Mismatched concepts in a neonatal intensive care unit (NICU): further issues for computer decision support?
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Abstract
Background

Common concepts and definitions are important for the effective practice of medicine. In an intensive care unit clear understanding of terminology and communication between different staff groups may be critical for optimal care. If computerised decision support tools are to be successfully deployed in these high intensity environments, all staff must understand the concepts and information that is to be portrayed.  

Objective

To examine the similarity of language and concepts related to newborn infants and their care in staff groups with different experience.

Methods

An experimental study in a tertiary regional neonatal intensive care unit involved 32 staff in 4 groups with varying experience (junior and senior / nurses and doctors). A psychologist developed a lexicon of clinical actions and a second lexicon of possible patient descriptors applicable to newborn infants receiving all degrees of neonatal care by conducting interviews with staff on the unit. Card sorting experiments were performed on the terms in the action and descriptor lexicons, the staff being asked to group words that were related to the same or similar concepts. The card sort data were analysed using conventional cluster analysis to produce tree-diagrams or dendrograms and then by distance matrix analysis to give cumulative probability plots.
Results

Differences were shown in the way various classes of staff and staff with different experience mentally map clinical concepts. Clinical actions were grouped more randomly by nurses and by those with less experience with a polarisation between senior doctors and junior nurses. Descriptors were classed more definitively and similarly by junior and senior nurses and senior doctors but more randomly and quite differently by junior doctors. Thus there were differences seen between nurses and doctors with different roles within the unit and differences related to experience.
Conclusions

Concepts are used differently by various staff groups in a neonatal unit: this may have an impact on the effectiveness of computerised decision aids unless it is taken into account during their development.
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Background 

Critical incidents in medicine are common (1) and are frequently related to poor communication (2). Such incidents are most common in intensive care areas (3) where a variety of staff care for the patients, the dataset is large and the data density high. Effective and accurate communication in an ICU is fundamental for optimal patient management. It requires data, knowledge of how to interpret that data using appropriate and accepted concepts, and a common use and understanding of language between the communicators. 

We have shown that staff vary in their ability to interpret data on the physiological monitors  – an important and sometimes rapidly changing data set in an ICU (4-6) QUOTE "" 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CPROF1\03\00\044429(Alberdi, Gilhooley, et al. 2000 4429 /id\00(\00 
. Although this could be assumed to be ignorance on the part of certain staff members (7) or groups, it could also be that different training and expertise lead to different demands from the supporting equipment or different ways of looking at problems in this critical medical environment. If different staff groups intrinsically need different data or data evaluations, this would have important implications for the development of computerised decision support tools. At the moment these tools are usually developed by the most senior medical staff and they may not address the needs and concepts of the staff group who will be at the front line both managing the patient and coping with the decision support tool.

Language may also be a problem in any medical area. The term “anaemia” may be used medically to mean a low haemoglobin or alternatively to describe a baby who has a pale complexion. In our NICU, although we speak in English, local words (dialect) may be used that are not understood by all staff eg a “peely-wally” baby (Scottish dialect) is a pale baby – which similarly might refer to anaemia or to a baby with a pale skin complexion. This problem would be magnified if staff used several different languages on a unit. While language usually reflects the national and cultural upbringing, the understanding of concepts in an ICU is dependent on the knowledge base of each individual and also on the perspective, experience and role of the member of staff.  

This project was developed to assess how nursing and medical staff use language and concepts in a neonatal unit. We hypothesized that within any staff group there would be different degrees of knowledge and experience which would result in different needs. Words and concepts might be used differently because of these differences.

There were two phases.

1. The first was to develop a lexicon of words of all the possible actions that staff might take on the unit and a second lexicon of words that described the appearance and behaviour of the patients (‘descriptors’); these were babies in varying conditions, some very preterm and critically ill.

2. The second phase was to explore the way clinical staff mentally organise the terms into concepts by examining how the words in the lexicon were associated with each other using card sorting experiments and clustering algorithms. 

If different groups of staff have different knowledge bases and different concepts, decision support tools should take account of these differences to support optimal action.

Methods
NICU staff were classified as senior nurses, senior doctors, junior nurses and junior doctors. The nurses were categorised as senior or junior depending on their years working in a neonatal unit. The medical staff were categorised by their experience working in a neonatal unit. 
A research psychologist interviewed each member of staff. The interviews were conducted in private and were aimed at obtaining all possible terms that might be used within the unit. In this way we developed a complete lexicon of terms used by clinical staff during clinical practice.  The lexicon had two areas; one of “actions” which staff on the unit might take and one of “descriptors” regarding every feature or asset of the baby e.g. bowels (and urine), size (including shape and weight, crying (and facial expression), skin (including colour), feeding, sleep (and demeanour) and movement.

If a term was used by only a single staff member it was discarded.  A senior member of nursing and medical staff then filtered the terms for synonyms, the best in their judgement and usually the most common synonym being retained. Each remaining action term and each remaining descriptor term formed the final working lexicon of actions or descriptors respectively. Some months later card sorting experiments were performed. Each term was put on a separate card, and each staff member was asked to sort the cards (terms) into groups that they would consider naturally fell together. These primary groupings were then themselves grouped further to secondary groups and so on until all the cards of an action lexicon or a descriptor lexicon were in a single pile (figure 1).

This result of this hierarchical sorting for the actions and descriptor lexicons for each staff member was a graphical representation of the relationships between how terms are bound up with concepts for that staff member.

We used a free software package called EZCal (8) to do the initial hierarchical agglomerative cluster analysis of the card-sort data. EZcalc was designed to be used with its companion software, EZSort. This cluster analysis calculates the strength (distance) of the perceived relationships between card pairs, and displays the relationship graphically in tree-diagrams (dendrograms).

Dendrograms generated by cluster analysis of card-sort data are often very complex and difficult to interpret. Even though, a visual analysis of tree-diagrams may possibly provide useful insight into how a group of individuals mentally organises concepts, it is tedious and does not provide a quantitative measure of the complexity or order implicit in the dendrogram, particularly when we are comparing different groups of people. 

Using additional software developed in house we carried out further analysis of the card-sort data. This software produced distance matrices, which quantified how often all the possible pairs of cards were grouped together by a group of subjects. Based on the distance matrices further graphical and analytical measures were produced. The technical details about the development of this software programme are published elsewhere (9) but the program provides a simple graphical summary, and a quantitative measure of the difference in the information carried by various dendrograms that are being compared i.e. those of the different staff groups,  to form cumulative probability graphs.

Results

Eight staff members in each of 4 groups (defined by their training and their experience) were involved in developing the “actions” and “descriptor” lexicons. Approximately 9 months later card sorting experiments were carried out by staff in 4 similar groups. There was some overlap between the groups that developed the lexicons and performed the card sort experiments. 8 senior nurses (median[range] of time working on a neonatal unit = 12[6-20] years), 8 junior nurses (median[range] of time working on a neonatal unit = 2[1-3] years), 8  senior doctors (median[range] = 6[4-25] years neonatal experience),  and 8  junior doctors (median[range] = 9[0-24] months neonatal experience). 

When developing the “action” lexicon, senior nurses gave 134 separate terms, junior nurses 99, senior doctors 75 and junior doctors 108 – a total of 416, but by eradicating duplicates between groups this was reduced to 193 different actions. Similarly when developing the “descriptor” lexicon, senior nurses gave 520 separate terms, junior nurses 258, senior doctors 461 and junior doctors 358 – a total of 1796, which was reduced to 520 by eradicating duplicates.  The discarding of terms used by only a single individual and the amalgamation of the synonyms reduced the total number of different actions to 51 and the total number of different descriptors to 166. 

Each staff member produced two tree sorts, one for the actions and one for the descriptors. Each staff group therefore produced two summary clusters, one for the actions and one for the descriptors. The “action” dendrogram for senior doctors is shown in figure 2 and that for junior nurses in figure 3. It is clear that they are very different.

It is clear from the dendrograms [all 8 have been submitted to editors and reviewers, and are available to readers on request] that the various groups of staff within the NICU categorise and thus interpret data differently. The grouping of data appeared to be associated with particular professional practice. For example the actions related to artificial ventilation were, in general, grouped in the same way for senior and junior nurses and included management of the humidifier (the gas supply to the ventilator is always humidified); senior doctors had a similar artificial ventilation group but omitted humidifier management which was grouped with issues of equipment safety. Like senior doctors, junior doctors similarly clustered actions related to artificial ventilation but in their minds, humidifier management and equipment safety were associated with routine nursing care. Another obvious example was that junior nurses did not group “Biophysical Observation”- the data on the physiological monitors - with “Observe Baby” (whereas the other three staff groups (SN, JN, SD) grouped these closely together). This may imply that, as a group, they are not helped much by the monitors and that there may be a need not only for ’attention getting’ mechanisms but also interpretation when important biophysical thresholds or trends are defined on the monitors.

These variations in representation may correspond to differences in knowledge and/or professional role and responsibilities. The difference in structure of the dendrograms across the different staff groups were most extreme between junior nurses and senior doctors. The senior doctors show a much richer structure with more groups (more discerning) than is evident for the junior nurses, who formed large groupings with little discernment. 

The graph below (Figure 4) is produced from the software we developed (9) and shows the link between how close or how distant pairs of actions are to one another and how often that particular distance occurs. Distance is determined by how frequently a particular pair of actions are put together in the same card pile by the subjects in each group. For example, at the extreme bottom left of the graph, the distance between pairs of actions is very small – that is, the first plotted value on the x axis is around 0.04. This would represent actions that were put together in the same card pile by nearly all of the volunteers in a particular group of staff. Given that these particular actions were put together in the same pile by everybody, then the ‘distance’ between those items is zero. From Figure 3, an example of this kind of pair of items might be  ‘containment’ and ‘comfort, which seem to have been put in the same card pile by all of the junior nurses, giving a ‘distance’ of 0.0. Moving along the x axis of the graph, the ‘distance’ between pairs of actions gets larger, meaning that fewer volunteers put those actions together. So, for example, in Figure 3, ‘feeding’ and ‘comfort’ have a ‘distance’ of about 0.27, meaning that a majority of junior nurses put these two in the same pile of cards, but some of the junior nurses allocated each of these two actions to two different piles of cards.  However, the graph does not show precisely which pairs of actions are represented at different parts of the graph –this can only be gleaned from looking at the dendrograms themselves.

The y axis of the graph (Figure 4) shows the cumulative frequency of particular distances occurring in the distance matrix of the card sorts. So, note that the value on the y axis for the ‘low distance’ pairs is very small – perhaps just 0.01 – suggesting that there may only be one or two pairs of actions that are put in the same card pile by almost all of the volunteers in each group. Moving up the y axis, the cumulative frequency (or probability) increases. So, for example, distances between 0.0 and 0.7, account for about 30% of all possible pairs of actions for all groups. Distances between 0.0 and 0.9 account for about 55% of all possible pairs of actions. This means broadly that around 45% of the possible pairs for each group have distances greater than 0.9. That is, just under half of all possible pairs of actions show no consistency in pairing across members of each group of staff. 

The closer each line on the graph is to the straight diagonal, then the less consistent are the responses across members of a staff group. If any of the groups shown in the graph had data lying along the straight diagonal, this would suggest that there was no agreement among members of the group as to how the cards should be sorted, and they would do equally well if they all sorted the cards without looking at them. In Figure 4, the junior nurses have the ‘highest’ line and are closest to the straight diagonal, while the senior doctors have a line that is further away from the diagonal. This means that the senior doctors are much more consistent in how they sort the action cards than are the junior nurses. However, all groups are well below the diagonal, showing some degree of agreement in the way they organise their knowledge of the set of actions that they were asked to sort.

Finally, note that each line on the graph in Figure 4 refers to a different group of staff, and the ‘close’ pairs of actions for junior nurses may not be the same as the ‘close’ pairs of actions for senior doctors. For example, from Figure 2, the majority of the senior doctors put ‘biophysical observation’ in the same card pile as ‘observe  baby’, giving a ‘close’ distance of about 0.13. However only a minority of junior nurses put these two actions together in the same pile, giving a larger distance of about 0.44

Figure 5 compares the descriptors. 3 staff groups (senior nurses, senior doctors, and junior nurses) all have remarkably similar curves with junior doctors being markedly different.

Discussion

Intensive care units manage seriously ill patients often with multi-organ problems. The condition of such patients may change rapidly. Very large numbers of items are potentially available on patients in an ICU environment, and the frequency of data (temporal density) can be high - more parameters are measured and they are measured more frequently than in other medical areas. Data overload is common as it is in other critical fields (10-16) QUOTE "" 
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. It has been shown that just displaying these data in their raw form does not of itself lead to improved patient care (7) – staff have difficulty with data discrimination (10;17) QUOTE "" 
. Thus decision aids would be both logical and useful. The development of decision support requires clinical knowledge of the domain and the types of problems that arise within it. The enthusiasts for decision support tools are generally senior medical staff, and even though there is now a range of such tools available and an expressed belief in their efficacy (18), they are not common in clinical practice. 

Neonatal unit staff have to be knowledgeable about diagnoses, complications and effective management of their patients, but doctors, nurses and others have quite variable experience and training. Doctors are trained much more on the diagnostic and therapeutic elements of medicine. Nurses anticipate well known problems and manage these as they arise. In this way they work as a team supporting each other for overall best patient management.  At the end of each shift data/information needs to be communicated to the next group of carers. Some will be of the same staff type, but information should also be disseminated between different staff groups. 

We have previously shown that staff vary in their ability to interpret data on the physiological monitors  – an important and sometimes rapidly changing data set in an ICU (4-6) QUOTE "" 
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. We initially assumed this was ignorance on the part of certain staff members (7) or groups, or related to poor data discrimination or data overload. This work shows that it might also or alternatively relate to the different training and expertise of different staff groups in our NICU which may lead to different ways of looking at problems in this critical medical environment. The understanding of important concepts seems to be dependent not only on the knowledge base of each individual but also on their perspective, experience and role within the unit.  One implication of our results is that different staff groups may have different needs from a decision support tool on a neonatal ICU. We have previously shown that the different staff groups have differing abilities at interpreting trended physiological information (5). This is not surprising as nurses and doctors are educated very differently. Reliance for data interpretation falls heavily on nursing staff who are constantly at the bedside in an ICU, usually with a patient nurse ratio of  near 1:1

We would suggest that the development of decision support tools, particularly in an IC environment requires an understanding of the cognitive background of the staff that will use the support.  It is crucial that the language and concepts are identical in the group developing and using the tool.  It is dangerous if systems are developed by a designer whose concepts, knowledge and experience base will be different from the front line staff who are to use them. 
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Legends to figures

1. Card Sorting Procedure

2.  “Actions Dendrogram” for Senior Doctors

3.  “Action Dendrogram” for Junior Nurses

4.   Plot of the cumulative probability that any “Actions” card pair are separated – a comparison across staff groups. JN=junior nurses,  SN=senior nurses, JD=junior doctors and SD= senior doctors.
5.  Plot of the cumulative probability that any “Descriptor” card pair are separated – a comparison across staff groups. JN=junior nurses,  SN=senior nurses, JD=junior doctors and SD= senior doctors.
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