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ABSTRACT 
In this paper we present two different stances in 
analyzing systems: the Internalist and the Externalist 
approach, which tend to favour different kinds of 
modelling methods: hierarchical-systemic methods, and 
flat-ethnographic methods. We advocate that neither are 
enough for a complete analysis of a work domain in the 
view of designing effective interventions and predicting 
their effects, and that a multimethodologic approach is 
needed. To support this we present two examples of 
analyses of the anaesthesiologist’s work, adopting these 
two different approaches. 
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EXTERNALIST VS. INTERNALIST APPROACHES 
Salthe (1993) recognized two main approaches on how 
to proceed in framing a system. The first is the 
Externalist stance, which is the classical modern 
scientific approach. We observe the system as outsiders 
and assume that it’s on the same spatiotemporal scale as 
us. We consider that we are able to manipulate the 
environment so that our observations can have some 
objectivity (through statistical processing). Then, in 
order to reduce the perceived complexity of the studied 
system and to model it, we introduce hierarchies and 
interactions to those elements of the system that belong 
to the same spatiotemporal scale (Allen & Starr, 1982). 
However, there are systems in which the Externalist 
approach cannot be used satisfactorily, either because 
the system to be analyzed is too large to be observed 
this way, or because the system operates in an 
uncontrollable, complex environment. In the first case, 
for example, the system may function on a grander 
timescale –decades, centuries–, and as a result we 
cannot gather enough “moments” to make our 
observations objective (Lemke, 2000b). In the second 
case, the observer cannot manipulate or adequately 
model the environment in order to ensure a strict 
differentiation between independent and dependent 
variables. 
In such systems we are forced to use an Internalist 
stance, where the observer “knows nothing of position, 
or stage of development” (Salthe & Matsuno, 1995, p. 
333). In the Internalist stance, the observer himself is 
part of the system and recognizes that the observed 

system can be an observer too –so the act of observing 
can influence its behaviour. Theories and disciplines 
that adopt this stance include second-order cybernetics 
(Van de Vijver, 1992), autopoiesis (Maturana & Varela, 
1980), theory of structuration (Giddens, 1984), and 
cultural anthropology (Geertz, 1973). 
When approaching a system using the Externalist view, 
we do it with an ultimate goal of controlling/harnessing 
it or at least adapt to it. The observer tries to find order 
by recognizing patterns, invariants etc. The perceived 
order isn’t self-existent, but the result of an interaction 
between the observer and the system. Whether 
something exhibits signs of order or not, depends on the 
observer’s own “rhythms” (Dawkins, 1986) and 
coupling with the system; e.g. the machine’s noise 
which is annoying for most of the workers, but carries 
valuable information for the experienced operator. Since 
there is no longer an Archimedean vantage point of the 
neutral observer (Luhmann, 1995), we are lost in an 
ocean of information, which we try to interpret by 
constantly constructing observational windows. 
On the contrary, the Internalist stance abandons the 
notion of an absolute Newtonian space, favouring in its 
place a functional space or place (Lang, 1993; Spagnolli 
& Gamberini, 2005), which every organism creates for 
itself through semiotic acts (Sharov, 1999; Uexkuell, 
1982). The introduction of semiosis introduces a 
contradiction for the analyst: as analysts we desire a 
reduction of complexity and try to achieve it by using 
hierarchies. But once we include semiotic acts in our 
analysis, the hierarchies are broken, as such acts tend to 
span multiple scales (Latour, 1996): “…The very person 
we are addressing is a product of a history that goes far 
beyond the framework of our relationship. If one 
attempted to draw a spatiotemporal map of what is 
present in the interaction, and to draw up a list of 
everyone who in one form or another were present, one 
would not sketch out a well-demarcated frame, but a 
convoluted network with a multiplicity of highly diverse 
dates, places and people.” 
This turn from strictly hierarchical ecological systems to 
tangled (Hofstadter, 1979) ecosocial ones (Lemke, 
1994), requires a flat rather than a hierarchical approach 
for their modelling. In flat modelling (Lemke, 2000a) –
favoured by the Internalist stance–, process 
predominates, and the resulting representation is shaped 
by it. Flat, network modelling frees the analyst from the 



constraints imposed by an individual topology, and 
enables him to focus on the actual interactions in the 
functional space and to decompose “black boxes” as 
needed for the task at hand. 
INVESTIGATING ANAESTHESIOLOGIST’S WORK 
In order to discuss the Externalist and Internalist 
approaches as well the modelling methods favoured by 
them in the context of cognitive ergonomic research and 
interventions, we present two examples of analyses of 
the anaesthesiologist’s work. The two analyses have 
been carried out adopting the two different approaches. 
An analysis made adopting the Externalist approach  
As an example of an analysis made with an Externalist 
approach, we present an analysis of the anaesthesiology 
work domain made by Hajdukiewicz et al. (2001), using 
the Cognitive Work Analysis framework. Cognitive 
Work Analysis (Vicente, 1999) is a refinement of 
Rasmussen’s work (Rasmussen et al., 1994), and 
follows a formative approach that attempts to access the 
actual work system rather than the prescribed (the work 
system as it is represented in specifications and 
procedures) or the interpreted (the worker’s 
interpretation of the work system) (Marmaras & Pavard, 
1999). The analysis aimed to model the medical work 
domain, and focused on the structure of the patient in an 
attempt to capture the constraints that shape 
physiological behaviour (Hajdukiewicz et al., 2001).  
One notes that the data used were primarily from 
textbooks and interviews and not from field 
observations in the operation theatre. In fact the method 
tends to discourage field work, as “the nature of field 
data made it extremely difficult, if not impossible, to 
establish causal relationships from field data” (Xiao & 
Milgram, 2003). 
By using the abstraction decomposition space (ADS) as 
their modelling tool, they deduced that surgeons tend to 
work on the lower level (organs and tissues) of the 
decomposition space, while anaesthesiologists work on 
more integrated levels of decomposition (Hajdukiewicz 
et al., 1998). There were parts where the two overlap: 
these are points of potential cooperation / conflict. 
Apart from the problems of applying such formalisms in 
the medical domain (Miller, 2004), the problem with 
such representations is that they can only be used 
retrospectively as means of categorizing raw data, rather 
than as tools to facilitate any kind of prediction. 
Also, while they claim to bridge the gap between the 
physio- and psychological, in effect they ignore the 
anaesthesiologist’s practice and all effects are believed 
to stem from the physiological. 
An analysis made adopting the Internalist approach  
Method 
In contrast to the first approach we present here a 
Internalist approach used in our study of the 
anaesthesiologist’s work in view of designing a 
replacement for the anaesthesia chart (Papantoniou & 
Marmaras, 2004). To analyse the anaesthesiologist’s 

work, we used a mixture of ergonomic work analysis 
and ethnomethodology, using a flat modelling method 
to represent the domain. More specifically, we focused 
on the anaesthesiologists’ interactions with their 
environment, their mediated treatment of the patient and 
especially their use of artefacts like the anaesthesia 
chart.  
Our research was conducted between November 2002-
May 2003 and involved two public Greek hospitals and 
20 anaesthesiologists. The two hospitals specialized in 
different areas: one was an oncology hospital and the 
other a children’s hospital. Of the 20 anaesthesiologists, 
13 were senior and 7 residents. Nine of the senior 
anaesthesiologists had 15 or more years of experience. 
All the residents were past their 3 (of a total of 5) year 
of residency. All of the nurses involved were fairly 
experienced (over 10 years) except one who was on her 
first year in the anaesthesiology department.  
We conducted over 100hrs of field observation in the 
Operating Theatre (OT). The duration of the operations 
assisted ranged from 30min (tonsillectomy) to more 
than 6 hours (colectomy).  
The number of people in the theatre depended on the 
type of operation and ranged from five (a surgeon, a 
nurse, an anaesthesiologist and an anaesthesiology 
nurse) to more than ten. The anaesthesia team in the 
first hospital usually consisted of a senior 
anaesthesiologist, a resident and an anaesthesia nurse, 
while in the second it consisted of a senior 
anaesthesiologist and an anaesthesia nurse (there were 
no residents). 
The main part of the study was comprised by the field 
observations in the OT which were complimented with 
self-confrontation interviews. The researchers had 
negotiated their entry into the OT with the 
anaesthesiology department and the head nurse; the rest 
of the staff learned of our presence the moment they 
entered the OT. Sometimes we explained the aim of our 
research, but on some occasions the anaesthesiologist 
found it more appropriate to introduce the researcher as 
a doctor doing research for his PhD as she thought that 
“this man would never accept non-medical staff to be 
present during his work!”.   
We had to rely on written notes taken during the 
operation and photocopies of the completed anaesthesia 
chart. We also performed self-confrontation interviews 
with the anaesthesiologists whenever possible (usually 
shortly after the operation in the doctors’ lounge. These 
interviews differed from typical self-confrontation on 
that the actor didn’t confront his actions on video, but 
on the reconstruction made by the written notes and the 
completed anaesthesia chart. 
The anaesthesiologists objected to the idea of a video 
camera as they thought it was too obtrusive and feared it 
would cause reactions by the surgeons and nurses. 
The collected data were processed and in the following 
days there was a follow-up discussion on some of the 
incidents involved. These interviews were done either 



with each member of the team individually and a few 
times all the members of the team were present. The 
notes were transcribed into a spreadsheet and 
categorized according to actor, type of action, artefact 
involved and procedure. Through the analysis we 
discovered regularities in the team’s behaviour in the 
domain.  
Initial Framing 
To frame the anaesthesiologist’s work system we used 
the Pole A – Pole B continuum formalism. The Pole A – 
Pole B continuum (Marmaras & Nathanael, 2005; 
Nathanael et al., 2002) is a formalism intended to help 
analysts in framing a system. Pole A systems (e.g. 
power plants) are heavily constrained by physical 
invariants, leaving little room for other constituent 
elements of the system to influence behaviour. The 
people on the system are like Simon’s ant on the beach 
(Simon, 1969): their behaviour can be predicted by 
studying the physical constraints of the system. On the 
other hand, in systems attracted to Pole B (e.g. office 
settings), the system is loosely coupled (Perrow, 1999), 
leaving other aspects of the system (e.g. dynamics of 
practice) to shape its behaviour. 
After some hours of observations, we recognized that 
the studied work system can be considered to be 
attracted to Pole A. However, as the observations 
progressed we recognized some Pole B characteristics, 
especially during routine operations. More specifically, 
in our framing of the system we recognized that the 
system was in many ways tightly coupled, the reason 
being the delicate balance of the patient’s vital signs, the 
other being the tight coupling with the surgical team. 
During the operation, the pace is set by the surgical 
team, while the anaesthesiologist has a reactive function 
and tries to support the patient’s homeostasis. The 
surgeon initiates events to which the anaesthesiologist 
must react with an appropriate action, so in this sense 
one can see some similarities with a process control task 
(Xiao, 1994). Because of this and the fact that the 
system is inherently complex and has no slack, it can be 
recognized that it is attracted to Pole A, in that the 
constraint map of the system is almost entirely shaped 
by physical constraints and there is little opportunity for 
other elements of the system –e.g. practice– to emerge 
as determinants of its overall behaviour. However, 
during routine incidents, where the tolerance of the 
system is higher, the work system exhibits signs of Pole 
B, so practice emerges a determinant of the system’s 
behaviour. 
Two Episodes from Actual Practice 
We will present and discuss two episodes and some 
finding of our analysis that show aspects of the 
anaesthesiologist’s practice that would be difficult, if 
not impossible to be captured by an Externalist 
approach and modelled by a hierarchical method. 
During a colectomy –a lengthy operation– the senior 
anaesthesiologist was ready to administer muscle 
relaxant, when the nurse interrupted him: 

 
In the above incident the anaesthesia team’s mutual 
awareness (Hutchins, 1995) emerged: the nurse who at 
the time was preparing drugs for the next incident, 
noticed which drug the anaesthesiologist took from the 
tray (muscle relaxant). Because she had been observing 
the operation’s progression –although it is not part of 
her typical task–, she remembered that they had 
administered muscle relaxant five minutes ago, and so 
averted the anaesthesiologist from administering a 
dangerous double dose.  
The team’s distributed memory and the members’ 
mutual awareness create a redundancy of information 
which reduces the system’s brittleness. In fact, each 
anaesthesiologist takes breaks during the maintenance 
phase, and goes to other operating theatres to watch and 
discuss with colleagues, leaving the other 
anaesthesiologist or the anaesthesia nurse in charge. The 
team’s distributed memory and the members’ mutual 
awareness create a redundancy of information which 
reduces the system’s brittleness during critical incidents. 
This incident also shows that when Pole A systems are 
not in a crisis, there is an opportunity for the softer 
elements of the system (Checkland, 1981) to influence 
behaviour, as the nurse’s attempt to cover the 
anaesthesiologist’s slip shows. Such behaviour is not 
uncommon and has been observed in other medical 
settings too (Hughes, 1988). In another similar incident, 
which happened during a crisis –where the system has 
no slack and its behaviour is typical of Pole A–, the 
nurse just corrected the anaesthesiologist –there was, as 
another anaesthesiologist commented, “no time for 
niceties”.  
Cooperation between surgeon and anaesthesiologist is 
essential for the successful functioning of the system. 
Surgeon and anaesthesiologist work as a team rather 
than two independent actors, because they act on the 
same object. This has positive results –mutual 
awareness between the two teams–, but can also lead to 
conflicts.  
In many cases the anaesthesiologist knows beforehand, 
or is informed by the surgeon, that in a particular point 
of the operation the surgical team will cause a major 
change in the patient’s physiological characteristics 
(pulse drop, blood loss etc.). As an example, during a 
caesium therapy, the anaesthesiologist knows that the 
administration causes a minor bradycardia and because 
of this he has an atropine injection ready and observes 
the monitor readings closely. As soon as there is a drop 
in the patient’s pulse, he administers atropine.  

Anaesth.: (is ready to administer muscle relaxant) 
Nurse: -This syringe is faulty!! 
Nurse: (takes the anaesthesiologist a bit farther from the 
surgeon) 
Nurse (silently) -We administered 5 minutes ago!  



In another incident the anaesthesiologist negotiated with 
the surgeon the pace of the procedure so that he would 
be able to perform better. 

Anaesth: -How long do you think it will last? 
Surgeon: -Uhmmm... 1-1.5 hour... 
Anaesth: -Yes. In the first 15-20min SLOW, so that I 
will be able to gather the blood…  
Surgeon: -You don’t want me to step on it… OK 

 
But even in such systems, where the higher level object 
is common –the well-being of the patient– the lower 
level objects differ: the doctor is concerned with 
repairing the damage at a structural level, while the 
anaesthesiologist is concerned with the patient’s 
homeostasis. This may lead to negotiations as above, or 
to conflict, when the surgeon feels the anaesthesiologist 
is obstructing the task at hand, or when the 
anaesthesiologist perceives the surgeon’s actions as 
dangerous for the patient. 
DISCUSSION 
The episodes above show some aspects of practice that 
definitely shape the system’s behaviour, and have been 
captured adopting an Internalist approach and using a 
flat modelling, permitting to easily alter the shaping of 
the system as a Pole A or Pole B system, according to 
the observed behaviours. These are aspects that can 
directly influence design: e.g. the first episode shows 
that knowledge of the procedure doesn’t lie exclusively 
in the mind of the anaesthesiologist, but rather is 
distributed between team members and artefacts. 
Furthermore, analyzing such a system using an 
Externalist approach may lead to solving the wrong 
problem. For example, in our analysis of the 
anaesthesiologist practice in order to improve the 
anaesthesia chart (Papantoniou & Marmaras, 2004), we 
discovered through field observations and informal 
communication with the staff, that besides its intended 
use as a memory aid to the anaesthesiologist, the chart 
has powerful hidden being as a legal document. This 
fact affected current practice more than any of the 
structural aspects of the domain, and it is not something 
that could be discovered by using a hierarchical 
methodology. First, there is a predominance of the 
chart’s legal status over its intended use. Ignoring this 
fact could lead to designing an artefact, that would not 
be used in the workplace regardless of its functionality 
or usability. Externalist approaches favour early 
modelling, which constrains the analysts’ view, while 
Internalist methods encourage work with raw data for as 
long as possible, providing him with the chance to use 
other modelling tools as well. 
On the other hand, hierarchical analyses –favoured by 
Externalist approaches– are easier to communicate to 
designers, as they can be directly mapped to functional 
specifications (Yourdon & Constantine, 1979), while 
using flatter approaches it is very difficult to suggest 
recommendations on the level needed by designers 

(Nathanael et al., 2002). Such approaches have been 
criticized that they cannot lead to new designs and that 
their main value lies in checking how the new system 
might disrupt current working practices. Similar critique 
has been raised against approaches like distributed 
cognition (Rogers & Ellis, 1994) and activity theory 
(Nardi, 1996).  
We advocate that in order to draw near an accurate 
analysis of the system, a multimethodological (Mingers 
& Brocklesby, 1996) approach is needed. This is a 
pragmatic approach where theories can be viewed as 
tools (Marmaras & Nathanael, 2005) or lenses, where 
each theory enables the analyst to focus on specific 
aspects of the system, while obscuring others, creating 
in effect a new functional space in which the analyst 
operates. 
The problem with such an approach is that it can be said 
to be an eclectic assortment of methodologies, which 
are based in incommensurable paradigms (Mingers & 
Brocklesby, 1996); i.e. the empirical-positivist 
(externalist) and the hermeneutic (internalist): the first 
favouring the primacy of structure (work domain) as a 
constituent of work practice (Rasmussen et al., 1994), 
while the other focuses on flows of actions created by 
the community of practice. We advocate that despite the 
difficulties such an approach entails, it is necessary if 
we are to draw near the reality of the work system. A 
first step is to recognize the characteristics of both the 
methods and the domain (Nathanael et al., 2002), as 
well as the goal of the analyst so that he will chose the 
appropriate “mix” for the task at hand. 
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