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ABSTRACT

In this paper, we describe the methods we have tosedestigate
expertise in interaction with physical interfacéhis paper covers
the background of the interfaces (compression l@eEja
describes the methods used and presents findingdeeonse of
tacit and explicit knowledge during interaction. eDuo the
increase in interest in interfaces that cross batwihe physical
and digital, this method may be of interest to aesleers who are
involved in similar projects.

Categoriesand Subject Descriptors

H1.2 User/machine systems — Human factors
H.5.2 User Interfaces
H5.m Miscellaneous

General Terms
Design, Experimentation, Human Factors, Theory
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1. INTRODUCTION

In researching activities mediated though variouterfaces we
have become interested in how expertise is derairstrduring
use of physical interfaces.

The interfaces that are the topic of this paper amapression
bandages for venous leg ulcers. Our research fecaeethe
dynamic interaction between the users of comprasBandages
(nurse and patient) with current procedures usethertreatment
of leg ulcers. Overall the research aims to gainbeiter
understanding of the clinical application of pressbandaging to
develop improved bandaging techniques, inform céihpractice
guidelines and design future bandages. In ordeddahis we
needed to understand the context of the activityickvhwe
describe briefly here.

Chronic leg ulcers cause significant pain, costresed quality
of life and morbidity for a considerable segmenttioé older
population [9]. Leg ulcers occur in approximateh2% of the
population over 60 years of age in the US, UK, Pperand
Australia [13, 1, 11, 14]. Considerable researcts lmeen
undertaken to determine the best treatment practica will aid
in the management and the healing of these uleer,practical
and effective strategies and techniques for healieigous leg
ulcers have been trialed to demonstrate their i@akéffects [4,
15].
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The specific techniques for the application of cosspion
bandages are well established [7] though the phlskills and
tacit knowledge involved in using the techniques mot. Experts
in the field [3] agree that the most important aspE applying
compression bandaging is achieving the desiredecbrsub-
bandage pressure. Achieving the correct pressuies ren the
nurse having sufficient understanding of the matereing used
and the science of compression bandaging in oaapply the
materials correctly. That is, the expertise andeeemce of the
nurse are critical to the correct application ofmpoession
bandaging.

In the remainder of this paper we first describe thethods we
use to conduct this research and we then presem peeliminary
results that show the usefulness of our approaghcMse with a
brief discussion of the results and their appliigbio the wider
area of user-centered design.

2. RESEARCH METHODOLOGY

This study was conducted to understand the inierecbccurring
during the application of a compression bandagpaiients with

a leg ulcer, and to identify various levels of naiion. In order to
achieve this, we have conducted a qualitative eéogpistudy that
will provide information about users’ interactiofraurse—patient)
and users—physical interface interactions (nurseddge, patient—
bandage). This information will be used in ordeckarify (i) the

procedures that have an impact on bandage applicgi) nurses’

decision making processes and the role of physit&rface

within the activity.

As this research is qualitative, we apply a tridation approach
to maintain its rigor. Research methods and teclasgvere:

¢ observations of the current procedures and inferet

e talk-aloud protocols (a nurse and patient are asked
talk aloud during the bandaging procedure)

e retrospective interview

The rational behind these methods is that theyigeoxich data
and have been demonstrated to be useful for stgdyierfaces
[16] and various aspects of interaction [14]. Iis thaper we only
discuss our technique for analysing observationitwldid not
include nurses performing talk-aloud protocol.

Observation and talk-aloud protocol were video aamddio
recorded simultaneously using digital video
Observational and verbal data have been collectech f18

patients and their treating nurses. Only patierite wenous leg
ulcers were included in the study. This is qualimtesearch and

cameras
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Figure 1: Time-serieschart for an experienced nurse. Calloutsidentify meaning of codes.
Box shows location of detail view (figure 2).

the number of participants is sufficient to provithe expected
results.

The coding scheme (Table 1) structures our analg§i®ur
observations. The coding scheme also allows ustepare and
contrast different observations.

Table1: Initial Coding Scheme

Group Action

Expertise Planning

Doing

Reacting

Bandaging Materials Dressing

Undercast

Type 1

Type 2

Type 3A

Type 3B

Type 3C

Type 3D

Stocking (light compression)

Stocking (strong compression

Bandage Modification Cut

Taped

Bandaging Technique Foot

Ankle

Spiral

Figure Eight

Putter

Stocking

Other

There are four sections in the coding scheme.

The first group, “Expertise”, deals with basic aos that are used
in combination with actions from the other groupsiérive times
when a nurse has performed using tacit knowledge tanes
when she has performed using explicit knowledge.

The second group, “Bandaging Materials” is useddde which
particular materials the nurse is using as she dge=la patient’s
leg. Not every code is used in each bandagingaaten. For

example, a typical sequence of codes might be: sohgs
undercast, type 2, Stocking (light compression)e Hifferent
bandaging types are of increasing compression heid hames
are based on the British Standard described inBhmpean
Wound Management Associations position paper ongZession
Therapy [6].

The third group “Bandage Modification” is used whamurse
cuts a bandage to shorten it or tapes a bandage wofix its end.

The final group, “Bandaging Technique” contains thethods
that may be used to apply compression therapydidrttthe form
of bandages or compression stockings or hosierpeBding on
the bandage type and how it is used in conjunctiith other
bandages, different techniques are specified byntheufacturer
of the bandages as achieving a particular level oeérall
compression. (The Bandaging Technique codes araised in
this paper.)

3. INTERPRETATION OF RESULTS

The coding scheme allows us to generate time-sehiags using
The Observer [16] software. Each time-series clshaws a
particular nurse-patient interaction. Two chartshioh are
representative examples, are shown in figures 1 andhe
interpretation of the time-series charts is disedssbelow.
Figures 2 and 4 are detail views of figures 1 ane$§pectively.

Figure 1 begins with a preparing code because rteraiction
began with the nurse washing the patient’'s legguréi 3 begins
with a “doing” code as the interaction began whba turse
removed the patient's old bandages. AdditionallyjguFe 1
depicts a bandaging interaction where two legs viberedaged,
while figure 3 depicts an interaction where onlyeoleg is
bandaged.

The time series charts demonstrate tacit knowledgeesentation
by revealing how a nurse’s behavior changes wheddging and
preparing for bandaging.

Figure 1 shows the time-series chart for a nurse uded a great
deal of tacit knowledge while figure 3 represehis practice of a
nurse who relied in part on explicit knowledge.

1000 +01200000 +01400000 +01600000
L | L | L | L
e, 1
| [
IEENE====] [Nl

Figure 2, detail from figure 1
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Figure3: Time-serieschart for an experienced nurse. Calloutsidentify meaning of codes.
Box shows location of detail view (figure 4).

Interpreting the time-series charts to assesspparant degree of

tacit knowledge use is a matter of comparing whandaging
actions occurred with relation to planning, doingdareacting
codes. For example, figure 2 shows a detail viefigofre 1 from
time 0:10:20 to 0:17:35 minutes. During this tintee tnurse
prepared bandaging materials and then bandagepbtients left
leg. Prior to this (see figure 1) there were sdviéemations of
planning and doing when the nurse was preparingnakt for
washing the patient's legs and then performing weshing
actions.

Figure 1 shows how the nurse did all her prepamatefore
bandaging and then performed all the bandagingowttbreaking
away from bandaging actions to return to prepanatibmaterials
or for any other reason. In order to prepare a#l thaterials
necessary for bandaging, the nurse planned alleofdetions
before beginning the bandaging process. To do guines the
perception of the entire bandaging process — fregiriming to
end. This demonstrated a high level of expertisbexperience in
bandaging.

Figure 2 shows that from 0:10:20 to 0:12:25 minutes nurse
was preparing bandaging materials. This preparativolved
locating materials from the various locations inickhthey are
stored and preparing them for use. Bandages mysteipared for
use by removing them from packaging. Stockings mbet
prepared for use by mounting the stocking on ardicgpr. The
nurse assembled these materials on a trolley whashwithin her
reach next to the patient.

Beginning at time 0:12:30 minutes and continuing0t&7:35

minutes the nurse was “doing bandaging”. From @Q2to

0:14:00 minutes she was massaging moisturizingisalinto the

patient's leg. From 0:14:00 to 0:14:35 she appledlight

compression stocking using an applicator that she prepared
earlier. She then retrieved the roll of undercastdage from the
trolley and bandaged the patient’s leg until 0:05dinutes. The
next bandage applied was a “type 2" compressionidgs which
occurred from 0:15:40 to 0:16:50 minutes. Finalipm 0:16:50

to 0:17:35 minutes the nurse mounted a second digmpression
stocking to the applicator and applied it to théerd’s leg.

In contrast with figures 1 and 2, figures 3 andhdvg a nurse who
relied more heavily on explicit knowledge. It camdeen in figure
3 that a similar pattern of preparation and domthat in figure 1
occurs when the nurse is washing the patient's degthe

beginning of the interaction(s) and the differendes tacit

knowledge use occur during the bandaging process.
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Figure 4, detail from figure 3

Figure 4 shows a detail view of figure 3 from 010 0:09:50
minutes. From 0:07:35 to 0:07:50 minutes the nisg®mpleting
the type 2 bandaging process. From 0:07:55 to 8S&inutes
she is preparing the light compression stocking whkeapply

from 0:08:35 to 0:08:50 minutes. The time for prapg the

stocking is coded as reacting as well as prepabiegpuse the
nurse had to move from the bandaging area to arisatstorage
area to locate a roll of compression stocking amdacpiece to
length before returning to apply the stocking &8035 minutes.
At 0:08:50 minutes, having applied the stockinig iapparent that
it is too short so the nurse again leaves the liindaarea and
retrieves another length of stocking, this time thé& correct
length. She returns at 0:09:10 and at 0:09:15 remudegins
applying the stocking. The remainder of the timeiced, from

0:09:30 to 0:09:50 minutes is spent assisting titeept with her
sock and helping her to stand.

4. DISCUSSION

It is known that experts rely more heavily on tacibwledge than
less experienced practitioners. The research werrepows that
it is possible to observe people involved in a clexphysical
interaction and demonstrate their use of tacit opliet
knowledge. Therefore, it is possible to suggest e may be
able to ascertain nurses’ relative expertise indagmg by
observing their practice [2]. From a nursing pecsipe that is a
valuable contribution as it is normally only podsilto assess a
nurse’s expertise in bandaging in a non-field sgtthrough an
assessment of the therapeutic compression levébvazh on a
non-injured person or a training dummy.

From a bandaging practice point of view our resuifswhich
figures 1-4 are only a small sample, allow us tansixe where in
the bandaging process nurses use tacit and exkfioiviedge.
The techniques reported here make up a part ofviwler process
to understand how nurses perform bandaging. By rstateling
the types of knowledge used during the bandagionggss we will
be able to better understand the bandaging prdc@asthe point
of view of the nurses who perform it. We will albe able to



suggest modifications to existing training methdfdse identify

locations where it is apparent that many nurses aal explicit

knowledge. Finally, having understood the bandagiracess as
it is currently we will be able to design new bagek that take
into account what nurses know and how they curyddindage
which is a user-centered approach to the desigthisfmedical
technology.

5. CONCLUSION

In this paper we have described how we have ardlgsene
aspects of our research into a physical interfatet of
compression bandaging for leg ulcers. This reseiarplart of our
wider user-centered research into compression lg@sdwith a
view to ultimately designing new therapeutic desice

Our research also has contributions to make taniller field of
user-centered research. We feel that research abloygical
interaction will be of increasing relevance to teclogy design as
digital technologies move off the desktop and itie wider
world of work and play. Recent advances in techgylbave
made the type of interfaces envisaged by Weise} ¢B8ier to
build and deploy in research and non-researcmgsttivhich has
made them of interest to those outside of the pesearch
community [9]. At the same time research intenestaw physical
interfaces are used by people have increased [8].rEsearch
contributes to the growing corpus of user-centesedlies into
physical interfaces. The methods we use to analysedata are
sophisticated and explicitly rely on the inter-tetiness of users
actions with interfaces over time.

Another contribution we have made to the widerdfief research
in physical interfaces is the coding scheme thatisesto identify
the use of tacit and explicit knowledge in conjumct with
domain-specific codes. The knowledge-related coftsing,
preparing, and reacting) are based on establisksgarch
regarding how experts approach problems and théegies they
use to solve problems [5]. Being able to show hoa ahere
users of complex interfaces rely on tacit or expknowledge can
contribute to understanding issue of ease-of-udesapertise.

Using the coding scheme we describe, it can be shbat people
who interact with an interface using mainly tadiokledge have
internalized the ways of working with the interfat¢eat is they
are demonstrating expertise. People who rely onliaixp
knowledge are figuring out the interface as they itistheir use is
less expert. The expertise codes in the codingnsehalong with
codes that describe a user’s actions as they atteith a product
can be used to illustrate that expertise is emtzkddactivity and
interaction.

The power of our research approach is that ouirfgelabout the
representation of tacit knowledge use are accessitie time-
series illustrated how and when specific actionsewzerformed
and allowed us to identify a nurse’s knowledgesation.

By developing the analysis methods reported in gaper we
make it easier for research in physical interactdhe performed.
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