responses from participants:

“Hello Alice, attached below is the latest version of the
protocol. I am also forwarding the suggestions made by the
statistical center that I have already incorporated. I never
heard from Brian. Please feel free to call/email with further
comments and suggestions, Chris.”

(2) Centralized Group Coordination

A PC is the hub of information and resources during protocol development. A PC
distributes available protocol drafts to a protocol development group, and then
collects and integrates either protocol sections or comments from everyone. The
PC is in charge of all the versions created for an evolving protocel and also keeps
all old drafts for that protocol to provide subsequent consultation. Therefore, in
SWOG, all group communication and coordination is centered on protocol

coordinators,

(3) Combined Single Scriber Strategy and Separate Writers Strategy
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The protocol coordinator is the key person who compiles a protocol. Posner and
Baecker described a number of different writing strategies, including the Single
writer scribe strategy, the Separate writers strategy, the Joint writing strategy, and
the Consulted strategy (Posner and Baecker 1992). The protocol development
actually uses two of them at different stages of the process. At the earlier stage of
the protocol development, biostatisticians, Pls, and the protocol coordinator each
write their sections separately. This is called the Separate Writers strategy by
Posner. In this strategy, individuals break up the document into parts with each
one responsible for one part. After the imitial draft is created, the Single Scriber
strategy is adopted. From then on, only the protocol coordinator can revise the
protocol; all others provide suggestions or comments. Therefore, protocol writers
do not carry out collaborative writing 100% of the time. Instead, they divide the

writing amongst the group; they use parallel and separate writing first and

collaborative reviews later.
(4) Using Both Hard Copies and Digital Copies

As SWOG protocol coordinators reported, at every single moment, they only keep
the latest version of a protocol electronically, and all previous versions are saved
as hard copies. They do not use version control tools. In addition, there is no
widely adopted document management system available on market. Protocol
developers use a preliminary version control method: writing the versioning date
on the cover page of protocol documents, in both electronic and hard copies.

Since protocol coordinators have to work with muitiple protocols concurrently in
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their daily work, current version control support is insufficient for them. As I
mentioned above, only protocol coordinators can revise and generate new
versions for developing protocols. They also have to manage all group
communication by coordinating questions and answers as well as asking for
clarification or further explanations. They are so busy that they can only create
two or three versions of a protocol during the whole lengthy protocol

development process.

(5) Multiple Document Formats

One challenge in collaborative writing is to authorize the editing right to different
group members. Without group editing technology support, SWOG currently uses
different file formats at different stages of protocol development to satisfy their

need.

At the beginning of the protocol development process, all are allowed to write in
Microsoft Word and send their text to the PC in Word documents. The PC
compiles such input and creates the initial draft in Word and distributes it to
everyone. After iterative reviews and revisions, the PC start using PDF files to
distribute protocol drafts to everyone else, From this point on, everyone who
wants to comment the protocol has to write a list of comments on a separate

document from the PDF protocol file.
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This work practice is not a perfect solution, and it requires reviewers to specify
clearly which part of the protocol their comments refer to. This can be a very

tedious process. As an example, to suggest a change of text, a reviewer wrote:

*“...section two, second paragraph, first sentence, suggest
‘over the use of single agents’ instead of ‘over the sequential
use of them’ since I decided against a crossover,”

Before resorting to multiple formats at different stages during protocol
development, SWOG tried to suggest protocol writers using the “track changes”
feature of Microsoft Word among protocol developers and it did not work because
protocol writers did not follow this request consistently. Some reviewers liked to
comment directly on the Word document. When they provide revision
suggestions, they even write directly on the document in Word, and send back the
changed Word file to the PC. But others liked to write comments in a separate
document. Therefore, when the protocol coordinator gets feedback from various
reviewers, it is a challenging job to separate comments from content and to merge

heterogeneous information sources.

In sum, SWOG protocol developers facilitate group work by using a limited
number of drafts, read-only formats, centralized document control, and multiple
document formats at different time. Despite all these efforts, the iterative
reviewing and revising process remains the most problematic during protocol

development, but it is also a very important process for protocol quality control
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and improvement. Next I will focus on this process and describe my

understandings.
4.6. Comments and Iterative Reviews and Revisions

All clinical trial protocols have to be peer reviewed and meet all requirements
specified by the Food and Drug Administration (FDA). To ensure the quality of
the document, every development protocol goes through the following formal
reviews within SWOG: (1) reviews by PRC,; (2) reviews by the chair of the
disease committee; (3) reviews by the Diseas¢ Control Program (DCP) or Clinical
Trial Evaluation Program (CTEP). In other words, every protocol goes through
both peer reviews within the protocol development team aﬁd hierarchical reviews
within SWOG. The iterative reviews and revisions of developing protocols

remain a big challenge for collaborative protocol writers.

During the lengthy collaborative protocol reviewing process, data collection is
challenging because data are scattered in a large space and over long time periods.
Protocol writers email the group with input for, or comments on, specific sections
of the protocol draft, and the protocol coordinator in return redistributes a new
version of the document. Because new drafts can be sent out before receiving
feedback from all team members, it is often unclear to which version a comment
is referring. Protocol reviewers also have to specify very precisely which part of

the document they are commenting on.
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Comments have been reported by the participants in this study to be central to all
group writing activities. Comments also drive the evolution of the lengthy
protocol document. Below I describe the major categories of comments that
identify the most frequent problems in protocels, the major functions of
comments for group writing, and the typical challenges for using comments

among distributed group editors and reviewers.

4.6.1, Categories of Comments

For a long time, clinical and informatics researchers have been interested in
identifying the major problems in clinical trial protocols. Knowledge about these
problems can help develop better protocol development tools. Musen studied
some clinical trial protocols manually and identified some recurring problems in
clinical trial protocols such as ambiguity, inconsistency, and redundancy (Musen,
Rohn et al. 1987). However, I did not find later extensive work. In my research, I
took a different perspective: rather than examining developed protocols, I focused
on review comments for developing protocols and identified the problems in

developing protocols identified by reviewers.

To develop this categorizing system, I collaborated with two other faculty
members and ran through statistical analyses of 1140 comments collected through
PRC meetings. 1 first classified 1140 comments and noticed some patterns in the
comments. Then I proposed a list of categories and used it to code the 1140

comments again. After I got a reliable coding system, the other two faculty
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members and I refined the categories and tested the validity and accuracy our
categorization schema. We randomly selected 170 comments out of the comments
pool and categorized them among three of us. Two people have prior experiences
with SWOG protocol review committee meetings and prior knowledge of the
comments for SWOG clinical trial protocols (A and B); one person (C) has none
of such experiences. Out of 170 test comments, we achieved a 3-way consensus
on 134 comments, which is 78.8%; we also achieved a 2-way consensus between

A and B of 89.8%, or 152 comments.

We identified six major categories of comments. Here is the coding schema that
we have developed and used for further statistical analysis; each is with an

example comment,

1. Incompleteness: lacking a part of parts or missing necessary information. For
example, “In Eligibility Criteria section, missing data input lines or

conditions in criterion. For example, “please add accepted declined -

I

2. Ambiguity; descriptions being able to be understood in more than one way
for people with different contextual knowledge. For example, “This seems
confusing. Should patients continue on treatment regardiess of disease status,

or should they be removed for progression? One or the other, please!”
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3. Incomsistency: no agreement or harmony in parts of different things. For
example, “This table reverts to using %’s instead of the 0, -1, -2 dose level

reductions specified everywhere else”

4. Imaccurate reference: this category includes two types of problems. One is
referring to outdated standards. For example, “Third paragraph states that it
is okay to have dose escalate back to the original dose, but section 8.2 states
no dose re-escalations. 1 think this is just a matter of the standard GCSF
template needs to be adjusted for this protocol.” The other is making a
reference to a non-gxistent, inappropriate, or a mismatched section in the
protocol, for example, “Unmatched reference: Sec 12.2, change section 14.0

to 14.7.7

5. Uncertainty or Questions: posting questions and requesting the author to
provide more details for analysis needs. For example, “Is it well understood
that GFR is calculated creatinine clearance, or could this be made clearer?
What is the timing for the TURBT if the patient receives fewer than three

cycles of chemo?”

6. Revision suggestions: suggesting how to revise a part of a clinical trial
protocol. For example, “Suggest adding the word "Any..." to the begimning of
this sentence. That helps make it clear that this includes delays not related to
toxicities,” Typical revision suggestions include insertion, deletion, and

rewording,
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Using the above categorization scheme, [ analyzed the characteristics of
comments on selected research questions; each question is followed by a figure

with results.

(1) How many comments does a typical protocol receive from PRC reviews?

Table 4.1 shows an analysis of 23 protocols. The average number of PRC

comments for a typical protocol is 41.

Table 4.1 Number of comments of each protocol

Protocol ID Total Comments from PRC
S0314 105
S0226 86
S0221 82
S0221 74
S0217 72
S0125 67
S0219 59
S0011 55
89927 49
S0222 47
S0218 44
S0327 41
S0216 37
S0129 37
S0211 36
S0207 35
S0219 34
S0224 31
S0312 27
S0121 26
S0025 16
80232 12
80227 11
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In Section 7.2, I will compare this with the mumber of annotations generated using
the PCAT prototype system and show how the online review system PCAT

elicited more annotations.

(2) How frequently do comments occur in different sections of a typical

clinical trial protocol?

According to Figure 4.8 the most problematic sections are ordered as Adverse
Events, Eligibility Criteria, Study Calendar, Treatment Plan, Data Submission
Schedule, and so on. Therefore, these sections are worthy of more attention. I
showed this analysis to the participants in this work, and they confirmed that this
result is consistent with their experiences. For example, the section of “Adverse
Events” specifies dosage modification rules when adverse events occur during
clinical tnals; this section includes lots of intricate variables and rules. In addition,
the sections at the top of the list in Figure 4.8 are also considered the most
challenging sections during protocol development; this statistical analysis result

matched the interview results very well.
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B Eligibility Criteria
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Comments Distribution Across Sections

Figure 4.8 Comments Distribution across Sections

(3) How frequent do comments fall into the major categories?

Figure 4.9 shows that a great portion of review comments are revision suggestions.
These comments may suggest inserting, deleting, or modifying existing text in a
protocol document. The second biggest category is uncertainty, by which
comments are wriften as questions that protocol reviewers post for other
reviewers or the editor. Inconsistency, incompleteness, and ambiguity are also
comment problems to protocols. This result confirms Musen’s analysis of
common problems in clinical trial protocols (Musen, Rohn et al. 1987). That

analysis manually examined the errors in more than a dozen clinical trial

protocols.
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Distribution of Comments
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B Uncertainty
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Figure 4.9 Distribution of Comments among Major Categories

Why are there so many questions in review comments? By carefully reading these
questions and talking to protocol writers, I identified three possible reasons. One
possible reason could be that reviewers feel uncertain of their comments,
especially when they do not have expertise on that topic. They also feel something
wrong with the protocol text and therefore raise questions to draw the attention of
some people. The second possible reason is that protocols themselves have lots of
ambiguities; reviewers use a question mark to suggest group discussions on this
toptc. The third possible reason is that reviewers are aware that some “experts”
{prestigious doctors, for example) are wrong, but they iry to be gentle and use
polite language to point out the problem. Therefore, they use a question, which

often sounds negotiable, to draw attention from those experts.
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In addition, protocol writers told me that not all review comments would be
eventually incorporated; some of them would be resolved after discussion as
irrelevant or bad opinions. Comments are middle products of the review process;
they entail a lot of group activities such as discussion, negotiation, and selective
incorporation. Based on this analysis, I used the following “review and revision™
model to highlight the major tasks in protocol development in Figure 4.10. In
contrast to the complex workﬂo.w that SWOG provides in Figure 4.3, this diagram
shows that iterative reviews and revisions are essential to the protocol

development work.
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hors Drafts

Reviewers
& Authors

Figure 4.10 A Model of Iterative Review and Revisions
4.6.2. Roles of Comments in Iterative Reviews and Revisions

Commenting practices have received lots of attentions (Farkas 1987; Marshall
1997; Kim and Eklundh 2001; Wolfe and Neuwirth 2001; Kim 2002). Marshall
examined the marking practices of university students on text books and
identified rich functions of physical annotations (Marshall 1997), including
procedural signaling for future attention, place marking and memory aiding, in-
situ locations for problem-working, i.ntclpretation, tracing progress through
difficult narrative, and incidental reflection on the reading material. Kim explored
the dialogues formed by comments exchanged among co-authors in a web-based

collaboration tool and called for support of persistent dialogue and comment
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categorization in collaborative writing activities (Kim 2002). Comments are
considered as important communication artifacts among collaborative writers. 1
extended previous research and studied how comments have been used by
collaborative clinical trial protocol writers. The major roles of comments are as

follows:
(1) Group Communication Artifacts

During the protocol development process, a lot of protocol writers never meet one
another except by exchanging comments. Comments are essential communication
artifacts in the group for multiple reasons. Protocol development starts from an
initial draft created by a PI or a PC, and then evolves with iterative reviews and
revisions. Except for the person who can edit the protocol, most participants are
reviewers. These reviewers participate by giving comments in emails to provide
their input or feedback. Therefore, commenting is the only job for most
participants. Even when some people want to revise the evolving protocol, they
tend to give revision suggestions in comments rather than making changes
themselves to avoid possible version control complexities. As described in section
46,2, comments convey questions or problems in protocols and are
communicated within the group during collaborative writing. Very often
comments develop into dialogue among protocol writers, especially when there
are conflicting opinions among multiple revi.ewers. Here is an example from my

study.
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A: Hi A! We are struggling to put together a standard definition of
current, former and never smoker for use across the lung protocols in
SWOG. It occurred to us that there might be an agreed-upon NCI
definition or even a common data element. The best definition we have is
below. Would you know about this?

B: There are no CDEs (Common Data Elements) for smokmg status. I
would have you query Ellen Grits at MDACC to see 1if there 1s common
terminology within the behavioral research arena. However, the standard
definitions, as we use them in DCP are:

Former - no smoking for 1 year or more
Never - less than 100 cigarettes lifetime
Current - everyone else

C: 1 brought this up to Dr. Gandara when we added prior to submission.
He said he wanted to leave it up to insts. Perhaps you should run this by
him...

D: A definition was requested by CTEP in comment #12 and it is
important to clearly (and simply) define this variable. There was a good
deal of back and forth regarding this a couple weeks ago and I believe
Dr. Gandara and Dr. Albain were a part of it initially with respect to the
fact that we need a definition. This is the standard definition that we
have come up with to use on all new SWOG lung studies. We'll also be
referencing it in the CRA manual. Maybe Kari or John kept the string of
e-mails and can concur the DRG was in the loop. Maybe it was only Dr.
AlLbain, I can't remember.
In the above example, the protocol developers hold different opinions about the
definition for “current, former, and never” smokers. They comment on others’
comments and carried out a discussion in the group. This case is very common.
There are often lots of negotiation and discussion around different opinions; in
this process, some comments are decided as “irrelevant comments™ and resolved,
and other comments are some ideas that make sense. Later the protocol editor will

incorporate ideas from those relevant comments and revise the protocol

accordingly. Comments as group communication artifacts are circulated among
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the group writers. They are great resources for subsequent group activities such as

group learning.

(2) Group Learning Channel

As described in section 4.4.4, a protocol writing group often consists of both
novices and experts for protocol development. These protocol writers learn from
one another through the protocol development process. Comments generated in
the review process often convey expert advice about what the standards are and
what the norms are for similar protocols. Well written comments can also help
novice protocol developers learn how to phrase a question. Discourses carried out
through comments are lively educational resources for new protocol developers.
Very often junior protocol developers ask other senior protocol developers
specific questions; comments attached to certain parts of a protocol enable

learning to happen precisely within the context.

(3) Activity Justification Artifacts

During collaborative writing, comments are middle products that provide
groundling facts for a lot of group activities such as group discussion, draft
revisions, and subsequent consultation, Since a protocol involves a large group of
participants, it is difficult to keep everyone on the same page at the same pace.
When group writers or reviewers hold different opinions, the editor has to
selectively incorporate comments when making changes to developing protocols.

Editors rely on some comments to justify their appropriate changes to developing
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protocols. It is important to manage well those comments that are discarded or left
out in subsequent revisions, because the reviewers who give these comments care
how their opinions are received. In addition, for those comments which will be
ncorporated, it is also important for the editor to keep the comments because the
reviewers may change their minds afterwards. Recurring comments from multiple
reviewers 1s not usual during protocol development; in addition, sometimes
editors have to overwrite a change to rollback to previous versions. Without
keeping those comments that lead to changes, editors would have great difficulty

in consolidating diverse opinions from multiple reviewers.

During my study of comments, [ found that the biggest category of comments is
“revision suggestion.” A clinical trial protocol improves while review comments
are incorporated. Therefore, these incorporated comments carry the change
rationale across different versions of a clinical trial protocol. Conventional
version control software has a feature called “Change Representation”. In
Microsoft Word, this feature is designed to show old text using *“Strikethrough
formatting”. According to some earlier user studies, this interface is actually
distracting. The users of this study at SWOG also have a similar complain. In
addition, they said they care more about how review comments are received by
editors, but currently no tools can help them track how changes in the evolving

documents are related to review feedback.

Moreover, one protocol coordinator pointed out, that they once developed a

protocol and made a change based on a review comment from NCI. This
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comment was sent to an individual protocol developer as an email message.
However, six month later, someone from NCI came back to the operational office
and asked why the protocol was changed in that way. It was difficult for the
operational office to find the email. Comments communicated between NCI and
the operational office should be archived as organizational resources for
subsequent consultation; however, currently they are all kept by individual

protocol developers.

(4) Progress Tracking Artifacts

Comments effectively link both reviewers and editors because they point out
problems in old text, and give suggestions about how to revise the old text.
Protocol coordinators have to manage heterogeneous information during
collaborative writing. In this process, some protocol coordinators develop a
progress tracking document around comments they received. In this document,
they record how each comment has been incorporated or resolved, or note that
some comments are still pending further information. This document usually is
used privately; but during the final review stage with CTEP or DCP, some
protocol coordinators submit this document as a report to CTEP and let them
understand how all review comments are finally received. To illustrate such

progress tracking documents, below I provide an example portion:
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Sec 5.8: Ineligible for hypermagnesium toe? This was problem in
839451 when the intent was only to make patients with
hypomagnesium ineligible. - DR. YOO HAS STATED THAT A
PATIENT WILL BE INELIGBLE FOR HYPERMAGNESIUM
ONLY. ELIGIBILITY 5.8 HAS BEEN CHANGED TO READ

“...SERUM MAGNESIUM s INSTITUTIONAL LIMITS OF
NORMAL...”

5.12: add pregnancy test? {don’t forget 9.1 too) — WE DON’T
TYPICALLY REQUIRE INSTITUTIONS TO PERFORM A
PREGNANCY TEST. WE ALLOW INSTITUTIONS TO
UTILIZE THEIR INSTITUTIONAL GUIDELINES FOR
MEETING THIS ELIGIBILITY CRITERIA.,

In this example, the protocol coordinator manually wrote down what he or she did
for each comment. Special formatting was adopted to distinguish an old comment
and the progress comment on an old comment. According to my interview results,

such documents are considered effective for tracking progress in iterative reviews

and revisions. However, this 1s no better tool that supports this activity.

(5) Organizational Memory

Organizational memory refers to stored information from an organization that can
be brought to bear on present decisions (WALSH and UNGSON 1991).
Organizational memory is often missing when a large number of people engage in
the design and construction of large, complex systems over long periods of time
(Conklin 1996). The design rationale of large, complex systems is thoroughly and
systematically lost. The consequence is that organizations have difficulty in

transferring previous learning to current problems. Such phrases as "reinventing
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the wheel”, "going in circles”, "having the same discussion over and over," are

often heard in large engineering organizations.

In my study at SWOG, I found that organizational memory is also an outstanding

problem, These complaints are not unusual in SWOG:

“Every protocol is a new case; training protocol developers is a big challenge.

“Sometimes we have to run into the same discussions over and over!”

Where does knowledge about protocol development reside? How can this
knowledge be shared among different protocol developing individuals and among
different protocol development teams? I kept these questions in mind when 1
studied the iterative reviews and revisions of protocols and the collected
comments. I found that comments are valuable organizational memory because
they convey reusable expert opinions and contain information for subsequent
consultation when the operational office interacts with NCI or other organizations.
Some comments are actually applicable to multiple protocols. The users in
interviews pointed out that they have to repeat some comments when they review
different protocols. In another word, they hope some comments could be shared

among protocol writers,

4.7. Summary

My study of protocol development at SWOG revealed four outstanding problems

in the current group work among collaborative clinical trial protocol writers.
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First, group communication among protocol writers is insufficiently supported.
Currently email is the primary communication tool for protocol developers, but it
does not support in-context communication and information management for a
group. Email also does not support group awareness and persistent conversations
well. It is hard to retrieve past communication records since they are often buried

in personal email boxes,

Second, collaborative reviewing and revising of protocols is complicated by the
lack of support for version control and in-context communication. Although tools
for version control, change tracking, or online discussions are available, during
reviews and revisions, collaborative writers need an integrated environment that
can support all of these three functions. Unfortunately, such technology barely

exists,

Third, there exists a large amount of unnecessary meta-communication
{communication about communication) during protocol development. This occurs
when protocol writers have to manually communicate with the group about some
communication artifacts created earlier, such as a comment or a draft. This
indicates the problems of insufficient progress tracking support as well as

insufficient group awareness.

Last, comments created in the collaborative reviewing process need better
management. For protocol writers working in the same group, they need to share

comments and carry out in-context discussions through related comments; they
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also need support for persistent conversation support through archived comments
for justifying their revision activities or for providing subsequent consultation.
For protocol writers who do not work in the same group, they need to learn
process knowledge from comments created during previous protocol development

PTrOCESEES.

In summary, the clinical trial protocol writing process at SWOG is currently
confronted with lengthy protocol review processes, poor version control support,
inaccessible reusable knowledge, ineffective group coordination, and challenging
heterogeneous information source integration process. All of the above problems
could contribute to clinical trial protocol errors and delays. Currently, email
systems, instant messengers, and other modern communication tools are readily
available. However, these generic tools cannot by themselves provide the
communication support for the practice of clinical trial protocol writing that I
observed. Improvement of collaborative reviewing and revising requires a good
integration of version control, design rationale capture, in-context communication
support because all these of these parts are closely connected in an evolving

information space.

SWOG has been a very successful cancer research organization. In spite of the
problems in the current work practice, SWOG is still a productive protocol
development organization. One important factor that leads to success if the efforts

made by protocol writers at SWOG. Therefore, I have been motivated to focus my
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research on augmenting the natural work process among distributed protocol

writers,

Through this field study, I found that protocol review comments have been
essential to this collaborative writing process. Currently there is no appropriate
group work technology that supports effective comments sharing among
reviewers and editors during iterative reviewing and revising of evolving
documents. This factor motivated me to design a new annotation model for

collaborative writing support, as I will describe in Chapter Five.
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Chapter 5: An Annotation Model for Collaboration

In Chapter Four I described that comments are exchanged among collaborative
writers as important artifacts with rich functionality. To support commenting
behaviors, many annotation models and systems have been designed in recent
vears. However, existing annotation technology only works well for static
documents and barely supports the above functionality in development documents.
There is also no good management of digital annotations during the collaborative
writing process. An important piece of my research is an annotation model for
supporting iterative reviews and revisions during collaborative writing, Next, 1

start the description of this model with its design desiderata.
5.1. Design Desiderata

In the past decade, a number of annotation models have been designed.
Conceptually, annotations have been well accepted as metadata, data about data.
The representative annotation models are Dublin Core (Campbell 2002) and
Resource Description Framework (RDF) {Brickley and Guha 2004), Dublin Core
is designed to facilitate interoperability among diverse metadata sets; RDF is
designed to support information integration among heterogeneous resources. Such
annotation models are designed for developed documents. In contrast to prior
work on annotations, I focus on annotation for dynamic, developing documents,

especially during the collaborative writing process.
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Digital annotation researchers have encountered many real world challenges for
collaborative writing activities. Cadiz et. al. conducted a large case study of
digital annotation uses among a group of software specification document writers
(Cadiz, Gupta et al. 2000). He identified the following major problems that
impede the uses of digital annotations during a collaborative writing process: (1)
technical orphaning of annotations in evolving documents: the system fails to
decide which text the annotation should be associated with when the document is
changed; (2) users being unable to stay aware of changes; (3) users lacking
responsiveness from one another; (4) lack of public nature of annotations; and (5)
insufficient richness of annotations. Existing annotation frameworks or systems
only support static annotations; they assume the objects that annotations are
attached to never change. This assumption does not hold during collaborative
writing because development documents evolve over time. Some annotations
need to be re-anchored to the changing document while others become irrelevant

after being incorporated or resolved.

In section 4.6.2, 1 described the important roles that comments play during
collaborative writing, including (1} group communication artifacts (2) group
learning channels (3) activity justification artifacts (4) progress tracking artifacts
and (5) organizational memory. My main design objective is to empower digital
annotations with the above functions that comments have and to overcome the
challenges involved in serving these functions. To achieve this goal, below 1

describe the desiderata for an annotation model that supports collaborative writing
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from two aspects: three desiderata for group activity support and four desiderata

for user interface design needs.

5.1.1. Desiderata for Group Activity Support

1. An_annotation _model should support in-context communication and

decision-making among collaborative writers

Although researchers have recognized the importance for annotations as
communication artifacts (Brush 2002; Kim 2002), a big challenge is to support
“in-context discussion” when documents are subject to changes and to avoid
“orphaned annotations”, which refer to the common problem that systems fail to
find the appropriate text that an annotation should be attached to when the
document is changed (Cadiz, Gupta et al. 2000; Brush, Bargeron et al. 2001). This
desired feature requires an integrated version control for both documents and

annotations.

In addition, armotations carry opinions of collaborative writers, which may be
" redundant or contradictory. Iterative reviews and revisions of development
documents evolve through the debates or discussions among collaborative writers.
It is helpful to support the representation and analysis of arguments, to support
consolidating of annotations, and to capture the decisions and reasoning in this
process. A solution to consolidate shared annotations should consider both social

and technical issues involved.
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2. An annotation mode] should strengthen feedback across roles

Annotations are central group activity artifacts, especially during collaborative
reviewing and revising of the development document. Collaborative writers can
read, reply, incorporate, or resolve annotations made by others. During the
collaborative writing process, there are often multiple roles, including reviewer,
author, and editor. People working in different roles have different division of
labor; what they share are mostly annotations and the evolving document.
Therefore, annotations play an important role in linking these different roles.
Efficient group work relies on smooth fransitions or interactions between
activities of people working in various roles. There is a need for supporting timely
cross-role feedback within the collaborative group. For example, reviewers may
want to stay aware how their opinions are received and editors may want to

inform reviewers how they incorporate review feedback to revise the shared

document.

I also observed this need during my fieldwork at SWOG. Without cross-role
feedback support, protocol coordinators at SWOG have to manually provide
feedback to their group members when they incorporate a comment or create a
new draft, either by writing an email or sending back meta-comments on existing
review comments. A lot of efforts are spent to carry out unnecessary meta-

communications within coliaborative writing groups for development documents.
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3. An annotation model should support persistent conversations among

collaborative writers

In collaborative writing, annotations convey opinions of writers and include
information about revision rationales. Moreover, over time, annotaﬁons form
dialogues among collaborative writers (Sumner and Buckingham Shum 1998;
Brush 2002; Kim 2002). These dialogues embed expert knowledge and record the
idea formulation process for a development document. Erickson et. al. have
pointed out the importance of supporting persistent conversations in work
processes (Erickson, Smith et al. 1999). Successful management of persistent
conversations during collaborative writing can enable subsequent consultation of
writings, can capture reusable expert knowledge, and can provide change
explanations for the shared and evolving document. Such persistent conversations

also support organizational memory and design rationale capture.

Storing an annotation discussion can help users better understand the design
rationale for the evolving document. This is the classic concept, design rational
capture. It was proposed for software process management. Design rationale
expresses elements of the reasoning which has been invested behind the design of
an artifact (Lee and Lai 1991). There are two major types of design rationale
{Garcia, Howard et al. 1993). The first type is argumentation based: the design
rationale is primarily used to represent the arguments that define a design. These
arguments consist of issues raised, alternative responses to these issues, and

arguments for and against each alternative. The second type is history-based: the
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rationale consists of the design history, the sequence of events that occurred while
performing the design. This information ¢an be stored in many forms. It could be
in the form of entries in a design notebook, an archive of e-mail messages, or

other types of documents that capture actions taken over time.

During collaborative writing, annotations serve as communication and discourse
artifacts, and are also central to group activities such as replying and
incorporation. Therefore, Annotations could be used to capture both types of
design rationale for collaborative writers. Currently annotations are underused
valuable resources that represent arguments and store revision rationales.
Advancement in research on both design rationale capture and in-context
discourse enhancement should be blended into the design of a new annotation

model to support collaborative writing activities.
5.1.2. Desiderata for an Annotation Interface Design

Successful technology often requires a good human-computer interaction design.
A usable annotation design should enable collaborative writers to access and
manage annotations flexibly and easily, without interfering with the writing

process. Therefore, I identified these desired features for an annotation interface.

1. Annotations should be robustly anchored to documents

Annotations should be precisely linked to specific areas in the document when the

document goes through changes so users can make sense of the context of the
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annotations. For this purpose, each annotation should provide context information

about the document and the anchor in the document.

2. Annotations and documents should be mergeable and detachable

Annotations and documents should be stored separately so that annotations could
be able to be linked to documents or removed from documents in a flexible way.
This feature could also address the information overload problem by enabling
users to selectively view a subset of annotations in documents. For this purpose,
annotations should have detachable anchors to the document. Hypertext
technology makes it possible to dynamically embed annotations as URL links into

documents and to remove such links for generating an integrate document.

3. Annotations should be annotatable

Amnotations are also information objects subject to debates or discussions;
therefore, they should be annotatable. Annotated annotations can further be
threaded according to their topics to support in-context communication. Therefore,

the annotation model should store information about “the thread.”

4. Annotations should be traceable

Annotations are not static objects. Group activities often take place after
annotations are created. If annotation systems can capture group activities around
annotations and provide shared-feedback awareness to users {Dourish and Bellotti

1992), users can easily trace work progress around annotations. One solution to
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support this functionality is for an annotation model to store information about

activities, such as an activity status.

Moreover, annotations during collaborative writing all expire at certain time.
Reviewers or editors will not be interested in reading these annotations again after
they incorporate or resolve them. In other words, annotations should have a life
cycle, which consists of multiple activity statuses. Annotation systems should
support life ¢ycle management for annotations by tracing status transitions for

them.
5.1.3. Summary

In sum, we need an annotation model that defines expressive and dynamic
propertiecs. An annotation object should include dynamic context and status
properties. The anchor of an annotation is subject to changes. If the annotation is
part of a discussion, the communication context may change while the discussion

is evolving.

Moreover, an annotation in a design or writing process could have a life cycle
including multiple statuses. Status information could help users distinguish
completed annotations from unprocessed annotations. Status information could
also indicate activities that happen to an annotation, such as a revision to the
document or a response to the annotation. Moreover, collaborative writers can use
status information to trace the anmotation incorporation progress. Finally, status

could facilitate annotation management. It is unnecessary to anchor every
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annotation to a new draft during collaborative writing if the annotation has been
incorporated. Therefore, status could help minimize the annotation overflow

problem in an evolving design process or information space.

5.2. Design Specification

I created a new annotation model to satisfy the above desiderata. In Table 5.1 1
describe the major properties and their details of this annotation model. Among
them, the property of “context” and “responses” to support group communication;
the property of “status” is to support life cycle management of annotations and
shared feedback group awareness; the property of “response deadline” is to

support annotation notification service.

Table 5.1 Properties and fields in my annotation model

Property Details
Context Document version id,
Anchor text,
Discussion thread pointer,
Commentary Message | Textual ficld
Annotation Creator User id for the creator
Annotation Recipient | User ids for the recipients
Annotation Time A time label
Response Deadline A time label
Responses Pointers to related annotations on the
same topic
Status Activity status, e.g., “Unread”
Category Problem classification, ¢.g.,
“Inconsistency”

1. Context: A description of the object that an annotation is attached to.
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Context information includes three properties, The first property is the document
context, which specifies the version information for the annotation’s document.
The second property is the anchor within the document, which pinpoints the
surrounding text for an annotation. The third property is the discussion context,
which refers to previous annotations on the same topic. This information helps
position an annotation in a threaded discussion and helps collaborative writers

understand the conversational context.

4. Annotation Recipient

This feature records the recipient of the annotation. With this piece of information,

autoratic notification services can send reminders to the recipient.

6. Response Deadline

This feature specifies the time by which the annotation should be addressed. It

could be used by notification services to facilitate the prioritization of annotations.

7. Responses

This is a multi-value feature, as an annotation can receive multiple responses.

This information can be used to form threaded discussions.
8. Status

The transitions of annotation statuses enable collaborative writers to know what

happens to a particular annotation. The status can indicate whether there are
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responses to an annotation, whether annotations are incorporated in new versions,
etc. Milestones in an annotation life cycle could vary from system to system
depending on concrete tasks. For collaborative writing support purposes, I defined
five statuses for an annotation: “unread”, “read”, *‘responded”, “resolved”, and
“incorporated”. With status information, reviewers can stay aware how their
opinmions are received by other reviewers and editors; editors can indicate their
work progress by changing the status of annotations to “incorporated”. Group
writers can understand the group activities on annotations by looking at the

statuses of annotations.

The status information indicates the stage that an annoctation is at during its life
cycle. Every newly created annotation starts with “unread.” Later if users browse
this annotation, the status changes to “read”; if users respond to or annotate on
this annotation, the status changes to “replied”; if users incorporate this annotation
and make changes to the document, the status changes to “incorporated™; if users
resolve this annotation by deciding that it is irrelevant, the annotation’s status
changes to “resolved.” Below I show an example status transition path for an

annotation:

Unread " Read " Replied [ Resolved

Figure 5.1 An Example Status Transition Path

9, Category
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This feature captures the characteristics of the problems brought up in an
annotation. Example categories are “incompleteness”, “inconsistency”, “question”,

etc. I came up with a list of categories based on my field study results at SWOG

as section 4.6.1 shows.

Most prior annotation schemes or models use annotations to support information
retrieval or integration. Compared to existing annotation data models such as RDF
and Dublin Core Metadata Element Standard, this model has the following major
additions: (1) annotations are associated with a life cycle with status information,
which supports progress tracking and strengthens cross-role feedback between
reviewers and authors; (2) anmotations have extended activity-oriented properties
such as rating, category of problems, response deadline, etc; and (3) annotations
have richer context information, especially with version control. The design of
this annotation model better manages annotations for development documents by

supporting annotation-based change explanation and annotation version control.
5.3. Annotation-based Change Explanation

This annotation mode] further enables a novel service for collaborative writers,
change explanation. Before [ describe that concept, below I will introduce a
related concept, change representation. Change representation has been an
important research issue in collaborative writing research (Sharples 1993; Kim
and Eklundh 2002). The better writers understand the changes, the better they can

understand group progress and communicate about the writing task. Change
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representation varies in different tools. Microsoft Word supports change
highlighting, document comparing, and change accepting or rejecting. Group
editor PREP supports similar change highlighting features to Word (Neuwirth,
Kaufer et al. 1990}, where old text is scratched out and new text is highlighted in
a different color. When | ask the SWOG participants how they liked this feature,
they told me that this feature has not been well adopted by protocol developers.

Sometimes the scratched-out text from older versions interferes with reading.

The concept of change explanation is inspired by both research ideas for design
rationale capture and the observation of underused annotation resources at SWOG.
In SWOG, after the initial draft is complete, most revisions are driven by the
suggestions in annotations. The annotation system designs I will describe in
Chapter Six utilize the activity status information in annotations to summarize
change rationale for evolving documents: all incorporated annotations are
captured by the system to provide semi-automatic revision explanations. It is
semi-automatic because some changes are not based on annotations; to capture

the reasons for these changes require user input. I illustrate design in Figure 5.2.
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Please delete this sentence.

Please insert good clinical practice puideline

Please consuit Dr. X if this is appropriate.

Version 1.1 <>. -

ES
I TR i, e
] e

;--’” ,-—"':‘e-’ | i y
- Change Summary

Version 1.2 (}.

Please consult Dr. X if this is appropriate.

Figure 5.2 Annotation-based Change Explanation Service

In Figure 5.2, a shared document is first at version 1.1. Reviewers create three
annotations on version 1.1. The editor incorporated the first two annotations,
*Please delete this sentence” and “Please insert good clinical practice guideline
2.0” and made changes accordingly. Since the editor could not access Dr. X for
two weeks, he decided to leave this annotation as it is. Then the editor made some
other changes. When he thought some changes are important and should inform
others, he made notes for these changes manually, After completing all necessary
changes, he created a new version 1.2 for that document. In the new version, only
the third annotation, which is un-processed, is visible. Later, a group writer
noticed that the document had been changed and used the “change explanation”
feature to find out what is new. This group writer received a “change summary”

document. Each record in this “change summary” document consists of three
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parts; (1) old text (2) new text (3) related annotations or manually input notes.
Some power users can browse this “change summary” document, and accept ot
reject changes through the warm-linking technology originally innovated by the
InterNote designers (Catlin, Bush et al, 1989). In Figure 5.2, the two-way atrows
illustrate the two directions of warm-linking. If a change is rejected, then the older
anchor text from version 1.1, which is captured in the change summary document,

will be pushed forward to replace the newer but rejected anchor text in version 1.2,
5.4. How Annotations Are Carried across Versions

Brush designed an algorithm for robustly anchoring annotations back to changed
documents (Brush 2002). This algorithm emphasizes linking all annotations to
where they belong in the original document by searching for unchanged
surrounding text. However, during collaborative writing, writers may not care
about always anchoring annotations back to the changing document, but may only
care how to anchor those unprocessed annotations to the changing document. In
other words, during coilaborative writing, annotations expire after they have been
incorporated. Therefore, in this work, [ propose to selectively anchor unprocessed

annotations to changing documents.
Here is an interactive algorithm for annotation anchoring in changing documents.

First, unprocessed annotations refer to those annotations whose status is neither

“resolved” nor “‘incorporated.”
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Second, when there is an unprocessed annotation attached to a certain version (N)

of a document, when this document is revised, there are the following possibilities:

(a) If the revised part has 0% overlapping with the annotation’s anchor text, then

£o to step (¢) immediately; otherwise, continue to step (b).

(b) Pop up a waming message to the user and elicit user option. If the user agrees
to update the anchor text in the annotation, then replace the old anchor text
with the new anchor text. If the user does not agree, then prevent the user

from editing that part of the document. Continue to step (c).

{c) When the document gets a new version ID, update the version ID for

associated annotations accordingly.

In short, to robustly anchor annotations to changing documents, the two important
steps are to link annotations to the appropriate version and to the precise location
in the document. Since this model emphasizes making annotations and documents

mergeable and detachable, annotations are inserted into documents through hyper

links.

5.5. Summary

Current annotation design research falls into two major categories: one is the
development of annotation data schema, and the other is the design of annotation
systems that focus on annotation for static information. So far little consideration

of activities on annotations in an evolving information space has been put into the
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design of anmotation data models and systems. My work fills in this gap by
designing an activity-oriented annotation model. I have also grounded the design
on an understanding of asynchronous collaborative writing processes at SWOG.
Therefore, .this work integrates disconnected research on asynchronous

collaborative writing and research on annotation.

Rather than buiiding application-level capabilities, I provide a data-level structure:
the annotation model. This model includes task-specific features such as category,
life cycle status, and changing context. I define life cycles status and dynamic
context information for annotations. I also support in-context communication and
problem solving, change explanation, and progress tracking with this annotation
model. I hope this model bridges the gap between the functions of digital and

physical annotations.

Collaborative writing needs effective group coordination and progress tracking
support. One design goal of this annotation model is that manual emails for
purposes such as version notification and change tracking or explanation can be
replaced with status indicators in sharable digital annotations and automatically

generated notifications,

Finally, information quickly amasses in an evolving information space. I hope to
alleviate human cognitive overhead when they search for information. A physical
annotation can be thrown away easily once I do not need the message on it. In this

design, I make annotations detachable, versioned, and life-cycled. Therefore,
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when an annotation reaches the end of its life ¢cycle, it will be deactivated but

archived in the shared space.

To test this annotation model, I implemented all the ideas described in this chapter
in a prototype collaborative writing system, Protocol Collaborative Authoring

Tool (PCAT). I describe the design details for PCAT in Chapter Six.
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Chapter 6: Protocol Collaborative Authoring Tool (PCAT)

One important result of my dissertation is the Protocol Collaborative Authoring
Tool (PCAT) that I designed in collaboration of the Southwest Oncology Group
(SWOQG). In this chapter, I will describe the design of this system and how it
works. I start with the design objectives (Section 6.1); then I describe the system
architecture and major system features (Section 6.2 and 6.3). I summarize this
chapter with its generalizability and advantages over peer collaborative writing

systems.
6.1. Design Goals

In Chapter Four, I highlighted the group work support needs of collaborative
clinical trial protocol writers and identified the most problematic part of this
group work, which is the iterafive reviewing and revising process. Based on this
understanding, I proposed a new annotation model to address these needs in
Chapter Five. Following my design method described in Chapter Three, I view
the PCAT prototype system as not only an embodiment of design ideas, but also a
probing tool that helps engage users articulate their needs through their

interactions with the tool.

Therefore, the design goals of a prototype system to support collaborative clinical

trial protocol authors at SWOG are multi-fold as follows:

(1) To enhance iterative reviewing and revising of clinical trial protocols
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(2) To assess the usefulness of the annotation model described in Chapter

Five

(3) To use the prototype as a probing tool to engage users into the
participatory design process and to help them articulate the tacit
knowledge of their collaborative writing process that is hard to capture

through qualitative fieldwork.

In this chapter, 1 describe how my design meets goals #1 and #2; in Chapter

Seven I will describe how my evaluation studies of the design meet goals #3.

Protocol development is a complex group work with challenges from multiple
aspects: (1) heterogeneous information input; (2) involvement of clinical
researchers with a variety of expertise; and (3) various evolving clinical trial
standards. Support for collaborative protocol development can be approached
from different perspectives including knowledge reuse, information management,
and computer supported cooperative work (CSCW). My work focused on
designing a system to provide CSCW support to protocol developers at SWOG
and to address the above challenges through the annotation design described in
Chapter Five. My approach to protocol writing support 1s to augment the natural
collaborative protocol writing process and to facilitate better interactions and
more expressive communications among protocol writers. Alming at improving
the quality of the resulting clinical trial protocols, I support the natural work

process to iteratively review and revise clinical trial protocols.
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6.2. System Architecture

PCAT is a web-based and database-driven asynchronous coliaborative writing
system. The web has several advantages for a system design. First, it has wide
accessibility: the world-wide-web has permeated into most people’s daily life and
work, and has become a popular collaborative platform. Second, it eases
cenfralized information management and sharing. Third, “thin client” web
application development technologies make it easy for clients to access the
system installed on a server without installing lots of software on the client side.
PCAT is database-driven because database management systems such as SQL
Server provide reliable data concurrency and transaction control. The
asynchronous working mode is the most suitable option for clinical trial experts,
who often work at varied schedules. The complete system infrastructure is

llustrated 1n Figure 6.1.
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Annotations

Protocols

Standards

Server

Client 3

Figure 6.1 A Web-based and Database-driven Architecture

This system logically has four major databases: (1) annotations generated from
the reviewing process; (2) evolving protocol documents; (3) protocol
development standards such as boiler plate texts; and (4) group activities and
events. According to Figure 6.1, all clients access the web services provided by

the central server via the Internet.

In PCAT, annotations and evolving documents are stored separately. When
collaborative clinical trial protocol writers edit or review the shared protocol
document, hnks to annotations are inserted mto documents. When protocol
writers output protocol documents, links to annotations have to be removed.
Therefore, this architecture enables linking annotations to documents and

detaching annotations from documents dynamically and flexibly. The design is
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implemented by combining DHTML and ADO.NET to represent annotations as
hyperlinks. Each hyperlink points to an annotation stored in Microsoft SQL
Server database. The editor can detect annotations by searching for hyperlinks

that contain unique annotation identification numbers in documents.

The system also has two other databases for events and standards. The database
for events records group activities and enables group awareness and progress
tracking services. The database for standards stores reusable protocol templates

and texts and enables knowledge sharing across protocols.

6.3. Major System Features

PCAT provides integrated protocol development support including collaborative
editing, collaborative reviewing, progress tracking, and user management. Its
collaborative reviewing features include in-context discussion and annotation life

¢ycle management.
6.3.1 Collaborative Editing

As described in section 4.1, clinical trial protocols are formally structured
documents. To meet this need, PCAT supports structured editing and adopts the
current structure of clinical trial protocols developed at SWOG. Every protocol in
PCAT is automatically divided into twenty predefined sections as Table 4.2
shows. In addition, at SWOG protocol developers are loosely-coupled and they

work asynchronously and autonomously; therefore, PCAT provides concurrency
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control at the section level. Multiple protocol developers can work on different
sections of the same protocol at the same time, but each section is editable by only

one user at any single moment.

Clinical trial protocols have strict formatting. To meet this need, PCAT provides a
web-based rich-text editor by customizing an open source web-based editor called
htmlarea (www.htmlarea.com 2005). PCAT’s web-based editor has similar

formatting functions to MS Word but has some advantages.

First, PCAT’s web-based editor integrates DHMTL and Microsoft SQL server
database programming, Therefore this editor provides robust data concurrency
control coming together with SQL Server. In contrast, MS Word is a word
processor with a file-based storage backend without concurrency control. M3

Word also requires every user to have a copy of the shared document and does not

provide a shared editing environment.

Second, PCAT’s web-based editor allows users to read annotations and to
incorporate annotations during revising. The feature enables users to provide

feedback to reviewers who make the annotations.

Third, PCAT’s web-based editor 1s connected to a database of boiler plate texts

for protocol development. During editing, users can insert dynamic content on the

fly.
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Some of the important design features are embodied in the editing functionalities
of PCAT’s web-based editor. Figure 6.2 shows a set of editing buttons on top of

the editor, Their brief functionality introductions are as follows:

1 2 3 4 3 6 7 8

L

2 Background

Drug
Information
Staging
Critenia
5 Eligibility
gﬂm . Brenchioloalvealar carcingma [BAC) of the lung is a histologic subgroup of nan-small cell lung
Stranification cancer (NSCLC) that is steadily increasing in incidence. {T) BAC has g distinct cliniesl
Factors presentation, radiologic appearance and natural history, Nodal involvement and distant
Treatment metastatic disease accur much less commonly than in ather forms of NSCLC. Instead, it
o generally follows a much mare localized growth patiern, and even in agvanced cases death is
- mast typically from respivatory failure secondary to diffuse pulmonary invalvement or intercurrent
Tomcnes to {pulmanary infection rather than fram disease spread to other sites.
be Montered
and Dosage [hile patients may be cured after rasection of focul BAC, thers is no optimal established
Medification therapy for multilabar or recurent disease. Bacausa of the relative infrequency of this malighanc
- in the past, reports of BAG in the literature have genasally besn restricled to retrospective reviews
Study of single institution sxperiencas in limilad numbars of patients. BAC patientz are ofien excludad
Calendar fram NSCLC clinical trials, dus in pai io the difficulty in measuring chjective response of difuse
Cpteria for nfilteative lasions. Further distinguishing BAC is the ganeral perception that chematherapy ie
less effactive in BAC than in ather NSCLC subtypes. For all these reasons, prospective clinics!

Plan

Figure 6.2 A Screenshot of PCAT's Web-based Editor

1. Recover—A user is able to revert the document to the last saved version.

2. Lock— Every time when a user gets the right to edit a section, that section
locked for this user uses only by default. Sometimes when a user gives up the

exclusive control of the editing right for a section, he or she can resume the
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control by locking the section manually later if nobody else locks the section.
This button is designed to encourage flexible locking control among group

writers.

. Unlock—When a user decides not to change the content by just reading it in

the editor, he or she can press this button to unlock the section.

. Save to the private copy-—A user can select to save changes to the document

to a private copy therefore those changes are visible to this user only.

. Save to the shared copy—A user can select to save changes to the web-based

shared copy; therefore, changes are immediately updated to everyone’s view,

. Insert standard wording—During the editing process, when the user presses
this button, a window will pop up and show available standards for the user to
choose from. Once a selection 1s made, the standard wording will be appended

to the end of the content in the editor.

. Making 2 note—To support change rationale capture, this function records
some notes made manually by users. Such notes later will be combined with

incorporated annotations fo provide “change summary” to users.

Show annotations while editing—Annotations often contain rich information
about how the current content should be revised. This function enables users
to display annotation messages in a popup window during the editing process

and to make changes accordingly.
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Most of the above design ideas are informed by the field knowledge from Chapter
Four. Collaborative clinical trial protocol writers have different priority because
of their different status in the hierarchical health care system. The “locking” and
“unlocking” functionalities enable flexible editing control transfer within the
collaborative protocol development team. For example, a protocol coordinator can
give the editing right on one section temporarily to a principle investigator, who

happens to have a few minutes to edit the document that moment.

The “making a note” functionality is designed to help an editor provide revision
feedback to reviewers and to help capture “revision rationale” that could be not
connected to annotations. Such notes later could also be used to support group

progress tracking.

Moreover, the “show annotations while editing” feature is informed by the fact
that most changes in protocols during iterative reviews and revisions are based on
change suggestions in annotations, as described in section 4.6.1. Therefore, if
editors could view these annotations during the revising process, they do not have
to memorize those annotations or to print a paper copy of them to follow
suggestions about how to revise the document. In addition, editors could
incorporate those annotations as they revise the document, as shown in Figure 6.6.
Those incorporated annotations later will be used to provide group awareness and

progress tracking support.
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Figure 6.3 shows a screenshot for inserting boiler plate texts for protocol

development. Users can use the functionality #8 (“inserting standard™) to open

this dialog.

Figure 6.4 shows the current locking status for different sections.
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I Good Medical Practice

7.1 The following pre-scudy tescs should he

jobtained within days prior to

ractice, Results of these tests do not

etermine eligibility and minor deviations
would be acceptable if they do not impact on
lpatient gafety in the cliniesal judgment of

he treating phyesician. The study coordinator

Figure 6.4 The Interface for Locking Status of Different Sections
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6.3.2 Version Control in PCAT
PCAT has the following characteristics in its version control design:

1. Its version control is interactive through dialogues with users

2. Its version control is connected to the progress tracking function

3. It provides concurrent version control for both annotations and documents
Below I provide the details of these characteristics.

PCAT allows users to collaboratively edit the shared copy of the document, and
archives all previous versions of the shared document. When a user chooses
“S‘;:we to the Shared Copy,” PCAT does not create a new version of the document
automatically but overwrites the previous content of the shared copy. The reason
for taking this strategy is that automatic version creation often leads to an
overwhelmingly large number of versions during the lengthy protocol
development process. The big pool of collaborative writers may also make this
number even bigger. In addition, protocol developers at SWOG are not interested
in version control over many versions. As we understand their work practice, they
view a new version as a new milestone in the protocol development. In Chapter
Four, I described how SWOG protocol writers use the single scriber strategy and
the centralized version control strategy to simplify the document control problem.

Based on such user needs, PCAT therefore provides a dialogue to support users
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creating new versions of protocols when they feel the need. Figure 6.5 shows the

interactive dialogue for users to create a new version of a document.

Crirrem Protocil 3
Previdt Varsion Descriptiod: ‘_ .
New VersionDéscription - - |Draft Review by Others 1
. ’ " IThis is & draft for ~j i
0 PRC review i il
HCathy
B Notify Group Members. Chunhua
L ’ - felark
MR

Figure 6.5 The PCAT Interface for Creating a New Version

In this dialogue, users can specify a version label and record a memo for the
version control rationale, There is also an optional feature for “Notifying Group
Members”. Once this feature is checked by the user, he or she can select a list of
users, who will get an email notification about the newly created version. This

feature is designed to facilitate better group communication,

The content for the “New Version Description” field in the dialogue of Figure 6.5
1s mapped onto the major milestones of the workflow for protocol development,
which are described in Figure 4.3. Later I will describe in Section 6.3.4 how
version information for completed versions of a development protocol is collecied

to support progress tracking.

Once a new version is created for the document, PCAT updates the version

information for the annotations attached to that document. This updating process
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Is transparent to users but ensures unprocessed annotations, which may have a

status as unread, read, or responded, to co-evolve with the changing documents.
6.3.3 Collaborative Reviewing

During protocol development, challenges in collaborative reviewing include
ineffective group discussion, insufficient group awareness, inconsistent or
redundant annotations, and poor information management. I have elaborated on
these problems in section 4.7, To address these challenges, PCAT supports in-
context discussion, life cycle management for annotations, and annotation
incorporation during the collaborative reviewing process through my annotation

design.
(1) In-Context Discussion

Collaborative reviewers often have to share annotations and to debate on some
controversial problems. Available technology such as discussion forum supports
discussions, but do not provide context for the discussions. In-context discussion
means that discussions can be situated in the environment where the subject of
discussions is accessible to reviewers. PCAT supports reviewers replying to
annotations and threads related annotations. It also displays the threaded
discussions side by side to the document content where the annotations are
attached to. Figure 1.3 illustrates the interface of PCAT that supports in-context

discussions.
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The whole screen 1s divided to three frames: left, top-right, and bottom-right. The
left frame shows threaded annotations; each annotation is a hyper link. When a
user clicks the hyper link, the details for that annotation will be displayed in the
top-right panel on the screen. In the bottom-right panel, there are three buttons:
delete, edit, and reply. They enable users to delete or edit the annotations created
by them and to reply to annotations by others. The right-top frame displays the
document content where the currently selected annotation is attached to. The
anchor text of the currently active annotation will be highlighted to draw a user’s

attention.

Since texts with annotations are highlighted in colors, collaborative reviewers can
easily see which part of the document has been annotated by other reviewers. This
helps draw reviewers’ attention to the most problematic text. In addition,
annotations threads enable collaborative reviewers to access related annotations
easily and to find possible differences in opinions held by reviewers. This feature
avolds unnecessary changes to the document where reviewers have inconsistent

revision suggestions.

(2) Life-Cycle Management for Annotations

In section 6.3.2 I address how PCAT ensures that annotations are linked to the
document during the version control process. However, a solution to annotation
anchoring problem has to meet two needs: (1) link annotations to the appropriate

versions and (2) link annotations to the appropriate anchor text. My above version
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control design meets the first need; next T will describe how I meet the second
need by supporting a life cycle management for annotations through designs of

activity status in my annotation model.

This life cycle management for annotations is based on a support for annotation
activity status transition. In Chapter Five, I describe five statuses for an annotation
through the life cycle: “read”, “unread”, “responded”, “resolved”, and
“incorporated.” For a newly created annotation, if a user reads this annotation,
PCAT records the activity and changes the annotation’s status from “unread” to
“read.” Later if others reply to this annotation, PCAT will automatically change
the status from “read” to “responded.” The above transitions are automatically
completed by PCAT. From the above three statuses, “read”, “unread”, and
“responded” to the next two statuses, “resolved” or “incorporated”, users need to
get involved in interactions. If a user decides the annotation is irrelevant to the
document, he can manually set the status for that annotation to “resolved” by

pressing a button in the dialog that shows the annotation details.

A review process often generates many annotations. Management of these
annotations can be very challenging. Specifically, challenges can be reflected in

these aspects:

fa} Group Communication and Awareness: What is a good way to notify group
members of activities on annotations, such as reading, responses, or

incorporation?
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(b) User Interface: What is a good interface design for displaying relevant

annotations on evolving documents?

Although communication support for group work has gained wide attention from
the CSCW research community, one of the open research questions related to my
work is how to manage the balance between notifications and interruptions. In
addition, an identified challenge for annotation user interface design is “orphaned
annotations,” where annotations cannot be robustly linked back to their context
when the document is changed. To address the above research problems, I derive
the following desiderata for my system design: (1) capable of detecting what
annotations are relevant to the current document and reducing information
overload; and (2) capable of providing shared feedback (Dourish and Bellotti
1992}, which presents feedback on individual user’s activities within the shared
workspace. Based on these needs, I view a design that provides life cycle

management for annotation is a natural need and c¢an bring multiple advantages.

During collaborative writing processes, annotations are just middle-products.
Annotations may be used for group discussions or revision suggestions; but they
do not need to be linked back to the document after the discussions are completed
or after the changes have taken place. Therefore, annotations should be selectively
anchored to evolving documents. In other words, life ¢ycle management for
annotations can help filter unprocessed annotations and anchor them to evolving
documents; resolved or incorporated annotations could be archived by the system

but should be detached from the evolving documents.
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During the editing process, when a user decides to incorporate an annotation, he
or she can press a button labeled with “Incorporate this comment”. The system
then changes the status of the annotation to “Incorporated.” Figure 6.6 shows the
mterface to incorporate an annotation. Incorporated annotations are archived in
the system for later “change summary” uses. Figute 6.7 shows a change summary
for a document, where the earlier version of a document is indicated to have three

incorporated annotations.
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Figure 6.7 The PCAT Interface for a Change Summary

During editing, if a user changes the anchor text of an annotation, whose status is

neither incorporated nor resolved, PCAT will generate a warning message after
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detecting that being changed text contains unresolved or unincorporated

annotations. PCAT does not accept such changes.

In sum, the statuses in the life cycle of annotations can be customized to specific
needs of different users. For the collaborative writing process at SWOG, the five
statuses defined above are sufficient for the iterative reviewing and revising

process.

6.3.4 Group Progress Tracking

The group progress tracking functions in PCAT enable users to track progress on
rich information, including (1) group activity awareness; (2) reviewing progress,

and (3) overall protocol development progress.

(1) Group Awareness

PCAT records every user log in and every activity this user carries out, and
updates every minute all user activities in a small always-on-top window. This
function provides shared background group awareness (Dourish and Bellotti 1992)
to all group members. My SWOG participating users find this feature very useful
in facilitating synchronous communication within the group. Normally
collaborative protocol wnters work asynchronously because it is difficult for
scheduling among a large group of users. With this group awareness support, they

can see who else 1s online working on the same protocol, and then they can either
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talk to each other in the system or chat on phone. This helps them coordinate the

group work.
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Figure 6.8 Group Awareness Support
(2) Annotation Status Browser

My field studies at SWOG show that protocol reviewers barely know how their
suggestions are received by the protocol coordinator, why some comments are
simply ignored, how different reviewers hold different opinions, and so on. To
address this problem, besides supporting group activity awareness, PCAT also
supports collaborative writers to track the review progress. Status information of
annotations indicates how many annotations have been shared within the group
and how many have been incorporated or resolved. Prior to the use of PCAT, this

sort of information has rarely been available to reviewers.
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(3) Development Progress Tracking

Figure 6.10 shows a screenshot for PCAT’s progress tracking service. Protocol
development progress is mapped onto the major milestones in the current SWOG
protocol development workflow. Every SWOG protocol goes through the
following sequential stages: concept submission, initial draft submission, draft
submission to protocol review committee (PRC), draft submission to CTEP, and
so on. Therefore, PCAT embeds a workflow model in the progress track service

and integrates work progress capture and tracking.
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Figure 6.10 The PCAT Interface for Progress Tracking

In sum, PCAT provides integrated support for collaborative editing, collaborative
reviewing, progress tracking, and group awareness support. In addition, to avoid
users to switch applications during work, PCAT also support web-email services
and interoperability with MS Word. Every protocol can be output as a Word
document. If there is a protocol in word format, users can manually break into
down twenty sections and load them into PCAT. Automation of loading word
documents into the system is one of my future research plans that I will describe

later in Chapter Eight.
6.4, Summary

In this chapter I described the features of the PCAT system. Based on the
annotation design in Chapter Four, PCAT provides shared feedback for group
activities on annotations and supports in-context discussions through threaded

annotations. Its life cycle management for annotations and annotation
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incorporation support are unique among existing collaborative writing systems. In

Chapter Seven I will carry out evaluation studies to validate these designs.
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Chapter 7: Evaluation Results

Evaluation of group work support technology is full of both sdcial and technical
challenges. I had been carrying out formative evaluations on the prototypes for
the Protocol Collaborative Authoring System (PCAT) throughout the design
process. In this chapter, I describe my evaluation results from these aspects: (1)
quantitative results from a usefulness survey of the PCAT prototype (in Section
7.2); (2) qualitative results based on users’ comments about the design of PCAT
{in Section 7.3); and (3) a reflection of the participatory design, including how it
complements qualitative fieldwork and what the social-technical gap for the

design and evaluation of healthcare groupware could be (in Section 7.4).
7.1. Evaluation Design

The objective of my evaluation is two fold: (1) to assess the usefulness of the
system features in PCAT, and (2) to understand users and their work better
throughout the prototyping process. I took a staged evaluation procedure and used
both qualitative and quantitative methods as I explained in Section 3.2.3 to
address the research questions listed in Section 3.3.3. Below are some further

implementation details.

As part of the formative evaluation process described in section 3.2.3, I
demonstrated the prototypes under development to my participatory design users

every couple of months between July 2003 and August 2004 to elicit user
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feedback for the interface designs as well as how the system might fit into their

daily work.

In addition to formative evaluations, [ carried out two more case studies. One was
a scenario-based case study (Jacobson 1995) in early 2004 by inviting a protocol
design group to use the system to complete some protocol design tasks following
a predefined scenario (see Appendix IV: An Example Evaluation Scenario Script).
The scenarios defined a series of user interactions with the system in the context
of work for assessing the system features that support these interactions. Four
users in three roles participated in the evaluation for two days. The other was a
field trial in a real work setting in late 2004. I asked a protocol design group to
use the tool for about a week to support their_daily protocol design tasks. 1

included eight users in four roles into this evaluation.

Throughout this whole evaluation process, I documented ten major formative
evaluation meetings with written notes, excluding informal meetings with the
SWOG users. For the two case studies, I conducted one-hour long semi-structured
interviews with each participant. I partially transcribed and partially constructed
notes for the interviews, During the second case study, I used Appendix HII: A
Likert Survey of System Usefulness to ask the participants to rate the usefulness
~ of the system features. Likert survey was originally developed by Rensis Likert in
the 1920's in an attempt to improve the levels of measurement in social research.
It uses standardized response categories in survey questionnaires and is one of the

most frequently used attitude measure in social sciences.
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7.2. Quantitative Evaluation Results

My quantitative evaluation results consist of two parts: (1) the results from the
Likert survey about the usefulness of the design of the PCAT prototype and the

annotation model, and (2) the results from logging data in the PCAT prototype.

T surveyed eight participants in four roles, including two statisticians, two
protocol coordinators, one data coordinator, and three PRC members, on the
usefulness of the system features. They used a scale from 1 to 5, where 1

represents useless and 5 represents very useful. Table 7.1 shows the results.

Table 7.1 Ranked system feature usefulness based on average user ratings

Ranked System Features All PC Stat | PRC
Pinpoint text for annotations 475 | 450 | 500 | 4.75
Highlight annotated text in color 463 | 500 |3.50 5.00
Address annotations to people 4,13 | 5.00 | 4.50 3.50
Share annotations during reviews 3.88 1400 |5.00 3.25
Thread annotations for discussions 3.88 | 450 | 450 3.25
Generate print-friendly annotations 388 |350 |3.50 | 4.25
Respond to annotations 375 1450 |500 | 2.75
Browse annotation status 3.63 |[450 |5.00 2.50
Email notification service 3.13 | 450 | 200 3.00
Sort annotations by properties 3.00 (250 13.00 3,25
Filter annotations 275 300 |350 2.25
Incorporate annotations 2.63 | 350 | 200 | 2.50
Set up response deadline 263 (450 |2.00 2.00
Categorize annotations 238 | 2.50 |3.00 2.00

Table 7.1 shows that overall the top three most popular system features include
pinpointing the text in a document for an annotation, highlighting annotated text

in different colors for different reviewers, and enabling reviewers to address
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annotations to certain people for coordinating group work, The least useful
features are incorporating annotations during editing, setting up response
deadlines for annotations, and categorizing annotations based on their content,
Although based on a small sample and thus possibly influenced by individual

preferences, the differences seem logically related to the roles of the respondents.

Categorization of annotations had been a focus of the participatory design process
for a few months, but was rated as the least useful feature by the participating
users. Both users and [ thought such categories would be very useful to help
protocol designers classify the common problems in protocols and help with
filtering review comments. However, filter annotations by category was used less
than expected. Our interviews with the users showed that it is not easy to pick a
category. This result confirms Grudin’s comment that when introducing a new
feature, it is important to make sure that no extra hard work is added and that the

person who does the job really benefits from the feature (Grudin 1988).

Some features have a low overall average rating but a high average rating for
some individual role. For example, “set up response deadline” is not generally
welcomed by all users but is highly preferred by statisticians. Feature ratings also
vary from role to role, Both statisticians and protocol coordinators prefer to share
annotations while reviewing protocols, but PRC members do not like this feature,
Also, statisticians prefer to get email notifications to monitor the status of their
discussions in threaded annotations; but protocol coordinators dislike this feature

because most incoming emails simply remind them of new editing tasks.
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The protocol in my particular field study received 100 annotations in 58 threads in
total. Below in Figure 7.1 I illustrated the distribution of these annotations across
different categories, as defined in Section 4.6.1, Comparing the data in Figure 4.9
and Figure 7.1, 1 found that there is a similarity between the annotation
distribution among categories for protocols reviewed without using PCAT and the
annotation distribution among categories for the experimental protocol reviewed
in the PCAT prototype. “Revision Suggestions” and “Uncertainty’” are the two
most common categories both with and without PCAT being available.
Incompleteness, Ambiguity, and Inaccurate References are the remaining
common problems. After using PCAT, protocol reviewers found fewer

“Inconsistency” problems than before using PCAT.
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Figure 7.1 Distribution of Annotations among Different Categories

Figure 7.2 illustrates the annotation distribution among different sections in the
experimental protocol. For convenience, I only picked the first nine most
annotated sections, which are ordered as “Eligibility Criterta”, “Treatment Plan”,
“Background”, “Stratification Factors”, and so on as shown in Figure 7.2, By
comparing this figure to the data collected through my field studies as shown in
Figure 4.8, I found that “Eligibility Criteria” and “Treatment Plan” are
consistently ranked as top problematic sections, which are more complex and
needs more computing support than other sections. The “Study Calendar” section
should also be a heavily annotated section; however, PCAT could not capture the
annotations for this section at all during my field study because PCAT does not
support annotation for both web documents and Microsoft Excel files. 1 also

explained this technical limitation in Section 7.4.1.
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Figure 7.2 Distributions of Annotations among Different Protocol Sections

Moreover, in Section 4.6.1 I mentioned that the average number of comments for
protocols during PRC meetings is 47 comments. This protocol reviewed in PCAT
received significantly more annotations compared to the above average of 47
comments, 100 in total. There could be multiple reasons for explaining this
phenomenon: (1) the protocol could be more problematic and contained more
errors than average protocols; (2) the user interface design of PCAT made it easy
and interesting for the users to add more annotations than wsual; and (3) the
threaded discussion feature encouraged the users to add more annotations to carry

out in-context communication with other group members.

Future studies are needed to evaluate how my PCAT system could improve

quality control of protocols by identifying more problems in the protocols and by
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facilitating more discussions among collaborative clinical researchers through

threaded annotations.
7.3. Qualitative Evaluation Results

The above section provides quantitative evaluation results about the usefulness of
the design. In this section, I describe the qualitative evaluation results that help us
better interpret the above quantitative results. Here are two representative

examples of the system’s impact on users.
(1) Does sharing annotations help or not?

One of the PCAT’s design goals is to enable protocol reviewers to share review
annotations online and hence alleviate some group members’ effort to distribute
annotations fo the group. However, this design iﬁtroduced a tradeoff between
enhanced information sharing versus increased workload for some users. It makes
it easier to access group annotations but changes the old division of labor among
group members. Some of the quotes from the users in the study follow.

Comments and annotations refer to the same concept.

A PRC member: “Overall, I do not believe this is a useful tool for PRC members.
It requires too much time and effort for the individual reviewers. Each person has
to wade through other people’s comments to make sure that they are not

repeqting something. And then you have to take the fime fo type oui what you
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want to say. And each comment requires you to go through a series of menus and

options to select, which is time consuming.”

A PRC member: “This tool is shifting the workload. Traditionally, I just need io
talk about our comments on the face-to-face meeting. It is the responsibility of the
leading statistician to compose all the comments for us. Now I have to do the job,

and he just needs to read the annotations in the system.”

A protocol coordinator; “Is it helpful to look at other people’s comments? It is
sort of a double-edged sword. By looking at other people’s comments, you can see
how other people phrase a comment in a better way so that you can learn.
However, I cannot stop myself from looking at other people’s comments;
therefore, I have to spend more than double the time on the system. I cannot get

my job done in the limited time. Also, not every comment applies to me.”
(2) Is if easy to do the review online?

The users expected a system that supports a smooth transition between physical

and digital documents, but our current technology does not support this well.

A PRC member: “computer-based commenting interface implies a formal process,
not as comfortable as on paper. On computer, I feel that I have to know what I
have to say, but on paper I can feel more relaxed. I don't like to read protocols

online. I will print a hard copy, read it and type comments online.”
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A data coordinator: I often do cross-section checking. Therefore, I have to look
at multiple sections together to identify inconsistency. It is much easier for me to
lay out paper copies for these sections on a table and read them together. On
computer, I have to switch between windows and it is not quite easy. By the way,
Can I add a comment for multiple sections? Can I change the anchor text for an

annotation?”

A PRC member: “A protocol contains excel spreadsheets, word documents, as
well as PDF files. Your system does not support commenting on these entire file
SJormats. It is not comfortable for us to launch multiple applications to do separate

reviews.”

These two examples demonstrate the tradeoffs in sharing and digitizing
information. Managing these tradeoffs is an active research area in CSCW and
HCI. Providing a solution to such tradeoffs is beyond the scope of my dissertation;
however, these results show an example gap between what we can support

technically and what we have to support socially.
7.4. A Methodological Reflection

As described in Chapter Three, I intertwined fieldwork and participatory design in
this research to achieve a synergy of both. After looking back at my participatory
design process and my field studies, here I summarize some lessons [ learmed

from using this method.
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7.4.1. Unstable User Feedback over Time

Throughout the prototyping process in this work, user feedback was unstable and
my system designs had to change frequently because of the changing user

requests over time. Sometimes I had to revert to an earlier design. Below are two

examples.

(1) Is formatting important or not?

In March 2003, I consulted the participatory design users on what file formats

should be supported in the system. Those users said:

“The content of a protecol was more important than format; as long as I can lay
down texts so everybody can see the text and give comments, it would be fine. I

can leave the formatting to the very end of the design.”

Therefore, | did not put much consideration to the formatting during the design of
PCAT. However, later I encountered some obstacles for evaluations in the field
trial because of the heterogeneous information sources that protocol designers use.
Protocol reviewers have to review content in multiple file formats including Word,
Excel, and PDF files. Both they and the protocol coordinators got frustrated about

the insufficient formatting support, as indicated in these quotes.

“People are accustomed to commenting on formatting. The Pls might not like to

comment on not well formatted text.”
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“I think formatting is important to understand the content of the protocol in some
sections. The loss of formatting on the web view makes review difficult in some

sections, such as the study calendar table.”

[ adopted the open source web editor called htmlarea as part of my design, This
editor does not have formatting features fully consistent with Microsoft Word,
especially for tables and footnotes. Since my participants were very familiar with
Word and needed rich formatting support as offered in Word, they complained
that this editor was not fully interoperable with Word and had some reluctance
during the evaluation studies. Although my evaluation goal is to test the
usefulness of the annotation design and the prototype system PCAT and
interoperability seemed to be just an engineering problem, this unsolved technical
problem did hinder my users from using PCAT to some degree. This lesson
assured me the importance of carrying out effective evaluations in the real work

context, as Kaplan suggested {Kaplan 1997).
(2) Should there be a single or multiple editors?

In 3.2.2, I described my iterative prototyping and the major iterations that I went
through. In fact, some of the iterations were driven by the changing user needs. At
an early stage of the prototyping process, my users told me that only one editor,
the protocol coordinator, should be allowed to revise the protocol after reviews.
Later my users felt encouraged by the group support features and requested the

editing rights be given to all the protocol writers so that they could edit different
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sections of a protocol concurrently. I made corresponding changes and designed

section-based concurrency control and version control.

However, when 1 demonstrated the revised design to the participatory design
users including one manager of all protocol coordinators, this manager started to
hesitate and told us some of her other concerns. In their current system without
PCAT, the protocol coordinator in a protocol writing group is the only person
who can write content into a development protocol. The person in this role knows
exactly what exists in the old draft, what new input is needed, and what
mformation is authorized to be put into the protocol. When there are different
opinions among different protocol writers, the protocol coordinator often waits
until the negotiation among these protocol writers is resolved. In contrast, with
such an open collaborative writing environment as PCAT, where everybody can
write freely, she was worried about the consequence of removing the centralized
group control of protocol coordinators. For the same section, different protocol
writers may try to edit it in different ways. The whole work may lose the
advantage of having the centralized coordination by protocol coordinators.
Protocol writers may have to communicate directly within the group through their
writings in the shared protocol, rather than through comments. This may further

cause the inconsistency of the document,

In addition, other participatory design users in other roles did not object to the
manager’s concern. They also indicate that it would be easier to let the protocol

coordinator do their job as before and take the exclusive editing control of the
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document. Therefore, eventually they switched back to the single editor mode and

[ reverted to one old solution accordingly.

One possible explanation for this example could be that the users prefer explicit
communication through comments to less explicit communication through
writings, Another possible explanation for this example could be that users were
worried about losing the control of group work by giving group members too

much freedom.

The above two examples in this section are also representative of challenges for
requitements engineering and change management during an iterative design

process, where users have difficulty in articulating their needs precisely.

7.4.2. The Social-Technical Gap

The evaluation results of this research reveal a divide between what I must
support socially and what T can support technically, which is a social-technical
gap defined by Ackerman (Ackerman 2000). Next, [ elaborate on the socio-

technical challenges that form this social-technical gap.

(1) Technical Challenges

There is a severe tension between the capabilities of available technologies and
people’s needs for support of their habits, ideals, and nuanced behaviors. In this
sefting, the users expected digital documents to support their contextualized

reviewing behaviors on physical documents, such as annotating multiple sections
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together and creating annotations anchored to multiple texts in a document. In
addition, the users are used to MS Word and expect the online editor to provide
formatting features consistent with MS Word. Moreover, users are used to reading
paper copies while making comments but current technology does not well
support smooth linking or blending of physical and digital documents. These

challenges hinder further system uses and evaluations.
(2) Expanding User Needs

Our initial design was centered on the iterative review and revision support. Our
final design includes progress tracking, web email, user management, and many
other features. All of them have been developed toward the elicited user needs. In
our annotation design, I defined “unread”, “read”, “responded”, “incorporated”,
and “resolved” statuses for an annotation. In our recent field trial, our users
suggested adding another status: “agreed” so that some reviewers can simply
acknowledge existing comments without creating new comments. I foresee that if
I implement this feature, [ still need to define “disagree™ and support some voting
mechanism. In a participatory design process, users naturally grow mature and
savvy at the same pace as the design. But as users become savvier, it is more

difficult to satisfy their changing and expanding needs.
(3) Lack of Incentive for Certain Users

Throughout our designs and evaluations, 1 did not get sufficient access to one

major role, the P, in the group work of protocol design because of two challenges.
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First, Pls are unlike statisticians or protocol coordinators, who belong to the same
organization. PIs are affiliated with various organizations. They come and go
because designing clinical trial protocol is not their profession, but a once or twice
experience in their life. To understand the user needs of this fluid population of
Pls can be a big research project on its own. Second, PIs seem to have little
incentive to us¢ a group work support technology. According to the user feedback,
the PIs are currently at the high level in the group work. To avoid overwhelming
PIs with too much information, protocol coordinators often send composed and
filtered messages to Pls. According to our field study, some Pls do not know the
tedious work that other group members do and few of them have a clear picture
about the whole group work process. It is hard to motivate the Pls to participate in

a technology design that may threaten their power.

(4) Group Work among Non-peers

The collaborative work within SWOG is essetitially among non-peers. Protocol
coordinators are supposed to support other people. They do most of the work, but
they do not get the authorship. Similar to other healthcare settings, the people
involved in protocol designs have disparate training backgrounds and sit at
different levels in the hierarchical healthcare research system. This situation
creates confusion for system designers. Should our groupware technology support
the lower level workers or those higher level PIs? Should I increase the difference
in work load or should I strive for a balance? In these groups, some roles are

subordinate to other roles. It appears there will be constant conflicting needs from
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these different roles. Group work support technology often subtly changes the
group structure and interpersonal relationships, which is one of the eight classic

challenges for CSCW designs identified by Grudin (Grudin 1988).
(5) Subtle Organizational Nuances

Healthcare settings are complex and full of nuances. Our evaluations reveal some
subtle feelings that some users have. A data coordinator says, “7 am a senior
protocol developer, I definitely welcome shared annotations. But if I were a new
protocol developer, I would not like my comments fo be seen by others. I do not
want other people to think my comments are stupid and I know nothing. I can
read other's comments, but I would not like to share mine.” Protocol writers have
disparate training backgrounds and do not have shared cultures. They have subtle
concerns toward the concept of group learning. Another example, our system tries
to facilitate direct communication among group members to minimize
unnecessary efforts for manual information relay, but the evaluation results show
that the users think direct cotnmunication may impose commitment on receivers.
They prefer the currently loosely-coupled collaboration mode instead. Nuanced
behaviors like these are often hard to perceive. Designers need to thoroughly

understand users and their work with insight and over time.

(6) Changing Organizational Structure

Not until our recent field trial did I learn that most protocol coordinators do not

make changes directly on protocols, but a new role, word processor, does the job.
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The word processors were not ready to use the system both because they were less
trained and they were occupied with editing tasks. I was told that the organization
introduced this role to alleviate the work load of protocol coordinators, but this
change interfered with our evaluation plan. The feature “incorporate annotations™
was lowly rated as shown in Table 7.3, possibly because the feature was never
used. Therefore, ongoing organizational changes can have great impact on designs.
System designers must be sensitive to various organizational changes and prepare

proactive plans.

The above results exemplify some classic challenges for group work support
{Grudin 1988), such as disparity in work and benefit (e.g., work load shifting),
disruption of social processes (e.g., difficult to motivate and engage PIs), and

difficulty of evaluation.
7.4.3. Complementing Fieldwork and Participatory Design

A descriptive fieldwork and a participatory design process complemented each

other effectively in my dissertation research.

One challenge for fieldwork research in general is that a field often contains
unlimited knowledge. It is difficult for a system designer to identify a meaningful
focused area. Therefore, it is tempting for a system designer to first come up with
a design idea and then focus a field study on this design idea. Then the fieldwork

would be driven by a particular design. In this dissertation research I did not take
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this approach. I benefited from my descriptive field work in that I was not biased

toward any design idea at the beginning.

During the early stage of my participatory design, when I inquired about what
informatics tool support SWOG might need for protocol development, the
participants from SWOG unanimously said that they needed better knowledge-
based management for protocol standards and version control for developing
protocols. They were aware of the problems in protocols such as inconsistency
and ambiguity, and they imagined that knowledge-based systems would be the
solution. No one mentioned that group communication was actually a big

challenge for them,

Later, after I observed the group communication via email and the collaborative
protocol reviewing process, especially after I identified the discussions carried out
through protocol review comments, I realized that iterative reviewing and revising
of developing protocols was a more severe problem that needed to be addressed
first. After I explained this idea to the participants at SWOG and shared with them
the field study results, they agreed on the importance of supporting iterative
reviewing and revising of developing protocols and were willing to put this area
as a top priority for the research. Only from this point on did I start to focus my

system design on supporting the iterative reviewing and revising process.



175
The above example shows how my descriptive field study inspires a useful idea
and complements my participatory design. The following example shows how my

participatory design corrected a misunderstanding I had in my fi¢ld study.

A common goal of technology designs is to support or improve the work practices
of users. One challenge for introducing new technology is change management, as
I describe in 7.4.2. A lesson that I learned in this research is that a system
designer needs to know what should be changed as well as what could not be

changed when supporting work practices of users.

During the participatory design process, I once provided a *protocol information
retrieval” design in the PCAT prototype. I came up with this protocol standard
management design because [ observed this work practice at SWOG during the
fieldwork. 1 thought this work practice needed to be supported in the PCAT

prototype. The users at SWOG looked at this design and told me:

“Yes, this is how we do the work now. But we were not happy about it. This is not
the right way to manage protocol standards. Protocol standards change very
Jfrequently. Copying and pasting standards from previously designed protocols

introduced a lot of errors. We need to change this.”

I leamed from this example that we may be able to see how users do the job, but
we may not see how they feel about it, There is much tacit knowledge in the field.
Here this information is impersonal so this user spoke up. At some other times, it

may be hard to collect tacit knowledge from the field, such as interpersonal
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relationships, consultation of users to get their feedback for a design through

participatory design would be helpful.

Overall, I found it helpful to share the field knowledge with SWOG participants
down the road for a couple of reasons. It helped make the group work visible to
these domain experts, who were immersed in their work all the time hardly
knowing the big picture. Knowing more about their work and their group workers
helped these users better understand the feasibility of their design suggestions.
Moreover, it helped me collect feedback from users to validate my interpretation

of field study results.
7.5. Summary

In this chapter, I describe the evaluation results for my research and contribute an
understanding of a social-technical gap for healthcare group work support in the
Southwest Oncology Group. The social-technical challenges include expanding
user needs, lack of incentive for group members, difficulty for collaboration
among non-peers, and a gap between what is technically feasible and what users
require socially. The study further strengthens my belief in the importance of

using social-technical approaches to design healthcare information systems.

Multidisciplinary healthcare group work is common in various healthcare settings.
For instance, electronic medical records are integrated results by physicians,
nurses, lab result analysts, and many others. Such group work may share similar

challenges as collaborative clinical trial design. In Chapter Eight I will ¢laborate
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on my ideas of future work that may extend this research to other groups in

medicine domains.
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Chapter 8: Summary and Conclusions

In this chapter, I summarize my understandings of collaborative clinical trial
protocol development and my annotation design to support collaborative writing
(Section 8.1), discuss the contributions of my research (Section 8.2), report on the
limitations of my current approach (Section 8.3), and present avenues for future

work (Section 8.4).
8.1. Supporting Coliaborative Writing through Annotations

This dissertation contributes early knowledge about how clinical trial protocols
are developed through group work at the Southwest Cneology Group (SWOG). In
response to the research questions in section 1.3.1, I described the major roles and
their responsibilities for protocol development at SWOG, I illustrated the current
work practice at SWOG including the centralized document control and group
work coordination. I also explained the challenges for the loosely-coupled
protocol development from multiple perspectives: the subtle interpersonal
relationships in the hierarchical healthcare system, the diverse incentives among
multidisciplinary group members, and the limitations in email-based group
communication and coordination. On this basis, I focused on the iterative
reviewing and revising process during collaborative protocol development. [
described how comments are used by group writers, the major categories of
comments, as well as the distribution of comments in different sections and in

different categories. I also identified four major roles of review comments in the
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collaborative writing process, which are communication artifacts, group learning

artifacts, activity justification artifacts, and progress tracking artifacts.

Informed by the field knowledge, this dissertation also defines a new annotation
model that supports collaborative writing. This annotation model first supports
version control for both annotations and evolving documents and supports life

cycle management for annotations on evolving documents,

The formative evaluations and the two field case studies of the prototype system
PCAT at SWOG demonstrated the potential usefulness of some aspects of this
design, Some participants at SWOG are willing to adopt this tool in their daily
protocol development work. Some annotation features in my design received
unanimously positive feedback from the users, such as linking annotations to
specific areas in the document precisely and highlighting annotations in colors for
different reviewers. These evaluation studies also revealed an example socio-
technical gap m group work support. This gap consists of the social-technical
challenges, such as to support information sharing while avoiding workload
shifting within the group, to help users become more savvy about the technology
design while trying to meet the expanding user needs, to address the subtle

organizational nuances, and to support group work among non-peer workers.

As I describe the limitations of my rescarch 1n section 8.3, my ¢valuation studies
involved only a small number of participants for relatively short periods. More

evaluation studies are needed to justify broader claims. Nevertheless, these initial
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results suggest that by supporting in-context communication among collaborative
writers and by providing life cycle management for annotations in an evolving
information space, PCAT has some potential usefulness for the group work of

collaborative clinical trial protocol writers.
8.2, Contributions

This dissertation has contributions to three disciplines: medical informatics,

computer supported cooperative work, and clinical medicine.
8.2.1. Contributions to Medical Informaties

The primary contributions of this dissertation to medical mmformatics include (1)
an understanding of the group work of clinical trial protocol writing (2) a
collaborative clinical trial protocol writing system PCAT and a new annotation
design for evolving documents (3) an implementation of the grounded design

method during the design of PCAT and the annotation model.

No previous studies have described the protocol development as a group work
among multidisciplinary clinical researchers. The information I collected by
studying this group work at SWOG provides useful field knowledge for future
medical informatics researchers who are interested in developing tools to support

this kind of group work.

Research in Medical Informatics started from artificial intelligent methods applied

to medical domains. Group work support technology in this domain has been very
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rare. Prior to my study, protocol developers that [ have studied have not
recognized the problems in their group work; instead, they viewed the lack of
knowledge-based support as the major problem. I identified the most problematic
part of protocol development as the iterative reviewing and revising process that
involves challenging group communication and coordination. I also uncovered
that group protocol writers do not follow a strict workflow model; instead, their
work is loosely coupled. This understanding implies that a rigid workflow support

system may not work well for collaborative workers in this setting.

Moreover, I designed and implemented the prototype system PCAT to support the
collaborative work among SWOG protocol developers. My evaluation studies
validate the usefulness of some features of PCAT and reveal example socio-
technical challenges for group work support in medical domains. Such insight can
help informatics researchers to account for the social-technical gap in group work

support research for multidisciplinary healthcare researchers.

Positive user feedback in my studies led to an organizational decision to make the
prototype of PCAT a usable tool for regular protocol development activities. This

practical impact on SWOG’s daily work practice is a valuable contribution.

8.2.2. Contributions to CSCW

The primary contributions of my work to CSCW include (1) an understanding of
a lengthy collaborative writing process in the clinical research domain (2) the

development of a new annotation model that supports the iterative reviewing and
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revising process during collaborative writing (3) an insight into the challenges

involved in group work among loosely coupled healthcare researchers.

Collaborative writing has been an active research area in the CSCW community
for years. Collaborative clinical trial protocol writing is a unique example of
lengthy collaborative writing processes in the healthcare arena. My work on this
process contributes to the collaborative writing research area by showing that

group writers can carry out the work in spite of their diverse views of the group

work (Chapter 4).

In addition, annotation research has traditionally focused on annotation for static

documents. I designed an annotation model that has these new properties:

{1) a dynamic activity status for annotations during collaborative writing

processes that facilitates life cycle management of annotations and group

awareness support for annotation-centered activities

(2) version information consistent with the evolving document that partly

ensure the cotrect document context for annotations

(3) annotation addresses and temporal properties for annotation notification
support with a purpose to reduce meta-communication, which is

introduced in section 4.5.3

I identified the roles of comments during collaborative writing (Chapter 4) and

provided implications for in-context communication support for collaborative
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writers in an evolving information space. I suggested that such support should
integrate research from multiple areas including design rationale capture,

collaborative writing support, and annotation interface design.

Furthermore, I identified some challenges for group work support in the particular
domain of clinical research due to the multidisciplinary nature of the group work
and the loosely coupled group members. Protocol development is a great example
of loosely coupled activities that has great research value for both medical

informatics researchers and CSCW researchers.
8.2.3. Contributions to Clinical Medicine

Clinical trial protocol development is important for clinical research but barely
receives appropriate technology support. Previous research has primarily focused
on knowledge-based approaches for protocol design support and has paid little

attention to augmenting the natural work process of clinical researchers.

This dissertation studied protocol development from CSCW perspectives and
supported it using CSCW methods. My field studies helped clinical researchers
understand their group work better and resulted in the design of PCAT. This
system could potentially improve the iterative reviewing and revising of clinical
trial protocols. Eventually, this research may lead to clinical trial protocols with
better quality control, may speed up protocol development, and may ultimately
improve the discovery process of disease treatments. My dissertation contributes

to the ground work for collaboration support in the domain of clinical medicine.
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8.3. Limitations

There are a few limitations of this research, including unsolved technical
problems in PCAT and the scope of the field studies and the evaluation studies. I
mentioned the unresolved technical problems in PCAT as engineering challenges
in section 7.4.2; therefore, here I analyze the limitations in the scope of both the

field studies and the evaluation studies.
8.3.1. Scope of the Field Studies

Protocol development involves multiple major roles including study coordinators
(or principle investigators), protocol coordinators, and biostatisticians. During my
field study and participatory design, I had good access to both biostatisticians and
protocol coordinators but limited access to study coordinators. In Section 7.4.2, I
described the possible reasons that make it difficult to engage study coordinators
in the study. Study coordinators are a dynamic body of protocol developers, who
may only write one or two protocols in their career and then switch to other
commitments, and most of them do not share a consistent view of the protocol

development process.

My research has a small sample size because the widely distributed organizational
architecture imposes challenges for participant recruitment and most protocol
writers do not often write protocols. Despite this, my work provided some
baseline data for a larger scale of field study to fully understand the user needs of

study coordinators in the future.
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Last, my study has been limited to a single organization: SWOG. However,
because SWOG is representative of NCI cooperative groups, 1 believe that some

of my results can be generalized to other cooperative groups.
8.3.2. Scope of the Evaluation Studies

Groupware evaluation is complex in essence. In my work, I took a staged
evaluation plan. Within the scope of this dissertation research, I focus my
evaluations on the usefulness of the system designs. My field studies to evaluate
the designs of the annotation model and the prototype system only spanned no
more than a week; therefore, I did not study how the system prototype would be
used in protocol developers’ daily work. Adoption evaluation of group work
support technology is still an open research topic, especially in the medical
domains where social-technical challenges are complex. I hope to study the

adoption of the designs as part of my future work.
8.4. Future Work

My research on collaborative clinical trial protocol writing support provides a

basis for a seri¢s of research projects. Below I discuss several such projects.
8.4.1. Expanded Field Studies

SWOG is one of the cooperative groups funded by NCI. It is still unknown how
different cooperative groups may carry out the protocol development process

differently. Moreover, besides cooperative groups, there are lots of
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pharmaceutical protocol development organizations, which alse involve a lot of
collaborative clinical trial design efforts and greatly demands group work support

technology.

I would like to carry out more expanded field studies of protocol design in other
cooperative groups or in other pharmaceutical protocol authoring agencies and to
identify their similarities and differences. I would also like to carry out more
longitudinal field evaluations of PCAT with more protocol developers from
different protocol design groups in the future. Such studies would extend the
usability evaluations in my current work and provide insights into the adoption of
healthcare groupware technologies. They would help us understand the work
support needs of protocol developers when we analyze their uses of the system,

what they like and dislike, and the reasons.
8.4.2. Further Annotation Studies and Design

Annotations have very broad applications and great potential to support all sorts
of collaborative activities. Physicians use annotations to give diagnosis comments
on patient health records; researchers use annotations to label medical images or
gene sequences, software engineers use annotations in programs, and so on. I plan
to evaluate the annotation design from my dissertation in broader application
settings and design more annotation-driven collaborative technologies. For
example, I will investigate how physicians and nurses review and annotate

electronic patient records as well as what major problems or challenges exist
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when it comes to use these annotations. I plan to apply and improve my
annotation designs for electronic medical record systems and to support

information flow and collaboration among a variety of users.
8.4.3. Collaborative Environment Design

During my research, I got the opportunity to introduce the design of my
annotation model and the PCAT prototype system to researchers in the field of
technical communication and geographic information systems. They all liked the
design and encouraged me that this system could be a good collaborative

environment for students and researchers.

Both these fields produce well-structured documents such as research grant
proposals or technical manuals that have strict formatting requirements similarly
to those of clinical trial protocols. They also have similar document quality
control processes to protocol designs through iterative reviews and revisions. One
of my fature plans is to extend the design on PCAT and apply it to facilitate group

learning in classrooms or among distributed geographic informatics researchers.

8.5. Concluding Remarks

Collaboration among multidisciplinary healthcare professionals is common and
calls for more groupware technology support. 1 have carried out a study to

understand how collaborative clinical researchers work as a group and have
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designed a new annotation technology to facilitate their loosely-coupled

distributed collaboration.

My research in dissertation bridged research on annotations and collaborative

writing and provided a basis for future collaborative medical informatics research.
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Appendix I: Questions in Semi-Structured Interviews

Questions about the work practice

1. Could you please describe the role you play? What do you do with

developing protocols? What are your responsibilities?

2. How many people working as the same role are there in SWOG? How

many protocols do they work simultaneously?

3. How and at what time stages are you involved in the protocol development

process?

4, Could you please use a diagram to capture your view of the protocol
development process? What I want are the major steps, people and tasks

involved tn each step.
5. What sections do you participate in reviewing and writing?

6. In your view, do you see any problems or challenges in the current

protocol development model? If yes, what are they?

Questions about communication

7. Who in the protocol development team do you contact? Are you co-

located? Are you familiar with each other?
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8. What are the major communication channels with other protocol

developers? How often do you use email, phone calls, face-to-face

meetings, etc?

9. In this profession, how do people view different communication channels?

Which one is the most formal one? Which one is the mostly used one?

10. Do you have a preference for a specific communication channel for a

particular circumstance? For example, would you prefer email rather than

phone calls most of time or sometimes?

11. How do you like email communications? Can you talk about its pros and

cons for the reviewing tasks? Similarly, how about face-to-face meetings

or phone calls?

Questions about Review Comments

1.

Could you please describe your protocol review process? Suppose one
minute ago you receive a protocol for you to review. Could you just talk

about your review process and how you share your comments with others?

After comments are sent out, what happened to these comments? I am

interested in all iterative activities in the review process.

Does it happen that people may give different comments on the same

issue? How do you resolve that? Who are the decision makers?
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Appendix II: An Sample Change Management Document

Things that will change only minimally
¢ The workflow among statisticians, study coordinators and protocol coordinators

o Working styles: Dealing with comments, putting together documents, email &
telephone habits

Things that will change
+ Handling reviewers comments

o Protocol reviewers can add comments directly to the protocol documents
withowt specifying in detail where the comment message appiies; the
system will automatically capture the anchor for every comment. This is

also helpful for detecting conflicting opinions sent from different
reviewers

o Comments will be made available immediately online to all the protocol
writers. There is no need to send comments in emails, which is hard to

track
Comments can be organized as threaded discussions

o Reviewers can specify particular people that they want the comment to
be read and responded. This is support for “direct message”

o  Changes made to the protocols can be related to comments so that
reviewers can understand how their comments are received by protocol
authors and what effect they have on the document

¢ Improved progress tracking for protocol manager

o The system is going to support progress tracking. She can overview the
status of comments and the version history of the development protocol

o The system can send automatic reminders to related persons who are
behind the work

o Ideas? We're not sure what is needed in this area

¢ Smaller worlkload for protocol coordinator

o Comments can be addressed to a specific person as a ‘“directed
message”; the protocol coordinator will be saved from relaying
questions and answers as a middie player
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o Protocol authors such as Pls or statisticians have the option to write or
insert their sections online, instead of emailing the content in word
document attachmenis to the P.C.

o Keeping track of different document versions is easier and will be taken
care of by the system. But we need help understanding what method for
versioning would be best for PCs!

o  Benefits for the whole group

o  Most communications will change from personal emails to web-based
and document-ceniered discussions

o Every comment has a life cycle going through 'newly added”,
“responded” and ‘resolved”. This allows writers to understand how
comments are received and where new versions come from

o Everybody shares the same version of online protocol; there will be less
chance for people to work on different versions

Where we are now? Web prototype demo, A complete workflow demo, which
includes the following activities:

o A protocol coordingtor creates a new protocol based on a default
template online

o The leading statistician or the study coordinator adds input for their
specific sections for the new protocol online

o The protocol coordinator makes sure the protocol draft is ready for
review and sends notifications to the group

o People use the collaborative reviewing tool and add in-line comments to
the current version of the protocol. People can respond to one another’s
comments.

o The profocol coordinator takes resolved comments, makes revisions to
the draft, and saves it into a private version. Once there are no further
comments for a given draft and all the comments have been incorporated
into the revision, the protocol coordinator creates and releases a new
version online. (This is a proposal to be confirmed by Dana: Please tell
us if this approach works for PCs. Currenily everybody can make
revisions online)

o Reviewers can continue to add comments on the new versions. They can
also load old versions. However, old versions are Read-Only to
reviewers. (This functionality is under construction)

o The protocol manager can browse the version evolutions, they can also
check the status of all comments such as “how they have been
processed” and "which comments still vemain unresolved”.
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Comparison with DocuMart
e They don’t have concrete solutions for communication support

¢ They do have materials and ideas for template construction and management
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Appendix III: A Likert Survey of System Usefulness

Please put a “*” in the cell where you think it would fit.

1. It is very useful (or I can foresee its usefulness after the editor is
consistent with Word)

2. Sometimes uscful

3. Occasionally useful

4. 1have not used it at all
5. Iwon’tuseit

Feature 1 1231415 Other
comments

Reply to other’s comments

Browse comment statis

Incorporate a comment

Filter comments

Output print-friendly comments

Address comments to certain people

Set up comment response deadline

Link comment to certain text in the
document

Comment categorization

Urgent email notification for high priority
comment

Highlight comments in color on the text

See other people’s comments during my
Teview

Sort comments on diffarent criteria:
submission time, user, category, etc.

View comments side by side to text

View comments as threaded discussions
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Appendix IV: An Example Evaluation Scenario Script

Roles: Deepa: a real protocol coordinator. Tasks to carry out: Group activity
tracking, group communication, and comment making and replying, protocol

revising based on comment, protocol version control

Deecpa logs into the Electronic Protocol System. She browses group activity
history and finds that her group members have added some input to different
sections. Then she wants to complete some sections based on input from the PI
and stats, However, she runs into several questions. She notices that both of them
are not online at the moment; therefore, she communicates her questions to the PI
or the stats by using either the web mait or adding annotations to the text written
by them. After ten minutes, the Pl comes back and logs into the system, she
checks the “‘comment history” and finds that there are newly added comments,
addressed to her from Deegpa. The PI knows the answers to these questions and
quickly responds to the comments. Deepa immediately detects responses by
noticing status transitions of her early comments, from “unread” to “responded”.
With these answers, she edits corresponding sections. While editing, she can view
comment details and change the status of comments to “incorporated” once she
make the change. She saves changes after she is done with each section. Then she

saves a new version for the whole protocol and logs out of the system.
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