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Executive Summary  
 

Paper-ōŀǎŜŘ ƻōǎŜǊǾŀǘƛƻƴ ŎƘŀǊǘǎ ŀǊŜ ǘƘŜ ǇǊƛƴŎƛǇŀƭ ƳŜŀƴǎ ƻŦ ƳƻƴƛǘƻǊƛƴƎ ŎƘŀƴƎŜǎ ǘƻ ǇŀǘƛŜƴǘǎΩ Ǿƛǘŀƭ 

signs. There is considerable variation in the design of observation charts and a lack of empirical 

research on the performance of different designs. This report describes the results of a study carried 

out as part of a project funded by the Australian Commission for Safety and Quality in Health Care 

and Queensland Health to investigate the design and use of observation charts in recognising and 

managing patient deterioration, including the design and evaluation of a new adult observation 

chart that incorporated human factors principles. The first phase of this project involved using a 

procedure known as heuristic analysis to review 25 observation charts from Australia and New 

Zealand. 1,189 usability problems, which could lead to errors in recording data and identifying 

patient deterioration, were identified in the charts. The results from the heuristic analysis were used 

to design a new chart (the Adult Deterioration Detection System [ADDS] chart) based on human 

factors principles and current best practice. 

 

The study described in this report involved an empirical comparison of six charts (two versions of the 

!55{ ŎƘŀǊǘΣ ǘǿƻ ŜȄƛǎǘƛƴƎ ŎƘŀǊǘǎ ǊŀǘŜŘ ŀǎ άǿŜƭƭ ŘŜǎƛƎƴŜŘέ in the heuristic analysis, one existing chart 

ǊŀǘŜŘ ŀǎ ōŜƛƴƎ ƻŦ άŀǾŜǊŀƎŜ ŘŜǎƛƎƴέΣ ŀƴŘ ƻƴŜ ŜȄƛǎǘƛƴƎ ŎƘŀǊǘ ǊŀǘŜŘ ŀǎ άǇƻƻǊƭȅ ŘŜǎƛƎƴŜŘέύΦ bƻǾƛŎŜǎ 

(individuals who were unfamiliar with using patient charts) and health professionals (doctors and 

nurses) were recruited as participants. Each chart design was shown to each participant four times 

displaying different physiological data with one abnormal vital sign (e.g. a high systolic blood 

pressure), and four times displaying different normal physiological data. After memorising the 

normal ranges for each vital sign, participants had to classify the physiological data on the charts as 

άƴƻǊƳŀƭέ ƻǊ άŀōƴƻǊƳŀƭέΦ 9ǊǊƻǊ ǊŀǘŜǎ όǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘǊƛŀƭǎ ǿƘŜǊŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ƳŀŘŜ ŀƴ ƛƴŎƻǊǊŜŎǘ 

normal/abnormal judgement) and response time (the time to read the chart and make the 

judgement) were measured. 

  

Results indicated that chart design had a statistically significant effect on both error rates and 

response time, with the charts identified as having better design tending to yield fewer errors and 

shorter decision times. Specifically, the two versions of the ADDS chart outperformed all the existing 

charts on both metrics, where the other charts yielded between 2.5 and 3.3 times as many errors as 

the ADDS chart. There was no significant difference between novices and health professionals in 

error rates for any chart, but the health professionals were significantly faster than novices at 

ƳŀƪƛƴƎ ǘƘŜƛǊ ŘŜŎƛǎƛƻƴǎ ŦƻǊ ǘƘŜ ŎƘŀǊǘǎ ǊŀǘŜŘ ŀǎ άŀǾŜǊŀƎŜέ ŀƴŘ άǇƻƻǊέΦ ¢ƘŜǊŜ ǿŀǎ ƴƻ ǎƛƎƴƛŦƛŎŀƴt 

difference between doctors and nurses on either of the two performance measures for any of the 

charts. 

  

These data indicate that differences in the design of observation charts have a profound impact on 

ŎƘŀǊǘ ǳǎŜǊǎΩ ŘŜŎƛǎƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǇŀǘƛŜƴǘǎΩ Ǿƛǘŀƭ ǎƛƎƴǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǘƛƳŜ ƛǘ ǘŀƪŜǎ ǘƻ ƳŀƪŜ ǎǳŎƘ 

decisions. Based on the current data, it appears that the ADDS chart is significantly better at 

signalling patient deterioration than other currently available charts. 
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1. Introduction  

1.1 General background 

 

Improving the recognition and management of patients who deteriorate whilst in hospital is a 

priority both at the national and state level. The Australian Commission on Safety and Quality in 

Health Care (ACSQHC) Ƙŀǎ ƭŀǳƴŎƘŜŘ ŀ ƴŀǘƛƻƴŀƭ ǇǊƻƎǊŀƳ ŦƻǊ ΨRecognising and Responding to Clinical 

5ŜǘŜǊƛƻǊŀǘƛƻƴΩ (1). Lƴ ǇŀǊŀƭƭŜƭΣ vǳŜŜƴǎƭŀƴŘ IŜŀƭǘƘΩǎ tŀǘƛŜƴǘ {ŀfety Centre have released a strategy 

options paper discussing gaps in the recognition and management of the deteriorating patient (2). 

 

/ƘŀƴƎŜǎ ƛƴ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ ƻǊ ΨǾƛǘŀƭ ǎƛƎƴǎΩ ŎƻƳƳƻƴƭȅ ǇǊŜŎŜŘŜ ǎŜǊƛƻǳǎ ŀŘǾŜǊǎŜ ŜǾŜƴǘǎ ǎǳŎƘ 

as cardiac or respiratory arrest, unplanned Intensive Care Unit (ICU) admission, or unexpected death 

(3-8). Several studies report that derangements in vital signs are observable up to 48 hours before 

the adverse event (3, 5, 6, 9). This suggests that if deterioration is recognised early and 

appropropriately managed, then complications arising from delays could be reduced (e.g. morbidity, 

unexpected ICU admissions, extended length of stays in hospital), and some serious adverse events 

could potentially be avoided altogether (10-13). 

 

Paper-based observation charts are the principal means of recording and monitoring changes to 

ǇŀǘƛŜƴǘǎΩ Ǿƛǘŀƭ ǎƛƎƴǎΦ IƻǿŜǾŜǊΣ Ǿƛǘŀƭ ǎƛƎƴǎ ŀǊŜ ƴƻǘ ŀƭǿŀȅǎ correctly recorded or appropriately acted 

upon (3, 6, 9, 10, 14). The design of the observation charts themselves may contribute to failures in 

the ability of medical and nursing staff to record vital signs and recognise deterioration. 

 

There is considerable variation in the design of observation charts in current use in Australia. They 

vary in both the number and selection of vital signs monitored. Observation charts also exhibit 

diversity in the way in which they display information. For instance, respiration rate may be 

displayed on one chart as a row containing boxes in which to write the number of breaths taken by a 

patient per minute at each time-point, while on another chart it may be plotted as a graph over 

time. Finally, observation charts also vary in the degree to which they incorporate track and trigger 

systems based on clinical criteria to help users recognise a deteriorating patient and respond 

appropriately.  

 

There is presently a lack of empirical research on the design and use of observation charts. In 

Australia, observation charts tend to be designed at the local hospital or individual health service 

area level, resulting in a nationwide duplication of effort (10). Some observation charts appear to 

have been trialled in specific wards before full implementation or evaluated by means of a staff 

survey. Rigorous empirical evaluation is lacking in most cases. 

 

There are indicative findings that efforts to improve the design of observation charts can produce 

benefits for patients, staff, and the hospital. In the United Kingdom, Chatterjee et al. carried out an 

empirical evaluation of five observation charts in use at a district general hospital (15). They 

reported that the design of the charts had a significant effect on the ability of staff to recognise 

patient deterioration (with a detection rate as low as 0% for one vital sign), and that no single 

existing chart was best for all vital signs. As a result, they designed and implemented a new chart 

incorporating a track and trigger system. They found that there was a significant improvement in 
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ǎǘŀŦŦΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŎƻƎƴƛse deterioration (all detection rates over 90%), after the re-design and 

implementation of the new chart. Their new chart produced improvements in the detection of four 

forms of deterioration, hypoxia (45% increase in detection), tachypnoea (41% increase in detection), 

tachycardia (29% increase in detection), and fever (16% increase in detection). A recent Australian 

project to improve the early detection of patient deterioration, which included improvements to 

observation chart design (together with other interventions such as training), was found to produce 

statistically significant gains in the frequency of recording vital signs, as well as decreasing unplanned 

ICU admissions, decreasing the rate of cardiac arrests, and decreasing the rate of hospital deaths 

(16). 

 

1.2 Background to the project 

 

The study described in this report was part of a research project carried out at The University of 

Queensland and funded by the Australian Commission for Quality and Safety in Health Care and 

Queensland Health. The aim of the project was to investigate the design and use of observation 

charts in recognising and managing patient deterioration, including the design and evaluation of a 

new adult observation chart that incorporated human factors principles. The initial phase of the 

project was a systematic usability evaluation of the quality and extent of design problems in 25 

existing observation charts (17). A total of 1,189 usability problems were identified in the 

observation charts. Usability problŜƳǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀŦŦŜŎǘƛƴƎ ǘƘŜ ƻōǎŜǊǾŀǘƛƻƴ ŎƘŀǊǘǎΩ ǇŀƎŜ 

layout, information layout, recording of vital signs, integration of track and trigger systems, language 

and labelling, cognitive and memory load, use of fonts, use of colour, photocopying legibility, and 

night-time legibility. In compiling lists of the various usability problems present in the observation 

charts, principles for producing a better designed observation chart were developed. 

 

1.3 The Adult Deterioration Detection System (ADDS) chart 

 

Using the information obtained from the heuristic analysis, a new chart was designed by combining 

what were considered to be the best design features of existing charts (see reference 18 for details). 

The chart was largely based on: (a) The Prince Charles Hospital chart (Brisbane, Queensland), which 

in turn was based on the Compass chart developed at The Canberra Hospital, ACT Health, and (b) the 

/ƘƛƭŘǊŜƴΩǎ 9ŀǊƭȅ ²ŀǊƴƛƴƎ ¢ƻƻƭ ό/9²¢ύ ǇŀŜŘǊƛŀǘǊƛŎ ŎƘŀǊǘ ŘŜǾŜƭƻǇŜŘ ŀǘ wƻȅŀƭ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ 

(Brisbane, Queensland). The new chart was named the Adult Deterioration Detection System (ADDS) 

chart and incorporated the following features designed to minimize the design problems that might 

lead to human error in both recording and interpreting patient data (see Appendices A and B to view 

the two versions of the ADDS chart). Note that the key function of the ADDS chart was to detect 

patient deterioration, rather than to act as a general observation chart. 

 

 The ADDS chart featured both a single parameter and a multiple parameter colour-coded 

track and trigger system to facilitate the detection of deterioration. The single parameter 

system (in which a medical emergency response was required when any single patient vital 

sign was outside a given range) had the advantage of simplicity of use. The multiple 

parameter system (in which vital signs were scored using a colour-coded key and scores 
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ǿŜǊŜ ǎǳƳƳŜŘ ǘƻ ƎƛǾŜ ŀƴ ƻǾŜǊŀƭƭ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŎƻƴŘƛǘƛƻƴύ ǿŀǎ potentially more 

sensitive to deterioration and could lead to earlier detection of deterioration or fewer false 

alarms (see reference 18 for further details and discussion of this issue). 

 

 Chart colours were chosen such that colour density correlated with the extent to which the 

ǇŀǘƛŜƴǘΩǎ Ǿƛǘŀƭ ǎƛƎƴǎ ǿŜǊŜ ƻǳǘǎƛŘŜ ǘƘŜ ƴƻǊƳŀƭ ǊŀƴƎŜ όŀǇŀǊǘ ŦǊƻƳ ōŜƛƴƎ ŀƴ ƛƴǘǳƛǘƛǾŜ 

progression, this strategy would aid colour-blind users). 

 

 All information required for use (for example, the colour key, the medical emergency 

criteria, and the actions to be taken when different levels of deterioration were detected) 

was provided on the same page as the vital signs data. This was in order to reduce cognitive 

load (for example, to avoid the user having to retain vital sign data in memory while turning 

the page to access more information). 

 

 Terms and abbreviations used on the chart were selected in part based on the preferences 

expressed among a large sample of health professionals. 

 

 Only vital signs considered to be the most important for detecting deterioration were 

included on the chart. If additional information had been included, this less important 

ƛƴŦƻǊƳŀǘƛƻƴ ǿƻǳƭŘ ǇƻǘŜƴǘƛŀƭƭȅ ŎƻƳǇŜǘŜ ǿƛǘƘ ǘƘŜ ƳƻǊŜ ƛƳǇƻǊǘŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǘƘŜ ǳǎŜǊΩǎ 

attention. 

 

 Each vital sign was presented as a separate graph. Many existing charts either displayed data 

numerically (making it difficult to see data trends and hence making deterioration harder to 

detect) or included graphs with multiple vital signs plotted on the same graph area 

(increasing visual clutter, and potentially making deterioration harder to detect). 

 

 The most critical vital signs were placed towards the top of the page, as this is where users 

would look first. Most existing charts did not follow this practice. 

 

 Scales were labelled on both the left and right of each graph and bold vertical lines were 

placed every 3 columns. These features were designed to minimize the chance of users 

reading from the wrong column or row. 

 

 There was space to record modifications to vital sign thresholds. This information was placed 

so that it would be in view when a user first picked up the chart. 

 

1.4 Rationale for the current study 

 

The evidence from the heuristic analysis used to develop the ADDS chart was opinion-based and 

therefore required empirical verification. Given that a key aim of the new chart was to minimise 

errors in recognising patient deterioration, the present study was designed to investigate whether 

the ADDS chart was successful in this regard, relative to a range of existing charts. Six charts were 
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selected for empirical comparison: two versions of the ADDS chart and four charts in current use in 

hospitals in Australia. The four existing charts were chosen on the basis of ratings from the heuristic 

analysis: two of these charts were rateŘ ŀǎ άǿŜƭƭ ŘŜǎƛƎƴŜŘέΣ ƻƴŜ ŎƘŀǊǘ ǿŀǎ ǊŀǘŜŘ ŀǎ άŀǾŜǊŀƎŜέΣ ŀƴŘ 

ƻƴŜ ŎƘŀǊǘ ǿŀǎ ǊŀǘŜŘ ŀǎ άǇƻƻǊƭȅ ŘŜǎƛƎƴŜŘέΦ 

 

The objective of the experiment was to present actual patient data on each of the charts and ask 

both novices (individuals unfamiliar with using patient charts) and health professionals whether any 

of the vital signs were outside of pre-defined normal ranges for any timepoint. Their judgements 

were then coded as correct or incorrect. It was hypothesized that the charts that were rated as being 

better designed would yield fewer incorrect responses. It was also hypothesized that participants 

would be faster to reach their decision for the better-designed charts. Finally, we hypothesized that 

the new ADDS chart would perform at least on the same level as the cƘŀǊǘǎ ǊŀǘŜŘ ŀǎ άwell designedέΣ 

if not better. We also planned to compare the performance of the novices with the health 

professionals (for example, it could be that different chart designs favoured different groups) and, 

within the health professional group, compare doctors and nurses. 

 

The six charts involved in the comparison are described below. 

  

Two versions of the ADDS chart 

Two versions of the ADDS chart were included (see Appendices A and B). The first version included a 

systolic blood pressure tabƭŜ ǘƻ ŀƭƭƻǿ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǳǎǳŀƭ ǎȅǎǘƻƭƛŎ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ǘƻ ōŜ ǘŀƪŜƴ ƛƴǘƻ 

account when deciding the normal range for this vital sign. The second version did not have this 

ǘŀōƭŜΤ ƛƴǎǘŜŀŘΣ ǘƘŜ ƴƻǊƳŀƭ ǊŀƴƎŜ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǳǎǳŀƭ systolic blood 

pressure was 120 mmHg. The second version was potentially simpler to read than the first version, 

but the first version was likely to yield a more accurate decision  as to ǿƘŜǘƘŜǊ ŀ ǇŀǘƛŜƴǘΩǎ ōƭƻƻŘ 

pressure was abnormal or not.  

 

Two ŜȄƛǎǘƛƴƎ ŎƘŀǊǘǎ ǊŀǘŜŘ ŀǎ άwell designedέ ƛƴ ǘƘŜ ƘŜǳǊƛǎǘƛŎ ŀƴŀƭȅǎƛǎ 

¢ǿƻ ŎƘŀǊǘǎ ǿŜǊŜ ŎƘƻǎŜƴ ōŜŎŀǳǎŜ ǘƘŜȅ ǿŜǊŜ ǊŀǘŜŘ ŀǎ άwell designedέ ŀƴŘ ǿŜǊŜ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ 

widely used in Australia. Both of these charts used colour as part of a track and trigger system and 

displayed nearly all of the vital signs as graphs. The first chart used a single parameter track and 

trigger system, with two bandings of colour (yellow and red) to denote different levels of patient 

deterioration outside the normal range (the chart can be viewed in Appendix C). With a single 

parameter track and trigger system, if any vital sign was outside its normal range, this would be 

signalled by the data point being recorded against a coloured background, indicating that action 

should be taken. The second chart used a multiple parameter track and trigger system (the chart can 

be viewed in Appendix D). With this system, different bandings of colour (based on the severity of 

deterioration) were used to score each vital sign, and scores for key vital signs were summed to 

provide a single number summarisƛƴƎ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƻǾŜǊŀƭƭ ŎƻƴŘƛǘƛƻƴΦ ¢Ƙƛǎ ǎŎƻǊŜ ǿŀǎ ǳǎŜŘ ǘƻ 

determine the action that should be taken. The second chart (unlike the first) also used a systolic 

blood pressure ǘŀōƭŜ ǘƻ ŀƭƭƻǿ ŀ ǇŀǘƛŜƴǘΩǎ ǳǎual  systolic blood pressure to be taken into account. 
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hƴŜ ŎƘŀǊǘ ǊŀǘŜŘ ŀǎ άŀǾŜǊŀƎŜέ ƛƴ ǘƘŜ ƘŜǳǊƛǎǘƛŎ ŀƴŀƭȅǎƛǎ 

hƴŜ ŎƘŀǊǘ ǿŀǎ ŎƘƻǎŜƴ ǘƻ ǊŜǇǊŜǎŜƴǘ ŀ ŎƘŀǊǘ ƻŦ άŀǾŜǊŀƎŜέ ǉǳŀƭƛǘȅ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƘŜǳǊƛǎǘƛŎ ŀƴŀƭȅǎƛǎ 

(the chart can be viewed in Appendix E). The chart was monochrome and did not have a track and 

trigger system. Three of the key vital signs were graphed (the rest were represented numerically). 

 

hƴŜ ŎƘŀǊǘ ǊŀǘŜŘ ŀǎ άǇƻƻǊέ ƛƴ ǘƘŜ ƘŜǳǊƛǎǘƛŎ ŀƴŀƭȅǎƛǎ 

hƴŜ ŎƘŀǊǘ ǿŀǎ ŎƘƻǎŜƴ ǘƻ ǊŜǇǊŜǎŜƴǘ ŀ ŎƘŀǊǘ ƻŦ άǇƻƻǊέ ǉuality according to the heuristic analysis (the 

chart can be viewed in Appendix F). The chart was navy and light blue and did not have a track and 

trigger system. All of the key vital signs were presented as numbers rather than as graphs. 

 

2. Method  
 

2.1 Participants 

 

A novice group (n = 44) and a professional group (n = 45) were recruited for the experiment. Novices 

were recruited from members of The University of Queensland and were paid $20 for participating 

in the study. Health professionals were recruited ŦǊƻƳ ǎǘŀŦŦ ƻŦ ǘƘŜ wƻȅŀƭ .ǊƛǎōŀƴŜ ŀƴŘ ²ƻƳŜƴΩǎ 

Hospital and were paid $100 for participating in the study. 

2.2 Materials 

 

The following materials were developed for use in this study. 

 

Questionnaire for novice participants 

Before the experiment, novice participants completed a questionnaire asking for their age and sex, 

as well as whether they had ever worked as a health professional and whether they had ever used a 

hospital observation chart before. Note that there were other questions not analysed in this report. 

After the experiment, participants were asked whether they had previously used a chart similar to 

any used in the experiment. See Appendix G for the full questionnaire. 

 

Questionnaire for health professionals 

Before the experiment, the health professionals group were asked to complete a questionnaire that 

recorded their occupation (nurse/doctor/other) and further details about their nursing or medical 

role. They were asked the number of years that they had been registered, the postcode of their 

institution, and where they spent the greatest proportion of time working 

(ward/emergency/ICU/theatre/outpatient clinic/management etc). They were also asked to record 

their age and sex. They were asked whether they used observation charts as part of their current 

role and how frequently. They were also asked whether they recorded information into observation 

charts and how frequently. Finally they were asked what training they had received in the use of 

observation charts (none/read the instructions/informal/formal/other). Note that there were other 

questions not analysed in this report. After the experiment, the health professionals completed the 
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same post-experiment questionnaire as the novices (including asking whether they had previously 

used a chart similar to the ones used in the experiment). See Appendix H for the full questionnaire. 

 

Training videos 

All participants viewed a number of training videos before commencing the experiment. Note that 

all videos are available for viewing online (please contact m.horswill@psy.uq.edu.au for further 

information). 

 

Background video: The first video covered background information essential to understanding the 

different vital signs and why they are monitored, as well as explaining the normal ranges for each 

vital sign that were applicable to the experiment. Also explained were cut-off scores and early 

warning scores. The novice and professional groups received different versions of the video. The 

novice version (13 minutes 6 seconds) assumed no previous knowledge of vital signs and so included 

basic introductory information (e.g. an explanation of patient deterioration and definitions and 

ŜȄǇƭŀƴŀǘƛƻƴǎ ƻŦ ŘƛŦŦŜǊŜƴǘ Ǿƛǘŀƭ ǎƛƎƴǎύΦ ¢ƘŜ ƘŜŀƭǘƘ ǇǊƻŦŜǎǎƛƻƴŀƭǎΩ ǾŜǊǎƛƻƴ όп ƳƛƴǳǘŜǎ рр ǎŜŎƻƴŘǎύ ǿŀǎ ŀ 

truncated version of the novice video, where basic knowledge about vital signs was assumed (the 

focus was on the normal ranges to be used in the experiment as well as explanations of cut-off 

scores and early warning scores). 

 

The normal ranges used in this study were taken from the track and trigger systems used by three of 

the charts used in the study. The ranges are shown in Table 1. 

 

Table 1: Normal ranges of vital signs used in this study. 

Vital Sign Normal Range 

Respiratory rate Between 9 ς 20 breaths per minute 

Oxygen Delivery Patient is receiving oxygen at equal to or less than 1 L/min 

Oxygen Saturation Between 93 ς 100% 

Systolic Blood Pressure Between 100 ς 160 mmHg 

Pulse Between 50 ς 100 beats per minute 

Temperature Between 36.1 ς 37.9 Celsius 

Consciousness Patient  is ŎƭŀǎǎƛŦƛŜŘ ŀǎ ά!ƭŜǊǘέ 

Pain Patient is in no pain 

 

Chart videos: Training videos were created for each of the six charts used in the experiment. The 

videos described how to read each chart, including interpreting cut-off scores or early warning 

scores as appropriate. 

 

Experiment instruction video: This short video described the procedure to be followed in the 

experiment (see section 2.3 below). 

 

Participant Knowledge Test 

All participants completed a 10-item four-option multiple-choice examination testing key elements 

of the information that they were required to have learned while watching the training videos. 

Questions 1 to 8 asked about the normal ranges for the eight vital signs described in the videos. The 
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final two questions asked for definitions of cut-off scores and early warning scores. The full 

examination can be viewed in Appendix J, with answers given in Appendix K. 

 

Patient data 

De-ƛŘŜƴǘƛŦƛŜŘ ǇŀǘƛŜƴǘ Řŀǘŀ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŀ ƴǳƳōŜǊ ƻŦ ƭƻŎŀǘƛƻƴǎ όwƻȅŀƭ .ǊƛǎōŀƴŜ ŀƴŘ ²ƻƳŜƴΩǎ 

IƻǎǇƛǘŀƭΣ wƻȅŀƭ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ ¢ƘŜ /ŀƴōŜǊǊŀ IƻǎǇƛǘŀƭΣ ¢ƘŜ tǊƛƴŎŜ /ƘŀǊƭŜǎ IƻǎǇƛǘŀƭ). For each 

patient whose observations were used in the experiment, the data spanned at least 13 consecutive 

time points (out of the six charts included in the experiment, the minimum number of given time 

points that could be recorded was 13).  

 

The cut-offs for normal ranges were taken from those provided as part of the track and trigger 

systems on three of the charts in the study (the two ADDS charts and the multiple parameter track 

and trigger chart, which were consistent with one another). Note that two of the other three charts 

used did not provide cut-offs and the only other chart to have a track and trigger system (the single 

parameter track and trigger system chart) was modified to bring the cut-offs in line with the other 

charts. Any vital sign outside of these cut-ƻŦŦǎ ǿŀǎ ŘŜǎƛƎƴŀǘŜŘ άŀōƴƻǊƳŀƭέΦ 

 

Forty-eight cases were obtained (cut-offs are consistent with the normal ranges presented in the 

background training video and tested in the knowledge test): 

 

 3 cases of hypothermia (temperature below 36.1 C) 

 3 cases of fever (temperature above 37.9 C) 

 3 cases of hypotension (systolic blood pressure below 110 mmHg) 

 3 cases of hypertension (systolic blood pressure above 160 mmHg) 

 3 cases of bradycardia (heart rate fewer than 50 beats per minute) 

 3 cases of tachycardia (heart rate greater than 100 beats per minute) 

 6 cases of hypoxia (oxygen saturation less than 93%) 

 24 cases of normal data  

For the abnormal cases, only one observation (across the 13 time points recorded for each case) was 

abnormal for each patient. These abnormalities were restricted to one vital sign per patient to 

standardise the amount of deterioration present in each case. That is, there was no patient for 

whom more than one data point was outside the normal ranges (across all vital signs and across all 

time points). 

 

The patient data was modified in the following circumstances: 

 

(1) If a data point was missing for a particular vital sign, the average of the data points from 

the closest available time points before and after the missing value was inserted. 

(2) For cases showing deterioration, if a particular vital sign became abnormal at more than 

one time point, the data were adjusted so as to be outside the normal range at only one 

time point (to ensure homogeneity across the abnormal cases). 

(3) For six cases (five stable, one hypotension), we only had data for 12 out of the 13 time 

points. In these cases, an extra time point was inserted between two existing values. 

Data for this extra time point was generated by calculating the mean of the data from 
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the time points before and after. For a seventh case (hypoxia), two extra sets of 

observations were inserted in this way.  

 

Preparation of charts 

Six charts were evaluated in this study and are detailed in Table 2 (also described earlier). 

 

Table 2: Descriptions of the six charts used in the experiment. 

Chart Description 

1.ADDS chart with 

systolic blood pressure 

table 

A new chart (the ADDS chart) developed in an earlier phase of the 

current project, including both single parameter and multiple parameter 

track and trigger systems. The format was A3 double-sided and the cut-

ƻŦŦǎ ŦƻǊ ǎȅǎǘƻƭƛŎ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ŎƻǳƭŘ ǘŀƪŜ ŀŎŎƻǳƴǘ ƻŦ ŀ ǇŀǘƛŜƴǘΩǎ ǳǎǳŀƭ 

blood pressure (in this study, usual blood pressure was taken as 120 

mmHg). The chart can be viewed in Appendix A. 

2. ADDS chart without 

systolic blood pressure 

table 

A second version of the ADDS chart, which did not have systolic blood 

pressure cut-ƻŦŦǎ ǘŀƛƭƻǊŜŘ ǘƻ ŀ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǳǎǳŀƭ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ όƛǘ 

assumed that usual blood pressure was 120 mmHg for all patients). The 

chart can be viewed in Appendix B. 

 3. Multiple parameter 

track and trigger chart 

A double-sided A4 chart with a multiple parameter track and trigger 

system. The cut-offs for blood pressure could take account oŦ ŀ ǇŀǘƛŜƴǘΩǎ 

usual blood pressure (in this study, usual blood pressure was taken as 

120 mmHg). The chart can be viewed in Appendix D. 

4. Single parameter track 

and trigger chart 

A double-sided A3 chart with a single parameter track and trigger 

system, without systolic blood pressure cut-offs tailored to usual blood 

pressure. The chart can be viewed in Appendix C. 

5. No track and trigger 

graphical chart 

A double-sided monochrome A3 chart with no track and trigger system, 

where some of the vital signs were plotted as graphs but others were 

not. The chart can be viewed in Appendix E. 

6. No track and trigger 

numerical chart 

A single-sided A4 chart with no track and trigger system and all vital sign 

data written as numbers. The chart can be viewed in Appendix F. 

 

The single parameter track and trigger chart was modified using Jasc Paint Shop Pro 8 where 

necessary to bring its cut-offs in line with those shown on other charts (the modification resulted in 

lower cut-offs than were originally used on this chart, so that any given vital sign would be more 

likely to be classified as outside the normal ranges). This was crucial to the experiment to ensure 

that the charts were being compared on the basis of their design and not their chosen cut-offs (that 

is, without the modification, we would be unable to tell if resulting differences between charts were 

due to differences in design or differences in cut-offs). The other five charts were not modified. 

 

The 48 patient cases were plotted onto the six charts (6 x 48 = 288 charts in total). Data was plotted 

by hand by a team of trained research assistants, with the Project Manager double-checking all 

entries for errors. 
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2.3 Design and procedure 

 

¢ƘŜ ǎǘǳŘȅ ǿŀǎ ƎǊŀƴǘŜŘ ŜǘƘƛŎǎ ŀǇǇǊƻǾŀƭ ōȅ ǘƘŜ wƻȅŀƭ .ǊƛǎōŀƴŜ ŀƴŘ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭΩǎ IǳƳŀƴ 

wŜǎŜŀǊŎƘ 9ǘƘƛŎǎ /ƻƳƳƛǘǘŜŜ ŀƴŘ ōȅ ¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ vǳŜŜƴǎƭŀƴŘΩǎ {ŎƘƻƻƭ ƻŦ tǎȅŎƘƻƭƻƎȅ 9ǘƘƛŎǎ 

Review Officer. The novice group were tested at the University of Queensland and the health 

professional group were tested at the Skills Developmenǘ /ŜƴǘǊŜΣ wƻȅŀƭ .ǊƛǎōŀƴŜ ŀƴŘ ²ƻƳŜƴΩǎ 

Hospital, Queensland, Australia.  

 

Participants were tested one at a time in quiet room under good lighting by two researchers. First, 

participants were asked to complete a consent form and the initial questionnaire. 

 

All participants were shown the background video explaining the different vital signs and their 

normal ranges (the explanation was truncated for health professionals). They were then given a 

laminated handout summarising the cut-offs which they were required to memorise (see Appendix 

I). 

 

tŀǊǘƛŎƛǇŀƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ƴƻǊƳŀƭ ǊŀƴƎŜǎ ŦƻǊ ŜŀŎƘ Ǿƛǘŀƭ ǎƛƎƴ ǿŀǎ ǘŜǎǘŜŘ ǳǎƛƴƎ ǘƘŜ tŀǊǘƛŎƛǇŀƴǘ 

Knowledge Test. If they obtained less than 10 out of 10 answers correct for the test, then they were 

asked to review the information again and retake the test until they were able to answer all of the 

questions correctly. 

 

Following the test, participants were shown the training videos explaining each of the six charts. To 

minimise the chances of one chart receiving an advantage over another (e.g., due to primacy or 

recency effects), the chart training videos were shown in a different random order for each 

participant using custom-made software. Finally, all participants were shown the video explaining 

the experimental protocol. 

 

Each participant completed 48 trials in which they viewed each of the 48 sets of patient data plotted 

on one of the six charts. Each chart design was therefore viewed eight times, four times with normal 

data and four times with abnormal data (for each chart design, these four cases contained 

derangements in temperature, systolic blood pressure, pulse, and oxygen saturation). Each session 

was recorded using a digital voice recorder to allow checking of responses at a later date. 

 

The protocol for each trial was as follows. First, a chart with 13 sets of observations completed was 

placed in front of the participant. A timer was  started when the participant starting viewing the 

chart. The participant had to indicate whether any of the vital signs were abnormal, or whether all of 

the observations were normal (based on the normal ranges given in the instructions). If they 

ǊŜǎǇƻƴŘŜŘ άŀōƴƻǊƳŀƭέΣ ǘƘŜƴ ǘƘŜȅ ƘŀŘ ǘƻ ǎŀȅ ǿƘƛŎƘ Ǿƛǘŀƭ ǎƛƎƴ ǿŀǎ ŀōƴƻǊƳŀƭΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ 

remaining 47 charts were presented to the participant, one-at-a-time, and the same procedures 

were followed. Note that, to prevent order effects, the 48 charts were presented in an order that 

was individually randomised for each participant.   

 

The testing session took approximately one and a half hours per participant. The full experiment 

protocol and instructions can be viewed in Appendices L (novice group) and M (health professional 

group). 
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2.4 Data analysis 

Participant responses (normal vs. abnormal) and response times for each chart were entered into 

Microsoft Excel 2007. Data was then exported into SPSS for Windows version 17 for statistical 

analysis. 

3. Results 
 

3.1 Participant characteristics 

The novice group (n = 44) consisted of both medical students (n = 6) and other members of The 

University of Queensland recruited from a research participant pool (n = 38). The health 

professionals (n = 45) consisted of both doctors and nurses recruited from the Royal Brisbane and 

WƻƳŜƴΩǎ IƻǎǇƛǘŀƭΦ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ǘǿƻ ƎǊƻǳǇǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ¢ŀōƭŜ оΦ 

 

Two participants were excluded (both novices) for having overall error rates greater than chance 

(50%), given that they were unlikely to be following instructions. Note that these exclusions had no 

effect on the pattern of results reported. 

 

Table 3: Participant characteristics of the two groups. 

 Novices (n = 44) Health professionals (n = 45) 

Age in years 23.7 (4.4)a 32.6 (8.2)a 

Gender Female:  70.5% 

Male: 29.5% 

Female:  64.4% 

Male: 35.6% 

Health profession - Doctor: 53.3% 

Nurse: 46.6% 

Years registered - Doctor: 2.8 (2.3)a 

Nurse: 9.8 (10.8)a 

Note. aValues are mean (standard deviation). 

3.2 Error rates 

 

Overall error rates (the proportion of incorrect responses) are given in Figure 1. 
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Figure 1: Percentage of errors in detecting abnormal vital signs for the six charts. Error bars are 

standard errors of the mean. 

 

A mixed-design analysis of variance was conducted with chart type as a repeated-measures 

independent variable and participant group as a between-ǎǳōƧŜŎǘǎ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΦ aŀǳŎƘƭȅΩǎ 

test of sphericity indicated no significant sphericity in the data (MaǳŎƘƭȅΩǎ ² Ґ 0.771, p = 0.076). 

 

There was a significant main effect of chart type on error rates, F(5,435) = 42.08, p < 0.001. 

However, there was no significant effect of participant group on error rates; that is, health 

professionals made the same number of errors as novices overall, F(1,87) = 0.06, p = 0.807. 

However, there was a significant interaction between chart type and participant group, F(5,435) = 

2.33, p = 0.042, potentially indicating that the health professionals made proportionally fewer errors 

on the monochrome charts (though see later for simple effects analyses of this interaction).  

 

Pairwise comparisons between charts were carried out separately for novices and health 

professionals using the Bonferroni-Holm method of correcting for multiple comparisons. Table 4 

gives comparisons for the novices and Table 5 for the health professionals. 
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Table 4: Pairwise comparisons between charts for error rates for the novice group, arranged in order 

of effect size. 

Comparison Observed p Critical p 

for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

Numerical chart vs. ADDS without SBP table < 0.001 0.003 Significant 

No track and trigger numerical chart vs. ADDS with 

SBP table 

< 0.001 0.004 Significant 

No track and trigger graphical chart vs. ADDS 

without SBP table 

< 0.001 0.004 Significant 

No track and trigger graphical chart vs. ADDS with 

SBP table 

< 0.001 0.004 Significant 

Single parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.005 Significant 

Multiple parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.005 Significant 

Single parameter track and trigger chart vs. ADDS 

with SBP table 

< 0.001 0.006 Significant 

Multiple parameter track and trigger chart vs. ADDS 

with SBP table 

< 0.001 0.006 Significant 

No track and trigger graphical chart vs. Single 

parameter track and trigger chart 

< 0.001 0.007 Significant 

No track and trigger numerical chart vs. Single 

parameter track and trigger chart 

< 0.001 0.008 Significant 

No track and trigger numerical chart vs. Multiple 

parameter track and trigger chart 

< 0.001 0.010 Significant 

No track and trigger graphical chart vs. Multiple 

parameter track and trigger chart 

< 0.001 0.013 Significant 

No track and trigger numerical chart vs. No track and 

trigger graphical chart 

0.57 0.017 Not significant 

Single parameter track and trigger chart vs. Multiple 

parameter track and trigger chart 

0.79 0.025 Not significant 

ADDS without SBP table vs. ADDS with SBP table 0.92 0.050 Not significant 

Note. SBP = systolic blood pressure. 
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Table 5: Pairwise comparisons between charts for error rates for the health professionals group, 

arranged in order of effect size. 

Comparison Observed p Critical p 

for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

No track and trigger graphical chart vs. ADDS with 

SBP table 

< 0.001 0.003 Significant 

No track and trigger numerical chart vs. ADDS with 

SBP table 

< 0.001 0.004 Significant 

Multiple parameter track and trigger chart vs. ADDS 

with SBP table 

< 0.001 0.004 Significant 

Single parameter track and trigger chart vs. ADDS 

with SBP table 

< 0.001 0.004 Significant 

No track and trigger graphical chart vs. ADDS 

without SBP table 

< 0.001 0.005 Significant 

No track and trigger numerical chart vs. ADDS 

without SBP table 

< 0.001 0.005 Significant 

Multiple parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.006 Significant 

Single parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.006 Significant 

ADDS without SBP table vs. ADDS with SBP table 0.135 0.007 Not 

significant 

No track and trigger numerical chart vs. Single 

parameter track and trigger chart 

0.148 0.008 Not 

significant 

No track and trigger numerical chart vs. Multiple 

parameter track and trigger chart 

0.157 0.010 Not 

significant 

No track and trigger graphical chart vs. Multiple 

parameter track and trigger chart 

0.190 0.013 Not 

significant 

No track and trigger graphical chart vs. Single 

parameter track and trigger chart 

0.212 0.017 Not 

significant 

No track and trigger numerical chart vs. No track and 

trigger graphical chart 

0.694 0.025 Not 

significant 

Single parameter track and trigger chart vs. Multiple 

parameter track and trigger chart 

1.000 0.050 Not 

significant 

Note. SBP = systolic blood pressure. 

 

Despite the significant interaction between chart type and novice/professional group differences 

(examining Figure 1 there appears to be a trend indicating that professionals produced fewer errors 

for the no track and trigger charts), there was no statistically reliable difference between novices 

and professional participants for any one chart. This means that we cannot be confident in this 

interpretation of the interaction. See Table 6 for pairwise comparisons with a Bonferroni-Holm 

correction for multiple comparisons.  
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Table 6: Comparisons between novice and health professionalsΩ error rates for the six charts, 

arranged in order of effect size. 

Chart (novice vs. professional comparison) Observed p Critical p for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

No track and trigger numerical chart 0.078 0.008 Not significant 

No track and trigger graphical chart 0.099 0.010 Not significant 

ADDS chart with SBP table 0.153 0.013 Not significant 

ADDS chart without SBP table 0.465 0.017 Not significant 

Multiple parameter track and trigger chart 0.795 0.025 Not significant 

Single parameter track and trigger chart 0.942 0.050 Not significant 

Note. SBP = systolic blood pressure. 

 

There was no overall significant difference between the accuracy rates of doctors and nurses across 

all charts, F(1,43) = 1.00, p = 0.324, nor for any chart individually (see Table 7).  

 

Table 7: Comparisons between doctors and nursesΩ error rates for the six charts, arranged in order of 

effect size. 

Chart (doctor vs. nurse comparison) Observed p Critical p for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

No track and trigger graphical chart 0.017 0.008 Not significant 

ADDS chart with SBP table 0.187 0.010 Not significant 

No track and trigger numerical chart 0.586 0.013 Not significant 

Single parameter track and trigger chart 0.626 0.017 Not significant 

Multiple parameter track and trigger chart 0.635 0.025 Not significant 

ADDS chart without SBP table 0.663 0.050 Not significant 

Note. SBP = systolic blood pressure. 

 

3.3 Response times 

 

Overall response times (regardless of whether responses were correct or incorrect) are given in 

Figure 2. 
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Figure 2: Response times in for the six charts. Error bars are standard errors of the mean. 

 

A mixed-design analysis of variance was run with chart type as a repeated-measures independent 

variable and participant group as a between-ǎǳōƧŜŎǘǎ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΦ aŀǳŎƘƭȅΩǎ test of 

ǎǇƘŜǊƛŎƛǘȅ ƛƴŘƛŎŀǘŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜǇŀǊǘǳǊŜ ŦǊƻƳ ǎǇƘŜǊƛŎƛǘȅ ƛƴ ǘƘŜ Řŀǘŀ όaŀǳŎƘƭȅΩǎ ² Ґ лΦлсуΣ Ǉ ғ 

0.001) and so Greenhouse-Geisser estimates are reported for the degrees of freedom for all 

repeated-measures effects. 

 

There was a significant main effect of chart type on response times, F(2.056, 178.875) = 48.96, p < 

0.001. Also, there was a significant effect of participant group on response times: Health 

professionals were faster to reach a decision than novices, F(1,87) = 8.69, p = 0.004. There was also a 

significant interaction between chart type and participant group: health professionals appeared to 

be proportionally faster than novices with the no track and trigger charts compared with the 

coloured charts, F(2.056, 178.875) = 3.86, p = 0.002.  

 

Pairwise comparisons between charts were carried out separately for novices and health 

professionals using the Bonferroni-Holm method of correcting for multiple comparisons. Table 8 

gives comparisons for the novices and Table 9 is for the health professionals.  
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Table 8: Pairwise comparisons between charts for response times for the novice group, arranged in 

order of effect size. 

Comparison Observed p Critical p for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

No track and trigger numerical chart vs. ADDS 

without SBP table 

< 0.001 0.003 Significant 

No track and trigger graphical chart vs. ADDS 

without SBP table 

< 0.001 0.004 Significant 

Multiple parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.004 Significant 

No track and trigger graphical chart vs. ADDS with 

SBP table 

< 0.001 0.004 Significant 

No track and trigger numerical chart vs. ADDS with 

SBP table 

< 0.001 0.005 Significant 

Single parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.005 Significant 

No track and trigger numerical chart vs. Single 

parameter track and trigger chart 

< 0.001 0.006 Significant 

Multiple parameter track and trigger chart vs. ADDS 

with SBP table 

< 0.001 0.006 Significant 

No track and trigger graphical chart vs. Single 

parameter track and trigger chart 

< 0.001 0.007 Significant 

No track and trigger numerical chart vs. No track and 

trigger graphical chart 

0.001 0.008 Significant 

No track and trigger numerical chart vs. Multiple 

parameter track and trigger chart 

0.001 0.010 Significant 

ADDS without SBP table vs. ADDS with SBP table 0.007 0.013 Significant 

No track and trigger graphical chart vs. Multiple 

parameter track and trigger chart 

0.010 0.017 Significant 

Single parameter track and trigger chart vs. ADDS 

with SBP table 

0.010 0.025 Significant 

Single parameter track and trigger chart vs. Multiple 

parameter track and trigger chart 

0.199 0.050 Not 

significant 

Note. SBP = systolic blood pressure. 
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Table 9: Pairwise comparisons between charts for response times for the health professionals group, 

arranged in order of effect size. 

Comparison Observed p Critical p for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

No track and trigger numerical chart vs. ADDS 

without SBP table 

< 0.001 0.003 Significant 

No track and trigger numerical chart vs. ADDS with 

SBP table 

< 0.001 0.004 Significant 

Multiple parameter track and trigger chart vs. ADDS 

with SBP table 

< 0.001 0.004 Significant 

No track and trigger graphical chart vs. ADDS 

without SBP table 

< 0.001 0.004 Significant 

Multiple parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.005 Significant 

No track and trigger graphical chart vs. ADDS with 

SBP table 

< 0.001 0.005 Significant 

No track and trigger numerical chart vs. Single 

parameter track and trigger chart 

< 0.001 0.006 Significant 

Single parameter track and trigger chart vs. ADDS 

without SBP table 

< 0.001 0.006 Significant 

No track and trigger numerical chart vs. Multiple 

parameter track and trigger chart 

< 0.001 0.007 Significant 

No track and trigger numerical chart vs. No track and 

trigger graphical chart 

< 0.001 0.008 Significant 

Single parameter track and trigger chart vs. ADDS 

with SBP table 

0.001 0.010 Significant 

No track and trigger graphical chart vs. Single 

parameter track and trigger chart 

0.003 0.013 Significant 

Single parameter track and trigger chart vs. Multiple 

parameter track and trigger chart 

0.034 0.017 Not 

significant 

No track and trigger graphical chart vs. Multiple 

parameter track and trigger chart 

0.244 0.025 Not 

significant 

ADDS without SBP table vs. ADDS with SBP table 0.477 0.050 Not 

significant 

Note. SBP = systolic blood pressure. 

 

Overall, health professionals were significantly faster than novices at reaching a decision, F(1,87) = 

8.69, p = 0.004. This difference was significant for the two no track and trigger charts but not the 

coloured charts when a Bonferroni-Holm correction for multiple comparisons was applied (see Table 

10). 
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Table 10: Comparisons between novices and health professionals in response times for the six charts, 

arranged in order of effect size. 

Chart (novice vs. professional comparison) Observed p Critical p for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

No track and trigger graphical chart 0.001 0.008 Significant 

No track and trigger numerical chart 0.007 0.01 Significant 

Single parameter track and trigger chart 0.030 0.0125 Not significant 

Multiple parameter track and trigger chart 0.032 0.017 Not significant 

ADDS chart with SBP table 0.037 0.025 Not significant 

ADDS chart without SBP table 0.229 0.050 Not significant 

Note. SBP = systolic blood pressure. 

 

There was no overall significant difference between the response times of doctors and nurses across 

all charts, F(1,43) = 0.05, p = 0.824, nor for any chart individually (see Table 11).  

 

Table 11: Comparisons between doctors and nurses for response times across the six charts, 

arranged in order of effect size. 

Chart (doctor vs. nurse comparison) Observed p Critical p for 

significance 

at 5% level 

Comparison 

significant at 

5% level? 

ADDS chart with SBP table 0.951 0.008 Not significant 

ADDS chart without SBP table 0.516 0.010 Not significant 

Single parameter track and trigger chart 0.556 0.013 Not significant 

Multiple parameter track and trigger chart 0.688 0.017 Not significant 

No track and trigger graphical chart 0.272 0.025 Not significant 

No track and trigger numerical chart 0.488 0.050 Not significant 

Note. SBP = systolic blood pressure. 

 

4. Discussion  
 

Improving the recognition and management of patients who deteriorate whilst in hospital is a 

frequently cited priority for improving patient safety (1, 2). One way to improve the recognition and 

management of deteriorating patients is to improve the design of paper-based adult observation 

charts (where patient management can be potentially influenced if action plans are included on a 

chart). The aim of the current study was to compare the ability of six observation charts to signal 

patient deterioration. 

 

De-identified patient data was presented on two versions of the new ADDS chart (designed to 

conform to human factors principles), two existing ŎƘŀǊǘǎ ǊŀǘŜŘ ŀǎ άǿŜƭƭ ŘŜǎƛƎƴŜŘέΣ ƻƴŜ ŜȄƛǎǘƛƴƎ 

ŎƘŀǊǘ ǊŀǘŜŘ ŀǎ ōŜƛƴƎ ƻŦ άŀǾŜǊŀƎŜ ŘŜǎƛƎƴέΣ ŀƴŘ ƻƴŜ ŜȄƛǎǘƛƴƎ ŎƘŀǊǘ ǊŀǘŜŘ ŀǎ άǇƻƻǊƭȅ ŘŜǎƛƎƴŜŘέΦ /ƘŀǊǘ 

novices and health professionals were recruited as participants. Participants had to classify the 
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physiologicaƭ Řŀǘŀ ƻƴ ǘƘŜ ŎƘŀǊǘǎ ŀǎ άƴƻǊƳŀƭέ ƻǊ άŀōƴƻǊƳŀƭέΦ 9ǊǊƻǊ ǊŀǘŜǎ ŀƴŘ ǊŜǎǇƻƴǎŜ ǘƛƳŜs were the 

main outcomes of interest. 

 

It was hypothesized that the charts that were rated as being better designed would yield fewer 

incorrect responses. It was also hypothesized that participants would be faster to reach their 

decision for the better designed charts. Finally, we hypothesized that the new ADDS chart would 

ǇŜǊŦƻǊƳ ŀǘ ƭŜŀǎǘ ƻƴ ǘƘŜ ǎŀƳŜ ƭŜǾŜƭ ŀǎ ǘƘŜ ŎƘŀǊǘǎ ǊŀǘŜŘ ŀǎ άwell designedέΣ ƛŦ ƴƻǘ ōŜǘǘŜǊΦ  

 

The results can be summarized as follows: 

 

1. There were significant differences in both error rate and response time between the charts, 

indicating that chart design influences both of these performance measures. This is the first study to 

investigate both of these effects in novices and health professionals (a previous study by Chatterjee 

and colleagues (14) only investigated the effect of chart design on error rates among non-novice 

health professionals). 

 

2. Error rates for both the novice and health professional groups were substantial, reaching 32.6% 

for one chart (the no track and trigger numerical chart, both groups combined), where 50% errors 

indicates chance performance. This is despite participants making their judgements under test 

conditions without distractions, when they were aware that they were under scrutiny. Even the best 

performing chart (the ADDS chart with systolic blood pressure table) yielded an error rate of 9.8%. It 

is possible that under real world conditions (where individuals are faced with external pressures, 

distractions, and a lack of scrutiny) error rates for some or all of the charts could be higher. 

 

3. For the novice group, the error rates on the charts were grouped as follows: both versions of the 

ADDS chart had similar error rates to one another but yielded fewer errors than both existing 

coloured charts (the single parameter track and trigger chart and the multiple parameter track and 

trigger chart), which did not differ from one another. All of the coloured charts with track and trigger 

systems were superior to the no track and trigger charts, which did not differ from one another. This 

ordering is largely consistent with the conclusions of the heuristic analysis from Phase 1 of this 

project, which predicted that charts considered to be better designed would yield fewer errors (16). 

For the health professional group, the error rates on the charts indicated that the ADDS charts were 

superior to all four existing charts, which did not differ from one another. 

 

4. The response time data yielded more pronounced differences between the charts, with 

approximately the same rank ordering of best to worse. For novices, there were significant 

differences in response time between all the charts except the two existing coloured charts (the 

single parameter track and trigger chart and the multiple parameter track and trigger chart). The 

ADDS chart without the systolic blood pressure table yielded the fastest decisions, followed by the 

ADDS chart with the systolic blood pressure table, and the existing coloured charts. The no track and 

trigger charts took the longest to interpret, with the no track and trigger numerical chart being the 

slowest, consistent with predictions from the heuristic analysis. For the health professionals, the 

rank ordering of charts by response time was the same as for novices, although there was no 

significant difference between the two versions of the ADDS chart, between the two existing 
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coloured charts, or between the no track and trigger graphical chart and the multiple parameter 

track and trigger chart. 

 

5. There was no evidence for any difference between the novices and the health professionals in 

their ability to detect unstable vital signs, with both groups yielding the same, high error rates. 

However, the health professionals were significantly faster at reaching their decisions when 

confronted with the no track and trigger charts than were the novices. This suggests that the health 

professionals had a speed advantage when the charts did not incorporate any track and trigger 

systems (and participants were instead relying on the memorised cut-offs). It also potentially 

indicates the presence of a speed-accuracy trade-off, where it is possible that the health 

professionals might have been able to obtain lower error rates than the novices for the no track and 

trigger charts if they had taken the same amount of time over their decisions. However a further 

experiment (where viewing times are standardised) would be required to test this hypothesis. 

 

6. There was no difference between doctors and nurses in either their ability to detect unstable vital 

signs or their speed of reaching a decision. 

 

Overall, the outcomes of this study indicate that the design of patient observation charts has 

dramatic effects on both the ability of individuals to detect abnormal vital signs as well as the time 

taken to make those judgements. Given that the detection of abnormal vital signs is critical to 

patient safety, we are in the position of being able to make the strong assertion that the way that 

observation charts are designed is likely to have a substantial impact on patient safety. For 

example, the error rate for the worst performing chart was 3.31 times the error rate of the best 

performing chart. 

 

The results are broadly consistent with the results of the heuristic analysis in that the four existing 

charts in the study emerged in more or less the rank order predicted. While it is not possible to 

provide definitive statements about each of the design principles highlighted in the heuristic analysis 

because the charts vary on more than one dimension, there are a number of indicative findings that 

could be followed up in future studies. First, the coloured charts tended to outperform the no track 

and trigger charts (where the coloured charts all had track and trigger systems incorporated into the 

Ǿƛǘŀƭ ǎƛƎƴǎΩ ƎǊŀǇƘǎ while the no track and trigger charts did not). This supports the idea that coloured 

track and trigger systems are beneficial. Second, the finding that the no track and trigger graphical 

chart that outperformed the no track and trigger numerical chart in terms of decision time (if not 

error rate) is consistent with the idea that graphed data is superior to numerical. However, a series 

of additional experiments, involving charts that differ on one design feature only, would be required 

to provide more convincing evidence about the utility of each of these design principles. 

 

The results also indicated that the ADDS chart outperformed all the existing charts, even those that 

were considered to be well designed in the heuristic analysis (namely the single parameter track and 

trigger chart and the multiple parameter track and trigger chart). The single parameter track and 

trigger chart yielded 2.50 times the error rate of the ADDS chart with the systolic blood pressure 

table and the multiple parameter track and trigger chart had 2.46 times the error rate of the ADDS 

chart with the systolic blood pressure table (both groups together). This indicates that, based on the 

metrics used in the present study, the ADDS chart should be recommended as current best practice 
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(bearing in mind that this recommendation may change depending on the results from studies 

investigating other issues). 
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Appendix A: The ADDS chart with systolic blood pressure table  
Note: Chart is printed at A3 size double-sided. 
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Appendix B: The ADDS chart without systolic blood pressure table  
Note: Chart is printed at A3 size double-sided 
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