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Field studies have frequently been advocated as a means for
understanding cognitive activities in naturalistic settings. However, there
are several fundamental obstacles that one has to overcome to conduct a
field study. This paper discusses two of these obstacles in the context of
studying problem solving in complex environments: defining goals of a
field study and justifying methods used in data analysis. Based on our
experience from a recently finished field study, we outline a framework for
understanding the nature of field studies and suggest a specific approach
to data analysis. We argue that the goal of field studies should not be
limited to hypothesis testing, and that the process of data analysis in field
studies can be viewed as an inductive abstraction process. Our field study
is used to illustrate the abstraction approach to data analysis and how the
obstacles in field studies were dealt with. Through these discussions, we
encourage researchers to engage in more field studies. Key words: Field
Study Methodology, Cognitive Engineering, Anesthesiology, and Data
Abstraction

Introduction

Studies of problem solving in naturalistic settings have been called for by many
researchers (e.g., Klein, Orasanu, Calderwood, & Zsambok, 1993; Moray, 1992; Sheridan
& Hennessy, 1984). It is believed that such studies could examine how people solve
problems and make decisions in real work environments. Indeed, studies over the past
several decades have accumulated evidence (e.g., Amalberti & Deblon, 1992,
Rasmussen, 1976; Xiao, Milgram, & Doyle, 1993) that should direct further research
attention to studies in work environments, to examine how various factors interplay in
operational settings.

As important as are studies of human cognition in naturalistic settings, a number
of obstacles confront researchers. Some of the obvious ones include the length of the time
it typically takes to get oneself acquainted with a domain (the domain “barrier”), and the
lack of control over the types of behavior to be observed and over the data to be collected
(“messiness” in data). More fundamental obstacles, however, include those that are
methodologically flavored, such as the difficulties in defining the goals or “final
products” of a naturalistic study and in justifying the data analysis methods used relative
to the types of data expected in such a study. These methodological difficulties create
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probably the most formidable obstacles to those who are about to embark on a naturalistic
study of human problem solving.

In this paper, we address these two questions in the context of conducting field
studies in complex work domains. Our central thesis is that the process of a field study
can be viewed as abstraction from field data to general statements or hypotheses about
observed behavioral patterns. A recently finished field study on problem solving (Xiao,
1994, see also an overview in Xiao, Milgram, & Doyle, 1993, in press) is used as a
general reference. (The field study was conducted in the domain of anesthesiology.) In
the present paper we outline some of the rationales for establishing research goals for
field studies and the nature of data analysis. Our intention here is to encourage more
people to initiate field studies and thereby to expedite the maturation of the methodology
of field studies.

The characteristics of field data and the goals of field studies

Complex systems often involve the assumption that the actors are well
experienced and much of their roles in the system are cognitively defined (e.g., decision
making and problem solving; see Sheridan & Hennessy, 1984). Much of our interest is in
their covert behavior (i.e., activities not directly observable). Furthermore, the actors are
likely to be governed principally by the high level goals of the system and thus they have
large freedom of choice of strategies for achieving those goals (Moray, Lootsteen, &
Pajek, 1986). These factors contribute to the difficulties in obtaining behavioral data and
in analyzing them, even in laboratory settings. Under field conditions, one’s abilities to
sample behavior and obtain direct and indirect behavioral data (such as verbal protocols)
are further constrained. Inevitably, the data collection process under field conditions must
be opportunistic, rather than systematic.

In addition, the subjects’ behaviors will likely be composed of several threads of
activities. When observed over time, the number and the contents of these threads may
change. Thus the researcher has to be able to “parse” the behavioral stream and find
proper levels of analysis (see also the discussion on activity analysis in Rasmussen,
Pejtersen, & Goodstein, 1994).

In our field study of anesthesiologists, we found that the nature of field data made
it extremely difficult, if not impossible, to establish causal relationships from field data.
Studying correlational relationships became unrealistic also due to the large variation of
activities from one case to another. In fact, at the beginning of the field study, it took a
considerable amount of effort simply to decide which aspects of our subjects’ behavior to
investigate, let alone to formulate hypotheses for testing. What we ultimately chose as the
research goals was (cf. Woods, 1993) to “discover,” or somehow formally characterize,
the strategies and patterns of activities observed in the field (as opposed to hypothesis
testing or theory validation).

The success of a field study depends on how it fulfills its ultimate objectives, even
though its immediate goals may not be hypothesis testing and theory and principle
validation. In many field studies, the goal should lie beyond making and supporting
statements, which are pertinent only to the specific domain of the field study. The
findings from a field study should reveal, in non-domain-language terms, the
characteristics of the human cognitive system, rather than the specific responses made to
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particular situations in the studied domains. This requirement translates into the demands
on the field investigator in two areas. One the one hand, the researcher has to be domain-
literate, so that he or she can understand the significance of events and activities in their
domain context (cf. Hutchins, 1980). On the other hand, the researcher has to be sensitive
to the cognitive processes underlying the observed activities, so that he or she will be able
to put forward hypotheses that will have bearings on such factors as knowledge
requirements, workload, generic strategies, cognitive bottlenecks and the need for
cognitive support.

It is certainly an extremely daunting task for an investigator to proceed at the
beginning of a field study, while potentially knowing little about the domain to be studied
and without, at the same time, clearly defined, specific research questions. We found that
it was useful to think of the process of field study as an understanding process, both about
the domain and about the cognitive activities under study. This process can be viewed as
a cyclic one, as experienced in our field study (Xiao, 1994) and depicted in Figure 1
(which is reminiscent of Neisser’s 1976 perceptual cycle). The field study process, like
Neisser’s perceptual cycle, can be viewed as an iterative process of (i) forming
hypotheses of behavioral patterns, (ii) making predictions, and (iii) verifying those
predictions, all in an overlapping manner. The findings are essentially the results of the
final iteration.

Although field studies may carry the intonation of direct observation, one has to
rely on a variety of data sources to establish hypotheses and guide one’s observations, as
well as one’s interpretation of observed data. In our study, informal conversations with
practitioners and chatting among practitioners in coffee lounges were found to be
extremely helpful in appreciating the observed activities, from an “insider’s” point of
view (Figure 1).

Figure 1: Conceptual cycle of field studies, after Neisser’s (1976, p. 21) perceptual
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Abstraction and interpretation as the central effort of data analysis

Field data, as discussed above, will likely be unsystematic and opportunistic.
Many factors shape the data that one collects. At a superficial level, the data collected
depend on the process of verbalization by the subject (the person under observation), the
technique of interviewing, the recording tools used, etc. At a deeper level, the type of the
case the subject happens to be working on determines directly the kinds of problems the
subject will have to solve.

One general approach, which was adopted in our field study, was viewing the
process of data analysis as a series of inductive abstractions. This approach was first
advocated by Hollnagel, Pedersen, and Rasmussen (1981). They characterized data from
field and other types of studies as performance fragments, “in the sense that they do not
provide a coherent description of the performance, but rather the necessary building
blocks or fragments for such a description” (p. 10). The basic idea of the approach is to
abstract the raw data, to remove context specifics and to identify strategies, performance
criteria, etc. used by practitioners.

In our field study, for example, the coding of protocol data was treated partly as
an actual step in the abstraction process. The ultimate objectives of the coding were no
longer a computational model, but a representation of practitioners’ strategies that could
be useful for formulating training programs and for guiding designs. In carrying out the
protocol analysis in our field study, special attention was paid to those aspects in
behavior that were case-independent, and to presenting findings in ways that enabled the
results to be widely applicable. This approach to protocol analysis is in contrast with
traditional approaches, which take protocol analysis as a means of acquiring
specifications and take the process of protocol analysis as a series of operations that
specify the mental activities in ever finer detail (e.g., Carroll & Johnson, 1990; Ericsson
& Simon, 1984).

One concern over the abstraction process described here is the reliability of the
process. The more abstractly the findings are represented, the more likely the findings
will be relevant to domains other than the one under study, and thus potentially the
greater the value of the field study. However, the abstraction process is essentially
inductive, and different ways of providing supports to the abstraction process have to be
used. One way, which has been used in several studies (e.g., Hollnagel et al., 1981;
Moray, Sanderson, & Vicente, 1992), including ours, is to conduct different types of
studies. Another way is to use the findings (i.e., the final product of the abstraction
process) to re-interpret the field data, to find examples to substantiate the findings, and
possibly to modify and enrich the findings in the process. Figure 2 is a framework
adapted from Hollnagel et al. (1981), which was used in our field study.
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Figure 2: The nature of data analysis in field studies

Properties of data analysis) Requirement of data analysis Questions to be answered
Contents of Goals of the field study How were the observed activities
cognitive and erizad)
psychological _ g ‘

Aconcepts = Framework of analysis What aspects of the proposed
- . framework are illustrated?
S : ;
< kel 3 Representational constructs
s goals 2 S - Which category is the activity?
S 5 | Training in cognition . -
2 = ) ) . What is the association of events,
= Experience in analyzing mental states, and activities?
V protocols
Directness
to sense data Ex erience in ObSCTVng What was the situation?
& . in the target field What was done?
ontents mn 9
- leeos ‘ What happened?
language Domain knowledge

Interpretation

In our study, we also found that it was helpful to establish the explicit linkage
between field data and findings through several levels of abstraction. Table 1 is a
summary of the findings of our field study on problem solving strategies in the domain of
anesthesiology. At the bottom level, the findings are represented by domain strategies (or
“performance fragments,” as defined by Hollnagel et al., 1981, p. 10). Findings
represented at this level can be detected directly in the data collected from the field. In
turn, these findings are difficult to generalize to domains outside anesthesiology, as they
do not reveal the underlying cognitive activities. After removing the domain context and
adding in cognitive descriptions, the domain strategies can be represented by specific
strategies at the middle level. These strategies are no longer context specific, and thus
cannot be verified directly by empirical data. Instead, they can be “illuminated” by
examples in the empirical data. However, findings represented at this level have wide
implications in terms of design and training. At the top level, specific strategies can be
synthesized into a single generic strategy, which attempts to represent a fundamental
characteristic in the interaction between proficient workers and complex, dynamic task
environments. The generic strategy can direct the search for other kinds of specific
strategies.
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Table 1: Findings represented at different levels of abstraction.
Conclusion

Field studies differ from laboratory studies in a number of important and
fundamental aspects. It is these differences that not only warrant both types of studies,
but also call for different ways of conducting and evaluating each. The well-established
experimental study paradigm can become a limit on what types of data that one can use in
the analysis.

To fully exploit the advantages of field studies, it would be profitable to set one’s
goal as the discovery of underlying cognitive strategies that are used by practitioners.
This process could be assisted by the abstraction approach, which takes the field data as
fragments of performance and aims at generic strategies that are case- or even domain-
independent. This approach not only allows flexibility in terms of data collection and
analysis, it could also make the process of field study more tractable.
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