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ABSTRACT

Objective: To compare expert-generated textual summariggpsdiological data with trend
graphs, in terms of their ability to support neahétitensive Care Unit (ICU) staff in making
decisions when presented with medical scenarios.

Methods. Forty neonatal ICU staff were recruited for txperiment, eight from each of five
groups — junior, intermediate and senior nursasipjuand senior doctors. The participants
were presented with medical scenarios on a comguateen, and asked to choose from a list
of 18 possible actions those they thought were @gppate. Half of the scenarios were
presented as trend graphs, while the other hak wegsented as passages of text. The textual
summaries had been generated by two human expedtsvare intended to describe the
physiological state of the patient over a shoriqueof time (around 40 minutes) but not to
interpret it.

Results In terms of the content of responses there wadear advantage for the Text
condition, with participants tending to choose morfethe appropriate actions when the
information was presented as text rather than aphgt In terms of the speed of response
there was no difference between the Graphs and danditions. There was no significant
difference between the staff groups in terms okdpar content of responses. In contrast to
the objective measures of performance, the majaityarticipants reported a subjective
preference for the Graphs condition.

Conclusions In this experimental task, participants perfornhetter when presented with a
textual summary of the medical scenario than whevas presented as a set of trend graphs.
If the necessary algorithms could be developedwlmatid allow computers automatically to
generate descriptive summaries of physiologicah,d#tis could potentially be a useful
feature of decision support tools in the intensigee unit.
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INTRODUCTION

Medical and nursing staff working in an Intensivar€ Unit (ICU) have access to a large
volume of physiological information for the patisnin their care. Computerized patient
monitoring systems allow this information to be afmtl as often as every second while
displaying cumulative historical data patterns. ¢&sr different ICUs, a variety of different
computerised monitoring systems have been set namage these data [1, 2], but a common
approach is that the separate physiological paemnée.g., heart rate, core and peripheral
temperatures, transcutaneous oxygen and carboiddjdXood pressures) are displayed on a
bedside monitor as a set of trend graphs (e.g., Y@hile in the past the different parameters
might have been displayed on separate monitorsf c@®sputer monitoring systems can
display all of the data on a single monitor fomage of physiological functions, and with the
different parameters displayed in comparable fosmahe use of a single, integrated display
was found to be one of the perceived benefits ofprderised systems in a survey of their use
in ICUs across a range of European countries [4pther benefit is that trend monitoring
systems can store data from any given patient loigeor her entire stay in intensive care. The
data collected automatically from the patient carsbpplemented with manual entry of notes
from staff regarding medical history, aetiologyedtment and care regimes along with
demographic, diagnostic and prognostic details. diimician therefore potentially has access
to a full set of patient details, historical andreat, when reaching decisions, and may be able
to interact with the system to enter further comtmam the patient’s condition, make a note
of tests to be conducted, or add test results.

The continued development of this technology ignded to support ICU staff in decisions
regarding patient care. However, past researclsti@asn that the introduction of systems that
display data trends does not necessarily leadinical improvements [5, 6]. Cunningham et
al. [5] conducted a clinical trial where 600 baléelnitted to a neonatal ICU were randomly
allocated to one of four groups. For one groupelvess no display of trend data, for another
group there was a continuous display of trend datd,for the other two groups there was an
alternation between trend data and no trend daeye&4 hours. None of outcome measures
showed any advantage to the patients of computephgsiological trend monitoring during
their stay in intensive care, even when the outcaftez 1 to 4 years was examined. The main
perceived benefits of the trend monitoring systeerewas an aid to research and to staff
education.

Mclntosh, Lyon and Badger [6] suggested that datxload may be one of the factors that
undermines the usefulness of trend monitoring erteonatal ICU. Alberdi et al. [7] noted
that different grades of staff may respond to admmonitoring system in very different ways,
and staff grade may predict how efficiently graplhimonitoring systems are used. The
participants in Alberdi et al.’s study were showend graphs from a period of two hours and
asked to “think aloud” while viewing them. Juniardasenior doctors were equally likely to
identify “key” events in the physiological tracdsjt the senior doctors were more likely to
identify subtle events that were nevertheless eglewVhen staff were observed on the ward,
it was the senior doctors who referred to the nooimy system most often and who were
most knowledgeable about how to use it. Nursesjanidr doctors spent more time on the
ward than senior doctors, but seemed to benest fimen the trend monitoring system, and
consulted it rarely. All grades of staff had ditfity identifying the onset of adverse trends as
they were developing, but could identify when aatr&ad commenced when looking at them
in retrospect.

Ewing et al. [8] and Freer et al. [9] have showat ttlifferent grades of staff categorize and
think about information in crucially different waysand also use different kinds of
information in fulfilling their duties. Nurses foswon patient information that cannot readily
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be monitored automatically, such as sleep/wakeestainuscle tone and movement,
respiratory effort, or skin pallor. They are alswdlved in the administration of care that
might appear as artefacts in the trend monitoreng. (changing probes), and that adds to the
difficulty of interpreting the trends displayed. idas also appear to view the computerized
monitoring system primarily as a tool for senioctiws (see also [3, 7]). This emphasizes the
need to question whether trend graphs of selectaaigogical functions are the most
appropriate format for use on the ward.

The experiment reported here investigated whetbgtual summarisation might be an
alternative means of presenting patient informatibiat could better facilitate the task of
interpreting the state of the patient and decidipgn the actions that need to be taken. The
summaries in question were generated by human tsxjpercause the algorithms have yet to
be fully developed that would allow a computer toduce a natural language summary of
complex time series data. The textual summarieg wen compared with trend graphs in an
“off-ward” experiment where doctors and nurses haday what actions they would take
based on the information presented in a medicalasae Participants completed half of the
scenarios with the graphical presentation and Wit the textual presentation. If the Text
condition were found to produce superior perfornearicis could be taken as encouragement
that the possibility of automated natural languagenmarisation of ICU data is worth
pursuing further. Also, it would lead us to considehether the graphical displays that
dominate trend monitoring systems could usefullysbpplemented, or even in some cases
replaced, by textual summaries. Textual summarniesalso easier and less expensive than
graphical displays to transmit to remote sitesr-efcample to a senior doctor who might be at
another hospital. On the other hand, if a textuaireary created by a human expert was less
useful or no more useful than the graphs, then rifight offer evidence for the utility of
graphical displays in this context rather than $ymgssuming that such displays are best
because the technology makes them available.

Five staff groups were recruited for the experintepbrted here — junior nurses, intermediate
nurses, senior nurses, junior doctors and seniotod® As the medical scenarios in the
experiment were based around actions that wouldhalty be taken by both nurses and
doctors, no prediction was made about group diffege in overall success. However, it was
possible that doctors and nurses would be moréylikeidentify the need to take an action
when it was normally part of their own job. For exae, a nurse might be more likely than a
doctor to notice that the baby was cold, and that incubator temperature should be
increased. The major purpose of the experimentinvagy case to explore the possibility that
a different pattern of performance would be obtainéh textual presentation of the medical
scenarios than with graphical presentation. Th# wstare familiar with the use of a trend
monitoring facility known as the BADGER system, adisplays were constructed and
presented in a research version of this system kramsathe Time Series Workbench [10].
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METHOD

Participants

Participants were recruited on a voluntary bassnfamong staff working at the neonatal
ICU at the Royal Infirmary of Edinburgh, Scotlamhere the current research took place.
There were eight participants from each of five upg namely Junior Nurses (JN),
Intermediate Nurses (IN), Senior Nurses (SN), Jubioctors (JD) and Senior Doctors (SD).
Nurses were classified as junior, intermediateemics on the basis of their number of years
of neonatal experience. Those with three or feveary experience were classifiedj@asor,
those with between four and fourteen years expegiemere classified astermediate and
those with fifteen or more years experience weassified assenior. Junior doctors in this
experiment were Senior House Officers, with oneyeaonatal experience or less, while the
neonatal experience of tlsenior doctors ranged from 4 years to 25 years. All tneses were
female except for two of the junior group. Six béteight junior doctors were female, as were
three of the senior doctors. Two other participafase junior nurse, one senior nurse)
completed one session of the experiment, but werealle to return for the second session,
and replacements were recruited.

Scenarios

Sixteen medical scenarios were chosen to représentxamples of each of the eight “main
target” actions, namely: order chest X-ray, intebat re-intubate, re-apply transcutaneous
probe, start dopamine, treat with surfactant, pabybon High Frequency Oscillatory
Ventilation (HFOV), start Continuous Positive Airw&ressure (CPAP), or No Action. The
physiological data for the scenarios had previobslgn recorded from babies who had been
cared for in the unit, and there was also a reobtttie actions that had originally been taken
on the ward for those patients. This had been adelieby a research nurse who observed the
care of these patients and noted any actions takebservations made by the staff [11,12].
The (anonymised) data for all 16 scenarios wermadly available for display as trend graphs
showing heart rate, transcutaneous oxygen and ratioxide, oxygen saturation, core and
peripheral temperatures and mean blood pressureregde the textual condition, two of us
(NM, a consultant neonatologist and YF, an expeegednneonatal nurse and clinical
researcher), produced a descriptive summary ofjtaphs in each scenario. This summary
was designed to be descriptive only, so that ppaits still had to do the work of
interpreting the physiological data and decidingatviaction (if any) was required. In
generating the text, the following assumptions weegle:

« participants know reference ranges for all measangsy including blood gas results;

e participants can tell which data points are artifat this includes probe
recalibrations and blood gas sampling as well apalits;

* participants are familiar with the shape of bradga and desaturation etc on the
traces, and can distinguish them from artifact; deample, they can distinguish
motion artifact on the pulse oximeter from a gepudesaturation;

e participants can tell the severity of these eveatdrom looking at the chart they are
able to tell whether a bradycardia is mild or sever

Any statements which were couched in these termre w@nsidered to be descriptive (even
though to a naive reader they might seem to coataielement of interpretation). As a check
we had all textual summaries segmented and the esggnevaluated as to the degree of
interpretation contained in them by a semi-indepandater. This rater (author JQ), was a
computer scientist involved in developing softwéwe neonatal ICU monitoring, and who

was therefore familiar with the environment andftivens of data being presented, but did not
have any clinical experience or any other involvetiie the experiment. He judged that 357
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of the 373 segments were purely descriptive (uriderabove assumptions). Most of the
comments that he picked out as being interpretatigele a link between an action and its
effect on the data. Where the relationship was imlw” (such as changes in FiO2 setting and
oxygen saturation) these were not considered {otbepretative.

The time-period covered by the scenarios variedidat 30 minutes and 53 minutes with an
average of 40.5 (sd = 6.5) minutes. Participantevesked to say what actions should be
taken at the end of the time period depicted ocritesd. One scenario in each condition was
designed to provoke the response of “No Action'{hespatient was stable. In addition to the
description of the physiological data for the destgd time-period, “background”
information was also provided for the patient ie itenario. This background was presented
as text, and contained information such as weekgesfation, days since birth, weight, and
recent actions taken on the ward. The backgroundreary was exactly the same for both the
Graphs and Text conditions, and was shown in alpaméhe left hand side of screen. An
example scenario is shown in Figure 1, in bothgiegphical and textual form. Half of the
participants in the experiment saw scenarios 1-graphical form and scenarios 9-16 in
textual form, while the opposite was the case Hfier dther half of the participants. The order
in which the Graphs and Text conditions were attechgvas also counterbalanced.

Insert Figure 1 about here

In response to the medical scenarios, participehtse from a multiple-choice list of 18
possible actions, displayed at the bottom of tlreest (see Table 1). This list was chosen
from a lexicon of 50 actions (established as disedsn Ewing et al. [8]), as clearly the entire
lexicon would have been unmanageable in the coofextmultiple-choice response situation.
The actions were the same for every scenario, ag@ &lways presented in alphabetical
order. Although the scenarios were chosen to reptgsarticular types of actions, there was
usually more than one action from the list that wagropriate for the scenario. For example,
scenario 1 was chosen as an example of an ocoahkiene the main target action wasler a
chest X-ray (this was what had happened on the ward originallowever, it was also
appropriate to say that the baby needed to be vegrazethere was a wide gap between core
and peripheral temperatures. Therefore, in additiothe main target action, NM and YF
provided for each scenario, an analysis of othppfapriate” actions; these lists were taken
as the “gold standard” with which participants’ feemance was compared. NM and YF also
determined which of these actions were considevdaktpart of the primary responsibilities
of a nurse or of a doctor, or were equally releviamtboth. This allowed us to analyse
whether all the staff groups were equally likelyoe able to identify certain actions that were
a) part of a nurse’s job or b) part of a doctools.jTable 1 shows the 18 actions and whether
these were “nurse” or “doctor” actions (or “both”).

Insert Table 1 about here

For every scenario participants were given a marirtime of three minutes to respond. This
time limit was introduced not to impose time pressibut in order to guarantee the maximum
length of an experimental session. It was importanteassure nurses and doctors coming
away from the ward that the experimental sessiounldvonly take half an hour. Pilot work
was conducted prior to the experiment to deterrtiinethree minutes was an adequate length
of time for participants to complete each scenafen responding, participants were first
asked to choose the actions that they would tagmgbklves (“What would you do?”), and
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then asked to say what actions they thought otiverdd take (“What would you expect
others to do?”). So for Scenario 1, nurses miglosk “warm baby” for themselves, and
“CXR” for the “others”, as ordering a chest X-rag the responsibility of a doctor.
Participants had to click on a button that readc&#at” after each stage of responding, and
complete both stages within the three minutes. This-stage responding process was
introduced in order to establish each participactiiplete understanding of the situation, not
just their understanding of their own responsiesit However, it became clear that
participants often accidentally chose an actioringuthe “wrong” stage. In particular, the
doctors tended to forget to press the Accept butiotheir own actions before choosing the
“nurse” actions. This may be due to the tendencynfase actions to be considered first in
reality, for example if a baby is in respiratorstdéss the nurse might initiate handbagging
while the doctor is summoned to intubate the bakigo, it was often the case that a
participant would notice something else that theyutd have put in under the first stage of
responding, and select it while in the second stagerefore in the analysis reported below,
no account is taken of the stage at which the @patnt selected a particular action — their
responses during the three minutes of the sceasgioonsidered as a whole.

Equipment/software

The computer used to present the medical scenadss standard Dell PC running

Windows XP professional, with a 17 inch monitor aatesolution of 1024 x 768 pixels. The

scenarios were presented using a software to@dtie Time Series Workbench (TSW) [10]

(see Figure 1). The TSW also recorded which actmarsicipants chose, and the times at
which they chose them. A feature of the TSW disjdatyat the user could click on one of the
physiological traces causing a pop-up box to appdtrthe exact value. Beneath the graphs
are coloured markers indicating events that ocduoe the ward when the babies were
originally observed. The user could also click bese markers causing a box to pop up
saying, for example “incubator open” or giving tlesult of a test. These were the only types
of interaction that the participant could have wilte display, other than choosing their

responses.

Procedure

The experiment had a mixed design, with two levalsthe within-subjects factor of
presentation condition (i.e., Graphs vs. Text) fivellevels of the between-subjects factor of
staff group. The experiment was conducted in a imgatom within the neonatal unit.
Participants attended individually, and attemptachecondition of the experiment in separate
sessions, completed on different days. In genéeltime gap between the two conditions
ranged from one day to three weeks, but one juwtgetor did attempt both conditions in the
same day, and one of the senior doctors had afggp days between conditions. A one-way
ANOVA showed that there was no significant differerbetween the groups in terms of the
time gap between the two conditions, F(4, 35) 811, MSE = 51.636. All sessions took
around half an hour each and the order in whichigiaants attempted the presentation
conditions was counterbalanced. At the beginningawh session participants were shown a
general instruction screen, which explained thatytiwould be shown physiological
information for a series of babies, and that thag to decide on appropriate actions based on
this information. The next part of the session aasxercise to familiarise them with the list
of actions from which they would choose for eachdiva scenario. The complete list was
displayed at the bottom of the screen in the saamtghdbetical) order in which it would
appear throughout the experiment. In the centreéhef screen the actions from the list
appeared one at a time in a random order. As ezidnappeared, participants had to locate
that action in the list at the bottom of the scresmd click on the check box beside it using the
mouse. This exercise was intended to reduce sontbeofariance in response times by
familiarising the participants with the items oretlist, and with their locations. Participants
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went through the list twice in their first sessmith the actions shown one at a time in the
centre of the screen in a different random ordethensecond presentation. In the second
session, they went through the list only once.

Following the familiarisation exercise, participsntere given the instructions for the medical
scenarios. The instructions varied according to domdition (Graphs or Text) that
participants were attempting at the time. They wes&ucted that they would see the graphs
or text on the right hand side of the screen, abhdckground summary about the baby on the
left. They were told that the baby might be imprnayideteriorating or stable, and that they
could choose as many actions as they wanted frenbdttom of the screen, or select “No
Action” if they felt this was appropriate. Afterleeting the appropriate actions at both the
“You” and “Others” stages of responding, they wasked to click on the “Accept” button.
They were warned that they could not de-selectoécehonce it had been made. Participants
were given two practice scenarios in each conditesented as either graphs or as text,
depending on the condition. The practice scenari@® the same across sessions but were
different from those used for the main part of éxperiment. They then completed the eight
scenarios for the condition that they were attengptAt the end of the second session they
were asked to report their subjective preferencéwvdmn the graphical and textual
presentation.

RESULTS

Speed of Responses
Time Outs

The TSW software recorded the timing of all respsn® the nearest hundredth of a second.
If a participant had not pressed the Accept buftnthe second time at three minutes (to
indicate that their response was complete), theaste “timed out”. The number of time-outs
for each staff group in each condition is shownTable 2. Twenty out of the forty
participants were not timed out on any of theitestx scenarios. The maximum number of
time-outs observed was ten out of a possible sixtéit this occurred for only one
participant, while the remainder had four or fewsre-outs. In almost all of these cases, the
participant made some response before three mintitwas very rare for a scenario to time
out with no response at all. In fact this only heqpgd on four occasions, two with the same
participant and all with graphical presentatiortted scenario. Due to the positive skew in the
data set, a non-parametric sign test was used dmiae whether time-outs were more
common in one condition of the experiment. Thisvetmb that there was no significant
difference between the number of people who wereedi out more often in the Graphs
condition (N = 10) and the number who were timetiroare often in the Text condition (N =
5).

It was also possible that the staff grade migHuerice the likelihood of the scenario timing
out. The junior nurses had the highest median nungbetime-outs at six, while the
intermediate nurses and junior doctors had a meafigiree, and the senior nurse and senior
doctor groups each had a median of four. A Kru¥Kallis ANOVA showed that there was
no significant difference in the median numberiofetouts for each staff group, H (4, N =
40) = 5.016, p = 0.285.

Time to completion

The 46 scenarios where the participant had timeédvete removed from the data set of 640
scenarios. The time-to-completion was then examin¢dde mean for the Graphs condition
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was 113.76 seconds (sd = 23.85) and the overalhfaathe Text condition was almost
exactly the same at 113.18 seconds (sd = 20.58);ntaximum possible time was 180
seconds. The timing data split up by staff grougsdrown in Table 2 — the junior and senior
nurse groups had faster mean reaction times tramttier groups. A 2x5 mixed ANOVA
(where the within-subjects factor was Graphs ortT@ndition and the between subjects
factor was the five staff groups) was conducteddtermine whether these group differences
were significant. This showed that there was nonnefiect of group, F (4, 35) = 1.907, ns,
MSE = 922.421, no main effect of condition, F (b) 3 0.462, ns, MSE = 196.121 and no
interaction, F (4, 35) = 0.258, ns, MSE = 196.12here was no tendency for either the
presentation condition or the staff group to infloe the speed with which the scenario was
completed.

Insert Table 2 about here

Content of Responses
Main target actions

The scenarios were originally chosen as leadingatticular main target actions:(1) order
chest X-ray, (2) intubate or re-intubate, (3) relggranscutaneous probe, (4) start dopamine,
(5) treat with surfactant, (6) put baby on HFOV), §7art CPAP or (8) No Action. There were
two scenarios leading to each of the eight acti®herefore the first analysis of content was a
simple count of how many of these “main target'iaw were identified by participants in
each condition. The maximum possible score wasu8,tliis was only achieved by one
participant, a senior doctor in the Text conditidime data for each group are displayed in
Table 2. It is clear that more main target actiaese identified in the Text condition than the
Graphs condition — the overall mean for the Gragrglition is 3.13 actions (sd = 1.18) and
the overall mean for the Text condition is 4.80 £sd.52). The junior doctor group has the
smallest gap between performance in the two canmdifias can be seen in Figure 2.

Insert Figure 2 about here

A 2x5 mixed ANOVA was conducted with two levels tife within-subjects factor of
Condition (Graphs vs. Text) and 5 levels of thewleen-subjects factor Group (junior,
intermediate and senior nurses, junior and seniatods). There was a highly significant
main effect of condition, F (1,35) = 32.835, p €@, MSE = 1.709. There was no main
effect of group, F (4, 35) = 1.296, ns, MSE = 1.708e interaction between group and
condition only approached significance, F (4, 39.425, p = 0.066, MSE = 1.709. So, there
was no significant difference between the groupd, @verall participants performed better in
the Text condition than the Graphs condition.

Total proportion of appropriate actions identified

The next dependent measure was of the proportioallothe “appropriate” actions that
participants chose in each scenario. So for exartipdeappropriate actions for Scenario 1 are
“warm baby” and “order chest X-ray”, according taraxperts. Therefore if a participant
only identified “warm baby”, he or she would sc@& for that scenario against a maximum
possible of 1.0. A participant’s scores were avedagcross the eight scenarios in each
condition. Where the appropriate action was “Noidct, then a choice of “observe” and/or
“minimal handling” was also accepted as an appad@r@nswer. The proportion data for each
group are shown in Table 2. The overall mean fer@naphs condition was 0.37 (sd = 0.13)
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and the overall mean for the Text condition wa¥ <l = 0.12). There is a clear advantage
for the Text condition. A 2x5 mixed ANOVA was cordded which showed a significant
main effect of presentation condition, F(1, 35) 99, p < 0.001, MSE = 0.020, but no
significant effect of staff group, F(4, 25) = 0.01&, MSE = 0.022, and no interaction,
F(4,35) = 1.236, ns, MSE = 0.020. Therefore, thveais no difference between the different
staff groups, and they all performed better with taxtual presentation than the graphical
presentation.

Proportion of appropriate “nurse” and “doctor” actions identified

The next measure was the proportion of appropfraiese actions” that were selected by the
participants for each scenario. For example, im&ge 6 the appropriate actions were “warm
baby”, “recalibrate BP dome” and “put baby on HFOWhe first two of these are generally

the responsibility of a nurse, while a doctor wogéherally take the decision to put the baby
on High Frequency Oscillatory Ventilation. The qimss of interest in this analysis were

whether doctors were just as likely as nurses émtifyy “nurse” actions, and whether one
presentation condition was more likely than theeotto lead people to identify this type of

action. So, if a participant (doctor or nurse) sedd “warm baby” (but not “recalibrate BP

dome”) in scenario 6 then he or she would score Difese proportion scores were then
averaged across the eight scenarios in each comdi@verall, participants scored 0.33 on
average in the Graphs condition (sd = 0.18) an8l lhhe Text condition (sd = 0.16). The

proportion scores for each staff group are shownhaible 2. The Text condition performance
is clearly better for all groups apart from theigurdoctors, who only perform slightly better

with the Text condition. It also appears as thotigh doctor groups are worse overall in
identifying nurse actions. A 2x5 ANOVA showed thhére was a significant main effect of

condition, F (1, 35) = 47.373, p < 0.001, MSE =2@4.0but no significant main effect of

Group, F (4, 35) = 1.061, ns, MSE = 0.036, andnteraction, F (4, 35) = 0.605, ns, MSE =
0.024. Therefore, the doctor groups were not dicaritly worse than the nurse groups at
selecting nurse actions, although their mean padoce is lower with both textual and

graphical presentation.

The proportion of appropriate “doctor” actions itéed was also examined. For example, in
Scenario 6 the appropriate action that would gédiydra part of a doctor’s job was “put baby
on HFOV". Therefore participants (doctors and nsyseored 1 if they identified this action
and zero if they did not. The proportion scoresestbien averaged across the eight scenarios
in each condition. The overall mean for the Graptisdition was 0.42 (sd = 0.15), and the
overall mean for the Text condition was 0.54 (s2121). The mean proportion for each group
is shown in Table 2. The pattern is slightly diffiet in form to that obtained in the previous
analyses, as the junior doctors actually perfortiebén the Graphs condition than the Text
condition. However, a 2x5 ANOVA showed that theraswonce again a main effect of
condition F (1, 35) = 8.667, p = 0.006, MSE = 0,085t no main effect of group F (4, 35) =
0.899, ns, MSE = 0.032, and no significant inteoactF (4,35) = 2.107, p = 0.101, MSE =
0.035.

Total number of actions chosen

Using the scoring system of the “proportion of agpiate actions chosen”, means that no
account is taken of any irrelevant actions thatengrosen. In theory a person could achieve a
perfect score by selecting every single actioref@ry single scenario. Although there was no
sign of such a drastic strategy, it was importaritriow whether a higher number of actions
were chosen overall in the Text condition. The datdable 2 suggest that this is indeed the
case, and a 2x5 ANOVA confirmed that there wasgaiitant main effect of presentation
condition F(1, 35) = 11.344, p < 0.002, MSE = 170t no significant effect of staff group,

F (4, 35) = 1.214, ns, MSE = 56.71, and no intésact-(4, 35) = 0.0307, ns, MSE = 56.71.
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In the Text condition the average number of actelected was 26.03 (sd = 6.27) and in the
Graphs condition the average number selected w&8 22d = 5.93).

Proportion of chosen actions that were appropriate

Given that significantly more actions were chosantfie Text condition than for the Graphs,
the better results for the Text condition that hheen reported in previous sections could
have arisen because participants simply chose aui@ns in response to the text and scored
more appropriate ones by chance. The data wereftiner re-analysed according to the
proportion of the actions chosen that were appatg@riThe drawback with analysing the data
in this way is that a person can get a perfectesaren if they had an incomplete
understanding of the scenario. For example, Saeriahas two appropriate actions “warm
baby” and “order CXR”. If the only action chosensvavarm baby”, the participant would
score 1. Participants essentially had a “free passhoose “minimal handling” or “observe”
in this analysis — these responses were not cowameuhg the total because clearly it would
never be “inappropriate” to observe a baby in ad i@th minimal handling.

If the Text condition produced better performandgéhwhis scoring system as well as with
scoring by the proportion of appropriate actionsniified (as above), this would be good
evidence that the text really was helping participaunderstand the scenarios and find the
optimal solutions. The overall mean for the Grapbadition 0.38 (sd = 0.14), while the
overall mean for the Text condition was 0.51 (s0.#4). The data for each group are shown
in Table 2. A 2x5 mixed ANOVA showed a significantin effect of condition, F(1, 35) =
15.663, p < 0.001, MSE = 0.021. There was no digmf main effect of group, F(1, 35) =
0.526, ns, MSE = 0.019 and no interaction, F(1,3%).544, ns, MSE = 0.021. This is the
same pattern of results as when the data were sathlyy the proportion of the appropriate
actions that were chosen. It seems that the Texditton was genuinely helping people to
find the appropriate actions, rather than justilegthem to choose actions indiscriminately.

Reported preference

Although the Text condition clearly elicited betmarformance than the Graphs condition, it
was also of interest to know whether this was thgression that the participants themselves
had of the experiment. All participants were asétthe end of the second condition that they
attempted, which presentation format they preferfieable 3 shows that participants in all
staff groups tended to prefer the Graphs conditlespite performing better with the text.

Insert Table 3 about here

DISCUSSION

The experiment showed a clear advantage for thé daxdition, whether the data were
analysed in terms of the proportion of the appwipriactions that participants identified, or
the proportion of the actions they identified thetre appropriate. This advantage for the Text
condition was found in spite of the fact that aibgps reported a preference for the Graphs
condition. Participants chose more actions ovevhBn using the textual display, but it seems
that this was because it was helping them to ifletite actions that, in the opinion of our
experts, were appropriate for that scenario. Gihenlimited list of possible actions, it may
have been that participants were sometimes of piréom that an action not provided on the
list was the most appropriate for a particular acen— a few of them did report that this was
a source of frustration. However the “main targattion for each scenario was not only
appropriate in the opinion of our own experts, &lgb in the opinion of the practitioners who
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had originally cared for the babies whose data sexun the experiment - the scenarios had
been chosen because they presented a time leguioghat action being taken on the ward.

Although performance in the Text condition was sigren terms of the content of responses,
there was no difference between graphs and teberins of the speed of responses — the two
conditions produced surprisingly similar responigees. It is also perhaps surprising that
there was no significant difference between th# gi@ups on any of the measures. There
was a tendency for the junior doctors to get tlstldenefit from the Text condition, as they
had the smallest gap between graphs and text peafare for the “main target” actions
identified and for the total proportion of appra@te actions identified. In terms of the “doctor
actions” identified, the juniors actually performdéettter with the graphs than the text,
although the interaction term was not significaftte results do seem somewhat different
from those of Alberdi et al. [7], who found thahgs doctors were more likely than juniors
to be able to identify all relevant physiologicakats from graphical information. Here, the
junior doctors did not significantly differ from ehsenior doctors, and if anything, had a
higher mean performance in the Graphs conditiom tthee latter, whichever dependent
measure is considered.

In an experiment comparing graphical presentatigh t@bular presentation in a managerial
decision task [13], it appeared that graphs werteben terms of conveying overall
relationships, but that tables were better if exatties were required. The Text condition in
our experiment gave exact values for the physichigiata at time points where our experts
had deemed it appropriate. However, that infornmatvas also contained within the graphical
presentation — participants merely had to clicklengraph at the time they were interested in
for the value to appear. This was carefully exmdinand demonstrated during the
instructional phase of each experimental sessi@velNheless, it did require a bit of extra
effort for the participant to retrieve this infortitm. One possible reason why graphical
presentation did not produce such good performanaéd be that participants were not able
to easily see from the scale of the graph thatrécpéar physiological parameter had reached
a critical point. Scaling is an important issue fpaphical presentation and can make a
difference to how information is perceived [6, 14]the BADGER system used on the ward,
users can adjust the scaling on the graphs. Howthisrmight require more time and effort
than reading a value reported by a textual summgrsystem. Mcintosh, Lyon and Badger
[6] argued that “the more data which are displagedthe screen, the more confusing the
screen becomes, particularly to the new systend.uiBke textual summarisation picked out
the most relevant information for each of the pblggiical parameters; there was therefore
less data for participants to integrate into toigrall understanding of the scenario.

Hanson and Marshall [2] review decision supportesys that have been developed within
the field of artificial intelligence, and acknowlgel that the medical profession has been very
wary of adopting systems that seem to take thetipeaof medicine out of the hands of a
human expert and entrust it to a computer. Howethery argue that data-driven decision
support tools (that use the available data to dgvelles and solutions, rather than having
these pre-programmed) can be used not as a rematdor a human expert but as an
“intelligent assistant”. This type of decision sopptool could allow doctors and nurses to
make full use of the information available to thahereby improving patient care. The data
reported here show that doctors and nurses in natelolCU were better able to find the
relevant information among the textual summary thia@ graphical display. This is an
encouraging sign that, assuming a decision suppalrtould be developed to produce natural
language summaries of complex graphical data, ghirbe of benefit to ICU staff. Clearly,
such an approach would have to take into accourtt vehalready known about the way
people understand language. Wright, Jansen andt\V{A4it have described some of the
ambiguities and errors that can arise in the im&gtion of textual data, such as the use of
vague quantifiers or the tendency for positive pasato be easier to understand than negative
phrases.
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Finally we must address the question as to whethecomparing graphical and textual
presentations of the same data, we are compaiikeyWith like*? The answer clearly %o,

in that the text was generated (with considerafitate by human experts working from the
graphical presentations. The amount of transfonafiom graph to text is considerable.
However, as discussed earlier, we have tried toensake that this transformation consisted
solely of filtering and summarising the informati@re. reducing its volume by several orders
of magnitude) followed by text generation; cleaffiftering and summarising require
expertise, but we tried as far as possible to nsake that this expertise did not manifest itself
in the text as additional interpretation. If thettalways had to be generated by hand, it would
not be possible to exploit the benefits of texpurasentation, as a human expert would always
have to be on hand to generate it, and might asmadte the decision! However we have
reason to believe that automatic text generatiothisf quality is possible [15]. In this case,
the advantages of this format could be achievéittlatadditional cost.
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Figure 1: Screenshots of graphical and textualgotasgion of a scenario

Source: 1420
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The baby is tolerating feeds with a
changing stool and is on
eryrthromycin.

He is still ventilated on an SLE
\ventilator - pressures 23/4 (mean =
11), Ti=0.4, 45/min and needs an
FiO2 at 80-70%.

of dopamine and vecuronium.

E %
| [The baby has poor capillary refill. The HR = 164 and mean BP = 22. The PO2 =7-8, PCO2=10|
| |and sats = 90. The central temperature = 37.2°C, and peripheral temperature = 33.7°C.

= 0.5, glucose = 5.9 and electrolytes are normal.

At 1010 the mean BP = 24 and HR = 155, 02, CO2 and sats are unchanged. A CXR shows

The baby is on erythromycin and 15 ug

/A chest X-ray was carried out at 0952.

You see the infant first at 1000.

A blood gas is taken which shows a pH=7.1, PCO2 = 6.8, PO2 = 7.2 and BE =-12. The lactate |

compressed mediastinum and over distended lungs and so the peak airway pressure at 1025 is ‘
decreased to 20 and at 1038 to 18. The PCO2 has crept up to 11.1. Oxygenation is OK on |
both the sats and transcutaneous PO2.

Doctors and nurses are all actively discussing the management round the cot. The mean BP
has fallen to 20 and the peripheral temperature has increased to 34.4°C.
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|| Ett suction || Intubate/re-intubate || Observe | Start CPAP | Wamm baby
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Figure 2: Mean number of “main target” actions iifeed by each group in both Graphs and
Text conditions
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Table 1: List of 18 possible actions
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Actions Explanation Classified as “nurse”,
“doctor” or both

All care Involves attending to basic hygiene ne&ds$ Nurse
position change

Bag and Mask| Resuscitation and stabilisation using hand Both
ventilation using a face mask

Blood Gas Sampling of blood from an indwelling Both
catheter

Calm baby Techniques using containment and stroking| Nurse

CXR Ordering an X-ray of the chest Doctor*

ETT suction Aspiration of secretions from an endwheal| Nurse
tube

HFOV High Frequency Oscillatory Ventilation Doctor*

Inform Communication with a colleague Both

colleague

Intubate/ Inserting an endo-tracheal tube into the trachea octd@*

reintubate

Minimal Intervening with the infant and or hjBoth

Handling environment the least possible times

No Action No action taken Both

Observe Baby is being observed but no other adtorBoth
being taken

Re-apply  tc| Re-apply transcutaneous probe Nurse

probe

Recalibrate BR Recalibrate Blood Pressure Dome Nurse

dome

Start CPAP | Continuous positive airway pressure Both
ventilation

Start Intravenous dopamine started Doctor*

dopamine

Treat with| Artificial surfactant instilled into the endo-Doctor*

surfactant tracheal tube

Warm baby

Use of artificial means to increase aybaFNurse

temperature

* These actions can also be taken by an Advanced Neonatse Rractitioner
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Table 2: Table of means for all groups on key dependent measures

Junior Nurses Intermediate Senior Nurses Junior Doctors Senior Doctors Al
Nurses
Graphs | Text Graphy Text Graphs Text Graphs Text pl&ra Text Graphs| Text
Time to completion 106.14 | 106.30 | 123.08 | 119.38 | 102.42 | 99.54 | 120.33 | 117.23 | 116.81 | 123.45 | 113.76 | 113.18
(seconds) (25.33) | (16.61) | (24.30) | (14.33) | (19.81) | (17.50) | (30.42) | (29.75) | (15.74) | (15.36) | (23.85) | (20.58)
Number of time-outs 0.13 0.13 0.63 0.50 0.50 0.13 1.25 1.38 0.88 0.00 0.68 0.43
(out of a possible 8) (0.35) |(0.35 |(0.74) |(0.76) | (0.53) |(0.35) | (1.83) | (1.85) | (0.99) | 0.00 (1.05) | (1.01)
Main Target Actions 3.13 4.88 2.50 5.13 3.00 4.13 3.75 4.00 3.25 5.88 3.13 4.80
(out of a possible 8) (0.83) |(1.73) |(1.20) |(1.13) |(2.07) |(1.81) |(1.04) |(1.07) |(1.58) |(1.25) |(1.18) |(1.52)
Proportion of| 0.36 0.59 0.35 0.60 0.42 0.55 0.40 0.50 0.33 0.62 0.37 0.57
Appropriate Actions (0.08) |(0.12) |(0.13) |(0.13) |(0.13) |(0.12) | (0.17) | (0.11) | (0.15) | (0.12) | (0.13) | (0.12)
Proportion of Nurse 0.34 0.57 0.35 0.66 0.40 0.57 0.33 0.49 0.23 0.52 0.33 0.55

Actions (0.15) | (0.12) | (0.22) |(0.16) |(0.20) |(0.11) |(0.19) | (0.16) |(0.14) |(0.23) |(0.18) | (0.16)
Proportion of Doctor 0.38 0.58 0.35 0.57 0.41 0.49 0.53 0.42 0.45 0.66 0.42 0.54
Actions (0.12) | (0.24) |(0.15) |(0.19) |(0.27) |(0.26) |(0.11) |(0.19) |(0.20) |(0.15) |(0.16) | (0.21)

Tot_al Number of 25.75 29.38 22.38 25.38 23.25 25.00 23.50 26.13 19.38 24.25 22.85 26.03
Actions Chosen

(across 8 scenarios) | (410 [(6:20) | (342) | (5.21) |(523) |(513) | (840) |(7.51) |(672) |(742) |(5.93) |(627)

Proportion of Actiong 0.36 0.46 0.37 0.54 0.42 0.53 0.41 0.47 0.37 0.56 0.38 0.51
that were Appropriate | (0.14) | (0.10) | (0.12) | (0.13) |(0.12) | (0.17) | (0.15) | (0.11) | (0.12) | (0.17) | (0.14) | (0.14)
Mean in bold, standard deviation in parenthesis




Table 3: Reported preferences for Graphs or Text
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Preference

Graphs

Text

Junior Nurses

6

Intermediate Nurses

Senior Nurses

Junior Doctors

Senior Doctors

Total

5
5
6
7
9

2
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