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can be found in Miles and Huberman (1994), Richards and Richards

(1994), and Sanderson (1994).

Example: Interaction Analysis

Interaction analysis is a collection of research practices for studying {
interactions among people. It has been used to study psychotherapy, i
- learning, and health-care delivery but has recently been used within the 4

HCI community to study interactions among people in work environ- | |
ments and among people and engineered systems. Interaction analysis -
focuses on how normal, unexceptional work practices are developed and
maintained, rather than on exceptional episodes. The goal is to understand -
how people achieve mutual intelligibility in any natural or engineered
environment. Such understanding requires inference, but strong emphasis
is placed on grounding inferences in raw evidence—particularly evidence

gathered through participant observation.

Although the term interaction analysis is often used generically, it also
points to the practices of specific research communities. One important -

type of interaction analysis has emerged, centered on Xerox PARC, for

studying the workplace (Jordan & Henderson, 1995; Roschelle et al., -
1990; Suchman & Trigg, 1991; Tatar, 1989). Within this research com-
munity, interaction analysis is highly interdisciplinary. Although it is |
strongly influenced by ethnomethodology and associated with “situated
action” theories, this version of interaction analysis is broader than ;
conversation analysis. For example, Jordan and Henderson (1995) and
Suchman and Trigg (1991) emphasized that it is often accompanied by
ethnographic fieldwork, in which analysts themselves participate in the |
target work setting and use traditional ethnographic practices (e.g., note -
taking, examining artifacts). The need for such methodological eclecti-
cism was also noted by Heath and Luff (1992b), who have studied

gesture in workplace interaction.

The version of interaction analysis illustrated in Figure 8 is based on

descriptions in Jordan and Henderson (1995), Suchman and Trigg

(1991), and Tatar (1989). In practice, the sequence of events may not be |
exactly as in Figure 8, but the figure includes several possibilities that -

capture some of the characteristics of interaction analysis as these
practitioners describe it.

In contrast to behavioral hypothesis-testing approaches, in interaction
analysis a research question may be posed as much to generate hypotheses
as to test them. The selection of Raw Sequences is driven by Thematic -
Samplingin which researchers focus on certain themes or dimensions of an |
interaction rather than use statistical sampling theory. For example, Such-
man and Trigg (1991) noted that observation can focus on aspects of the work

setting as a whole, on a certain person who has a particular role and view- .

point, on objects such as important documents, or on specific operations or

me A.;'Liﬂ "
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Figure 8. Interaction analysis within the social tradition of ESDA.
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tasks. Here, interaction analysis inherits ethnographic practices. It also inherits
from ethnomethodology the idea that meaning and proof are local, residing
only in specific instances and events. As a result, a single data sequence can
___provide an existence proof for some cultural or social process at work, making
statistical replication unnecessary and undesirable (Benson & Hughes, 1991).
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Raw Sequences are not only captured in Logs and Recordings (typically |
video) but also in Field Notes, again reflecting ethnographic practices. The
analyst then typically makes a Content Log, which is a rough temporal map |
of the video record and summary of its structure and highlights (for
software support, see Mackay, 1989; Roschelle, 1994; Roschelle & Gold-
man, 1991). Creating the log involves extracting what is pertinent (con-
straints), discerning low-frequency structure (chunks), and making
comments. The log can be used to raise issues, to indicate events of
interest, to point to places where more data might be needed, and to
suggc)ast themes, categories, and strategies for analysis (Suchman & Trigg,
1991).

The recordings and content log are often brought into a Collaborative
Analysis session, in which a group of researchers identifies promising
themes in the data, corrects factual misperceptions, and manages bias by
exploring multiple possible interpretations. Analysis is done col-
laboratively, often by a group of researchers, but sometimes also including
domain practitioners, so that the “native” point of view is represented.
Analysts guide themselves into the material using “analytic foci,” which
are interactional phenomena that have been found to be effective catalysts
for deeper understandings (Jordan & Henderson, 1995). Analytic foci are
suggested by the relevant Body of Theory, and they provoke analysts to ask
questions such as, “How are activities initiated?” “How is the temporal
patterning of work produced?” “How do participants detect and correct
misunderstandings?” “How do participants use artifacts to support their
work?” The analyst retains an audio log of the collaborative analysis
session—the Collaborative Analysis Record—and may edit significant parts of
the video data into a separate working Collection Tape. Collection tapes
store the critical data from which generalizations are drawn, and they can
be assembled and played in various orders. Constraining, chunking, and
connecting are crucial to these activities. To differing degrees, ESDA
software tools support the preparation of collection tapes (Bevan & Mac-
leod, 1994; Goldman-Segall, 1992; Mackay, 1989; Roschelle, 1994;
Roschelle & Goldman, 1991).

The researcher may now transcribe verbal and nonverbal activity in
segments of particular interest. Transcription takes place considerably
later in interaction analysis than it does in cognitive modeling or behav-
ioral hypothesis-testing, and a much smaller proportion of the data is
transcribed. Verbal transcription usually uses Jeffersonian notation (the
standard for conversation analysis; Schenkein, 1978), which usually results -
in much higher AT:ST ratios than the simpler notation needed for behav-
ioral and cognitive ESDA techniques. Therefore, usually only the most
relevant data for the final statements are fully transcribed; a conversion of -
a constrained part of the data is achieved. Many ESDA software tools
support text editing, but no “smart editing” environments yet exist to aid
Jeffersonian transcription. Information about speech overlaps, pauses,
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turn durations, and interruptions can be easy to extract if separate digi-
tized speech streams are recorded for each participant (Sellen, 1992), but
the instrumentation needed to collect such data can be intrusive. Nonver-
hal transcription poses further challenges. Notations have been developed
by-  Frohlich, Drew, and Monk (1994) for MKEs, cursor movements, and
screen activity and by Heath and Luff (1992b) for body position and
gesture when humans interact in media spaces. It is important that these
notations be readable, because transcriptions play a far more important
role in the naturalistic social tradition for verifying assertions and commu-
picating research results than in the other traditions. To date, hardly any
ESDA tools support entry of graphical notations (but see Roschelle &
Goldman, 1991).

_ Finally, Statements are generalizations, interpretations, or theoretical
mferences based on the data. The arrows show not only that the Body of
Iheory influences how statements are inferred from the data but also that
these inferences influence the theories themselves, promoting their cumu-

Jative development (Jordan & Henderson, 1995). F1gure 8 also reflects the
.ﬂtendency for interpretation to occur contmually throughout analysis
(rather than “popping out” just at the end), for coding to be the result
rather than the means of interpretation, and for theory to develop both
<w1th1n and across research programs.

_In summary, interaction analysis differs qualitatively from the previous
two ESDA examples There is seldom a clear-cut a priori hypothesis to

_test, there are fewer “obligatory” transformations of the data, and, when
formally describing their work, practitioners often include what other

- traditions would call preliminary structuring and exploratory activities
and products. Interpretation often takes place strongly throughout analy-
sis, rather than being withheld until the final stages. Even so, interaction
analysts take pains to adequately justify their statements with data Jordan
and Henderson (1995) emphasize that it must always be possible to verify
or disconfirm speculations made during analysis with the data at hand and
that final statements must be fully accountable to those data.

IjICl and the Social Tradition of ESDA

. Example in This Special Issue. Frohlich et al. (1994) characterize
their own work as “an early example of work in interaction analysis,”
noting its strong relation to the kind of interaction analysis just described.
‘Specifically, they show that conversation analysis can clarify how users
-recognize and repair “trouble” that emerges when they interact with
software. In earlier work on human-human interaction (HHI), Schegloff
(1991) and Schegloff, Jefferson, and Sacks (1977) identified several funda-

. ‘mental types of conversatlonal repalr which Frohlich et al. now extend to
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the HCI case well but that trouble is worsened by the lack of natural
mutual intelligibility between human and computer. They argue that
repair is the principal way that humans Jearn the “action grammar” of a
computer system and that it is central to how work actually—rather than
ideally—gets done.

Frohlich et al.’s (1994) study is firmly in the naturalistic social tradition
of ESDA. The focus is on HCI as an inherently social activity, and the
data are chosen for their representativeness using Thematic Sampling,
rather than through conventional statistical sampling procedures. More-
over, the thesis of their article is advanced by systematically using a body
of theory to interpret data, rather than through computational methods.
Most important, Frohlich et al.’s work extends current microsociological
theories and methods to HCI and overcomes important challenges. For
example, they have developed a notation for screen activity and user
actions that runs alongside the conventional verbal transcription. This
allows the three activity streams to be represented in a temporally coor-
dinated way, making it easier to detect sequential relations and to infer
the “HCI order.”

Further Use of the Social Tradition of ESDA in HCI. The social tra- |
dition of ESDA contributes substantively to HCI in two ways. First, many
researchers have viewed HCI as a dialogue between two partners and have
argued that we can fruitfully apply concepts from HHI to HCI (Frohlich
et al., 1994; Frohlich & Luff, 1990; Norman & Thomas, 1990). Second,
much current computing and communications technology puts humans in
contact with one another, preserving some aspects of HHI but distorting -
others (Greenberg, 1991; Schmidt & Bannon, 1992). In both cases, the goal |
has been to identify processes underlying normal social interaction and to |
design systems that preserve the needed social “ecology” between user
and artifact.

In a useful review, May (1991) outlined sociolinguistic influences on
how these two types of HCI research are being conducted. May discussed
the impact of conversation analysis, cognitive anthropology (Casson, !
1983), speech-act theory (Winograd & Flores, 1986), and the ethnography -
of speaking (Linde, 1988) on issues such as collaborative work
videoconferencing, human-computer dialogues, and recovery from error. |
May also noted that interaction analysis, grounded theory, symbolic inter-
actionism, and general ethnography are being used effectively to study ¢
HCI. All these approaches are highly empirical, and all emphasize obser-
vation of the “natural” situation.

Beyond its theoretical contributions, the social tradition of ESDA offers
qualitative techniques that can be partmulaﬂy powerful in the initial stages .
of any inquiry, regardless of tradition. For example, a so-called ethno-;
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tively oriented ESDA. Researchers often need the skills of a trained
ethnographer to gain access to a site, to enlist the cooperation of partici-
_pants, to choose settings, to decide on sampling strategies and events to
record, and to respond effectively to unexpected turns of events. More-
over; “needs finding” is a common first step in system development and
design. It involves identifying a population of users and their characteris-
tics, work requirements, environmental considerations, and so forth. It is
typically conducted in the field using observational or interview tech-
niques and can be viewed as hypothesis-generating activity. Many recent
treatments of ethnography and participant observation offer guidance here
(Fetterman, 1989; Jorgensen, 1989; Miles & Huberman, 1994; chaps. in
Denzin & Lincoln, 1994). Strauss’s (1987) treatment of grounded theory—
most notably the questions and answers at the end of the book—is particu-
Jarly helpful. Although not always specialized for sequential observational
data, qualitative techniques help investigators pose and refine meaningful
questions, generate and maintain descriptive schemes, select data appro-
priately, and generally judge an investigation’s progress.

~ Frequency Band of ESDA Event Types for the Social Tradition. A
concern with the social organization of computer-supported work takes
us rightward on the ESDA spectrum, where we are concerned with
effective human collaboration in meetings, operations, and projects.
Answers to many questions may lie in low-frequency band patterns of

“interaction that are more typically the province of organizational the-
‘ory (see Jirotka, Gilbert, & Luff, 1992). At the low-frequency end of the
ESDA spectrum, “observing” often turns into “becoming a participant
in a culture.” Overall, it seems that socially and organizationally chal-
lenging systems are most effectively developed if researchers are also
users, users are also developers, and developers are also researchers.
Despite this apparent emphasis on event types in the lower frequency
band, high-frequency microanalyses can be just as helpful in determin-
ing how to support social aspects of HCI, as we saw with Frohlich et
al.’s (1994) work. As further examples, Heath and Luff (1992a, 1992b)
and Tang (1991) have analyzed hand gestures in meetings and opera-
tions environments and have identified the aspects of gesturing that
should be transmitted if shades of meaning and the natural momentum
of social interaction are to be preserved.

_Boundaries of the Social Tradition

Because rigorous theory development is often valued more highly in the
naturalistic social tradition than theory wverification through hypothesis
testing, for some practitioners the distinction between exploration and
~ confirmation is nonexistent—or indeterminate at best. Many of the activi-
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ties we have described here would be considered exploratory in other
traditions. As we have noted, this makes the social tradition a rich source
of techniques for identifying issues and shaping an investigation. Nonethe-
less, hypothesis testing can play a central role, and many practitioners call
for greater efforts to test and verify theories rigorously. Tools for express-
ing and testing qualitative hypotheses have been built into some qualita-
tive data analysis tools {(Hesse-Biber, Dupuis, & Kinder, 1991; Huber &
Garcia, 1991). Moreover, many social researchers recently have noted that
little is known about how to move effectively from observation-based
research findings to HCI design recommendations, and they have been
trying to develop ways of doing this (Hughes, Randall, & Shapiro, 1992;
Jirotka et al., 1992). The success of these efforts will determine the impact
of the social tradition of ESDA on HCI research and design.

6. ESDA PROBLEMS AND ADAPTATIONS

Although ESDA studies ¢an usually be placed within an ESDA tradi- |
tion, they are seldom “pure” implementations of a tradition. We see thisin
G. M. Olson et al.’s (1994) work, which combines statistical and grammat- -
ical approaches to building hierarchical models of group interactions. An
individual ESDA study represents very specific answers to the four ques- °
tions of the generic ESDA process: “What is the issue at hand?” “What |
should be observed?” “What operations should be done?” “What’s an .
acceptable type of answer?” (see Figures 1 and 5). Thus, even just im- .
plementing an existing ESDA technique requires some degree of adapta- |
tion. Occasionally, however, a new question, setting, condition, or -
audience will pose such a strong challenge to the usual technique that -
major adaptations are required. For example, the time pressures of com-
mercial software development usually make detailed cognitive modeling
impracticable. (Bellotti, 1990). Moreover, designing information systems
for use by highly trained experts in a fast-moving operational environment »{?
usually necessitates moving from laboratory-based to field-based ESDA $
settings, with all the associated complexities and uncertainties (Woods, ¢
1993). In the face of such challenges, the most common dangers are not Q
seeing the need or opportunity for adaptation and persevering with an j
inappropriate ESDA technique (“methodological fixation”), seeing the
need but not knowing what to do about it (“methodological paralysis®), g
and seeing the need but overreacting to it (“methodological vagabond- |
ing”). In such cases, a different answer is needed to at least one of the four E
generic ESDA questions in Figure 1. 'i.

Figure 9 presents common ESDA problems and some possible solu- ¢
tions to them that involve methodological or conceptual adaptation. The g
columns represent 10 common problems that have been divided into thxee};
classes: failures of expertise, the threat of unacceptable AT:ST ratios, and | .
data-based problems. The rows represent the seven ESDA dimensions
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~ from Figure 5, with the analytic operations broken out into the Eight Cs.
" The cell entries are potential solutions, expressed in general terms. In
some cases, minor adaptations can ease ESDA problems by more effective
- use. of the Eight Cs with the data available. In other cases, major adapta-
.tions may be necessary. The solution may require new data and may even

require a researcher to step outside the boundaries of his or her tradition.
In the latter case, Figure 9 should be read with Figure 5, which outlines the
responses of the different traditions to the seven ESDA dimensions and
thereby indicates the major adaptational routes a researcher might con-
sider. In the most extreme cases, ESDA itself may prove to be unsuitable,
as we see for cells marked “query use of ESDA.” In the sections that
follow, we briefly survey the 10 ESDA problems and their possible solu-
tions and discuss some of the general issues these problems raise.

6 1 Failures of Expertise

* Problem: Insufficient Domain Knowledge In much HCI research or
~ design work, the system or process being evaluated is well known to the
researcher. However, when HCI studies are directed at highly technical or
inaccessible domains of which researchers have little a priori knowledge,
there is the danger that researchers will focus on superficial but easily ob-
served behaviors. This focus leads to the generation and testing of hypotheses
that are ultimately uninformative—analysis becomes a manipulation of su-
-f—-perﬁcmls Researchers from all traditions emphasize the importance of the
preliminary “ethnographic” stage of ESDA (Jordan & Henderson, 1995;
Vortac et al., 1994; Woods, 1993), during which the researcher learns
about the domam from the practitioner’s point of view and learns what
should be recorded (see Figure 9). In some HCI domains, the researcher
must acquire a significant level of formal technical expertise as well as
learning local routines, customs, and practices. Additionally, domain ex-
perts—often the very people observed—can become partners in analysis.

. Problem: Statement-Technique Mismatch. Without experience, it
might be difficult to judge whether an ESDA technique will provide
results that support the kind of Statements a researcher wants to make.
After the question has been identified and a source of rigor chosen for
- statements, the family of ESDA techniques that allow the available data
to speak to the question can be identified (see Figure 5) and considered
" for their feasibility.

Problem: Inadequate Experience With ESDA Technique. Expertise in
an ESDA technique consists of formally acquired knowledge of the under-
lymg ESDA tradition, technical competence in instrumentation and data
- collection, a feeling for the acceptable envelope of adaptation for the
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Figure 9. ESDA adaptations.
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technique, and experience with inferring the scientific or design signifi-
cance of results. Even if there is a good match of a chosen technique, the
research or design question, and the data collected, a group of researchers
may not have the expertise to implement the technique. If they try it but
find the results unilluminating, then they must decide whether they im-
plemented it inappropriately or whether there was not such a good match
after all. Falsely concluding that the implementation was wrong encaur-
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frustration, many researchers have developed ESDA adaptations of their
own by studying current techniques, apprenticing themselves to experts,
and simply trying things out in consultation with experts. B. Jordan
personal communication, October 11, 1993) has reported cases of teams
L designers who have successfully used these tactics to develop their own
riants of interaction analysis.

s researchers to waste time attempting better implementations. In
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6.2. Time Management: AT:ST Threats

Problem: Insufficient Time for Analysis. Too often, researchers can-
not complete an analysis with their preferred ESDA technique by the
time the answer is needed. The problem may lie in the projected AT
given the AT:ST ratio or in the ST itself. Figure 9 indicates possible
solutions. Clearly, ST can be reduced by sampling, constraining, or
changing the frequency band of analysis. AT can be reduced either by
adopting a more qualitative, annotation-based technique or by using
ESDA software that speeds data access, removes the need for transcrip-
tion, aids data management, provides data visualization, and performs
calculations.

Problem: Overwhelmingly Rich Data. 1f researchers pursue the in-
terconnections among many different types of events, they will raise
many more interesting HCI questions than there is time to analyze.
Methodological paralysis or methodological vagabonding may set in.
Solutions to the problem of overwhelmingly rich data focus on ways.
either of reducing the complexity of the data at the source or of
extracting structure from the data after collection (Figure 9). ESDA
smoothing operations such as connecting, constraining, and converting
can also help the analyst discern what might be worth pursuing and
where there are opportunities for computation. Alternatively, a strong-
minded researcher may avoid collecting such rich data unless there is a
well-formulated question and a firm notion of how the data will be
analyzed (see discussion in Woods & Sarter, 1993). Paradoxically,
ESDA software can both exacerbate and alleviate this problem, as we
see later. |

AT:ST Ratios and ESDA Traditions

The time spent applying an ESDA technique arises from different
sources in different traditions, as Figures 2, 6, 7, and 8 suggest. How-
ever, certain transformations always have high AT:ST ratios, and, if a
technique relies heavily on them, then the overall AT will be high.
Overall, the best course is to be suspicious of ESDA activities that are
known to lead to high AT:ST ratios unless their relation to the research-
or design question is clear.

First, detailed transcription can absorb a great deal of time. A trained
typist can produce an accurate verbal-protocol transcript at an AT:ST ratio
of 8:1 (Swarts, Flower, & Hayes, 1984). For interaction analysis, a rough
transcript can be produced at 3:1, but more detailed transcriptions can run .

‘to 10:1 or 20:1 (Jordan & Henderson, 1995) or even to 50:1 or 100:1 in".
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complex cases (Roschelle & Goldman, 1991). Clearly, if a researcher
transcribes fairly late in analysis—when it is clear which dimensions and
episodes of the data are critical to the purposes of the study and which are
not—then less time is wasted. This policy is often adopted by researchers
_using naturalistic social techniques, but it also makes sense whenever it in
unclear how data will be used to answer a question. Transcription can be
partly avoided with ESDA software tools that support digitized audio
storage and replay (see Sanderson, 1994).

_ Second, sampling and encodmg policies can affect AT:ST ratios. In the
behavioral tradition, Statements require an adequate sample of raw se-
quences, so a researcher must analyze all Logs and Recordings collected
under the current sampling policy. Exhaustive rule-based linear coding
may be used—with a relatively high but predictable AT:ST ratio—but
calculations may involve an AT:ST ratio of much less than 1:1. In contrast,
researchers in the naturalistic social tradition tend to adopt a survey-based
nonlinear style of analysis, making multiple passes through the data at
relatively low AT:ST ratios. Roschelle and Goldman ( 1991) called this
progressive refinement, in which each successive pass exposes new features,
and the most detailed analyses are reserved for the most important parts
fof the data.

"Beneflts and Traps of Software and Hardware Support

Figure 9 indicates that ESDA software can help when there are
dinacceptable AT:ST ratios or, as we see later, data-based mismatches.
~Two important assumptions behmd current ESDA software develop-
-ment efforts are, first, that computer support will help reduce AT:ST
‘atios and, second that the quality of analyses will improve. However,
he AT: ST ratios that result are not always smaller because factors
ncreasing and reducing the AT:ST ratio are in competition. Moreover,
nalytic quality does not necessarily increase with the use of ESDA
tware tools.

ESDA software and hardware can help to reduce AT:ST ratios by
upportmg an analyst’s memory, attention, and reasoning capacity:

"« Better hardware, software, and multimedia support reduce the sim-
ple access time to raw Logs and Recordings. Laser disks and CD-
ROM allow researchers almost instantaneous access using time
codes or more sophisticated queries and probes (constraints). These
capab111t1es allow a researcher to ask more—and better—questions in
a given amount of time and to store the results.

Data can be transformed, or converted, from formats that require
capacity-greedy human reasoning to formats that exploit human
visual or auditory pattern recognition, helping researchers detect
structure at different frequencies and within different event types.
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* Analytical thinking can be accelerated by allowing researchers to
access the products of prior thinking—such as comments, codes,
and conversions—and by offering quick manipulation of these
products.

* Routine calculations are simplified, and automatic inferencing
and semi-automated analysis become possible on the basis of the
raw data records. Computation is made practical.

Many HCI researchers using ESDA have found that computational
support helps. This is especially well documented in the area of usability
testing (Hoeim & Sullivan, 1994). Hammontree (cited in Weiler, 1993)
developed an ESDA software tool that has reduced usability-testing AT:ST
ratios from 6:1 to as low as 1:1. Hoeim (in Weiler, 1993) also reported a
better rate of analysis with the Observer-Tracker-Reviewer suite and less
“data panic.” On the research side, Ritter and Larkin (1994) report that
SMT speeded analysis of the Browser—-Soar data by a factor of 10. They
also note that, because SMT helped them analyze their data in minutes,
rather than hours or days, a “cognitive momentum” emerged that helped
them detect patterns that might otherwise have been overlooked or forgot-
ten. K. N. Dunbar (personal communication, November 4, 1993) reported
similar qualitative benefits with MacSHAPA (Sanderson et al., in press). In
these cases, ESDA software tools help by “composing” the Eight Cs (see
Section 6.3).

On the other hand, ESDA software can also increase AT:ST ratios
and compromise analytic quality. Automated logging and mass storage |
not only vastly increase the ST stored, but they also alter researchers’
ambitions:

* Mass storage preserves the details of observed events (Raw Se-
quences) and makes them permanently available for an unlimited
amount of analysis. ‘

* Raw sequences can be recorded at a finer grain than before. Replay
at different speeds is possible—which effectively makes the recording
grain even finer. Thus, given the same ST, there are literally more
data that can be analyzed.

« It becomes tempting to record new event types simply because they
can be captured easily (e.g., eye movements, gestures, routine tele-
phone conversations). This opens the possibility of building richer
and more valid theories, but the greater interconnectedness in- -
creases the AT:ST ratio.

» Because computer support makes it possible, analysts may feel com-
pelled to study a larger quantity of data at a fine grain even when a
coarser grain of analysis is more appropriate for the question.

+ With a greater variety of data, the number of degrees of freedom for
modeling data is vastly increased—there are more options to consider.
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..« ESDA software offering a full range of analysis options increases the
chances that time will be wasted on unprofitable analyses. However,
.. poorly selected ESDA software offering a limited range of analyses
.= may channel the analyst into an inappropriate approach. :
...+ Rather than the analyst, the data are now the ultimate authority.
e Analysts can find it harder to settle on an approach because of the
greater odds of being proved wrong by their own data. In extreme
cases, this amounts to “instant replay paralysis.”

. In summary, the conceptual density of analysis and the benefits and
ktIaPS of ESDA software will compete to determine the AT:ST ratio for a
particular analysis. ESDA software may result in an AT:ST ratio that has
‘the researcher spending just as much time analyzmg data as before. The
¢ritical criterion for judging ESDA software is not whether AT:ST ratios

'_\'fa];e higher or lower but, instead, whether HCI design implications are seen

.more clearly and whether theones of HCI become richer, more interest-

" and more powerful. ESDA software does not guarantee greater theo-

stical richness; theoretical richness depends instead on how closely the

earcher knows the data and whether good questions are being asked.

However, if ESDA software supports the transformations the researcher

ds, then quality should increase.

As ‘Sanderson (1994) has discussed in detail, no smgle ESDA software

pplication can serve a researcher’s entire needs across a variety of re-

rch and design questions. ESDA software should be chosen on the basis
how useful its strengths are and how readily its limitations can be
ched by other software. Much excellent ESDA work has been done by
mbining the capabilities of reliable productivity software such as
eadsheets, database programs, statistical packages, and drawing pro-
: ams (Bambndge & Sanderson, in press; Flor & Hutchins, 1991; Hoeim
ullivan, 1994; Richards &Rmhards 1994).

.3. Data-Based Problems

: - Problem: Data Type-Technique Mismatches. If a researcher chooses
an ESDA technique because of a commitment to a particular theoretical
rientation, then the event types collected must make sense for that tech-
ue. For example, verbal protocols should not include any speculation
_ by the speaker about cognitive processes, and Logs and Recordings used
.1n interaction analysis should include auditory information on intonation
=and timing and visual information on body orientation and gesture. When
" there is a mismatch between the type of data available and the preferred
SDA technique, researchers are often faced with major adaptations.

Event types themselves sometimes seem to suggest techniques that, on
: loser exammatlon are inappropriate. For example, if recordings of
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natural talk are available, researchers with cognitive backgrounds
may gravitate toward verbal protocol analysis. However, participants
in natural exchanges achieve a great deal through sociolinguistic
pragmatics that are simply not detectable in the propositional content |
of utterances (Hutchins & Klausen, in press). An ESDA technique is

needed in which communicative and interaction phenomena can be
expressed (Clark & Brennan, 1991; Frohlich et al., 1994; Heath &
Luff, 1992a; Jordan & Henderson, 1995). ’

Nonetheless, particular event types are not tied inexorably to particular
ESDA techniques. For example, gesture is a high-frequency event type,
but, in many contexts, it can be interpreted only with the aid of theories of
human communication and an understanding of human purposes at the
project level (Heath & Luff, 1992a, 1992b; Tang, 1991). The theoretical
context rather than the event type determines the technique.

Problem: Statistical Shortcomings Statistical procedures can be used
for exploratory or confirmatory purposes, but the results will be meaning-
less if raw sequences cannot be encoded reliably, if they have too few
examples of the events of interest, if the temporal relations are too noisy
to be detected by the algorithm chosen, if data properties violate underly-
ing statistical models, or if sequential dependencies change within the
sequence. For example, both G. M. Olson et al. (1994) and Vortac et al.
(1994) ensured their data were not sparse by collapsing coding categories
whenever appropriate before running statistical tests. It can be difficult to
distinguish independent and dependent variables whenever the events

that people react to are partly the result of their own prior actions (Laws & |

Barber, 1989). Moreover, it may be impossible to calculate -error of esti-
mate and chance occurrence in event sequences that are not fully under
experimental control (Simon & Kaplan, 1989). Last, data used for confir-
matory analyses must be separated from data used for exploration. If there
is a limited amount of data or if events of interest are so rare that they
-cannot be sampled, researchers need to find alternative statistics (nonpar-
ametric, descriptive) or abandon statistical rigor entirely.

Problem: Shift in Sequence Uniqueness. In some cases, the events re-
corded are “unique” because they are unlikely ever to happen again in the
same form (conmsider critical incidents, errors, discoveries, or misunder-
standings). In other cases, events are “repeated” or “replaceable” because
they are just as likely to be found in one data sequence as in another. When
data consist of unique sequences, techniques supporting the reliable and
valid interpretation of single episodes are needed (Hutchins & Klausen, in
press). When data consist of repeated sequences, formal replications anc
empirical contrasts become possible. Figure 9 shows that shifts betweer
unique and replaceable data sequences principally affect how the Eight C:
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are used, but they can also lead to the adoption of different sources of rigor
for Statements such as narrative or model-based versus statistical.

- Problem: Need for Frequency Band Shift. 1f a researcher has always
;Paid close attention to regularities at one band of frequencies in the data,
“then, in a new setting or under new conditions, important regularities at
other frequencies may be missed. Much exploration represents a search
for a way to describe events, and coding can be a bandpass filter as well as
a filter for different possible meanings and theories. Constraining, coding,
and converting data into new visual forms can help overcome entrapment
‘within an inappropriate frequency band and event type (for examples, see
Hoeim & Sullivan, 1994; G. M. Olson et al., 1994; Sanderson, 1994; J. B.
Smith et al. 1993).

" Problem: Impoverished Data. An ESDA technique cannot be used if
. logs and recordings do not capture aspects of raw sequences that the
-technique requires, such as specific data types, particular event structures,
r enough time to detect low-frequency periodicities. For example, in a
ooperative work environment, the activities and utterances of important
Hff-site players may be unavailable, electronic communications may not
recorded, interactions with devices may not be logged, and important
yhases of work may be overlooked. If the data are also “unique,” or if the
earcher cannot return to the field, then domain experts or the partici-
ts themselves might fill in some gaps with post hoc commentaries.
timately, a non-ESDA approach to data collection—such as simulations,
nterviews, critical incident reports, examination of artifacts, and so forth—
ould be considered.

dmoting Adaptation by Composing the Eight Cs

In showing the many different paths between Logs and Recordings and
tatements, Figures 6, 7, and 8 exhibit two noteworthy features. Each uses
t least seven of the Eight Cs, and many transitions among nodes involve
two or more of the Eight Cs. When developing coding categories, analysts
might perform a preliminary coding, constrain their current focus'to a
qbset of these codes, and compare members of this subset to see if the
oding is coherent. The solutions suggested in Figure 9 often involve using
Tnew subset of the Eight Cs, and this can lead to “composing” the Eight
in powerful ways. Instead of coding and calculating, a researcher might
ort to commenting, constraining on the basis of some property of the
omments, and then converting the result to a graphical form. ESDA
ftware environments should support fundamental transformations like

-Eight Cs and allow them to be composed. Multiple active software
nks should connect the products of these transformations so that the
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researcher can quickly move between different data views and contexts
(Sanderson, 1994; Sanderson et al., in press).

Being able to compose the Eight Cs liberally—examining and compar-
ing results while always remaining connected to other products as well as
to the raw data—opens a vast space for exploring data and adapting
techniques and is a simple extension of Tukey’s (1977) EDA philosophy to
sequential data. Composition may not only speed judgments, but it can
also—if well managed intellectually—exercise a configural effect on the
analyst’s ability to make inferences. Relations may appear and judgments
may become possible that would not otherwise have—and theory becomes
richer and better substantiated as a result.

Qualitative Impact of ESDA Software

Throughout this article, we have identified some of the factors that can
promote usefulness and theoretical richness when ESDA is applied to HCI
problems. The preceding comments about software support highlight the
fact that ESDA is a task for HCI as well as a methodology for it, just as
Waterman and Newell (1971, 1972) proposed that protocol analysis was a
task for artificial intelligence as well as a methodology for it. Our view of
how ESDA should be supported is consistent with current thinking in
cognitive engineering about how the inferential or “knowledge-based”
reasoning of human operators might be aided by providing them with
information displays that reveal the invariant structure of a complex
system (Bennett & Flach, 1992; Rasmussen, Pejtersen, & Goodstein, in
press; Vicente &Rasmussen 1992 Woods, 1993) Effective displays allow
normal and abnormal workings to be directly perceived rather than hav-
ing to be laboriously inferred. For ESDA, we are grappling with the
inverse of this problem. Our goal is to provide analysts with a toolbox of
generic transformational operations such as the Eight Cs—which, when
accompanied by a theoretical outlook or tradition-based framework, will
help analysts actively discover the invariant structure (or structures) in a
set of observational data.

If ESDA software offers a “generative” environment in which funda-
mental analytic operations can be composed in vastly different ways in
order to forge new techniques and support different traditions, then it also
offers a medium in which ESDA practitioners from different traditions can
work cooperatively and communicate. For example, a cognitive engineer
and a conversation analyst may use the same collection of computational
tools to perform their respective analyses. Not only can they share the
same body of data, but they have more direct access to the results of each
other’s analyses. Most important, they can inspect the evidence and the
physical remnants of the process by which each other’s results were

~achieved. Thus, by thinking of ESDA as the fluid composition for different
purposes of a set of analytic operations, rather than as a collection of
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» Connécted techniques, interdisciplinary collaboration on HCI projects
an be supported (Jones, Kaplan, Sanderson, & Star, 1994).

'4 Challenges of Video and Reporting ESDA Studies

In 'HCI, one increasingly hears the term video analysis for video-intense
o SD A. Elsewhere, we have raised objections that this describes an ESDA
" technique no more than telescope analysis describes astronomy (Fisher &
- Sanderson, 1993) and that it does not point to any specific methods for
‘ffdrawmg scientific or design-related inferences from video. We agree with
‘,‘.Carter and B. Anderson (1989) that video analysis should be “as firmly
prounded in an adequate methodology (broadly construed) as any other
*investigative strategy” (p. 113). Carter and B. Anderson offer an excellent

‘discussion of how AT:ST ratios can become unnecessarlly inflated by
deo.
“Video supports many ESDA techniques, but it is probably most perva-
vely and creatwely used within the social tradition, in which many
searchers view video as a medium of analysis in its own right, rather than
erely as a high-resolution storage repository for raw sequences until they
¢ transformed into “analyzable” codes and numbers (Roschelle & Gold-
an, 1991). For example, qualitative reasoning can be aided by placing
notations directly on video images (van der Vlugt, Kruk, van Erp, &
euze, 1992), by having video itself trigger annotations or other products
sociated with interpretation as it replays (Hesse-Biber et al.,, 1991,
oschelle & Goldman, 1991), by being able to carry out a hierarchical
arch through a video source to specific parts while remaining in touch
th the larger temporal context of the whole source (Mills, Cohen, &
ong, 1992), or by splicing together video segments into a document that
can be used to make comparisons, refine theory, or make presentations.
These capablhtles reflect an emphasis on staying grounded in raw data
at is stronger in the social tradition than in the behavioral and cognitive
ditions and that is shared with EDA (Tukey, 1977).
However, these capabilities also raise questions about how colleagues
ght be able to assess statements derived from video-based ESDA with-
treviewing an entire analysis. Even when video is not used, critics often
complain that ESDA studies simply report conclusions a.nd that it is
difficult to see how the conclusions were drawn from the evidence. In
ESDA studies, the evidence is usually extremely bulky, and there is no
ccepted standard for reporting. It helps to publish ESDA products after a
Certain number of transformations have brought them to a form that
speaks clearly to the issue at hand. An example is Roth et al.’s (1987)
article on the effectiveness of dialogues between humans and computer
ddvisors in trouble- -shooting situations, which presents the “protocols” of
their full sample of subjects—or, more precisely, the chunked and con-
nected low-frequency band codings of these protocols.
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This problem becomes more acute when the underlying evidence can- |
not readily be represented on paper, either because it is dynamic audiovi- |
sual information (facial expression, timing, gesture, human—computer
dialogue with various types of input devices) or because it consists of |
networks of inferences represented in hypermedia that have to be tra- |
versed in time in order to be understood. In HCI design, tapes of high-
lights are often created; in research contexts, however, evidence of this
kind currently can be shown readily only at scientific meetings and may
not be considered to be rigorous evidence. Electronic documents with
video and audio inserts can be created and shared, but, until multimedia |
scientific journals come fully into the mainstream, such documents will not
become an institutionalized form of communicating high-quality ESDA
results. In the meantime, frame grabs accompanied by transcription can |
summarize and simulate some contact with the original data. |

7. CONCLUSIONS

Observational studies have always been a part of HCI, particularly in
the context of usability studies. However, current HCI questions that do
not readily lend themselves to modeling or to controlled laboratory exper--
imentation will lead us even more to observational studies. To successfully
answer such questions, we need to understand how to tap the richness of
observational studies more efficiently, either by adopting well-defined
ESDA techniques used by certain communities of practice or by adapting
existing ESDA techniques to make a customized technique. Adoptions
require a thorough understanding of the intellectnal context of the tech-
nique being borrowed. Adaptations require not only knowledge of the
intellectual contexts of several techniques but an appreciation of whether—
and how-they combine coherently. Moreover, if adaptations are to be
successfully supported by ESDA software, such software must offer gen-
eral operations that can be used, omitted, and combined in many different
ways. Already we see advances in these directions. Hand in hand with
such technical developments must be conceptual developments, or a
unified way of thinking about how sequential data can be explored—cut-
ting across many traditions—that provides a framework for HCI investiga-
tors who have chosen ESDA as their tool. In this article, we have taken the

first steps on this path.
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