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Dentistry “in the wild”- a workplace study of dentistry from a
distributed cognition perspective

Karin Bjorkvall

Abstract

The research problem addressed in this thesis is the lack of understanding of
dentistry in practice, and the limited amount of work from a HCI-perspective in
dental informatics. The aim of this thesis is to gain a deeper understanding of the
area as a socio-technical domain from a Distributed cognition-perspective using
workplace studies. Dentistry is a complex socio-technical domain where
humans, technology, tools and artifacts together form a system. The ubiquitous
presence of computers has made a mark on the dental profession with e.g. record
systems and digital x-ray, and the integration of IT-system in the dental field
may inform how dentists make decisions for their patients and how they perform
their work. The problem is that not much work has been done in the dental
informatics field from a HCI-perspective. This thesis applies workplace studies
and Distributed cognition as an approach to HCI to gain an understanding of
dentistry in practice and also draw conclusions how Distributed cognition could
be applied as a method in HCI. This thesis presents a detailed account of work in
dentistry regarding the propagation of information through representational
stages and the roles, tasks and artifacts that are present in the complex socio-
technical domain of dentistry. The thesis also provide implications for
Distributed cognition regarding how it could be developed to fit into today’s
complex socio-technical domains both as a method in HCI and as a theoretical
framework.

Key words: Dental informatics, Human-computer interaction, Distributed
cognition, Workplace studies.
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1 Introduction

Dentistry is a complex socio-technical domain where humans, technology, tools and artifacts
together form a system. The domain is also sensitive for errors, it is therefore critical that the
process works satisfactory to avert errors and that the whole system is included in the analysis.
The research field that study dentistry from a technical perspective is dental informatics. Dental
informatics is a relatively young field and has significant potential for supporting clinical care
(Schleyer & Spallek, 2001) and is defined as “...the application of computer and information
sciences to improve dental practice, research, education and management” (Schleyer & Spallek,
2001, p. 605).

Dental informatics has some aspects in common with the field of medical informatics, but it is
argued that the field cannot entirely be compared to medical informatics because of
distinguishing features that makes dental informatics different from the medical field,for instance
the way to perform examinations, methods of reimbursements and the development of treatment
data (Button, Doyle, Kartis & Selhorst, 1999; Schleyer, 2003a). Reyonolds, Harper and Dunne
(2008) claim that medical informatics has had a delayed start of technology adoption, but that
dental informatics has had an even more postponed start with minor widespread uptake of
technology in the area of dentistry. According to Sainfort, Jacko, Edwards and Booske (2008) the
field of medical informatics is still in its infancy. So, if medical informatics is still in its infancy
and dental informatics has had an even more delayed start then the field could be considered to be
as mature as a newborn.

The field of dental informatics is immature as such and an insignificant part of the literature in
the field then addresses the specific area of interest in this thesis, namely human-computer
interaction (HCI) in dentistry. The current use of HCI in dental informatics could be argued to be
rather basic and much literature talks about more “classical” HCI-approaches such as heuristic
evaluation and checklists (Thyvalikakath, Monaco, Thambuganipalle & Schleyer, 2008; 2009).
According to Sainfort et al. (2008), it has been argued that HCI is fundamental for the success of
healthcare informatics, but also in healthcare informatics it seems as if the domain lacks some
maturity for applying the area of HCI to the field. Sainfort et al. (2008) address different
technologies where HCI could be useful, such as Electronic Medical Records (EMRS),
Computerized Physician Order Entry Systems (CPOE), patient monitoring systems and imaging
systems. The discipline of healthcare informatics has come further than dental informatics in the
field of HCI (Schleyer, 2003a), and the field of dental informatics has some unique challenges in
the ways dentists collect, use and display data. Not much work has been done in the dental
informatics field from a HClI-perspective and it could be argued that some fundamental work
needs to be done to understand the work of dentists and to improve HCI in the field.

The ACM SIGCHI group (1992, section 2.1) defines the field of HCI as;

...a discipline concerned with the design, evaluation and implementation of interactive computing
systems for human use and with the study of major phenomena surrounding them.

This thesis is aimed at the latter part of the quote, “the study of major phenomena surrounding
them”, which means that the area of interest is the users of interactive systems, the setting in
which they work, and the tools that they use. Koch (2010) argues that few medical- and dental
informatics systems go beyond a prototype stage and that one reason for this is “the lack of



explicit user focus”. Koch (2010) also argues that a more holistic view should be applied to the
discipline of dental informatics;

...user-centered system development in interdisciplinary working groups, taking into account human
cognitive performance, allows for a holistic view of the entire work/care process and thereby
enhances user acceptance and provides health information systems that are accepted and used in
clinical practice (Koch, 2010, p. 68).

Koch (2010, p. 66) also emphasizes the fact that “it is well known that the basis of appropriate
clinical management is the continuous holistic understanding of a clinical situation”. In addition,
Song, Spallek, Polk, Schleyer and Wali (2010) argue that a major challenge in designing useful
clinical systems in dentistry is to use clinical evidence based on the dentists’ information needs
and a seamless integration of systems into the complex clinical workflow, but little is known
about the information sources and the information needs of dentists during treatment.

In order to get a holistic view and to gather clinical evidence in dental informatics for improving
HCI, dentistry needs to be studied with the use of an approach that takes into consideration the
distributed and collaborative ways of the field. The approach suggested is workplace studies,
which have in common that they are concerned with the situated organization of collaborative
activities and the ways in which tools and technologies and objects and artifacts are present in
practical action and interaction in the workplace. Workplace studies are naturalistic, ethnographic
studies with thick descriptions of human conduct and cooperation in complex technical
environments (see e.g., Luff, Hindmarsh & Heath, 2000). This implies that workplace studies are
beneficial to the discipline of dentistry because they provide a description of work-practice
serving as a foundation for work in HCI in the dental informatics field.

There are several approaches available to conduct workplace studies, e.g. there is a growing
interest in the Activity theory as a methodological and conceptual framework for the analysis of
workplace studies (Engstrom, 2000; Luff et al., 2000). Other approaches in workplace studies are
ethnomethodology and conversation analysis (Engstrom, 2000). Another possible approach is
situated action by Suchman (2007) which has a situated approach to how people interact in their
environment which Bannon (2000, p.235) calls “...the landmark publication of this genre”. None
of these approaches will be used in this thesis, instead a theoretical framework that addresses the
socio-technical environment of human cognition and work will be used, namely the theoretical
framework of distributed cognition (DC).

The concept of DC was presented by Edwin Hutchins in his rather famous book Cogpnition in the
wild (1995a) with the title suggesting that cognition should be studied “in the wild”, and not in a
laboratory-setting. Often in theoretical cognitive science cognition has been studied in a
laboratory and Hutchins (1995a) claims that little are known about cognition in cultural settings.
Since the publication of the book, much work has been done, by Hutchins and by others, to fully
apply this theoretical framework to different settings and in different domains such as aboard a
ship (Hutchins, 1995a; Lltzhoft, 2004) and the cockpit of an airplane (Hutchins, 1995b). Work
has also been done where DC as a theoretical framework has been used as a base for the
construction of methods in e.g. healthcare (Galliers, Wilson & Fone, 2007) and decision making
(Nilsson, 2010).

The idea that Hutchins (1995a) presents is that human cognition is fundamentally distributed in
the socio-technical environment that we inhabit. Hutchins uses a system perspective (Perry,
2003), and discards the idea that human mind and environment can be separated and cognition
should be considered as a process, rather than as something that is contained inside the mind of
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the individual. Hutchins turns against more classical cognitivist theories that views cognition as
something that resides inside the mind of the individual and that human cognition is based solely
on symbol manipulation and representations (Simon, 1981, in Hutchins, 1995a).

The theoretical framework of DC has been argued to have big implications for the discipline of
HCI could benefit from the distributed view of cognition, and it is the aim of many researchers to
be able to apply DC to improve the field of HCI (Hollan, Hutchins & Kirsh, 2000; Rogers, 2004).
The notion of DC is first and foremost a theoretical framework and there has been a vivid debate
over the applicability of theory to HCI (see e.g. Rogers, 2004), but it also stands clear that DC
have many advocates for its applicability to the field of HCI (e.g., DePaula, 2003; Edmondson &
Beale, 2007; Galliers et al., 2007; Hollan et al. 2000; Perry, 2003; Rogers, 2004). There is also
researchers who claim that DC is not readily applicable to the field of HCI because it does not
include clear concepts that could be interlinked with the discipline of HCI (Nardi, 1996).

Hollan et al. (2000) suggest that to handle complex tasks and manage and exploit digital
information HCI needs a theoretical framework that can address the complex issues involved in
design which ensures a human-centered focus. Their suggestion is DC, a theoretical framework
that takes into consideration the distributed nature of human cognition. Human cognition has
previously been looked at as something that is internal to the individual and that humans act on
internal representations of the world, representations that represent something else (Hutchins,
1995a). The theoretical framework of DC instead looks at cognition as distributed in a complex
socio-technical environment and that cognition should be studied “in the wild” as it naturally
unfolds.

According to Luff et al. (2000) there are a number of approaches to practical action in the
workplace, and one of the most surprising developments is found within cognitive science with
the emergence of DC. According to Heath et al. (2000, p. 307) “...distributed cognition has
provided the vehicle for a body of ethnographic work and an array of findings concerning the
ways in which tools and technologies feature in individual and co-operative activity in
organizational setting” and argue that Hutchins (1995a) has provided some of the most
illuminating and influential research regarding workplace studies with his study of ship
navigation.

Bannon (2000, p.230) mentions alternative conceptual approaches to “situating workplace studies
within the human-computer interaction field” and also brings forward the concept of DC as:

...a bold attempt to keep many of the concepts from cognitive psychology- such as computation and
representational systems- but apply them in novel ways to situations, showing how several human
actors and artefacts can be viewed as ‘propagating’ representations (Bannon, 2000, p. 234).

Dental informatics has previously been studied by using contextual inquiry (lrwin, Torres-
Urquidy, Schleyer & Monaco, 2008) to describe the work process of dentists. Their conclusion is
that dental examination and treatment planning are a highly collaborative activities which
involves dentists, hygienists and assistants supported by a collection of equipment, artifacts and
technology. Irwin et al. (2008) suggest that further work is needed. Hence, it could be argued that
a way to precede this work is to apply DC in workplace studies in dental informatics to get a deep
and thorough understanding of the complex socio-technical environment in dentistry. DC could
give further benefits by looking at dentistry with a theoretical perspective that could increase
understanding of the field that could later be used in further studies.



DC has previously been applied to the medical informatics domain in e.g. heart surgery teams
(Hazlehurst, McMullen & Gorman, 2007:2008), breakdowns in information flow in hospitals
(Galliers, Wilson & Fone, 2007) and in a psychiatric emergency department (Cohen, Blatter,
Almeida, Shortliffe & Patel, 2006). Dental informatics is not the same as medical informatics but
the fact that DC in used in the medical domain implies that it is also suitable for the dental
domain because the two fields share some features in being complex socio-technical
environments.

DC has not to my knowledge been applied to the dental domain. Koch (2010) talks about medical
informatics as a field that contains promising results, but that those results do not reach beyond
the prototype state because the lacks of explicit user focus. The same can be said to be true for
dental informatics where many systems do not proceed from the initial prototype state. One
reason for this is that they can be used only in restricted settings. Koch (2010) also points out that
these kind of systems rarely take the end-users needs into account and rather are tools for
administrators rather than clinicians and many projects have been motivated by technology rather
than user needs, working environment and work processes, which can prevent user acceptance.
Koch (2010) claims that because clinicians have their primary focus on their patients, therefore
health-care systems need to be as intuitive and user-friendly as possible. To achieve relevant
results it is mandatory that the domain create interdisciplinary teams with help from e.g. HCI-
specialists and researchers from cognition theory.

This leads to the conclusion that the field of dental informatics could benefit from the area of
HCI, and that workplace studies and the application of DC could provide new insights to the area
of dental informatics.

1.1 Aim and objective

The research problem addressed in this thesis is the lack of understanding of dentistry in practice,
and the limited amount of work from a HCI-perspective in dental informatics. The aim of this
thesis is to gain a deeper understanding dentistry as a socio-technical domain from a DC-
perspective using workplace studies.

In order to achieve this aim the following objective is formulated;

e Apply the theoretical framework of distributed cognition in dentistry to interpret
and analyze the relevance of this theory to dental informatics in trying to
understand and improve propagation of information through representational
stages in dentistry from a HCI-perspective.

There are two intended research contributions for the thesis;

1) Provide benefits to the dental informatics field in providing a detailed description
of work practices in dentistry by performing a workplace study, which then can be
used to serve as a foundation to improve the use of a HCI-perspective in dental
informatics.

2) Improve the suitability of DC in HCI and workplace studies, which in addition
could provide new insights and implications for DC as a theoretical framework.

The next section describes the research approach that is used as a guide to achieve the aim of this
thesis.



1.2 Research approach

In order to investigate the complex socio-technical domain of dentistry different concepts are
integrated. The aim of the thesis is to look at dentistry in its natural setting and to do this from a
workplace study-perspective (Luff et al., 2000). Workplace studies is used to gain an
understanding of the collaborative and situated activities that take place in dentistry and the
technology and artifacts that are used to support these activities. To gain a theoretical foundation
to the workplace study the theoretical framework of DC is used because of its focus on complex
socio-technical domains and its aim to study real-world settings. DC is used as the means for
analyzing the collected data and as a lens through which dentistry is viewed. DC could be used as
a way to produce insights as to how human cognition works, but the focus of this thesis is not to
gain a deeper understanding of human cognition, but of the coordination of work in a complex
socio-technical setting from a HCI-perspective. The theoretical framework of DC can be used
with different focuses. In Hutchins (1995a) original work he uses DC in aiming at understanding
human cognition and does not specifically address technology in the setting. This thesis goes
beyond the scope of Hutchins original work and adopts the concept presented by Hollan et al.
(2000) that instead suggests DC as a theoretical framework to be applied on HCI and with a focus
on interaction between humans and technology. This thesis does not have a purely cognitive
approach but rather uses DC as a theoretical framework for workplace studies with the aim of
understanding humans and technology in interaction. Workplace studies function as both a
research area and as a method for performing empirical work. The contribution of workplace
studies is not just empirical but the research area of workplace studies are also providing an
important contribution to our understanding of work, technology and interaction (Luff et al.,
2000).

According to Button (2003), there are primarily three scientific foundations for workplace studies
in HCI; ethnography, situated action and ethnomethodology. Ethnography is, according to Patton
(2002), the primary method of anthropology. A central claim in ethnography is that any group of
people interacting for an amount of time develops a culture. Here, the concept of culture includes
a collection of behavioral patterns and beliefs. The primary method for ethnography is “intensive
fieldwork™ where the investigator is immersed in the culture under study and ethnography has
also emerged into an approach for program evaluation because “programs develops cultures, just
as organizations do” (Patton, 2002, p.82). Situated action originated in Suchmans book Plans and
situated actions (2007) and has the focus of observing work as it unfolds. Situated action also
discards the idea that people act upon the notion of plans and instead claims that human actions
are affected by contingencies and that plans are instead affected by action. Another approach for
studying HCI in real world settings that could complement formal methods and models in
software engineering is ethnomethodology (Rogers, 2004). Ethnomethodology examines the
context and “...how people use their particular circumstances to achieve intelligent action”
(Rogers, 2004, p. 98). Ethnomethodology focuses on the ordinary and the routine about everyday
life and looks on people’s methods of making sense of their social world (Patton, 2002).

For the theoretical framework of DC, Hutchins (1995a) and Hollan et al. (2000) suggest an
extension of ethnography which they call cognitive ethnography, which investigates the
functional properties of DC systems in HCI. Cognitive ethnography will in this thesis be used as
the approach for workplace studies to collect data in the dentistry domain. In cognitive
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ethnography it is important to have an interest in the individual but with added focus on material
and social constructs in the development of meaning. It is also important to look at meaning of
silence and absence of action as well as to words and actions (Hollan et al., 2000). Cognitive
ethnography is not a specific technique or method for analysis; rather it is a collection of
techniques such as interviews and observations, and Hollan et al. (2000) give special attention to
video recordings. According to Hollan et al. (2000) cognitive ethnography seeks to determine
what things mean to the participants in an activity and to document how those meanings are
created. Cognitive ethnography creates the “corpus” of observed phenomena that DC then aims at
explaining. According to Williams (2006, p. 838);

Cognitive ethnography employs traditional ethnographic methods to build knowledge of a
community of practice and then applies this knowledge to the micro-level analysis of specific
episodes of activity. The principal aim of cognitive ethnography is to reveal how cognitive activities
are accomplished in real-world settings.

Williams (2006) presents that cognitive ethnography is rooted in traditional ethnography, but
instead of being interested in the meanings that a cultural group creates, cognitive ethnography is
concerned with how these meanings are created. Cognitive ethnography studies the moment-to-
moment development of activity and its relation to sociocultural processes unfolding on different
time-scales. Williams (2006) argues that traditional ethnography describes knowledge and
cognitive ethnography describes how knowledge is constructed and used. As a method of inquiry,
cognitive ethnography has key roles to play in cognitive science with its aim to reveal how
cognitive processes unfold in real-world settings.

One primary technique used in ethnography is video-recording. In ethnography it can be difficult
to decide what to record. To record everything to get full coverage may not be the best approach;
it may be both impractical and undesirable. A vast amount of data could make it harder to
identify relevant episodes and to isolate phenomena of interest (Williams, 2006). It may also turn
the ethnographic study to a documentary project; focusing on recording while diminishing other
forms of ethnographic participation that is needed to interpret the data such as finding a role
within the community, gaining experience as a participant, forming relationships and interacting
with other participants. When deciding what to record and what to include or not, these decisions
depend upon the question the researcher is trying to answer.

To perform a workplace study a case study will be performed with the theoretical framework of
DC as a foundation, and with cognitive ethnography as its primary method. A case study is not a
methodological choice but a choice of what is to be studied (Stake, 2000). Case studies draw
attention to the single case and what could be learned from it (Stake, 2000), which in this case is
dentistry “in the wild”.

1.3 Thesis overview

Chapter 2 presents the theoretical background of the work in this thesis and discusses the
concepts of dental informatics (section 2.1), HCI in relations to workplace studies (section 2.2)
and the implications of the theoretical framework of DC to HCI (section 2.3). The chapter ends
with a summary (section 2.4). Chapter 3 contains a presentation of the empirical work of the
thesis regarding its empirical design (section 3.1) and its data gathering and data analysis (section
3.2). Chapter 4 contains the empirical results and presents the setting of dentistry (section 4.1)
and presents the general flow of information at a dental clinic (section 4.2). The chapter also
presents some details and breakdowns regarding the work in dentistry (section 4.3) and lastly
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presents conclusions and a discussion regarding the empirical results (section 4.4). Lastly, chapter
5 presents a discussion regarding the trustworthiness of the empirical work (section 5.1), the
contributions and implications for dental informatics (section 5.2) and DC in HCI (section 5.3).
The chapter is then includes future work (section 5.4) and concluding remarks (section 5.5).



2 Theoretical background

This chapter initially describes the discipline of dental informatics, its relation to medical
informatics and the involvement of HCI in the field (section 2.1). The chapter continues with a
presentation of the area of HCI and its connection to workplace studies (section 2.2), the
theoretical framework of DC in relations to HCI (section 2.3) and the chapter is concluded with a
summary (section 2.4).

2.1 Dental informatics

Dental informatics is a relatively young field and has significant potential for supporting clinical
care (Schleyer & Spallek, 2001). Dental informatics “...is the application of computer and
information sciences to improve dental practice, research, education and management” (Schleyer
& Spallek, 2001, p. 605) and dental informatics has developed significantly since its birth in the
1960s (Schleyer, 2003a). Similar to healthcare informatics, the field was formed by individuals
who had been trained in dentistry and other industries such as engineering, or who were partnered
with other professionals in e.g. computer science and HCI (Schleyer, 2003a). The first
conferences on the subject appeared in the early 1990s and the need for formal training and
education in dental informatics was first addressed in 1996 (Schleyer, 2003a).

The primary aim of dental informatics is to improve patient outcomes, so the discipline must
support and improve diagnosis, treatment and prevent disease and injuries as well as improve
dental health. Another aim is to make delivery of dental care more efficient and maintain or
improve cost-benefit ratios (Schleyer & Spallek, 2001). The use of computers can help
practitioners maintain their competency and to be informed about new developments. Right now
dental informatics has no dedicated professional society or any core journals, but a core of
researchers that conduct and publish research in the dental informatics field do exist (Schleyer &
Spallek, 2001). A problem in dental informatics is that education in the field is grounded in the
belief that dental informatics is derived from medical informatics rather than to see it as an
independent discipline (Schleyer & Spallek, 2001).

Dental informatics could be seen as a specialty of healthcare informatics Schleyer (2003) and a
number of methods and models can be shared, but despite much common ground there are
several aspects that separate the two. Button et al. (1999) presents four areas where dentistry and
healthcare differ in terms of how they go on performing their work. Firstly, there are different
ways of getting reimbursements e.g. there are different standards for billing (and thus
documentation) between medicine and dentistry. Secondly, workflow of performing
examinations and communicate and record information about the patient differs. In medicine the
finding (e.g. pain) is registered first and then its location, in dentistry the opposite is true where
the location (e.g. tooth #1) is registered first. Thirdly, the development of a treatment plan differs.
In dentistry a treatment plan is developed during initial examination and used a cornerstone for
comprehensive, long-range planning consisting of interrelated steps that works as a roadmap for
the dentist. In medicine, the treatment plan is generally a plan of care for the patient to follow; it
is a roadmap for the patient. Lastly, the two areas differ in how a problem is linked to the
description of the procedure. When a dentist writes a procedure, the procedure itself implies a
health-problem, if a physician would chart in that fashion it would be considered inadequate.



Schleyer and Spallek (2001) argues that design work that inform medical records are not
applicable on dental records because dentists collect, display and analyze data differently than the
medical domain and that there are parts in the dental domain that has no counterparts in medicine.
Reynolds, Harper and Dunne (2008, p. 313) argue that “...any dental electronic health record
cannot be subordinate to, or a subset of, a medical record” and that “future best dental practice
will increasingly depend on computer-based support tools”.

The field of healthcare informatics is defined as;

...the generation, development, application and testing of information and communication
principles, techniques, theories and technologies to improve healthcare delivery. It includes the
understanding of data, information, and knowledge used in the delivery of healthcare and an
understanding of how these data are captured, stored, accessed, retrieved, displayed, interpreted,
used and made more efficient (Sainfort et al. 2008, p. 662).

The definition of medical informatics is more elaborated than the definition of dental informatics
but it is presented here to bring more clarity to the field of informatics. It could be argued that
dental informatics could draw advantages from the healthcare informatics field and that it should
be possible to adopt this more elaborate definition. It is thus important not to think that the two
fields are entirely the same. The domains in practice differ and there are unique prerequisites in
both fields.

Other informatics-fields will rarely present ready-made solutions to the dental field, one example
is the progress towards electronic patient records in medicine which has “...translated into little
or no progress for dental practice” (Schleyer, 2003a, p. 11). Some fields in informatics at large
could be applied to dental informatics such as algorithms for image-processing, and advances
from biomedical informatics could be applied to dental informatics when appropriate, thus when
they fail to solve the problem field-specific solutions should be developed (Schleyer, 2003a).
This implies that dental informatics could gain benefits from other areas but that solutions cannot
be always be assumed to work in the dental informatics field and hence it could be argued that
dentistry could gain benefits from more specialized research in the field.

This leads to the conclusion that dental informatics and healthcare informatics are closely
connected but that there also are some fundamental differences. As Schleyer (2003) argues it is
important to be aware of when the two fields could gain benefits from each other and when it is
crucial to keep them separated.

The ubiquitous presence of computers has made a mark on the dental profession with e.g. record
systems and intraoral cameras, and the integration of IT in the dental field may inform how
dentists make decisions for their patients. The commercial market brings innovations to the
dental profession but according to Schleyer and Spallek (2001) it is not very likely that they will
address some fundamental problems, such as open standards for exchanging patient information
among practitioners and mechanisms to represent dental knowledge. Researchers to some extent
address these issues but an obstacle to progress is that the field is not very mature. Dental
informatics combines several disciplines such as computer science, information science and
cognitive science (figure 1) (Schleyer & Spallek, 2001). When applied to a specific domain such
as medicine or dentistry, information science becomes informatics. Informatics main focus is on
research, development and evaluation of information models and applications (Schleyer &
Spallek, 2001).
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Figure 1: Sciences that is combined to form the field of dental informatics and its practical implications (adopted
from Schleyer, 2003b, p. 6)

According to Reynolds et al. (2008) a dental informatics program was one of the first to ever run
on a computer, but the term dental informatics does not appear in the literature until 1986, nearly
twenty years after “medical informatics” first appeared as a term. According to Reynolds et al.
(2008) there has been much technical progress but little widespread uptake in the dental
informatics field and researchers in the field could describe the field as “emerging” and “a small
but growing discipline”. In part, this delay of dental informatics is a matter of policy and
economics, but dental informatics has also faced technical challenges and impediments in system
performance and integration issues. One such issue is the use of structured terms, medical
vocabularies, taxonomies and ontology’s. To be able to work, these terms, concepts and
structures need to be highly standardized and precise. Thus, medical vocabularies and coding
systems are often ambiguous and with a wide divergence between specialities and geographies.
To translate all information that is needed to a format that is suitable for the computer screen has
also proved to be extremely challenging for the dental informatics field (Reynolds et al., 2008). A
reason for low adaptation of dental informatics tools is the unsuitability of the traditional
computer interface, where the keyboard and mice are potential sources for infection and cannot
be used by the dentist while examining the patient, as well as there often is a slower input rate in
these systems than with e.g. traditional paper records and a way that is proposed to avoid this
problem is effective voice recognition. Another type of technical progress according to Reynolds
et al. (2008) is clinical decision support systems (CDSS) with techniques such as text mining and
computational linguistics. In the dental patient records the move from paper-based to electronic
patient records has been a long term goal, but with different stakeholders the requirements vary
which provides difficulties.

Schleyer (2003) describes that dental informatics has seen many developments since computers
were first exploited to be used in dental practice and claims that dental informatics are gaining
strength, but that there are two main questions that need answering; what are the research
challenges that dental informatics faces today? And, how can the discipline be strengthened and
positioned to maximize its success in addressing those challenges? Some aims and challenges of
the field, according to Schleyer and Spallek (2001) are to create;

Longitudinal, lifetime comprehensive and patient-centered dental records
Universally accessible dental records that ensure privacy and confidentiality
Reduction of practice management

Clinical care based on empirically grounded best practices
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To address the challenge of “clinical care based on empirically grounded best practices” Schleyer
and Spallek (2001, p.610) suggests that ““...data aggregated over large numbers of practices and
patients can help identify best practices”. This concept mean that dentists should use practices
that works according to practical experience.

To address the challenge presented by Schleyer and Spallek (2001) to look at empirically
grounded best practices the work of dentists should be studied empirically. The use of IT in
dental informatics and the complex work that dentist perform in their everyday practice suggests,
together with the immaturity of the field that a thorough study of dentists at work need to be
conducted to understand the complex setting in which they work. To gain an understanding of
how dentists use and interact with technology it could be argued that the field of HCI is beneficial
to dental informatics. This implies that to gain a broad understanding of work practices
workplace studies should be performed to gain detailed insight into the work practices of
dentistry.

The health-care domain has some tradition of applying HCI (Galliers, Wilson and Fone, 2007),
but in the field of dental informatics the discipline of HCI are less prominent and much work
need to be done in the field to improve the socio-technical environment of dentists. Some work in
HCI and usability has been performed in dental informatics. These studies have been e.g.
usability evaluations and heuristic evaluations of computer-based patient records (CPR)
(Thyvalikakath, Monaco, Thambuganipalle & Schleyer, 2008; 2009). These studies are primarily
aimed at gathering quantitative data in a laboratory setting and this may provide an askew picture
of the work of dentists. To be able to improve HCI in the dental informatics field it could be
argued that it is crucial to, in detail, describe the domain to be able to understand the work in
dentistry and the impact that technology has on that work.

2.2 HCI and workplace studies

Human-computer interaction is a discipline concerned with the design, evaluation and
implementation of interactive computing systems for human use and with the study of major
phenomena surrounding them (The ACM SIGCHI group, 1992)

Human-computer interaction (HCI) is a discipline that contains of several disciplines, both on the
machine side and on the human side. Examples are techniques in computer graphics and
programming as well as cognitive psychology and social sciences, and all these different
disciplines contribute to the discipline of HCI (ACM SIGCHI group, 1992).

In development of interactive systems the aim is to produce systems that are enjoyable to use,
that do useful things and that enhance the life of people who use them. To do this, the design of
such systems needs to be human centered (Benyon, Turner & Turner, 2005). People undergo
activities in a context and it is the varieties in the context that makes designing interactive
systems challenging. Benyon et al. (2005) categorize four elements that are crucial to understand
when designing interactive technologies; people, activities, context and technologies. These four
elements need to be a part of the development process and functions as a base for system
development. These four elements are often part of an initial analysis process where the domain
is investigated as a base for further development work. Stages that follow are design, evaluation
and feedback. This thesis mainly focuses on the analysis that initiates the development of
interactive systems.

11



The analysis section of the development process often contains some kind of user and context-
analysis. It is crucial that the developer understand what tasks the users perform and how, and it
is important to understand these factors to be able to create a system or a product that meets the
users needs and expectations. To understand the indented users, their tasks, the context and the
organization is the key to the development process. This lead to the conclusion that the best way
to understand the users is to study, interview and “live” with the users in their work environment.

When looking at information products (tools, systems, texts) it is apparent that principles that
guide system development do not always take into account the users’ understanding of usability,
otherwise there would not be so many functionally overloaded, nearly unusable systems that
unintentionally cut users out (Risku, Mayr & Smuc, 2009).

Rogers (2004) presents the fact that the use of theory in the discipline of HCI has both advocates
and critics. There are advocates that claim that theoretical foundations are critical to address
design challenges in HCI. There are also critics that argue that theory has never been purposeful
for practical application and that empirically based methods should be used instead. In applying
basic research Rogers (2004) claims that theory that aims at explaining certain cognitive
phenomena cannot simply be lifted from an established field and then be used for explaining
related phenomena in another field. This because basic research, according to Rogers (2004), is
different to what happens in the “real world” and that basic research control behavior in
laboratory settings where processes are studied in isolation. This stands in contrast to HCI where
interaction is much “messier” and where interdependent processes are involved in a certain
activity. Users do not perform tasks in isolation but are constantly in interaction with others.
Basic research, in the notion of Patton (2002) means “knowledge for the sake of knowledge” and
argues that qualitative research, i.e. not in a laboratory but in the real world, also contributes to
basic research through e.g. inductive theory. This shows that basic research, and theory, could be
used to explain what happens in the “real world”.

HCI should begin in ethnographic studies and with natural histories of the representations used,
and HCI belongs in a larger socio-technical context (Hollan et al., 2000). It is also likely,
according to Hollan et al. (2000), that without a research framework that integrates ethnographic
and experimental approaches it will not be possible to design workplaces of the future and
ensuring that they meet human needs. Hollan et al. (2000) claim that;

For human-computer interaction to advance in the new millennium we need to better understand the
emerging dynamic of interaction in which the focus task is no longer confined to the desktop but
reaches into a complex networked world of information and computer-mediated interactions
(Hollan et al., 2000, p. 192).

The field of HCI is expanding and a new generation of theories, methods and aspects from other
areas are imported to the field (Rogers, 2004). A big issue is that the research community has
brought new theories into the field and that these new theories have a limited impact and
implication on the practical work of interaction design. According to Rogers (2004) much of the
theories applied cannot be readily applied to the discipline of HCI e.g. because of the problem
with translating research findings from one research field into another. HCI was presented as a
topic in the 1980’s and its method, mission and goal have evolved since then. The development
of new technologies such as Internet and handheld devices has extended user experience,
interaction and communication and Rogers (2004) claims that there are many more potential sites
to integrate and embed computational devices. This leads to the conclusion that it is important to
study interaction in diverse settings. This new way of looking at HCI and the use of computers
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clearly suggests that a system perspective needs to be adopted when studying HCI in complex
settings, hence it is important to study the setting at hand, and not to expect that different settings
share the same characteristics.

To address the nature of HCI, the use and context of computers and human characteristics and to
produce natural histories the work domain, it could be argued that workplace studies could be
used to capture the complexity of a workplace and in the long run improve HCI in dental
informatics.

In recent years sociological studies regarding the social and interactional organization of
workplace activities and the way which tools and technologies are present in everyday work have
been conducted (Heath, Knoblauch & Luff, 2000). This body of empirical research is commonly
known as “workplace studies”. This discipline has emerged in the lights of debates in HCI and
artificial intelligence (Al), rather than in sociology, in which it is grounded (Heath et al., 2000).
There is an emerging interest in developing methods that capture the organizational and social
needs of a system which use more naturalistic approaches, such as ethnography. The growing
dissatisfaction with more traditional research in HCI and cognitive science have played and
important part in the emergence of workplace studies and the emergence of naturalistic studies of
the workplace has revealed the essentially situated and contingent character of collaboration and
technology use. Warfield Rawls (2008, p. 710) presents workplace studies as;

...a cross between research and work. Performed by trained researchers, the questions they raise
orient toward the problems and taken-for-granted competences workers manage in doing their
work. They are different from ‘applied research’, which takes its problems and questions about how
the world is ordered from disciplinary interests with no immediate practical relevance to the
worksite, and then attempts to ‘apply’ them.

According to Warfield Rawls (2008), researchers need to enter worksites to learn the properties
of work. Warfield Rawls (2008) addresses the approach presented by Harold Garfinkel who
presented workplace studies or “a method for studying work™ in the 1950s and 1960s. Many
studies of work, such as Suchmans (2007) concept of situated action, has according to Warfield
Rawls (2008) been inspired by Garfinkel’s argument that;

...social orders, (including work, depend for their coherence on constant attention to, and competent
display of, shared member’s methods (ethno-methods) rather than on formal structures, or
individual motivation: hence the term ethnomethodology (Warfield Rawls, 2008, p. 701).

Workplace studies are also called “hybrid studies” (Warfield Rawls, 2008) and treat workers, not
the researchers, as experts. Hence, she brings into light how work is done and how problems are
detected and dealt with by workers. This is called “professional vision” were professionals see
objects that untrained people do not see (Warfield Rawls, 2008). Every situation has its own
contingencies and unless these are taken into account research fails in practical application and it
becomes a model of a theory rather than a model of a worksite.

There have been numerous studies with the aim of investigating processes surrounding the
introduction of various technologies and examinations of individuals carrying out pre-determined
tasks. Thus, it can be argued that these studies do not offer an account of naturally occurring
workplace activities that are relevant for developers of new technologies (Luff et al., 2000).
Workplace studies have arisen from a number of issues and concerns according to Luff et al.
(2000). Firstly, they have been driven by a concern and recognition in academia and industry,
that problems and failures often are a consequence of our lack of understanding of how ordinary
people, in conventional organizational environments do the things they do. Secondly, they have
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arisen because of the changing nature of technology with a shift to complex systems with support
for collaborative activity where the “social” have affected how people work.

Workplace studies has emerged from various disciplines, such as anthropology, cognitive science
and computer science, and have had major implications also on interdisciplinary fields such as
HCI and computer supported cooperative work (CSCW) (Luff et al., 2000). Workplace studies
are not a specific theory or a method in itself but rather an umbrella term, workplace studies thus,
according to Luff et al. (2000), has some common characteristics;

e Workplace studies is concerned with the situated organization of collaborative activities
and the ways in which tools and technologies and objects and artifacts are present in
practical action and interaction in the workplace.

e Workplace studies is naturalistic, ethnographic studies with thick descriptions of human
conduct and cooperation in complex technical environments. Thick descriptions here
refers to deep, detailed and dense accounts of qualitative studies (Denzin, 1989, in
Creswell & Miller, 2000).

e Many workplace studies are concerned with reconsidering and re-specifying concepts and
theories that currently influence our understanding of technology. One example,
according to Luff et al. (2000), is the concept of the user, which has been reconsidered in
recent years to demonstrate its embeddedness in socially organized practice which is
inseparable from the socially organized activities in which tools and technologies are
used. This differing from the notion that the user only has individual cognitive
competencies.

In workplace studies, the individual entities only exist, and could only be recognized, seen and
understood, within social situations, or groups, defined by shared ways or producing order in
details. Workplace studies do not reduce details to generalities but rather locates the way in
which members mutually orient towards properties by contingent details of their work. Warfield
Rawls (2008) also claims that classical studies of work have a problem in not looking at details
because conventional methods (and theories) reduce the details of practice to generalities.

According to Warfield Rawls (2008) it is important to look at contingent detail, e.g. also
temporary and not commonly used details should be considered as theoretically significant.
Contingent details are not theoretically neutral or lacking a theoretical orientation and should be
taken into consideration in workplace studies. Mutual intelligibility (sensemaking) requires
constant attention and competent use of shared methods for its achievements.

Traditional social theories depend on general patterns that derive from aggregated results of
individual action in a context of structurally contained or goal-oriented activity, instead of
looking at contingent detail in their own right were each action must exhibit an order that is
recognizable by other members in the same situation in order to be meaningful. If order is treated
as an aggregated effect of individual action the goal is often to establish generalities that hold
across situations and larger data-sets (Warfield Rawls, 2008). Garfinkel instead focus on situated
detail and the patterned and instructable ways in which situated action is made public and
mutually recognized by workers.

According to Garfinkel (in Warfield Rawls, 2008) routine units cannot explain intelligibility
because on worksites nothing is ever exactly the same, and much essential intelligible activity is
neither habitual nor routine. Habits and routines can be construed as observable behavior and
therefore seem more amendable for empirical studies, but in being habitual and routine they are
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in principle abstractions or generalizations from the contingencies of real world events. Workers
do use routines, but the question here is how workers recognize the situations where “routines”
may be appropriate. Workers must be able to “see” within fractions of seconds where a routine
may be suitable.

Words and communication in the workplace must be mutually oriented to be seen in common and
there must be acknowledged that words are in context of ordered sequences of actions.
Information is also socially embedded and cannot be seen as something that social situations are
done to and with (Warfield Rawls, 2008). Researchers must preserve real-time relationships at the
worksite and pay attention to orders and sequencing, because of this video is an invaluable tool to
identify sequential order properties. Field-notes could reveal sequential properties but because
most interactional work is taken for granted workers cannot be asked about them and researchers
must therefore learn by observing and participating.

This implies that DC as a theoretical framework, with its focus on complex socio-technical
environments, can be adapted to, in detail analyze the dental domain. This to get a description of
how people, environment, artifacts and tools are coupled in dentistry

2.3 Distributed cognition and HCI

DePaula (2003, p. 219) suggests DC as “...a new theoretical underpinning to HCI” when shifting
from dialogue between human and computer to a work setting. HCI has become socialized,
which is a shift from earlier years were users were treated as a separate entity. To study this
social context DC has, according to DePaula (2003), emerged as one of the most prominent
technical foundations to the study of HCI. This leads to a shift from studying isolated events to
the study of long-term impact of technology on social practices.

2.3.1 Distributed cognition in HCI

DePaula (2003) suggests DC to address issues such as the fact that computers are becoming
“social proxies” or “social tools” and that the unit of analysis in HCI must shift from individual
cognizers to cognitive systems. An important contribution of DC is that the concepts of culture,
context and history are brought back to the study of HCI. To study HCI with this new approach to
the unit of analysis DePaula (2003) argues that the discipline of HCI requires new methods, new
epistemologies, new research designs and new research questions. The nature of research inquiry
also changes because the focus cannot lie solely on the technology itself but must also regard the
social issues that impact the adoption of technology and its use. It is important to avoid a too
“technocentric” view because then it is most probable that work practices, social norms and
cultures are overlooked (DePaula, 2003).

The lack of consideration that tasks are performed in situ has according to Rogers and Ellis
(1994) led to that computer systems are often”...totally inappropriate for the work practices in
which they have been implemented” (Cypher, 1986, in Rogers & Ellis, 2994, p. 120). Rogers and
Ellis (1994) argue that there need to be an understanding of how work activities take place at a
cognitive level of analysis, this in order to design computer systems that support both cognition
and social interaction. The omissions of cognitive aspects in studying computer systems is a
grave mistake because much work activity is inherently cognitive and the approach suggested is
DC, which;
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...provides a framework for analyzing complex, socially distributed work activities of which a
diversity of technology artefacts and other tools are an indispensable part. The applied aim of
distributed cognition is to contribute to system design and implementation. This entails going into
the workplace and spending time determining and analyzing the problems with the existing
technology and work practices and then suggesting recommendations as to what need to be
preserved and what systems and work practices that need to be redesigned to support and improve
the collaboration and coordination of work activities (Rogers & Ellis, 1994, p. 121-122).

Rogers (2004) claims that theories derived from a laboratory setting are not applicable to the real
world. Cognitive science has also made recognized contributions to the field of HCI, mainly by
explaining capabilities and limitations in human cognition and what users can and cannot do
when performing computer-based tasks. Thus, by explaining user behavior in cognitive terms it
can help designers be alert to implications of design decisions on human cognition. Rogers
(2004) argues that other types of theories are needed, theories that involved a real world context,
and one theoretical framework that she suggests is DC.

The use of DC in the field of HCI could be argued to have its benefits. In recent literature the
focus is mainly on design and to apply DC as a method rather than a theoretical framework. In
the field of dental informatics, which is relatively immature in the field of HCI, from a HCI-
perspective, this direct application could be difficult because of the lack of knowledge of how
dentists work. It is therefore crucial to gather “basic” information about the field and the dentists
at work that later could be used to improve design in dental informatics.

The notion that cognition is a process rather than an isolated event shows that researchers need a
new way to study cognition that takes this into consideration and recognizes that technology as
such, is a part of human cognition. The system perspective has implications for the discipline of
HCI since it suggests a new view to look at human interaction with technology. The system
perspective provides a new concept as how to look at human-computer interaction were the
human and the computer is inseparably interlinked in a complex socio-technical environment.

DC pays close attention to real settings, real people and the actions that they perform and the
external and internal representation structures. According to Rogers (2004, p. 113) the main
contribution of DC is “...an explication of the complex interdependencies between people and
artifacts in their work activities”. An important part of HCI is to determine problems and
breakdowns and the distributed problem-solving that deals with these breakdowns. Hence, DC
brings together data, actions, interpretations and ethnographic grounding. According to Perry
(2003) much basic research in HCI has not attempted to understand and help design for situations
were several people and the workplace as such influence HCI. Perry (2003, p. 194) argues that;
In order to support activities as they occur in the real world, as opposed to laboratory settings, HCI

designers need to have a theoretical perspective on this so as to give them a better understanding of
the environment in which activities take place.

It is also positive if HCI-researchers trained in cognitive science do not have to abandon their
theoretical knowledge to understand DC. Perry (2003) argues that culture and context are
important factors in HCI and that they have been sidelined by the attempt to understand the
fundamental processes behind behavior.

DC as a theoretical framework has gained much attention, but when being applied to the
discipline of HCI, it has also received some criticism, especially from Nardi (1996) who has
concerns about the utility of DC for HCI. The criticism are based on the fact that DC requires
extensive fieldwork before being able to make any design decisions. In comparison with Activity
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theory (Leontiev, 1978, in Nardi, 1992), of which she is very favorable, DC does not have clear
named concepts which can easily be interlinked and applied on the discipline of HCI. DC does
not have explicit features and concrete named concepts or checklist to follow in the analysis
process. This criticism is most probably true, but the question here is if DC has claimed to be able
to be applied directly to HCI as a way to improve design. It could be argued that the system
perspective that DC advocates and that the cornerstones of DC, such as its focus on culture and
the distributed nature of cognition, could in the future provide great benefits to the discipline of
HCI. Just because DC cannot without development be adapted to the discipline of HCI, it does
not mean that it cannot have implications for the discipline in the future. To use DC as a way of
improving design requires skills to move between different levels of analysis and to reveal details
and abstract events, and it could never be “quick and dirty” according to Rogers (2004). The
question here is if DC has ever presented itself as being “quick and dirty, and if not being “quick
and dirty” equals being a bad approach. This implies that DC does not present quick results but it
could possibly present better results, and in a complex setting you cannot simply ignore the
system perspective.

The criticism from Nardi (1996) regarding that DC is to extensive for application in HCI may be
a problem, but there has not been many attempts to actually apply DC to HCI in a practical
manner. This thesis provides a first step to investigate what problems that actually occur in the
application of DC in HCI, instead of only discussing the possible problems theoretically.

2.3.2 The theoretical framework of distributed cognition

Risku, Mayr and Smuc (2009) claim that it is actually difficult to include users in system
development, but that the solution is well within our grasp with today’s cognitive science
approaches like situated and embodied cognition in comparison to symbol manipulation as
proposed by e.g. Newell and Simon (1972, in Risku et al., 2009) and connectionism (Rumelhart
& McClelland (1986, in Risku et al., 2009). Early cognitive science was based on the notion that
human cognition could be compared to a computer and the brain was seen as a complex database
and cognition as data processing. The evolution of connectionism then added the concept of
experience and following learned schemes (Risku et al., 2009). Connectionism also maintained
some of the main visions of symbol manipulation, like the focus on the individual and the
dynamic workings of the human brain. The next radical change was the concept of situated and
embodied cognition where the brain is not the central concern; rather it allows us to interact with
the environment, artifacts, and other human beings (Risku et al., 2009). Here the focus is not only
the individuals and their previous knowledge and skills but also the interaction with artifacts and
their social environment and how this interaction is influenced by the specific situation. The role
of tools in these new cognitive approaches is that tools are a part of the action itself, they are our
second nature. Humans are so well adapted to tools that we are not conscious of any borders
between cognitive processes and the interactive tool. Rooms and organizations become tools in a
wider sense of the word and they put a framework around our actions and understanding. Risku et
al. (2009, p.298) claim that ““...any attempt to explain action by only describing processes in the
brain or an individual are bound to fail”.

DC, which looks at human cognition as evolving in a distributed manner and as a system,
suggests that human cognition evolves in interaction with other people, artifacts and
environments and that representations in themselves can be something that human cognition
operates on; representations are not always representing something else.
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DC can be distinguished from other cognitive theories based on two core principles. The first
addresses the unit of analysis which is an important factor and have major implications. DC looks
at cognitive processes where they occur and on the relationships between elements that are a part
of the process and Hollan et al. (2000, p. 175) states that “a process is not cognitive simply
because it happens in a brain, nor is a process noncognitive simply because it happens in the
interactions among many brains”. The second principle that distinguishes DC from other
approaches according to Hollan et al. (2000) is that it addresses a range of mechanisms that
participates in the cognitive process. Also, DC does not expect all mechanisms to reside inside
the individual but rather looks at a broader class of cognitive events. Hollan et al. (2000, p. 176)
present three kinds of distribution of cognitive processes;

e Cognitive processes may be distributed across the members of a social group
e Cognitive processes may involve coordination between internal and external structures

e Processes may be distributed through time and products of earlier events can change the
nature of later events

Hollan et al. (2000) summarize three tenets of distributed cognition. The first tenet is socially
distributed cognition and means that researchers consider the cognitive properties of societies of
individuals and that social organization itself is a cognitive architecture. If this view is accepted it
means that the concepts, structures and explanatory models of social groups are used to describe
what is happening inside a mind. DC means that cognition is socially distributed among the
members of a group and includes phenomena that emerge in social interaction as well as in
interactions between people and structures in their environment. This raises three questions
according to Hollan et al. (2000);

1) How are cognitive processes that we associate with an individual mind implemented in a
group?

2) How do the properties of a group differ from the properties of the individuals in that
group?

3) How are the cognitive properties of the individuals affected by participation in a group?

The second tenet is that cognition is embodied. The human body have a central role and for the
design of environments. This means that work materials more that just stimuli for a disembodied
cognitive system. The third tenet of DC is that cognition cannot be separated from the study of
culture because humans live in complex cultural environments and culture is defined as “...a
process that accumulates partial solutions to frequently encountered problems” (Hollan et al., p.
178). Culture emerges out of the activity of human agents as well as history of artifacts and
practices shapes cognitive processes that are distributed over agents, artifacts and environments.

An interesting aspect in Hutchins (1995a) publication is the way he uses the term computation. In
more classical cognitivist theories that term indicates that cognition is computational and
occurring inside the individual by manipulating internal representations and symbols (Simon,
1981, in Hutchins, 1995a). Hutchins also uses this term, but not in the classical way, which may
lead to some confusion. Hutchins claims that we indeed use representations, but that they are not
the fundamental aspect of cognition, but a part of the bigger cognitive system. He explains that
humans use representations, but that the representations can also be tools in themselves; they do
not have to represent something. His use of the term computation has been, in some ways
problematic, because the use of the concept can be ambiguous. When you then look at how he
explains the term it becomes clear that he do not want to discard the phenomena of
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representations, but that we cannot claim that individual human cognition is solely based on these
representations, it is also distributed in the world.

According to Hutchins (1995a) there has been a mistake to think that the computer was made in
the image of the human as researchers have claimed. Symbol-logic has a prominent place in the
history of cognitive science and according to Hutchins (1995a, p. 357) the concept of
representationalism are also most prominent. Representationalism means that “...entities that are
imagined to be inside the mind are modeled on a particular class of entities that are outside the
mind: symbolic representations”. With the development of technology, logic and mathematics
researchers with the classical approach are fast to think that a computer is like a person, and
therefore intelligence can be realized by a computer. Hutchins has an alternative view on how to
look at symbol manipulation and the ability of computers. The idea of formal systems and
computers is that there is a phenomenon, and that this phenomenon is then encoded as symbols
that are manipulated based solely on their form. The meaning of the symbols are not interpreted
while they are being manipulated thus the manipulation of symbols result in another expression
that is then interpreted to say something about the phenomena. According to Hutchins (1995a)
formal systems is a very powerful idea and he does not want to discard this idea. Hutchins
believes that humans use symbol manipulation but that this system is not only internal to the
individual, but rather is culturally constituted environment that is shared with others. The human
interacting with the symbols produce some kind of computation “but that does not mean that the
computation is happening inside the person’s head” (Hutchins, 1995a, p. 361). When the
manipulation of symbols is automated the thing modeled is the abstract computation of symbols
and the person and the activity of the person is absent from the system. This is not enough to
model the processes of a person performing a task. Hutchins (1995a, p. 363) concludes his
argument by claiming that “the physical symbol-system architecture is not a model of individual
cognition. It is a model of the operation of a sociocultural system from which the human actor
has been removed”. Hutchins also claim that the computer was modeled on a sociocultural
system and the human was re-made in the image of the computer and the boundary between
inside and outside became the boundary between symbols and the world described by these
symbols. Hutchins believes that humans process internal representations of symbols, but that
symbol manipulation is not the architecture of cognition.

Hollan et al. (2000) argue for the stance that representations should not only be seen as tokens
that refer to something other than them selves but that they also are manipulated by humans as
being physical properties that can be manipulated in them selves. Humans shift from attending to
the representation to attending to the thing represented which produce cognitive outcomes that
could not have been achieved if representations were always seen as representing something else
and not as things in them selves. One example is a map which in e.g. navigation is used for
offloading cognitive effort to the environment (see e.g. Hutchins, 1995a) and the map is used
also for representing additional data that is not present in the thing represented.

When performing research about human cognition Hutchins (1995b) claims that much of the
previous research about cognition focuses on how information is represented and how these
representations are “...transformed, combined and propagated through the system” (Simon, 1981,
in Hutchins, 1995b, p. 2). Hutchins argues that this could be applied on a larger unit of analysis
than the individual and that the same questions could be asked in this larger setting. According to
Hutchins, researchers can observe representations directly in the environment rather than trying
to determine which processes that are internal to the individual that produce the individual’s
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behavior. By studying cognition with this larger scope it is clear that the system have cognitive
properties that cannot be reduced to cognitive abilities of the individuals. According to Rogers
and Ellis (1994) there are four areas for DC researchers to look at when collecting data in HCI;

1) The way that the work environment structure work practice
2) Changes within the representational media

3) The interactions of the individuals with each other

4) The interactions of the individuals with system artifacts

In practical terms the DC analyst, according to Perry (2003), needs to describe;

1) The background to the activity, i.e. the goals of and resources available to the functional
system

2) ldentify the inputs and outputs of the functional system

3) Identify the representations and processes that are available

4) Identify the transformational activities that takes place in problem solving when achieving
the functional system’s goal

This observation of representations directly in the environment implies that workplace studies are
necessary to gain insight as to how the socio-technical system works. Hutchins suggests that
ethnography is a central part of studying DC. Ethnography is a method that is commonly used in
workplace studies (Button, 2003) and the two areas are closely coupled. DC functions as a
theoretical framework while workplace studies are the approach as how to gather information to
be analyzed using the theoretical framework.

Rogers and Ellis (1994) argue that even seemingly discrete individual activities occur in, and
draw upon a complex network of factors; individual, social and organizational. Organizational
and social constraints also have an impact on individual cognitive processes. An adequate
characterization of work activities requires the analysis and synthesis of these separate sources.
Rogers and Ellis (1994) claim that existing frameworks do not in an adequate way study the
dynamics of collaborative activities in situ.

The operation, flow and conduct of work activity are of interest to a number of groups of
researchers in the areas of cognition and social and organizational research. However, according
to Rogers and Ellis (1994) they focus on a particular level of analysis and description, and often
neglect to incorporate research and theoretical perspectives from other relevant levels. To gain an
adequate characterization of work activities these different levels need to be incorporated. A
framework is needed that is capable of capturing cognitive activities as embodied and situated
within the context in which they occur, in contrast to frameworks that neglect the cognitive
capabilities of the actors and use a decontextualized model of the users. Work activities are rarely
straightforward “individual” action, instead Rogers and Ellis (1994) suggest that action is situated
within an intricate network of social interaction. Activities can, and is likely to have implications
for other persons by e.g. direct requests and by the interdependence of apparently individual work
tasks. Activities often involve coordinating a combination of events that are socially distributed
(among people), technologically distributed (between people and artifacts) and temporally
distributed (across time) (Rogers & Ellis, 1994). The initial method employed to delineate the
propagation of representational states is to in detail describe the seemingly trivial and taken for
granted aspects of interaction and actions (Rogers & Ellis, 1994). This often discovers more
subtle changes in actions and interactions of a group, and sees that these subtle changes have a
crucial role for coordination and collaboration of work activities. This is similar to Warfield
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Rawls (2008) who also emphasis the importance of detail when performing studies of
workplaces.

2.4 Summary

Dental informatics “...is the application of computer and information sciences to improve dental
practice, research, education and management” (Schleyer & Spallek, 2001, p. 605). The
discipline of dental informatics is a young field and to our knowledge not much work has been
done regarding the complex socio-technical environment of dentistry in relations to HCI. This
leads to the research problem addressed in this thesis, which is the lack of understanding of
dentistry in practice, and the limited amount of work from a HCI-perspective in dental
informatics. HCI are concerned with the design, evaluation and implementation of interactive
computing systems for human use and with the study of major phenomena surrounding them
(ACM SIGCHI group, 1992, section 2.1) and the discipline of HCI could provide new insights to
dental informatics by improving human-computer interaction in dentistry. To gain a deeper
understanding of the domain of dentistry it is crucial to investigate the work practices in the
domain and much basic research in HCI has not attempted to understand and inform design for
situations where several people and the workplace as such, influence HCI. To be able to improve
dental informatics a system perspective needs to be adopted when studying HCI in the complex
setting of dentistry and it is important to study the setting at hand, and not to expect that different
settings share the same characteristics. This leads to the research objective of this thesis; to use
the theoretical framework of distributed cognition in dentistry and argue for the relevance of this
theory to dental informatics in trying to understand and improve information processing in
dentistry.

To reach an understanding of the field of dentistry workplace studies which can be used to in a
naturalistic way, investigate the social and interactional organization of workplace activities and
the way in which tools and technologies are present in everyday work. Workplace studies use a
system perspective as how to look at the workplace, which means that it looks at all aspects of the
workplace, and not just the individuals working in it. The domain of dentistry will also benefit
from the theoretical framework of DC as a framework for analysis, with its focus on complex
socio-technical environments it could provide deeper insight to work practice in dentistry in the
form of how people, environment and tools and artifacts interact to form human cognition.
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3 Empirical work

Based on the theoretical background it stands clear that the field of dentistry is unique and
complex, and that there is a need for further studies to be able to develop the area of dental
informatics. It could be argued that it is important to gather empirical data using workplace
studies and from a HCI-perspective to address the use of technology in dentistry. Not much
empirical work has been done in the dental informatics field to gain a deeper understanding of
dentistry. This chapter presents the empirical work aimed at developing the understanding of
work in dentistry. The chapter initially presents the empirical design (section 3.1) together with
the practical execution of the case study and data gathering and the analysis-process (section 3.2).

3.1 Empirical design

The study was purely qualitative and it was based on fieldwork as a mean for data collection
(Patton, 2002). Fieldwork is also a primary part of workplace studies which has a focus on how
ordinary people go about using the tools of their trades in their everyday life (Luff et al., 2000)
and functions as a method for workplace studies in HCI (see e.g. Bannon, 2000). HCI literature
also recognizes the value of qualitative data; Cooper, Reimann & Cronin (2007) suggest
qualitative data and e.g. ethnographic field studies as a method for HCI, and argues that
qualitative data is the only way to gain insights and deep knowledge about users, constraints and
the organization.

The design strategy used was naturalistic inquiry which study real work-situations as they unfold
naturally with a non-manipulative and non-controlling approach to whatever emerges (Patton,
2002). This is different from e.g. a laboratory setting where the researcher controls the conditions
and the course of action. Naturalistic inquiries are a “discovery-oriented” approach with minimal
manipulation of the setting and the constraints (Patton, 2002).

In order to gain insight to the domain of dentistry, a case study was performed. A case study is,
according to Patton (2002), expected to catch the complexity of a single case. The case consists
many smaller cases that are recorded on different occasions. The case study regarded dentistry in
a socio-technical domain and the unit of analysis was dentistry with the aim of capturing the
complexity of the context as well as the people operating in it, together with technical devices
used. The case study is what Stake (2000) calls a collective case study, which studies a number
of cases in order to investigate a phenomenon, population or general condition. The smaller cases
are chosen on the belief that understanding them will lead to a better understanding of the bigger
case. In this case many smaller cases in dentistry make up the bigger case to reach the aim of
understanding dentistry in practice.

In performing a case study different data gathering techniques could be used. The primary data-
gathering technique is observations because observations is a preferable method to capture the
distributed and situated nature of human work-practices and to be able to include humans,
context, tools and artifacts in the unit of analysis. The case-study was performed using participant
observation (Patton, 2002) where direct participation in, and observation of the phenomenon of
interest, is key. This kind of approach permits the researcher to understand a setting to an extent
that is not possible using only insights made by others that is gathered in e.g. interviews.

Observations are beneficial in HCI because most people are incapable of assessing their own
behaviors, especially when they are moved away from the context (Cooper et al., 2007).
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When performing observations it is not possible to observe everything, even with a camera.
Because of this some sensitizing concepts need to be used to function as a focus for the
observations. Sensitizing concepts function as a way to orient fieldwork and are a way to
organize the complex stimuli experienced so that observing becomes manageable (Patton, 2002).
The sensitizing concepts used in this study were based on the DC-focus on propagation of
information and a bigger unit of analysis than the individual. The focus were to capture what
different means of information that were present in the setting (artifacts, tools), how people in the
setting communicated around the information that were present, how technology were used to
present and handle information that were used in the setting and what workarounds and
breakdowns that occurred in the information flow. Factors that were excluded from the focus
were how the dentists and other personnel medically treated the patients and the patients
themselves in cases when they did not provide information.

The study uses data triangulation as well as investigator triangulation. Data triangulation is the
use of various data sources in a study and investigator triangulation is the use of several
researchers or investigators in a study (Patton, 2002). In this study data was triangulated by using
both observations and informal conversational interviews, different kinds of data could be
captured. As this thesis is a part of a bigger research project the work could also be said to some
extent have investigator triangulation. It is only one investigator who has written this work but
the larger team to a big extent contributed to the work by also being observers, having domain
knowledge and functions as a mean for discussions in the work of this thesis.

3.2 Data gathering and data analysis

The workplace study was performed together with a larger research project regarding IT in
dentistry. Data gathering was performed on six occasions during a period of approximately two
months. In total 25 episodes were video-recorded and in total there were five hours of filmed
material. All together there were approximately 20 hours of observations.

In the study three clinics were included; one special clinic and two general clinics. The special
clinic had approximately 40 employees. The two general clinics had approximately 55 and 20
employees respectively. The majority of time was spent on the special clinic but to secure a
deeper understanding of the field of dentistry several general clinics were also visited. By
gathering information from different clinics several cases make up the bigger case-study and in
this way provide additional data triangulation.

To capture the whole flow of the work in dentistry observations were performed, from the time
the patient arrived at the front desk, into the treatment room and the out to the front desk again
for payment. The whole flow was not observed when following one specific patient at a time.
This setup was chosen not to disturb the daily work because for the investigator to spend a longer
period of time in one location at a time was more practical for the personnel. This setup should
not affect the results negatively because it is not the individual patient that is the focus but the
dentists and other personnel at work. The investigator participated in the setting by asking
questions and also directly interacted with the personnel in the setting. The observations were
fully overt, i.e. the subjects in the setting were fully aware of the investigators presence and long-
term, and there are multiple observations during a period of time (Patton, 2002).

When performing studies in a domain that includes patients there are ethical aspects to consider.
In this study observations were performed and patients were present during these observations
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but were not the focus of the study, i.e. the purpose was not to gather data about patients and their
reasons for being at the dentist. The focus was the work of dentists and other personnel and the
work that they perform and the technical systems that are used when they go about performing
their work. The purpose was not meant to in any way critique they way dentists and other
personnel go about performing their work, but to gain an understanding of the domain and the
work in dentistry. All personnel and all patients were informed about the purpose of the study and
the reasons for being video-recorded. The patients were at arrival asked if the presence of the
investigator was agreeable and in the case that the patients did not want to participate the
investigator left the room. On some occasions the dentists also asked the investigator to exit the
room before a patient arrived if they did not think it was appropriate for an investigator to be
present when treating certain patients. In both these cases the investigator always left the room.

Questions were asked during the observations. These questions formed an informal
conversational interview (Patton, 2002) in the way that questions in these “interviews” emerged
from the immediate context and were asked in the natural course of things. According to Cooper
et al. (2007) interviews that are performed outside the situation will yield less-complete and less-
accurate data, so by performing informal conversational interviews directly in the setting
situations and behaviors could be clarified. The questions asked were aimed at gaining an
understanding of the work-practices of dentistry and how the propagation of work was structured
in the dental clinics.

As a way to gather data, episodes were also video-recorded as mean to improve analysis and
gather more detailed data that is hard to capture when only taking field-notes. To record episodes
also improve analysis in the way that the data is gathered more objectively because in some
senses the investigator do not decide what to record. In taking field-notes the investigator are
biased and limited by their understanding of the domain at that specific time. In this kind of study
when data is gathered over a long period of time the understanding of the domain is not the same
in the beginning as in the end, which could limit what is recorded at the different occasions.

The majority of the observations were performed in the treatment room. On these occasions most
of the observations were recorded using a hand-held camera that either was held by the
investigator during the examination or put on a nearby counter. In some cases the camera was not
used due to various reasons, such as technical faults or that the patient did not want to be
recorded but allowed the investigator to stay in the room. Field-notes were also taken during the
patient visits and were more extensive in the case there was not a camera present and more basic
when the camera was used.

When returning from fieldwork the gathered material received an initial classification. In some
occasions several investigators visited a clinic at the same time and on these occasions documents
were shared between the investigators. In the cases where there were video-recordings the videos
were looked through and a first basic “transcript” was written with a short description about what
happened in the video. The field-notes taken were also included in these descriptions.

All the recorded and written material was looked through several times to identify interesting
episodes. Not all material will be included in the analysis per se, i.e. they will not be studied in
detail and presented in the results. Thus, all material has contributed to the final result because of
the domain knowledge that the material and the personal visits has given. To conduct a thorough
and correct analysis it is crucial to have knowledge about the domain, i.e. it is important that the
investigator itself has gathered the material to be able to understand what is recorded. Without the
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deeper knowledge about the domain that is gained by being immersed in the setting and being
able to ask questions the analysis of the material on a deeper level would be problematic.

All of the material and the time spent in the setting then contributed to a bird’s-eye view of the
work at the dental clinic. This bird’s-eye view functioned as a way to present the bigger picture
and aims at giving the reader an understanding of the setting, the work that takes place and the
artifacts used in work when the flow is working. From this broad description some highlights
were chosen based on the sensitizing concepts with the aim of illustrating details in the setting
and what happened when the flow of information were interrupted and when breakdowns
occurred.

25



4 Empirical analysis and results

This chapter presents the empirical result of a workplace study in dentistry. Section 4.1 describes
the general setting, artifacts used and the prerequisites in Swedish dentistry regarding e.g.
debiting and education. In section 4.2 the general flow of information in a dental clinic are
presented together with some details regarding the work in dentistry. Lastly, section 4.3 describes
highlights that are aimed at providing additional detail about the work of dentistry.

Rogers and Ellis (1994) (see also section 2.3.3) presents four areas for a DC researcher to look at
when collecting data;

The way that the work environment structure work practice
Changes within the representational media

The interactions of the individuals with each other

The interactions of the individuals whit system artifacts

These four areas are closely coupled to the research objective in this thesis; to use the theoretical
framework of distributed cognition in dentistry and argue for the relevance of this theory to
dental informatics in trying to understand and improve information processing in dentistry. These
four areas guided the work to describe the work practice in dentistry as it occurs in a natural
setting and to gain a deeper understanding of the daily work that takes place at a dental clinic
with a DC-perspective.

4.1 The setting

At the dental clinic there are several categories of personnel; dentists (D), dental hygienists (DH,
dental nurses (DN) and dental assistants (DA)2 The D has five years of schooling before being a
licensed dentist. A DH has two or three years of schooling before being licensed and works with
measures for preventing bad oral health. The DN is not a licensed category but usually has two
years of education. DN works with assisting the D but also has administrative tasks and work at
the front desk. The term DA here address other personnel that work at the clinic but not having
one of the previously mentioned roles, e.g. receptionists.

How the personnel work together differ between clinics. In most clinics one D and one DN work
together in the treatment room most of the time and know each other very well. In some cases
e.g. when someone is sick there is a pool of D and DN that the clinic could call to fill the spot
during the absence of some personnel. This is expensive and most clinics try to avoid this as
much as possible. A DH most often works alone and do not work together with a DN. In the
general clinics one D can be a part of multiple teams and have patients in several rooms at the
same time, these patients often overlap in the sense that one patient arrives after the other so that
the DN can perform his or her tasks before the D is needed. The D here moves between the
different treatment rooms and only performs the task that only the D can and are allowed to do.
One example is that when mending patients’ teeth it often requires anesthesia and it take some
time for it to have an effect. DN is then allowed to give anesthesia on one tooth at a time. In these
cases the D do not have to be present during the administration of the anesthesia and can during
that time work on another patient who earlier received anesthesia. In these cases one D has
several DN or DH working on the D patients in several treatment rooms. Here the DH could also

2 All dental-terms in this chapter are translated from Swedish to English by the investigator.
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be a part of the team, and work in team with a D. When the D is in the room with the DH he or
she rather takes the role of a DN and works together with the D and assist him or her. One kind of
distribution of cognitive processes in the theoretical framework of DC is that cognitive processes
may be distributed across members of a social group (Hollan et al., 2000). To work together as a
team in dentistry is a highly complex task that requires much of the personnel in coordinating
their work. Cognitive processes are here distributed across the members of the group in the
coordination of their work. This coordination can be seen when the personnel e.g. works in
multiple teams that requires that everyone has their specific task that in the end lead to a specific
result.

The treatment rooms at the different clinics in general have the same equipment, but some
treatment rooms at the special clinic have special features, such as lifts for patients in
wheelchairs. There is a dental chair for the patient which could be lowered and elevated as well
as being unfolded so that the patient is lying down. The chair is situated at the center of the room
and it is around this chair that the work on the patient is performed. In the room there are also
cupboards for storing equipment that are not stored in the general sterile area. The dentists also
have various instruments such as a light-screen to look at x-rays, machines that shake mixtures
for mending teeth and various other instruments. In the room there are also facilities for washing
up and a seat for any accompanying friends or family of the patient.

In the treatment room the number of computers and screens vary. In the special clinic each
treatment room has two computers and three screens. The DN works primarily on one of the
computers and has one screen. On this computer the schedule are most often open and the DN
also handle the debiting of the patient. In the special clinic the D has a computer on the other side
of the room close to the patient where he or she most often use the patient’s record and registers
the medical findings of the patient. In the special clinic the D also have an additional screen on
the wall. This screen is located on a retractable arm so that the screen could be moved from the
wall so that e.g. pictures could more easily be shown to the patient. In the general clinics there are
often only one computer present and the D and the DN takes turn using the computer for their
different purposes. In the general clinics there are some instances where there are two screens
available at the room, and in these cases the extra screen are most often used for looking at digital
x-rays. According to Hollan et al. (2000) another way of distributing cognitive processes may
involve coordination between internal and external structures. One example of these external
structures is the tools and artifacts that are present in dentistry. These external structures support
the work in dentistry by supporting and enabling the daily work.

In the clinics x-ray is used as an instrument in medical treatment. Each treatment room has an x-
ray unit that is used by the D and DN in the specific treatment room. The x-rays are then
represented digitally or printed, the processing of x-rays thus differ between different clinics. The
aim is that all clinics in the region should use digital x-rays that are handled digitally and not on
printed x-rays that need additional storage. The special clinic did not have digital x-ray at the
time of the observations and in these cases the DN went to another room to process x-rays and
the returned with printed x-rays. In these cases the x-rays also needed to be stored in physical
form together with a patient’s additional paper record. These x-rays was stored on digital
cassettes which the DN went to a scanner in another room to scan, the pictures were then directly
accessible in the digital x-ray system. The clinics that had digital x-rays thus also handled printed
x-rays because of the short time that they had had the digital x-ray machine. In one case the clinic
had only had the digital x-ray for two months. This lead to that the printed x-rays needed to be
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present in the treatment room, this because the D needed the printed x-rays to compare with new
digital x-rays. So, even though the present environment at the clinic is completely digital there
are also physical artifacts to handle for the D and the DN because of the need to look at the
patients’ history.

4.1.1 IT in dentistry

In today’s dental-care the dentist are supposed to use various IT-systems to conduct their work.
The clinics in this study all used the same IT-system for keeping patient records, handle booking
and schedules as well as debiting the patients’. The specific IT-system thus has different roles to
play for the different tasks that are performed in a dental clinic. Which part of the systems that a
person use depends on their role at the clinic. These roles can also change during the course of a
workday, e.g. DN is sometimes stationed at the front desk with different tasks to perform as to
when they are together with a D and a patient in the treatment room. Some clinics also uses other
systems as a complement to the main IT-system, one example is a system that can handle and
save photos that are taken of the patient’s mouth and mucous membranes.

In this study where one IT-system contains different parts that are separate, but dependent on
each other they will be treated as different artifacts, but as parts of a bigger cognitive system.

The system contains of 4 parts; patient records, schedule, referrals and debiting (figure 2);

e Patient records: here the D and DN save information about the patients at the clinic.
Each patient has a record, which contains information about anamnesis, clinical findings,
diagnosis, treatment plan, cost suggestions, treatment, prognosis and follow-up. This is
the function that the D primarily uses when there is a patient in the treatment room. The
notes in the patient record need to be signed by the treating D.

e Schedule: booking appointments for patients check them in at arrival, mark that they are
in treatment and checking them out at departure. The schedule also handles cancellations.
The schedule is used by D, DH, DA and DN. All these roles can change all features in the
schedule and how they work with the schedule depends on personal preferences. In some
cases the dentist book new appointments directly with the patient, in other cases it is the
dental assistant in the treatment room or the DN or DA at the front desk that book new
appointments. The notes in the schedule need to be signed by the treating D.

e Referrals: the system handles referrals from other clinics or within the clinic. The
amount of referrals depends on the clinic. In some cases, clinics send a lot of referrals to
other clinics and in some cases the clinic receives many referrals. The handling of these
referrals is different between different clinics because in some cases the referrals arrive on
paper and not in the IT-system. The system can only handle referrals from the specific
region and from other clinics that use the same system. The notes in this part need to be
signed by the treating D.

e Debiting: the system handles taking payments from patients. The debiting is a complex
feature of the system because other organizations have a part in this. This part of the
system is coupled with a cash-box and a card-reader.
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Figure 2: The different part of the IT-system and its relation to information flow

Another thing that the system can handle is x-rays. The storing and viewing of x-rays are handled
in another system, but the IT-system can communicate with this system and the x-rays can be
opened from the patients’ record in the IT-system and the systems are not completely
disconnected.

The IT-system supports processes that are distributed across time and presents products of earlier
events that can change the nature of later events, which is one kind of distribution of cognitive
processes (Hollan et al., 2000). The IT-system has the ability to keep information that previously
has been saved for future use, and this information also guides work at a later stage. Information
in the IT-system is distributed across time in the way that information can be saved and used at a
later occasion. This information then can change the nature of later events. One example is
information that is saved in the patients’ record. This information is distributed across time in the
way that the information can be addressed to guide the work at a later stage in e.g. a patient’s
treatment. Also, in the patients’ journal several roles can distribute information that can later be
addressed by others, e.g. a DH can leave information for the treating D that at a later stage
address the information when it is necessary to perform the task at hand.

The use of the IT-system also presents changes in the representational media and the propagation
of information in dentistry. Information that is saved in the IT-system first has one form and is
then stored as digital information. One example is saving information about a patient’s treatment
in the record. If there is e.g. a hole in a tooth the D mends the tooth. The D is then guided by

29



previous knowledge that has been accumulated over time about how to mend a tooth. This
knowledge then translated into the treatment of the patient. This treatment then needs to be
registered in the patients” record as digital information. The information here changes
representational media from e.g. visual information about a hole in the patient’s tooth to being
stored as a digital representation of a cavity.

4.1.2 Referrals

Referrals are handled both in the IT-system and on paper. General clinics do not handle referrals
in an extensive way. The general clinics also affirms that most often the referrals are internal and
aimed at another D at the same clinic that may have some specialty that the treating D do not
have. In the case that ordinary clinics send referrals to each other the handling of referrals are
completely digital and handled in the IT-system, in these cases the D handle the referrals
themselves. When the D receives a referral the D has to sign the referral at arrival in the IT-
system to acknowledge the fact that it has arrived and that the D has seen it. Then the D has to
send an answer to the referral so that the D responsible for sending the referral gets an answer.
The D responsible for sending the referral should then in turn also send an answer to the referral
to the receiving D.

In the case of the special clinic when general clinics send referrals the DN or DA at the front desk
prints out the referrals that has arrived in the IT-system and put them together with paper referrals
that has arrived by post from clinics outside the specific uptake-area. Clinics outside the actual
geographic region do not have to use the same computer system and in these cases the systems do
not communicate with each other and in these cases paper-referrals are sent instead. The same is
the case with private clinics that also have the choice to use other systems that do not
communicate with this specific IT-system. In the special clinic they have four different
specialties and work in separate teams in these specialties and the paper-referrals and the printed
referrals are first placed together with a classification-paper (picture 1) that shows which part of
the special clinic that the referral should be sent to. On the classification-paper it is stated from
where the referral has arrived and from whom, from which part of the country, which sort of
queue the patient should be put in (emergency, ordinary queue etc.) and these classifications are
performed by the DN or DA at the front desk. The printed referrals together with the
classification-paper are then handed out to the different teams that then are responsible for
acknowledging the referrals and to send answers to the D that sent the referral. The D then
discusses the referrals and fills in a diagnosis on the classification-paper. In the special clinic
many referrals arrives from a nearby hospital that send patients to the clinic before surgery and
when a patient has different illnesses such as heart-disease. The DN and DA at the front-desk at
the special clinic also handle test-results that has been sent to pathology. These test-results are
also handed out to the treating D that in turn contacts the patient and let them now about the test-
results.
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Picture 1: The classification-paper used for distributing referrals at the special clinic.

This information thus propagates from being represented in a digital form in a computer, to being
printed into a paper where additional information is added from a person who interprets the
information in the referral to make further use of the referral simpler for people that later shall
make decisions based on these referrals.

The use of various forms of referrals highly affects the structure of work practices in dentistry.
The fact that the referrals need to be printed and handled by the DN or DA affects the work in the
clinic. The handling of the printed referrals takes time from other tasks and the referrals need to
be distributed to the D at the clinic. The paper referrals are also an addition artifact to take into
consideration in the daily work. The information in the referrals propagates through different
representational media at the clinic; some arrive in a digital form that is then printed and
represented in paper form that are handled by the personnel. The information in the referrals is
based on previous examination on patients and that information is then translated to the referral.
The D then need to make decisions based on the information in these referrals. Here a problem
occurs when the referrals on some occasions are not complete. The receiving D then cannot make
an informed decision based on the referral and has to contact the sending D to receive the correct
information.

The information in the referrals is also distributed across time and space in the way that they
present information that has been previously gathered. This information is also presented based
on decisions that another D has made, and the D at the clinic then need to take additional
decisions based on this information. The information thus propagates through several stages of
representational media to in the end inform additional decisions regarding the treatment of the
patient. The referrals also provide interaction between individuals and artifacts as well as
interactions between individuals that together should make an informed decision.
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4.1.3 Debiting

The debiting in Swedish dental care is a complex process. The patient pays for their own dental
care but with several exceptions. In Sweden the Swedish social insurance administration
subsidize the dental care at varying degrees. In some cases, if the cost exceeds a special amount
the Swedish social insurance administration steps in and pays a percentage of the cost. The costs
that should be debited are regulated by codes that are chosen in the IT-system and for every
treatment there need to be a diagnosis as a base for the treatment. These payments are adjusted
directly and the patient only pays the extended cost. The debiting affects the work of the D
because of the fact that the external debiting system need time to address the request. This has
practical implication for the work of D and DN because they need to sort out the debiting while
the patient is under treatment so that the external system has time to process the request. Children
and young adults until the year they turn 21 do not have to pay anything when going to the
dentist. Some patients also are special cases, e.g. some patients have a “free-card” where they
receive dental treatment as a part of all medical treatment in Sweden. In medical treatment, a
patient does not have to pay over 1200 SEK during a one year period, and for some patients these
cards can also be used in dentistry, and in these cases it may be possible that the patient do not
have to pay anything. In these cases the free-cards need to be registered in the IT-system by the
special number stated on the card. The DN in these cases need to carefully control that the free
period has not ended because in that case the patient need to start a new card and pay their way
up to 1200 SEK again in that new period.

The external factors regarding the debiting in Swedish dentistry can be seen as an external
structure that help in coordinating the work in dentistry. This external structure also to a high
extent affect work practices in dentistry in e.g. the way that the D need to control the validity of
e.g. free cards and when the D need to sort the debiting of the patient before the patient leaves so
that the Health insurance agency’s systems have the time to process the request. The debiting also
provides a time-restraint to the work in dentistry. When a patient leaves the treatment room it
does not take long for the patient to reach the front desk and when the patient reach the front desk
the debiting needs to be sorted. This provides constraints to the D work because the D need to
sort the debiting during treatment to make sure that the debiting has been approved when the
patient leave the clinic.

4.1.4 Artifacts in dentistry

Information at the clinic flows between different media, different roles and different locations. In
a dental clinic there is much information that is shared, stored and retrieved and it is crucial that
the correct information reach the right recipient. Dentistry is a safety-critical domain and it is
important that information do not reach the wrong hands and that information is stored at the
correct place, both in physical form and as data. At the dental clinic both people, physical
artifacts and computers function as bearers of information.

Hazlehurst et al. (2008, p. 231) argues that in their view;

...cognitive resources external to the individuals or ‘cognitive artifacts’ are not viewed as merely
enhancers of individual performance, because to do so would leave the individual actor in place as
unit of cognitive analysis.

They also argue that diverse cognitive resources such as knowledge, expertise, language, tools
and advanced technologies are seen to be engaged in real-time by actors in a dynamic system.
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Information at the clinic is not only stored in IT-systems but is also stored and shared using non-
computerized artifacts, e.g. in the clinics there are redundant paper-records (picture 2). In many
of the clinics paper records are used by default even though there are electronic records in the IT-
system. These paper-records are often used as a complement to the digital record in various
forms. In some clinics, the DN or DA every morning picks out the paper-records for the patients’
of the day so that they are ready to be used. Some clinics only collect the patient’s paper-records
in case it was absolutely needed and did not have them in the room from the beginning of the
day. The paper-records contained some artifacts that needed physical storing such as printed x-
rays that was taken of the patients’ teeth, questionnaires that patients had answered before there
was an opportunity to store such data in the IT-system. Some older patients also had their old
complete records in the paper record but the paper-records are getting more and more redundant,
but for the nearest future they still have a purpose. When a dentist meets a patient most often he
or she looks at the IT-system as the primary information source about the patient, but the printed
x-rays are often consulted together with new digital x-rays. The special clinic only uses printed x-
rays and therefore all new x-rays need to be stored in a physical way.

Picture 2: Paper-referrals in the treatment room

The general clinics have digital x-rays and therefore stores new x-rays digitally, but they still
have to handle old x-rays which are often used as a mean of comparison between old and new x-
rays to be able to find anomalies. The x-rays in their different forms here are an exact replica of
the patients’ teeth but in a different representational media and with another focus. Instead of
looking at the tooth as it looks on the outside x-rays provide a different view and a different
focus, which shows new information to the D and therefore information could be said to be
propagated from the real world to a digital picture that in a smaller scale shows the observed
phenomena. This information is then propagated to the D who makes decision based on what he
or she sees in the x-rays and in real life. Here the full information about a patient is distributed
across several medias and information is also redundant in some cases.

In one situation a D had taken new x-rays and the DN was about to put the x-rays in the patients’
record. In this case there were many paper records available on the counter and the DN by
accident puts the x-rays in the wrong record. In this case it probably would have led to that the x-
ray would not be found the next time the patient were at the clinic and that another patient had a
x-ray in the record that were not an x-ray of that particular patient. The investigator saw that the
name on the record in the IT-system on the computer that stood beside the counter did not match
the paper record that lay on the counter in which the DN had put the new x-rays. The investigator
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pointed this out to the D and the DN and the DN immediately put the x-ray in the right paper
record. In this case the paper records provide opportunity for errors and possibly used paper-
records should be put away after use to avoid errors.

The use of x-rays provides changes between representational media, as well as propagation of
information. The x-rays are a representation in itself and but also represent something else. Here
the representation of the tooth in the x-ray has a meaning in itself and do not only represent
something else. The distortion of the tooth that is provided in the x-ray is a representation not
only of the tooth but provides additional information that the D can use e.g. it shows things that
cannot be seen with the naked eye.

At the clinic the D and DN also uses a printed special version of the schedule. This schedule tells
the D and the DN which patients that will arrive during the day and at what time, as well as times
for breaks, lunch etc. This schedule is a printed and distorted version of the digital schedule in the
IT-system. The schedule helps the D and DN to plan the work of the day and what to do when
they have free time. On the schedule it is also stated the social security number of the patient
which often gives the DN information about the age and gender of the patient and this helps in
calling the patients in the reception area. If the patient they are expecting is an older man and
there only are young women in the reception area then they quite fast can draw the conclusion
that the patient they are expecting is not there. The question here is what the paper schedule
contributes with in the work of the D and DN? A problem with the printed schedule is that the
information in the schedule can change during the day with the risk of making the printed
schedule obsolete. In the clinics patients cancel their appointments and new patients are added
during the day, which makes the printed schedule out of date. Thus, no changes were made to the
printed schedule and instead the personnel addressed the IT-system. The reason for the use of the
printed schedule is not clear but no personnel expressed any problems with the printed schedule.

The printed version of the schedule provides an additional artifact to take into consideration in
the work at the clinic. The information in the schedule is here used to structure the work of
dentistry. The information here propagates through representational medias and is used as a base
for decision-making in the work at the clinic.

It can be concluded that in dentistry the setting has special features that need to be taken into
consideration in dental informatics, e.g. the tools available and the fact that the treatment of
patients are made in teams. The layout of the environment to a large extent affects the work
practices in dentistry regarding the procedures that take place.

4.2 General flow and propagation of information

This part will describe the work in dentistry as the unit of analysis and the propagation of
information through representational stages that takes place in the setting. To be able to clearly
show how information propagates at a clinic, a bird’s-eye view of the general flow of information
coupled with a typical patient visit will be presented (figure 3).
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Figure 3: A bird’s-eye view of the flow in the dental clinic

This bird’s-eye view presents the information flow and the setting in the case when everything
runs smoothly without interruptions in the flow. The bird’s-eye view presents the information
flow on a general level and also presents the setting and the personnel that works in the setting
together with the artifacts that are used. Data have been gathered from both special and general
clinics and in the cases where the layout or procedure between clinics differs in a significant way
these different procedures will be presented. The presentation of the general flow is based on the
locations of where the information is used to gain a spatial understanding of the flow of
information and work in dentistry.

4.2.1 Front desk at arrival

When a patient arrives at the clinic they first enter a reception area (figure 4). The reception area
often provides possibilities to sit down and wait for the appointment with a D or a DH. In the
reception area there is a front desk where one or several DN or DA works, depending on the
actual location of the clinic. At the front desk the DN or DA greats the patient at arrival, asks for
the patient’s name and check the name against the schedule in the IT-system that they use to
handle bookings and schedules for D, DH, DN and treatment rooms. At the front desk the patient
are checked in by using the IT-system and asked to wait for their D, DH or DN to call their name
in the reception area. If the patient is late the DN or DA at the front desk calls the D and let them
know that the patient has not arrived and that they do not have to come to collect the patient.
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Figure 4: It is marked in the flow when a patient arrives at the front desk and are checked in

The personnel in the reception area also handles telephone calls from patients that wish to book
appointments, change appointments, and cancel appointments or wants some advice. In some
clinics there is a special DN or DA that are responsible for incoming phone calls while others
manage the front desk and the patients that are present at the clinic (picture 3). The DN or DA
that manage the phone works with the 1T-system to manage appointments in the schedule and to
write notes in the patients’ record to keep track of all contact between the clinic and the patient.
The DN and DA also have other artifacts to handle in the reception area. Examples are postboxes,
telephones, rolodex with important phone-numbers and debiting-codes, pens and papers to take
notes while being on the phone, a card-reader for taking payments by card etc.

= y = =
& ‘ :
&} |
3 [

~ e = ==

o= |

! ’ S

Picture 3: The front desk with the schedule opened in the IT-system.
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At the front desk there are several factors that are crucial for the information-flow of the whole
clinic. When a patient arrives the intention is that the patient announces their arrival at the front
desk. The DN or DA then checks the patient in using the IT-system. This information in the IT-
system is then available in the treatment room for the DN or D to see and thus gives a clue that
the patient has arrived and that the DN can go to the reception area and collect the patient,
information is distributed across spaces and decisions could be made according to this
information. This flow of information does not always work and therefore the personnel in the
treatment room cannot trust the technology to provide the right answers. The problem is that
patients does not always announce their arrival and just takes a seat in the reception area. In these
cases the fact that a patient is not checked in at the front desk cannot be trusted by the personnel
in the treatment room and they therefore have to visit the reception area despite the fact that the
patient has not been checked in to control if the patient are there anyway. Some general clinics do
not wish to check the patients in at arrival and this is something that the personnel in the
treatment room take care of. The result is thus the same; the personnel in the treatment room
always have to visit the reception area to look for their patient.

If a patient has an appointment, but does not show up this need to be registers in the 1T-system as
a sort of cancellation, and to handle cancellations with the IT-system is a complex task with
several steps that include several roles and communication within the clinic. If a patient does not
arrive to the scheduled appointment the DN or DA at the front desk communicates this
information to the D or DN in the treatment room, often by going in to the room and telling them
that the patient has not arrived to the scheduled appointment. The DN or DA at the reception or
the D or DN in the treatment room must then enter this as a comment in the patient record. Then
it also has to be registered in the schedule and there a reason needs to be entered to the
cancellation. Lastly the cancellation also needs to be registered as a treatment in the patient’s
record. This treatment should then not be signed by the D until the reasons for the cancellation
have been discovered. When a patient does not show up to a booked appointment without
informing the clinic beforehand they receive a fine. This fine needs to be paid by all patients,
including patients that are under 21 or patients that have a free-card. The patient then needs to
come in to the clinic and pay this fine.

The handling of cancellations brings together several areas presented by Rogers and Ellis (2000)
(see section 2.3.2). The handling of cancellations structure work practice in the whole clinic
because many factors need to be considered when registering the cancellation. The cancellations
also need to be registered and represented in different ways, but in the same media, the IT-
system. The registration of cancellations also requires interactions between individuals when the
information about the cancellation needs to be communicated from the front desk to the treatment
room. The individuals then need to interact with artifacts to complete their task of registering the
cancellation.

The DN or DA in the reception area also handles referrals and test-results. This is more common
in the special clinic that was a part of the study in comparison to general clinics that in turn send
referrals to the special-clinic.

4.2.2 The treatment room

D work in teams together with a DN and in most cases they work together every day and are a
constant team (figure 5) In some cases e.g. when someone is sick they have to change teams
which provides some difficulties because the D and the DN are often well accustomed to each

37



other and the work procedures that they have developed together. The fact that D and DN work in
constant teams leads to the fact that the teams to a big extent uses wordless communication and
tacit knowledge to perform their work. The D and DN do not talk much about the treatment they
are performing but rather make small-talk with the patient during treatment, The DN knows when
to hand over instruments and when it is appropriate to perform certain tasks. Here the tacit
knowledge about the work practices in the team guide the work in teams that are constant. Teams
that are not accustomed to working together then have bigger problems in their communication
because the members in the team does not know each others work practices. In the situations
where temporary personnel is present the members in the temporary team need to communicate
their every intention and move, this caused irritation in the team because the original member of
the team found it frustrating to explain everything to the new team-member.

The work of the D is to perform exams and procedures and to communicate with patients. This
work also includes keeping records of patients about their dental status and measures that have
been taken in the treatment of the patient.
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Figure 5: It is marked in the flow when a patient arrives in the treatment room

When a patient gets called from the reception area by the DN, the patient follows the DN to the
treatment room. When the patient has been collected it is registered in the IT-system as “under
treatment”. In the treatment room the patient is asked to sit down in the dentist chair that is
located in the middle of the room. In some cases the D is already in the room and in some cases
the DN starts the procedure with the patient themselves. The procedure in the treatment room
varies a great deal depending on the reason as to why the patient is visiting the clinic.

In this section a case is presented were a new patient arrives that has not been at the particular
clinic before. This could be the case when a patient has moved between cities or when a patient
has changed clinic e.g. from a private clinic to the stately driven dental clinics. The DN starts
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with asking some questions about the patients’ general medical status e.g. if the patient have any
diseases, is under medication, if the patient smokes etc. (figure 6). When asking these general
questions the DN is sitting by the computer in the room and the answers are registered in the IT-
system. In these cases the DN are often alone in the room with the patient in the beginning of the
visit and the D arrives later when there are work that he or she needs to perform, which the DN
cannot do.
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Figure 6: It is marked in the flow when the information is gathered from the patient at arrival in the treatment room

After the patient has been questioned about their medical status and their lifestyle the D often
arrives at the treatment room to begin the examination of the patient (figure 7). Most often when
there is a new patient the D wants a complete status of the patient and therefore takes x-rays of all
of the patient’s teeth. When the D arrives at the treatment room and addresses the patient the DN
are there to be able to assist him or her with tools or information that the D should like to know
about the patient. In the case that the DN has taken the anamnesis and written it in the IT-system
the D looks in the IT-system to read up on the information and may also ask the patient additional
guestions.
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Figure 7: It is marked in the flow when the patient receives its treatment

During the actual examination of the patient the DN often knows what to do without the D
needing to ask the DN. In some cases the DN are not in direct contact with the patient but rather
engages in other tasks like the schedule, booking appointments with other patients and returning
calls. Often, without the D having to say a word, the DN knows when the D needs him or her to
assist more directly by e.g. holding instruments or picking out material from the surrounding
cupboards. The D also often leaves the room without saying a word and the DN continues the
work without any instructions. This is an additional example on the tacit knowledge that resides
in teams that often work together when there is no need for communications by words.

In the IT-system there is a central part that the dentist work with when dealing with a patient’s
record, the dental chart. The dental chart is a stylized representation of humans’ teeth which
shows “drawn” representations of human teeth. The dental chart is represented in different places
in the IT-system with some differences. There is one representation for status/ diagnosis (picture
5), one for treatment (picture 6) and one registering periodontitis (picture 7)°.

® These representations are taken from a training-version of the IT-system and the information in the system is not
from real patients.
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Picture 5: The dental chart in the IT-system representing status/diagnosis.

In these charts the D visually registers e.g. if some teeth are missing, if there are any prosthetics
or bridges and other procedures that the D has performed with the patients’ teeth.
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Picture 6: The dental chart in the IT-system representing treatment.
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Picture 7: The dental chart in the IT-system representing periodontitis.

The periodontitis-chart registers if the patient has any caries and pockets in their gums. These
treatments are all represented in different ways with e.g. different colors, numbers and surfaces.
This chart represents the real world but in an abstract way, this could be compared to a regular
map, as is discussed in Hutchins (1995a) were he presents a map as a representation of the real
world and that is a representation of accumulated knowledge that has been gathered during a long
period of time. The dental chart could be compared with an ordinary map because of the fact that
a D can see what treatments has been performed previously on the patient and the chart also
functions as a mean for navigation in the way that the dentist can see which tooth that has been
treated. In the dental chart knowledge that has been previously gathered are stored over time and
represent the “real world” with that specific patient. In this case information propagates through
different representational stages, from the real world and real treatments on a patients’ teeth, to be
digitally represented on a chart that could be stored over time together with additional
information about the patient, this information can then later be used and translated to the real
world again when a D looks at a patients’ record to see what previously been done to the patient.
In the dental charts the representations differs in the three charts. The charts have different
background-colors depending on which chart it is and also the representations of the patient’s
teeth differ. The colors used to represent different diagnosis and treatment is also different which
results in that the same tooth looks different in the different charts.

The dental chart is a good example of a representation that has meaning in itself and that not only
is a representation of something else. The dental chart represents the patients’ teeth but also
provides additional information about the dental status of the patient. The dental chart includes
information about treatments that has been performed to the patient that is represented in a
different way than in the real world.

In all the clinics that were visited in this study there was a central storage area for equipment e.g.
the DN was meant to go and collect the required equipment for each patient. But in most cases
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the D and DN also have some equipment permanently in the treatment room and in some cases
the D have personalized equipment that he or her wants to have in the treatment room. During the
treatment, the D often addresses the IT-system and wants to look at x-rays or previous recordings
in the patient-record in the IT-system.

When the D are finished treating the patient the D or the DN have often already sorted the
debiting of the patient because of the fact that the treatment need to be approved by the Swedish
social insurance administration so that the patient can receive the discount that every patient of a
certain age has a right to. The debiting to a big extent structure the work of the D and DN because
debiting put time-constraints on the work. From the time the patient leaves the treatment room to
their arrival at the front desk is a matter of seconds and before the patient reaches the front desk
the debiting has to be approved by the Swedish social insurance administration. This can provide
a breakdown in information flow if this information is not available at the front desk at therefore
the D and DN need to sort the debiting early in the treatment process. The D and DN then at an
early stage know what treatment the patient should receive and specify this in the IT-system.

When the patient leaves the room the DN most often cleans all surfaces with antibacterial fluid
and sort out the instrument, put away used and dirty instruments and put forward new ones for
the arrival of the next patient. Here the DN also checks the IT-system to see if the debiting with
the Swedish social insurance administration has gone through and then approves the debiting so
that the patient could pay eventual costs at the front desk. After the patient leaves the D address
the IT-system and starts writing notes in the patient’s record and state the status and diagnosis of
the patient before treatment, what treatment has been done and to which teeth. All notes in the
record then need to be digitally signed by the D.

The debiting in dentistry is complex due to the many alternatives to choose from, both in type of
debiting and the different treatments available which all have a different price. This information
is thus vast and diverse with no standard procedure to follow. The IT-system provides debiting-
lists but in some cases the D cannot find the right procedure and many D have separate price-lists
available in the treatment room that is used in more unusual cases were the D do not remember
the prices. In one case during the observations a patient had been treated in a special clinic and
had some stitches put in, the general clinics were then meant to take the stitches out. In this case
the patient had the stitches as a part of a bigger procedure and this raised the question if the
patient had already paid for the treatment in the special clinic and the removal of the stitches were
a part of a bigger debiting-package and thus should not be debited separately. The question that
was then raised was how the general clinic could get a part of the payment for this bigger
debiting-package that was paid to the special clinic.

When the debiting is sorted in the IT-system the DN and the patient most often discuss new
appointments (figure 8). Have the D found something that need to be taken care of in a near
future or is it only necessary to summon the patient for a new check-up in a year or two? In the
case that a new appointment is needed soon the DN and the patient together book a new
appointment that suits the patient. In the case that the patient only need to be summoned for a
new check-up the DN sets a ratio in the IT-system in how many months time the patient needs to
be summoned and then the system handles the summoning automatically.
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Figure 8: It is marked in the flow when the patient receives information after treatment about e.g. the next
appointment.

In the general clinics, the default setting is that there only is one computer and one screen in each
treatment room. This has provided some difficulties and hygienic aspects in working with the IT-
system and the new digital x-ray system. The hygienic aspect has previously been mentioned by
Reynolds et al. (2008) (see section 2.1) and this difficulty also appears in the setting. In the past
where there only were printed x-rays the screen was needed only for the IT-system, but now two
different programs are used, the IT-system and the x-ray program. Most often the D wishes to
look at the x-rays and the chart of the patients’ teeth that are located in the patients’ record in the
IT-system. These two programs cannot be minimized and run beside each other on the same
screen. This leads to that when the D is working on the patient and has to address the keyboard to
be able to switch between both programs, the D then have to change gloves. And if this procedure
is repeated it takes up valuable time from the D. In one of the general clinics one D in a treatment
room uses two screens and thus can have the x-ray program on one screen and the IT-system on
the other. The special clinic that has two computers and three screens in each treatment room and
could make good use of a digital x-ray program has not yet implemented digital x-ray. Another
problem with the digital x-rays is the fact that the images are hard for the D to review in the light-
conditions in the room. In some occasions the D asked the DN to turn out the light to be able to
see the images thoroughly. This is a breakdown that the D and DN have developed their own
workaround to.

In the general clinics, a way to treat as many patients in as little time as possible is to have a D
work in teams with several DN or DH because there are many procedures that can only be
performed by a D. In the general clinic one D have patients in several treatment rooms at the
same time and the DN or DH can perform some procedures while waiting for the D that are
treating a patient in another treatment room. This way of working provides big challenges in
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organizing work and working in teams, both in practice and in administration. The IT-system in
some ways can support work in teams in the schedule. Each user of the IT-system can choose
which schedules they want to display in the IT-system, e.g. the schedule of a D, DN or a specific
treatment room (picture 8).

Picture 8: The schedule in the IT-system displaying the schedule of the D at the clinic.

On one particular occasion one D showed me what she called “the snake”. In the schedule that
was presented two treatment rooms and the schedule of the D were presented. One specific
patient was here presented both in the schedule for one treatment room and in the schedule for the
D. Beside the “square” that represents one patient in the schedule for a treatment room the time
that a D are supposed to be in the room are represented in pink. The goal here when two
treatment rooms are presented beside each other in the schedule is that the pink line between the
patients should be “like a pink snake” between the patients in the different rooms.
Correspondingly the D schedule should be completely in pink as to show that his or her schedule
is full. A breakdown that occurred during the observation was that a D had patients in two
treatment rooms but still had a gap in her schedule because she was not needed in the treatment
rooms at that particular time. When she looked at her schedule she saw that she had three patients
during that specific period but only two treatment rooms. The D explained the mistake by
explaining that when other staff sees this gap it is easy to think that the D could see a patient, i.e.
the D schedule is not entirely pink, and the DN or DA books in a patient for the D. The problem
here is that the treatment rooms are full and therefore the D could not really see any additional
patients. This mistake was not discovered until right at the moment the patient arrived. In this
case the personnel had to attend to the patient with the result that the patient that should have
been in the particular room had to wait. In the case with “the snake”, information about the real
world is represented in an additional media with the aim of supporting the personnel in their
work. The representation in the schedule here functions as an artifact that distributes human
cognition and help in decision-making. The schedule also functions as an artifact that distributes
processes through time to change the course of later events. The fact that the representation can
be misguiding affects the work practices at the clinic because the representation can make the
personnel think that it is possible to book an additional patient when in fact it should not be
possible. The reason for this problem can be the fact that the same information is represented in
different locations in the schedule, both in the schedule for the treatment rooms and in the
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schedule for the specific D. For this breakdown the personnel has no good workaround to solve
the problem other than trying to treat all the patients that has been booked in. Thus, it is crucial
for the personnel to be thorough when working with the schedule.

4.2.3 Front desk at departure

For the patient after the treatment, all that is left is sorting out the payment at the front desk
(figure 9).

Unit of analysis

| v
Front desk Treatment room
O fox O O O
Ut M M 4N U MN
A IN IN IN I\
Dental Assistant  Dental Nurse Dentist Den_ta_l Dental Nurse
hygeinist
Information before
Arrival and treatment
checking in
Treatment
I ! .
' Debiting and ' Information after
. treatment
I checking out I
h GED GED aGED T T J

4 |

Figure 9: It is marked in the flow when the patient is finished in the treatment room they return to the front desk.

If the patient does not have to pay, e.g. they are under 21 or they have a free-card they just leave.
At the front desk the patient could choose to pay in cash or by card. The DN or DA at the front
desk often ask which dentist the patient has seen because the clinics often handle many patients
and they cannot recognize every patient by the look of them and to get the debiting right it is
crucial that right patient gets debited for the right treatment. This could also be a problem because
the patient may not remember the name of their D. The patient is checked out in the treatment
room but if this is not done the DN or DA at the front desk check the patients out. The patient
then pays for the visit by using card or cash and then leaves the clinic if they do not have any
further questions.

4.3 Details and breakdowns

This section presents some specific episodes that occurred during the observations and are meant
to provide more detail to how the daily work looks like at the clinic and the problems that can
occur in the process. In the information flow there also are breakdowns that the personnel need to
handle in their daily work and that can disturb the flow of information.
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4.3.1 Digital x-ray referrals

In one case at the special clinic a D were supposed to send an e-referral to the x-ray unit, which is
located in the same building. This x-ray unit can take more extensive x-rays than the special
clinic and in some cases this is necessary. In this particular case there is no immediate problem
but the D clearly discusses the problems that can appear in this process. After the necessary data
has been entered in the e-referral by pre-determined questions the referral that should be sent
need to be signed by the D, and the D in this episodes states;

-The important thing is that it is signed...this is not logical

This statement were regarding the fact that the referral can be sent without being signed, this
clearly shows a breakdown in information flow. In many cases the D can be interrupted in the
process of sending the referral e.g. by a phone call and the referral can then be sent without being
signed. When a D is finished writing the referral the IT-system offers two options, “ok” and
“save”. Both these options send the referral but none of the options reminds the D that the referral
needs to be signed, if this is not the case. The “save” option provides the opportunity to print the
referral and the “ok” option sends the referral and the D states;

-This makes everything go away

In this episode it is crucial that the information is correct and that the referral is properly signed
and the system here does not support the D to perform the task correctly.

The D can then look at sent referrals and see if there is an answer to that referral, this answer
should then be signed again to show that the sending D has seen the answer. Every day when the
IT-system is started it shows received answers but in many cases the D do not have the time to
look at the answer immediately and the D in this episode then state;

-1 have to have some kind of regularity of that

This to make sure that all answers are signed. When the D looks at the referrals at a regular basis
this provides a workaround to the problem that the D easily can miss to provide an answer to a
referral. The D also states that;

-There is no regret-button, if I press something wrong everything gets sent and you have to write
a new statement and say that you did it wrong, instead of just having a regret-button so that you
at least could regret one step

The D then addresses his DN and says;
-As in the case where we removed a tooth, that has happened

Here the D means that he accidentally removed the wrong tooth from a dental chart at one
occasion. This provided a serious breakdown. There were no way to undo the command and the
D in this case has to make a new entry to the patient’s record that states that a mistake has been
made to workaround the problem. The D then states

-Before when we had this on paper we only drew a line with a pencil

The D here shows that in the work in dentistry in the past provided other opportunities for
interaction with data and to store and retrieve information. Thus, the problem that is presented in
this episode would not have happened in the past, and it thus stands clear that the technology
used in today’s dental practice on some occasions provide breakdowns in the daily work that the
D need to work around.
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This episode could be argued to show when the artifacts used do not support the distributed
processes in dentistry. In this episode the work environment structure work practices, but in a
way that does not support the way the personnel would like to structure their work.

4.3.2 Cooperation in treating a patient

In the treatment room a D and a DN works together. In this case there is a D and a DN that are
very used to working together and the communication about the treatment are wordless or short,
but the D and DN still communicates vividly but often about other factors that the treatment, e.g.
they talk to the patient and discuss private matters. The D point out that this makes the patient
relax and makes them more comfortable. The D also tells the patient what is going to happen so
that they are prepared. The DN helps the D in moving and adjusting tubes and bringing out the
right equipment. The work process between a D and a DN that are used to working together is a
complex and interesting system. In this setting also the silence provides information between the
D and the DN in the coordination of their work as suggested by Hollan et al. (2000). The D and
DN can be silent and do not need verbal communication to guide their work. Instead they rely on
e.g. gestures and previous knowledge about the situation. The D and DN could also talk vividly
but not about things that regard the treatment of the patient at the same time that they perform
their task with the patient. This situation clearly shows the use of tacit knowledge in the work of
dentistry and that the team forms a system to conduct their work. The DN knows what to do
without being asked and shows emergent phenomena that depend on the situation at hand.

On this occasion, the D asks the investigator to come closer and look, after asking the patient if
he or she were all right. The camera is in this case placed on a chair and is not held by the
investigator while standing by the patient. The D says;

-Here we have a tooth with filling, and this | saw on the x-ray

She then takes a step back from the patient and points to the light screen where the printed x-rays
are displayed;

-Its a dark spot there, that’s the hole...under the old mending
The D here uses the x-rays as a mean of information about the patient and discovers information

that she cannot see by only looking at the patient’s teeth. The D is also guided by some signs she
sees by looking, such as the discoloration of some areas.

One computer with the IT-system is set beside the dentist chair and both the D and DN uses the
dental chart during treatment to guide their work (see picture 5, 6 and 7). In this situation the DN
points out that the dental chart is often used but that the representations used in the chart can be
hard to see from the distance that is standard when treating a patient.

In this case the number three is presented as representation for a damaged tooth in the dental
chart (numbers can be seen in picture 5). This number is thus presented in red and displayed on a
green background that represents a repair on the tooth. The DN here states that;

-If I sit here there are numbers that mean that there are a damage, red numbers are very hard to
see with all those different colors, do you see that there is a red number?

-Now [ know where to look but it’s hard to see the three from here, and there is no color...if it
had been a color it would have been even harder

-Red numbers and green background are plastic mends...they are common
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This causes a breakdown in information flow where the dental chart is crucial for the work but
could cause errors if the information is not showed properly. The D continues the treatment and
states when looking in the patient’s mouth;

-1t’s hard to see properly down there, so I'm feeling if there is a hole in the tooth cause then it is
soft

By this the D also guided her work not only by sight but also by knowing how something feels.
In some cases the D use a small mirror to be able to see in the patient’s mouth.

The DN moves around the room and then pick up a UV-lamp that are meant to harden the
mending in the patient’s tooth, she puts it down and picks it up several times according to when
the D need her to use it. Then the D and the DN work together in holding different instruments,
one that spray water and another instrument that sucks the water up. This work requires the
attention of both the D and the DN.

The DN also states that she knows when the D needs her and when she can do other things. In
general there is not much verbal communication regarding the patient and the treatment, instead
the D and DN are guided by their experience and previous knowledge in performing certain
procedures. The DN states;

-We don’t talk more than we need to...we know what we do...I know that I could leave now
because I can leave D and answer the phone, it’s a lot of those events

The D then states;

-This you could manage on your own...
And the DN answers;

-...not all, but most people

This episode could be argued to show the distributed nature of work in dentistry. The work that
the D and DN performs when treating a patient are highly dependent not only on the individuals
in the setting, but on the distribution of work between individuals. The personnel also have a
good knowledge about the work process and when the situation requires them to perform a
specific task. This episode also shows how the D and DN structure their work around the present
artifacts and when the artifact do not support the way the personnel works. In the case with the
dental chart a number functions as a representation for a damaged tooth and this representation is
important for the work of the D. The representation of the damaged tooth does not support the
work of the D because of the way it is represented. The representation here has a meaning in
itself and is used to guide work in dentistry, but when the representation is hard to use it looses its
function and instead disturbs the work. This episode also shows that the D and DN by experience
knows how to handle the breakdowns that occur in their daily work with the artifacts, e.g. they
can by previous experience know what type of information that should be displayed in a
particular location and know about the presence of the specific information.

4.3.3 Resetting alternatives in the 1T-system

In one situation when a D were finished treating a patient, the D needed to fill in the patient
record and register which procedures that has been done. In this situation the D do not find the
right procedure in the IT-system. The procedure has a specific code and the D knows this code by
heart, but when the code is entered in the search field it does not appear in list of available codes.
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The D tries the “reset” button but it still does not work. In this case, the D knows that when this
happens she have to go to another function in the IT-system like e.g. status, and there chose to
reset. Then the D can go back and write in the specific code and it appears in the list of available
codes. The D points out that this often happens and there is a flow that you are supposed to
follow, and if you don’t this could happen, but in this case she was already in the program and
this can cause these troubles. The D states;

-You think they should have the same function, but they don’t

The D points out that she knows how to fix the problem but that it provides additional work and
movements in the program by saying;

-1t makes us make additional clicks

This problem is closely coupled to another episode that occurred where a D needed to search for
a long time in the IT-system to find the right code for a procedure which she did not know by
heart; these codes are only numbers, are not shown in any particular order and can be hard to
remember. The codes in some cases also need to be combined to get the right result. The D here
states that;

-1ts not easy to know this from the start, but eventually you will know it

The D then marks a tooth in the dental chart and then the chosen code disappears. The D then
states;

-But if I remove it, it will come back...yes, here it is...no...I don’t get this

This shows a clear interruption in information flow and the procedure that the D want to follow is
not supported by the system. Here the D uses workarounds to learn how to get around the
problem by accumulated knowledge from previous experience and the experience by others at the
clinic. To be able to work around the problem the D has by experience learned how to solve the
problem by resetting the IT-system in a different location. This knowledge has been accumulated
and shared by all the employees at the clinic and this problem occurs for all D and DN.

This episode shows a breakdown when a D tries to use an artifact that are supposed to help the D
in the daily work. The codes here represent particular treatments and the way of representing
these treatments provides problems. When the code is not known by heart by the D due to
previous experience the representation does not support the work of the D. The artifact of the IT-
system here also provides problems because it limits the D to a specific flow that does not
correspond to the way the D goes about performing her work.

4.4 Reflections of “dentistry in the wild”

This chapter has presented the work of dentistry with a DC-perspective regarding the unit of
analysis and propagation of information through representational stages. In this study the unit of
analysis has been the work in the whole dental clinic, the artifacts that is used and the cooperation
between individuals in the setting. The empirical research shows that that there is a lot of
information that propagates through the dental clinic that is represented in different media.

The aim of this thesis were to gain a deeper understanding dentistry as a socio-technical domain
from a DC-perspective using workplace studies and it can be concluded that the work in dentistry
is a complex and distributed process. The personnel in dentistry are supposed to follow a pre-
determined flow but on several occasions breakdowns occurred and disturbed the work. These
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breakdowns often occur because information is not available at the right place at the right
moment. The work environment to a big extent structure work practices in dentistry but the
personnel on several occasion presented whishes to perform their work in a different way and
developed workarounds to the encountered problems. The work in dentistry is also a highly
collaborative process were individuals need to interact with each other to be able to perform their
work. Individuals also need the support of artifacts, but the artifacts used in dentistry have the
possibility to both support and disturb the work in dentistry, there are some cases where the
artifacts do not support the work process but rather disturbs it.

One other interesting issue in the work in dentistry is the silent communications between
members of a team that know each other very well. The communication in those teams often treat
subjects that are not related to the treatment of the patient, but rather is a way to keep the patient
calm and informed about the process. The communication between e.g. a D and DN instead relies
on tacit knowledge about how the work should be performed to reach the intended outcome. The
DN often knows what to do and when to do it without being instructed by the D and therefore
forms their own system. It is interesting to study how little of the actual communication that
regards the work at hand and how the silence also provides information to guide the work. It also
stands clear that the work process contains more than medically treating the patient, it is also a
great part of the work to communicate with the patient about the treatment at hand and trying to
keep the patient comfortable. This kind of work in dentistry could be coupled to ethnography that
according to Williams (2006) is interested in how meanings are created. The teamwork in
dentistry clearly shows that actions have meanings in themselves and that actions guide the work
in dentistry.

Benyon et al. (2005) define four elements that are crucial to understand when designing
interactive technologies; people, activities, context and technologies and this study regarding IT-
systems in dentistry look at all of these concepts to present thick descriptions regarding work in
dentistry. Another concept in HCI is usability, which is defined as the “...extent to which a
product can be used by specified users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use” (ISO 9241-11, 1998). It could be argued that none
of these factors are completely fulfilled regarding the IT-system used in dentistry.

Effectiveness regards accuracy and completeness and the study in this thesis has shown that the
IT-system in many cases is inaccurate and provides incomplete information. The display of all
information needed can here be seen as incomplete information, e.g. the display of
representations in the dental charts may provide information that is hard for the dentist to
acknowledge in the work situation. In addition The IT-system also does not support decision
making in dentistry. By providing an IT-system that supports decision making the personnel
could possibly make fewer errors and be more secure about their position in the flow in the
system. In the current system there is no explicit information about what happens next in the
flow, thus the personnel are highly bound by the implicit flow provided by the system that does
not always support the work that the personnel wish to perform. There are also limited amounts
of feedback to what happens in the system, what is the next step and if there have been any
mistakes in entering the information. All these factors could be argued to reduce effectiveness in
dentistry.

Efficiency is the “resources expended in relation to the accuracy and completeness with which
users achieve goals” (1SO 9241-11, 1998). In the study it was shown that the personnel had to use
extended resources to be able to perform their work. The IT-system to a big extent affected the

o1



work in the setting and made the personnel spend much effort to be able to complete their tasks.
The IT-system is complex and it requires many steps to enter information in the IT-system and it
is done in a way that does not support the work in dentistry. The personnel uses workarounds to
be able to improve efficiency and it could be argued that a problem with the IT-system is that it
provides a rigid flow to follow. Hence, the work in dentistry is guided by the IT-system; instead
the work should guide the IT-system.

Satisfaction is the freedom from discomfort and positive attitudes towards the use of the IT-
system. The satisfaction of the users of the IT-system varied and many users expressed that they
were stressed by the use of the IT-system and that they experienced that the IT-system limited
their daily work in treating patients. The personnel also to a big extent expressed that the IT-
system provided limitations as to how they wished they could perform their work. The context of
use regards the users, tasks, equipment and social and physical environment in which the product
is used. This study has to a big extent addressed this factor for usability and has argued for the
relevance of this stance. In the complex socio-technical environment of dentistry it clearly shows
that the setting to a big extent affects the work in dentistry. The personnel are highly dependent
on the IT-system in performing their work in a correct way regarding e.g. patient safety and are
also governed by laws regarding e.g. storing of patient information in a safe way. The IT-system
in relations to the setting in this case does not correspond in a satisfying way. The personnel wish
to perform their work in a certain way and the IT-system requires them to perform their work in
another way.

This leads to the conclusion that the usability of IT-systems in dentistry needs to be improved to
be able to better support the work in dentistry. It is crucial that the work performed in the setting
guides the design and application of IT-systems and that the 1T-system itself do not disturb the
work in dentistry, with possible consequences of reduced patient safety, much time spent with the
IT-system instead of treating patients and discomfort with the IT-system that the personnel are
required to use.
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5 Discussion and conclusion

It can be concluded that dentistry is a complex socio-technical domain with special features that
need to be taken into consideration when applying HCI in the domain. This chapter presents a
discussion regarding the trustworthiness of the empirical work presented in this thesis (section
5.1) together with the contributions and implications for dental informatics (section 5.2) and the
contributions and implications for DC (section 5.3). Lastly, the chapter presents future work
(section 5.4) and concluding remarks (section 5.5).

5.1 Trustworthiness of the empirical work and results

This section aims at discussing the factors that either strengthens or diminishes the results
presented in this thesis. To be able to evaluate the qualitative work in this thesis | have adopted
Lincoln & Gubas (1985) four-point list of criteria for naturalistic inquiries; credibility,
transferability, dependability and conformability (presented in Baxter & Eyles, 1997; Seale,
1999). These four criteria are aimed at improving trustworthiness which could be defined as
"how can an inquirer persuade his or her audiences that the findings of an inquiry are worth
paying attention to, worth taking account of?" (Lincoln & Guba, 1985, p. 290).

Credibility is the most important principle for guiding qualitative studies and is defined as the
degree as to which a description of an experience is recognized by the people that have had the
experience, and how people outside the experience can understand it (Lincoln & Guba, 1985).
Shenton (2004) presents several approaches to reach credibility in qualitative studies (not all
discussed here). One approach is the adoption of research methods well established. The work in
this thesis has been based on well established qualitative data gathering techniques, such as
observations and video-recording. According to Shenton (2004) the decision to use some
methods should be derived from previous comparable studies. Regarding studies in dental
informatics the work in this thesis could be argued to be unique with its focus on DC in HCI in
dental informatics, something that leads to that it is difficult to decide if the methods used is
appropriate. Thus, the choice of methods is based on the concept of DC and the notion of
cognitive ethnography (Hutchins, 1995a) in which observations “in the wild”, the use of thick
descriptions and video-recordings have previously been used. Another mean of improving
credibility according to Shenton, 2004) is triangulation. According to Patton (2000) there are
four types of triangulation; methods, data, investigator and theory. As previously mentioned (see
section 3.1.) this thesis has used data and investigator triangulation. A sort of method and theory
triangulation has also been used because of the combination of several concepts, both methods
and theories, that in the end aims at the same general factor, that phenomena should be studied in
a the natural setting in which they occur and not in a controlled environment in a laboratory. The
integration of these concepts is to my knowledge a new approach to dental informatics and they
provide information that would otherwise have been ignored. In this way it has been a sort of
method and theory triangulation which are positive for the study because of the different angles
to the problem and it could be argued that it as a strength that several theoretical and
methodological notions has guided the work. Another important factor to enhance credibility
according to Lincoln & Guba (1985) is member checks. Member checks are checks relating to the
accuracy of the gathered material with the people in the setting during data collection. In this
study the long period of time spent in the setting, the use of multiple sources of information and
the presence of several investigators in the larger project provided regular member checks with
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the personnel at the clinic and with the investigators. Finally, Shenton (2004) presents thick
descriptions of the phenomena under scrutiny as an approach to reach credibility. This thesis has
its base in thick descriptions from the theoretical framework of DC which could be argued to
improve the credibility of the work in this thesis by presenting an extended description of the
setting and the domain.

Transferability “...refers to the degree to which findings fit within contexts outside the study”
(Baxter & Eyles, 1997, p.515). Strategies used to reach transferability are e.g. purposeful
sampling and thick descriptions (Baxter & Eyles, 1997). In transferability it is important to
provide rich descriptions about the study performed so it can be concluded if the results are
applicable to other situations and populations. In this work several clinics were visited, and the
results were derived from information gathered at these clinics. The results thus show
transferability across these clinics. In this study the clinics had similar constraints such as the IT-
system and laws and regulations. These results are thus hard to transfer to other clinics regarding
the specific features of the actual 1T-system. Hence, the description of the work in general could
be argued to be applicable also on other clinics and the conclusion that dentistry is a complex
socio-technical domain applies on dentistry in general.

Dependability refers to if the work was repeated in a similar context, with similar methods and
similar participants the same results would be obtained (Shenton, 2004). The work in this thesis
has been described regarding its theoretical stance, the methodology used, the empirical design
and the way the data was gathered and analyzed. These thick descriptions may inform further
studies in the field of dental informatics, and for studies that aims at incorporating DC in HCI
research in general. Baxter and Eyles (1997) suggest mechanically recorded data and multiple
researchers to ensure dependability. In the work with this thesis episodes were video-recorded as
a way to ensure dependability and to be able to analyze the data with the same knowledge
background (see section 3.2). The use of multiple investigators also ensures dependability in this
thesis regarding the fact that the gathered material could be discussed, and hence validated.

Conformability focuses the attention to the investigator, the interpretations (Baxter & Eyles,
1997) and the degree to which findings are determined by the respondents and conditions of the
inquiry, and not by the biases, motivations, interests or perspectives of the inquirer (Lincoln &
Guba, 1985). In this study the investigator was completely new to the field of dental informatics
and the domain of dentistry. Thus, an investigator could never be completely unbiased and is
always affected by interests and perspectives. The methodological and theoretical choices always
affect the results; we can probably never have a completely un-interpreted reality. Thus, the work
in this thesis has followed the stance of DC and with contribution of the investigators own
experiences the methods were applied. The use of video-recordings and various types of
triangulation ensures the conformability in naturalistic inquiry. Video-recordings, as previously
mentioned, allow the investigator to study the material with the same understanding of the
domain and investigator triangulation allows for the material to be discussed and interpreted by
several investigators.

The discussion of the thesis according to Lincoln and Gubas (1985) four criteria could be argued
to provide an account of the quality of the naturalistic research performed. To provide such a
discussion also enhances the quality of the research because of the investigators “un-biased” view
on the research performed. Based on the four criteria presented by Lincoln and Guba (1985) |
argue that based on the methods used, the practical execution and the way that the material is
analyzed it can be concluded that a high level of trustworthiness has been achieved.
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An alternative way to perform the work is by changing the scope of the gathered information. In
this thesis the unit of analysis is quite extensive and many factors are included in the analysis.
This was the aim of the thesis but I could also have chosen to gather more extensive details
around e.g. the dentist at work and by this applying a smaller scope. However, this would in some
cases go against what is claimed regarding the unit of analysis in workplace studies and DC but it
could also have been interesting to gather ever more detail about how e.g. a dentist works. These
details could be accumulated from the gathered material but in this thesis | have chosen to
describe a broader scope in this initial stage to get an understanding of all the events that occur at
a dental clinic, possibly with the loss of some detail. This broader scope was in my view
beneficial to the area of dental informatics due to the limited amount of gathered information
about dentistry in practice. The description of the domain in this thesis could thus guide this work
by pointing out problem areas and crucial aspects in dentistry such as the complexity of the
domain and the breakdowns that are caused by the IT-system.

In this thesis one special clinic has guided the major part of the work. This factor could influence
the results and it could be argued that they in some cases do not apply to general clinics. In this
thesis general clinics have been used as a mean for “location triangulation” and the results are not
merely aggregated from the special clinic. Thus, the special clinic also provided some interesting
details and has a special way of working that also need to be regarded when developing IT-
systems in dentistry. The results in this thesis are based on clinics that all use the same IT-system,
and it has to be mentioned that private clinics in Sweden are able to choose any kind of IT-system
they want. Also stately owned clinics in other areas of the country may use other IT-systems to
handle their work. The results in this thesis may because of this not be the same if another IT-
system had been studied. This thesis thus describes the complex work in dentistry and the most
common tasks that the personnel performs and hence it could be argued that the results could be
applicable to the field in general.

5.2 Contributions and implications for dental informatics

The contributions of the study in this thesis span several application areas, from detailed
descriptions regarding dentistry to implications for a theoretical framework. The research aim of
the thesis was to;

e Apply the theoretical framework of distributed cognition in dentistry to interpret
and analyze the relevance of this theory to dental informatics in trying to
understand and improve propagation of information through representational
stages in dentistry from a HCI-perspective.

This aim, based on the execution of the study was intended at providing the following
contribution and implication;

5.2.1 Contributions to dental informatics

This thesis has contributed with benefits to the dental informatics field by providing a detailed
description of work practices in dentistry by performing a workplace study. This detailed
description provides a unique account regarding work in dentistry from a HCI-perspective; this is
something that to my knowledge has never been attempted before. This contribution provides
insights as to how work is performed in dentistry in a larger unit of analysis that includes
technology, artifacts and personnel that later could be used to inform design of IT-systems in
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dentistry. The field of dental informatics could gain benefits from the results in this thesis
because it provides a deeper understanding of the work and it could be argued that an
understanding of the field is necessary to be able to create IT-systems that support the work in
dentistry.

5.2.2 Implications for dental informatics

The contribution in this thesis provides implications for dental informatics because the results can
serve as a foundation to improve the use of a HCI-perspective in dental informatics.

It has been shown in this thesis that the current IT-system in some ways does not support HCI in
dentistry. It must be recognized that IT-systems do not automatically improve work in dentistry
but that it also could disturb the work and provide additional problems. It has in some ways been
believed that if an IT-system is integrated in the work it solves the “actual problems”. Instead,
researchers, developers and HCI-experts need to be aware that IT-systems also can disturb the
work. According to Heath et al. (2000, p. 300);

It is increasingly recognized that the financial and organizational benefits of new technologies,
especially information technologies, have been widely exaggerated and that many tools and
technologies fail to enhance the activities for which they are designed.

This could also be argued to be true in the field of dentistry. The IT-system used does in many
ways disturb the work in dentistry and the IT-system does not support the work in a satisfying
way. To be able to create technologies that support the work in dentistry | argue that it is
important to gain insights as to how the personnel perform their work; what are their tasks, how
do they collaborate and how do the information flow at the clinic. Without this knowledge the IT-
system used may fail at supporting the complex work in dentistry with the risk of reducing
patient safety and resulting in longer treatment times.

The results as they are presented in this thesis do not in a direct manner inform system design.
However, the underlying data could be analyzed with the aim of providing concrete design
suggestions for IT-systems in dentistry. Thus, the results provided give developers an
understanding of the field and could therefore function as a complement to concrete design
guidelines at a desktop level. I argue that it is crucial for design in the field of dentistry to be
based on both an understanding of the field at large as well as an understanding of the desktop
level of IT-systems in dentistry.

The detailed description of work in dentistry could have implications for many areas in dental
informatics, like e.g. organizational factors and how to improve the use of IT in general. HCI is
an important foundation for dental informatics in general and the investigation of HCI in
dentistry should be a more substantial factor in work in IT in general. In the long run this research
could be used as a foundation in developing new IT-systems for dentistry and | argue that this
research provides an insight as to how work in dentistry operates and points out factors that need
to be considered in developing IT-systems in dentistry. These results could also have implications
for practitioners in their daily work, by providing this detailed account they could make decisions
as to how they should organize their work and improve certain information flows.

This work also has implications for the society at large. If IT-systems in dentistry do not support
the work in a sufficient way this may result in inferior dental care for the citizens. If the IT-
systems in dentistry do not support the work it may cause errors in treatment, longer treatment
times and a work environment for the personnel that may cause stress. Thus, IT-systems in
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dentistry that do not support the work in dentistry may provide additional costs for the society
that in the end could result in that the patients’ needs to pay additional fees. Hence, it can be
concluded that IT-systems in dentistry have the ability to change the way dentistry is provided to
the citizens.

This work also has implications for the use of workplace studies, In general the use of IT-systems
have had a big impact on work in almost every domain, and e.g. Schleyer and Spallek (2001)
claim that the ubiquitous presence of computers has made a mark on the dental profession, but
the methods as to how to look at these domains has not adopted to this new way to look at the
world. Many theoretical frameworks and methods with an ethnographic approach lack an explicit
focus on the IT-system as a part of the setting, and do not regard how that IT-system works
together with the bigger setting. To be able to inform design of IT-systems depending on
information that is gathered using e.g. DC or other ethnographic studies the IT-system must be a
more elaborate and acknowledged part of the framework or method. The same problem is also
present in literature regarding ethnographic methods, e.g. Ball and Ormerod (2000) argue that
ethnography and cognitive ethnography should support “technological change”, and Blomberg
and Burrell (2008) suggest an ethnographic approach to design and claim that the design of high-
tech products is one of the primary applications of ethnographic research. None of these authors
thus has an explicit focus on the IT-systems in the setting. Blomberg and Burrell (2008) present
various models that could be used to inform design such as scenarios and complex work-practice
models. However, it is interesting to view that these models that are derived from ethnographic
studies do not include IT-systems in an extensive way. IT-systems are present in the models but
only as an artifact among others and it is not described how the 1T-systems affect the work in the
setting. Hence, even models that are used to inform design of high-tech products and computer
systems, lack an explicit focus on the IT-system. In workplace studies, the focus is also on tools
and technologies in everyday work (Heath et al., 2000) and the changing nature of technology
with a shift to complex systems (Luff et al., 2000). However, in workplace studies there is a lack
of explicit focus on the technology in the setting. Thus, workplace studies are based on other
methods and theories and to include a more explicit focus on IT-systems in workplace studies
these methods and theories need to have this focus. The focus on IT-systems in workplace studies
is important to be able to fully understand the contingencies in the setting. This leads to the
conclusion that methods and theories that are used to inform design of IT-systems lack a focus on
the IT-systems themselves in relations to the overall system and the intended use. Rogers (2004)
claims that new theories in the field of HCI have had a limited impact on the practical work of
interaction design. With the conclusion that is presented above the claim by Rogers seems
reasonable. If we do not take the IT-systems into consideration when trying to come to
conclusions as to how to improve the use of IT-systems in the setting new theories and
approaches with an ethnographic approach has a limited applicability to the field of HCI.

This implies that a next step is to develop guidelines and recommendations as to how IT should
be used to support the work in dentistry and that could be used to improve the contributions of
IT-systems to the field of dentistry. | here present some general guidelines for how IT-systems
should be designed to support the work in dentistry based on the practical work presented in this
thesis:

e Base design of IT-systems in dentistry on the flow of information in the setting
e Base design on both low-level and high-level information, e.g. look at both the low-level
design of the IT-system together with high-level information about the setting
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e Look at how the IT-system can support the work in the setting

e What tasks need to be supported and in what way

e Look at “good” workarounds as a base for design

e The task in the setting should guide design

e The IT-system should function as decision support for the personnel in dentistry

These guidelines can function as an initial step as to how HCI could be improved in the field of
dental informatics that is based on the unique prerequisites that define the field.

5.3 Contributions and implications for DC in HCI

The work in this thesis has a DC-focus, but also presents a HCI-perspective. The factors that are
unique for DC, its focus on propagation of information and the unit of analysis, provide insights
to complex socio-technical domains, such as dentistry. Thus, this thesis provides not only an
application of DC as a cognitive theory, but as a theory with implications for HCI.

5.3.1 Contributions for DC in HCI

This work in this thesis also improves the suitability of DC in HCI and workplace studies. In
HCI, several researchers (e.g. Hollan et al., 2000, Rogers, 2004) suggest a perspective to HCI that
includes a bigger unit of analysis than only one human and one computer. However, in DC the
computer is not an integral part of the original theoretical framework. This leads me to the
question how DC could be applied in HCI if it does not have a focus on the computer.

DePaula (2003) suggests DC as “...a new theoretical underpinning to HCI”, and argues that
research focus cannot lie solely on technology and that it is important to avoid a to
“technocentric” view with the risk of overlooking work practices, social norms and culture. Thus,
when looking at the application of DC in HCI it is clear that DC instead could benefice from a
more “technocentric” view. Technology today is a part of work practices, social norms and
culture in a setting and thus technology needs to be a bigger focus in DC. In DC, IT-systems need
to be regarded as representations that represent something else and as a crucial artifact that differs
from other non-computerized artifacts in a setting.

Hollan et al. (2000) argue for the fact that DC is beneficial to HCI (see also section 2.2);

For human-computer interaction to advance in the new millennium we need to better understand the
emerging dynamic of interaction in which the focus task is no longer confined to the desktop but
reaches into a complex networked world of information and computer-mediated interactions
(Hollan et al., 2000, p. 192)

This quote by Hollan et al. (2000) argues for a more distributed view of HCI, | agree with this
stance, but it could be argued that the desktop level instead should be a bigger part of this
distributed view. It is important to include both the distributed view (high-level) and the desktop
view (low-level) and understand that both high- and low-level are important for the
understanding of a domain. To be able to design IT-systems that are truly usable, e.g. they both
have a purpose and are adapted to the setting; we need to take into consideration how the IT-
system should function both on a detailed, technical desktop-level as well as in the surrounding
setting together with personnel and artifacts. Traditional HCl-approaches such as heuristic
evaluation and other expert methods only consider the low-level features of the IT-system, and
DC and workplace studies in some sense only look at the high-level features of the setting. |
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argue that neither of these levels could be excluded to be able to design usable systems and these
two types of descriptions should not work against each other.

The thesis has with its foundation in workplace studies and DC an approach to HCI that provides
a domain-knowledge that can function as a foundation for developing IT in dentistry. It is crucial
for research in HCI that we have domain knowledge and insight as to what work the users
perform and what task that need to be supported by the IT-system.

DC and ethnography to an extent disregard the use of IT-systems and the 1T-system need to be a
more explicit part of the unit of analysis and it is important to look at how the IT-system affects
the work in the setting. In this thesis, the IT-system has been regarded as an important artifact
that to a big extent affect the work in the complex socio-technical domain of dentistry. The IT-
system must be regarded as a central part as to how the personnel in the setting guide their work.
In this particular case it stands clear that the IT-system that the personnel is obliged to use to a
big extent guides the work at the whole clinic. The IT-system provides boundaries as to how the
work at the clinic could be performed and limits the work. Therefore, it is crucial to understand
how IT-systems affect the work to be able to inform design of IT-systems in dentistry in the
future. The same could be said to apply to other complex socio-technical environments.

| argue that in the future work regarding DC in HCI some guidelines or schemes could be
beneficial for that application. Hollan et al. (2000) suggests DC as a new foundation for HCI and
presents a framework for design in HCI. However, Hollan et al. (2000) do not present any
practical guidelines or schemes. Based on the work in this thesis and the practical application of
DC to a complex socio-technical setting, | here present some practical advice as to how DC could
be applied in settings that rely on IT-systems to perform their work:

1) Look at the bigger unit of analysis
a. Personnel
b. Artifacts
c. IT-system
d. Physical constraints
2) Look at how artifacts guide the work in the setting
a. Look at how the IT-system guide the work in the setting
3) Look at how information propagates from the setting to the IT-system at a desktop
level
4) Look at what breakdowns that are caused by the IT-system
a. How does the breakdowns affect the work in the setting
5) Look at what workarounds that are caused by the IT-system
a. How does the workarounds affect the work in the setting
6) Look at how users interact with the IT-system (physical location, physical limitations)

These advices are based on the basic concepts of DC regarding the unit of analysis and
propagation of information through representational stages. To be able to regard the IT-system in
the setting the propagation of information need to be considered. To be able to include IT-
systems in the concept of DC it is crucial to look at what information that is stored and what
information that is collected using the IT-system. It is also important to see how the IT-system
affects, and is integrated with the bigger unit of analysis regarding other artifacts and the work in
the setting. To be able to identify when the IT-system have negative effects on the complex
socio-technical domain in the setting the occurrence of breakdowns and workarounds are crucial
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to identify. These breakdowns and workarounds should then be used to see how they affect the
work. What are the consequences of the breakdowns and workarounds for the work in the
setting? It is also important to investigate how the physical location and limitations affect the
work with the IT-system. It is crucial to acknowledge that the IT-system is present in a bigger
unit of analysis. These advices are derived from the practical work in this thesis and should be
considered as a first step as to guide the work of DC in HCI. One contribution of this thesis was
to provide new insight as to how to apply DC in HCI and these advices are a part of that
contribution. Hence, it is crucial to be aware of the fact that these advices are based on limited
research and that these concepts need further development in the future.

Hence, it can be concluded that DC have potential in HCI but that to be able to reach that full
potential further investigations is needed regarding how IT-systems should be included in DC.

5.3.2 Implications for DC in HCI and as a theoretical framework

The work in this thesis in addition provides new insights and implications for DC as a theoretical
framework and | argue that there is a problem that the theoretical framework of DC has not been
further developed since Hutchins original publication in 1995 regarding how DC should address
complex technical devices. The circumstances have changed since 1995 and the question is if the
theoretical framework of DC can fully explain the complexity of propagation of information
today. This also has implications for how DC could be used as a method in HCI of which many
are very favorable (see e.g. DePaula, 2003; Edmondson & Beale, 2007; Galliers et al., 2007;
Hollan et al. 2000; Perry, 2003; Rogers, 2004), but none of these advocates regard that IT-
systems is not a part of the theoretical framework. This makes it difficult to further apply DC in
contemporary settings.

In the original work by Hutchins (1995a) DC is used as a theoretical framework to explain human
cognition. In Hutchins (1995a), there were no IT-systems present, in the way that we define them
today. Recent technology has changed the way how people work in many ways and people has
been forced to change their way of working to adapt to new technologies. With the aim of
performing a study that is inspired by the work of Hutchins the role of technology need to be
developed and discussed further in comparison to the original theoretical framework. Since the
original publication a limited amount of further work has been performed which have resulted in
the fact that DC cannot be used to support or explain contemporary settings that include IT-
systems.

For DC to be able to provide benefits to HCI, DC needs to take the IT-system into consideration
and discuss how the IT-support should be described and treated in the theoretical framework of
DC to improve HCI. DC has previously been applied to medical informatics by e.g. Hazlehurst et
al. (2007: 2008). Hazlehurst et al. (2007) describe DC in the heart room during cardiac surgery,
using cognitive ethnography. In their case transcripts are provided regarding the verbal and
physical communication during surgery. In this setting there are machines that could be
compared to a computer that guide the work, but the authors do not discuss the fact as to how to
handle the computer in DC. Other examples of the practical application of DC such as Galliers et
al. (2007) also do not regard the use of IT in the setting and does not discuss how DC should
explain IT-systems.

My initial stance in the thesis was to treat computers and IT-systems as an additional artifact that
is used to support human cognition. In Hutchins (1995a) book the crew members on a navy-ship
calculate, using pen, papers and other devices, the position of the ship in relations to landmarks
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that has a known location. Today, ships instead have computers that perform these tasks, so in a
sense some cognitive workload is completely separated from the people in the setting. However,
the evolution of the computer in work has not made people be out of work, instead the tasks have
changed. This does not mean that people are less cognitive, instead they perform different task
that despite of the capacity of the computer could provide new challenges in work. The use of
technology in navigation with a DC perspective has been investigated by Litzhoft (2004).
Litzhoft (2004) claims that technology in itself created problems that the technology in itself
cannot solve. This is an important conclusion which has applications in many domains. However,
the work by Litzhoft (2004) does not provide a discussion regarding how technology should be
regarded and presented in the theoretical framework of DC.

The computer in some cases is not more special than a pen and paper in the way that they support
human cognition but in other cases they provide additional possibilities that could not have been
performed without computers. The use of computers provides a propagation of information
through different representational media as well as a text written on a paper. It could also further
be discussed if the computer really can be seen as an ordinary artifact, and this is something that
needs additional work. Is the computer an artifact or is it an artifact that contains additional
artifacts? Or is the computer just a very complex artifact that takes on the role of several other
artifacts that in the past has been used to support cognition? It could be argued that the computer
has physical properties as well as inner computational and information storing properties that
makes it separate from other types of artifacts. In HCI artifacts should be considered as a part of
the setting and be taken into consideration when designing IT-systems. When we instead look at
the IT-system as an artifact it must be considered as the artifact and it must be taken into
consideration that it affects the setting more than other artifacts. To be able to relate HCI to DC
thus requires further discussions as to how the IT-systems should be presented in DC. If IT-
systems are treated as an artifact among others it is hard to apply DC in HCI where the IT-system
is the crucial part and that should adopt to the use of other artifacts.

Another factor that to a big extent is missing in DC and that is relevant to the application of DC
in HCI is the concept of embodiment. The role of the human body and the implicit cues that is
used in dentistry to guide work suggests that the concept should be a part in HCI to inform
designs of IT-systems in dentistry. The concept of embodiment is not included in Hollan et al.
(2000) framework of how to apply DC in HCI. However, it is discussed in Hutchins (2006) but |
argue for the fact that embodiment, as well as the integration of IT-systems, should be included in
the concept of DC.

5.4 Future work

In the future the area of dental informatics could benefit from even more detailed information
about dentistry. This thesis provides a detailed, but still general description regarding work in
dentistry. To be able to improve HCI in dental informatics it may be beneficial to study the
setting in more detail and to include more extensive low-level descriptions regarding the domain
with e.g. screenshots and a more detailed account as to how the IT-system could be improved. A
more detailed description at a low level could then be used to further guide detailed design-
decisions. Additional research in the field needs to regard how IT-systems could be used to better
support the work in dentistry. In the future, the aim must be to create IT-systems in dentistry that
minimizes unnecessary redundant information. The results could be argued to show that IT-
systems could both support and disturb the work in dentistry and it is crucial that the IT-systems
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support the work in dentistry in the correct way. This could lead to less time spent with the IT-
system and the possibility to treat more patients and not being disturbed by the IT-system. The
use of the IT-system should not be a problem in itself, but rather help in supporting work
practices in dentistry.

The next step in dental informatics is to use this detailed description as an inspiration as to how to
inform design of future IT-systems in dental informatics. One concrete example is to investigate
how IT-systems in dentistry could be used as decision support systems and how these systems
could improve work in dentistry.

The work in this thesis has not aimed at providing direct recommendations as to how to design
IT-systems for dentistry, but to serve as a foundation for further work because of the limited
amount of work in the dental informatics field. In future work, researchers need to be aware that
the specific setting need to be studied and this work could function as an inspiration as what to
look for to be able to get an understanding of the domain.

In the future it could be argued that the further application of DC in HCI could be beneficial.
However, to be able to further develop DC as an approach to HCI, DC must be able to include
IT-systems in the unit of analysis in a relevant and proper way. For DC to be able to survive and
to maintain its status as a new theoretical underpinning to HCI, future work must aim at
developing the original theoretical framework. Future work in DC should aim at understanding
how IT-systems should be included in the framework and provide explanations as to how IT-
systems are a part of human cognition.

5.5 Concluding remarks

It can be concluded that dentistry is a complex socio-technical domain. In the application of IT-
systems in dentistry there are many factors to take into consideration that are unique. In dentistry
there are many laws, rules and regulations that guide the work regarding e.g. patient safety. This
includes that the storing of information about patients has to be done in a way that ensures that no
unauthorized people have access to the information and the treatments in the patient’s record are
signed properly by the treating dentist. All these regulations to improve patient safety are
something that needs to be taken into consideration when designing IT-systems to be used in
dentistry. The domain of dentistry is also highly dependent on external actors to be able to
perform their work. One example is the Swedish social insurance administration which has high
demands as to how treatments in dentistry should be reported to them. These external actors also
provide unique prerequisites for the work that needs to be taken into consideration when
improving HCI in dental informatics. Work in dentistry also involve several internal actors that
work in teams and that need to communicate using IT-systems.

All these factors form the complex socio-technical domain that is dentistry today. These
“boundaries” are unique for the field of dentistry and provide prerequisites for the work in dental
informatics to be guided by.
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