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The goal of this special issue is to promote a better and more critical 
understanding of the use of observational methods in human-computer 
interaction (HCI). We have coined the term exploratory sequential data 
analysis (ESDA) to refer collectively to the many techniques that already 
exist in the behavioral and social sciences for handling observational data 
and for performing sequential analyses. Borrowing for a moment from our 
article in this special issue, we define ESDA as: 

any empirical undertaking seeking to analyze systems, environmental, and/or 
behavioral data (usually recorded) in which the sequential integrity of events 
has been preserved. The analysis of such data (a) represents a uest for their 
meaning in relation to some research or design question, qb) is guided 
methodologically by one or more traditions of practice, and (c) is approached 
(at least at the outset) in an exploratory mode. (Sanderson & Fisher, 1994) 

ESDA techniques include task analysis, protocol analysis, process trac- 
ing, conversation analysis, interaction analysis, "video analysis," certain 

We extend our special thanks to Gary M. Olson and Lucy Suchman, the HCI 
Editorial Advisors for this special issue, for their valuable help. They have brought 
two contrasting orientations to the task that reflect the breadth we must capture 
when discussing exploratory sequential data analysis. 
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kinds of statistical sequential data analysis, and many others. These tech- 
niques may be formal or informal, may be qualitative or quantitative, and 
may have developed under widely different theoretical rubrics, but they 
are all used to explore data in which information about how events happen 
over time is preserved because it is of critical interest. ESDA techniques 
are used routinely to address the inherently complex interactional issues 
presented in HCI, whether in the context of research or design. 

Despite the existence of many different ESDA techniques, there is little 
help available to assist investigators in choosing, applying, and evaluating 
the results of any one of them, and there is even less help available for 
combining approaches and avoiding conceptual and methodological 
traps. Even though ESDA techniques can provide valuable and novel 
insights, they can be extremely time-consuming and-when done well- 
conceptually complex, which makes researchers and practitioners wary of 
using them. Such problems cannot be solved outright with better technol- 
ogy or better software-they must be solved conceptually first. In this 
special issue, our objectives are to address some of these difficult issues, to 
work toward an understanding of their implications in light of the diverse 
theoretical legacies that underlie ESDA, and to present examples of suc- 
cessful practical applications of ESDA in HCI. 

These efforts began at an ESDA workshop at the Computer-Human 
Interaction (CHI) '92 conference in Monterey, California. We assembled 
22 HCI researchers and practitioners with widely different disciplinary and 
professional backgrounds, and together we sought connections between the 
various ways that ESDA is currently used in HCI.' We followed this 
issue-oriented workshop with a workshop at the Human Factors and Ergo- 
nomics Society (HFES) conference in Seattle in 1993; HFES guest pre- 
senters (anthropologist Gitti Jordan, cognitive engineer Dave Woods) 
facilitated a move toward solid examples of ESDA in practice and discus- 
sion of how conceptual and methodological problems might be resolved. 

This special issue reflects the conceptualization of ESDA introduced 
and refined at these workshops. The first article synthesizes the theoretical 
and methodological issues of ESDA. The next four articles provide practi- 
cal examples of ESDA being used to address HCI issues from behavioral, 
cognitive, and social points of view. 

In the first article, Sanderson and Fisher offer a conceptual framework 
and the beginnings of a vocabulary with which to consider ESDA as a 
family of methodologies. In it, we examine the three observational and 

1. For details of the workshop themes and a list of parhcipants, see Fisher and 
Sanderson (1993). Position papers from the CHI '92 workshop can be obtained 
from EPRL Technical Services, Department of Mechanical and Industrial Engi- 
neering, University of Illinois at Urbana-Champaign, 1206 West Green Street, 
Urbana, IL 61801. Copies of overheads and articles distributed from the 1993 
HFES workshop can be obtained from the Human Factors and Ergonomics 
Society, P.O. Box 1369, Santa Monica, CA 90406-1369. 
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analytic approaches or traditions-behavioral, social, and cognitive-that 
have contributed many characteristic ESDA techniques to HCI as well as 
to other fields of investigation. We describe ways in which ESDA tech- 
niques contribute to HCI research-in particular, how they influence the 
choice of questions that are asked, the data that are collected, and the form 
of acceptable conclusions that are drawn. Also, we note common traps 
inherent in the use of techniques from each of the traditions, and, using the 
framework developed in the article, we describe ways to avoid the traps 
and to combine techniques when addressing difficult HCI issues. 

The second article, by Vortac, Edwards, and Manning, provides our 
first example of ESDA in practice. Vortac et al. approach their task-iden- 
tifying and characterizing aspects of air traffic controllers' tasks that are 
amenable to automation-from a behavioral perspective. Their statistically 
sophisticated approach to observational data analysis, using the Pathfinder 
algorithm, focuses on finding tightly linked subsequences, or modules, of 
interactional behavior. Vortac et al. argue that effective transfer of skill to 
new technology can be supported by preserving functionally significant 
modules of interaction. 

In the third article, Ritter and Larkin provide an example of the 
cognitive tradition of ESDA. They argue that, although process modeling 
is an important technique in the HCI arsenal, it is only tractable, and thus 
effective, when supported by well-defined methodologies and powerful 
software tools. Ritter and Larkin describe trace-based protocol analysis-a 
methodology for using verbal or nonverbal sequences of behavior, or 
traces, in the development and testing of process models. They express 
their methodology rigorously and support it with a powerful software tool, 
Soar/Model-Testing (SMT), that assists in the development, testing, and 
modification of process models. Although SMT was developed in the 
context of the Soar cognitive architecture, it can be extended to the 
development and evaluation of many other kinds of process models.' 

An example of the social tradition of ESDA is provided in the fourth 
article, by Frohlich, Drew, and Monk. Frohlich et al. use conversation 
analysis, a primary technique of ethnomethodology. Their work is an 
interesting logical extension of conversation-based models of human- 
human interaction-in particular, of interactional "troublen and the man- 
agement of %pair"-to HCI. Using microanalyses of interactions, for 
which they have developed a special transcription notation, Frohlich et al. 
describe the interaction between humans and computers in formal conver- 
sation-analytic terms. They provide a language for referring to certain 
classes of difficulty that humans experience when interacting with comput- 
ers, and they point to ways in which the interactive design might be 
improved. 

2. Many ESDA software tools are now appearing, and readers interested in a 
critical survey of a selection of them are referred to Sanderson (1994). 
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Last, Olson, Herbsleb, and Rueter blend features of the behavioral, 
cognitive, and social approaches. In their study of collaborative design 
meetings, they demonstrate how sequential statistics can be used in an 
exploratory way to study cooperative work. Olson et al. provide a useful 
introduction to log-linear analysis, lag sequential analysis, and the use of 
definite-clause grammars and rewritings to uncover sequential structure in 
meetings. In particular, they provide methodological guidance about how 
these ESDA techniques can be combined in the service of HCI research. 

We see this special issue as contributing to an ongoing discussion in the 
HCI community about the many different ways we can use ESDA in 
research and design. Some of the ESDA traditions and techniques dis- 
cussed in this special issue can coexist comfortably within a single HCI 
investigation, whereas others will chafe uneasily. Nonetheless, the de- 
mands of HCI research and design require flexibility-a readiness to adapt 
known techniques to current circumstances, to combine techniques, and 
sometimes to adopt unfamiliar techniques. In compiling this special issue, 
we have tried to provide a framework within which investigators can 
exercise such flexibility-finding appropriate and effective strategies for 
answering particular investigative questions, learning of other examples, 
and discovering what kind of computational support might be available. 
The task now remains for the HCI community to explore and extend 
ESDA's potential for dealing with the subtle problems that arise in human- 
computer interaction. 
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