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The ultimate concern of cognitive engineering is how complex sociotechnical systems might
be designed so that humans can work within them and control them safely and effectively. Because
of this, large amounts of observational data analysis and knowledge elicitation are incorporated
in cognitive engineering. At many points, these two methodologies coalesce. In this paper, we
describe two complementary cognitive engineering software tools-MacSHAPA and COGENT
that are being developed alongside each other. MacSHAPA is designed for observational data anal
ysis, and COGENT is designed for knowledge elicitation and cognitive engineering, but both sup
port requirements gathering. We first outline current trends in cognitive epgineering that have
given rise to the need for tools like MacSHAPA and COGENT. We then/describe the two tools
in more detail, and point to their similarities and differences. Finally, we show how the two tools
are complementary, and how they can be used together in engineering psychology research.

Cognitive engineering is a highly interdisciplinary field
that concerns the design of complex human-machine sys
tems in which human cognitive activities are well sup
ported (Rasmussen, Pejtersen, & Goodstein, in press;
Woods & Roth, 1988). Disciplines contributing to cog
nitive engineering are engineering psychology, systems
engineering, software engineering, control engineering,
and artificial intelligence, plus various aspects of the so
cial and decision sciences. As a branch of psychology,

COGENT (Cognitive Engineering Network Technologies) represents
confluences from two interrelated streams of research: (I) the Advanced
Knowledge And Design Acquisition Methodology (AKADAM; see
McNeese, Zaff, Citera, Brown, & Whitaker, in press; McNeese et al.,
1990; Snyder, McNeese, & Zaff, 1991; Zaff, McNeese, & Snyder, 1993)
and (2) Tools for Automated Knowledge Engineering (TAKE; see
Gomes, Lind, & Snyder, 1993). Both are ongoing projects at the Arm
strong Laboratory/Human Engineering Division, Wright-Patterson AFB.
Further developments and research in TAKE may be obtained by con
tacting Stephanie Lind, ALlCFHI, Wright-Patterson AFB, OH. CO
GENT includes the total suite of tools under development in AKADAM
and TAKE, spanning across the last 4 years. MacSHAPA is being de
veloped at the Engineering Psychology Research Laboratory, Depart
ment of Mechanical and Industrial Engineering, University of Illinois
at Urbana-Champaign, with support from NASA-Ames Research Center,
Wright-Patterson AFB, through Logicon Technical Services Inc., the
Aeronautical Research Laboratory (DSTO, Australia), and the Univer
sity of Illinois Research Board. Address correspondence and inquiries
about MacSHAPA's status and availability to P. Sanderson, Department
of Mechanical and Industrial Engineering, University of Illinois at
Urbana-Champaign, 1206 W. Green St., Urbana, IL (e-mail: psanders@
psych.uiuc.edu).

engineering psychology involves the discovery and artic
ulation of the "first principles" of how people interact
with engineered systems-vehicles, organizational infor
mation systems, industrial processes, communications sys
tems, and so on.

As a discipline contributing to cognitive engineering,
engineering psychology has traditionally focused on
understanding the role of the individual human operator
in complex work environments, as well as on designing
for that role. Understanding the individual is still very
important, but with the advent of sophisticated commu
nications technology in the workplace, researchers are in
creasingly focusing on the entire work context, which con
sists of multiple workers, multiple tasks, and varied social
and motivational pressures (Rasmussen et al., in press).
There is an increasing need for engineering psychologists
to describe how activities and responsibilities are shared,
and how information, expertise, priorities, and meanings
are conveyed within a group. In addition, there is a grow
ing appreciation of the influence that the current context
or situation has on people's behavior (Suchman, 1987).

Thus, the type of research that helps cognitive engineers
understand and design for today's work environments
tends not to be experimental, but instead tends to rely upon
systematic observation and careful elicitation of knowl
edge. Moreover, the types of data collected are very broad
(Olson, Olson, & Kraut, 1992), ranging from behavioral
(operator actions, eye movements) to cognitive (verbali-

117



118 SANDERSON, McNEESE, AND ZAFF

zations, concept clusters), organizational (role structures,
use of social cues), and cultural (work customs). The two
software tools introduced in this paper were designed to
integrate these data and help the engineering psycholo
gist and cognitive engineer draw inferences from them.

In the following text we discuss cognitive engineering
as a user-centered, participatory approach to design, then
describe the two software tools. First, concept-mapping
approaches to cognitive engineering are outlined, and the
COGENT software is introduced. Second, we outlinehow
MacSHAPA supports observational data analysis. In the
final section we highlight the complementary relationship
between COGENT and MacSHAPA and discuss how this
might be exploited.

A COGNITIVE ENGINEERING FRAMEWORK

To successfully design a complex sociotechnical sys
tem, a cognitive engineer must understand the cognitive,
social, organizational, and cultural forces that play out
when the system is in operation. Such forces become ap
parent when humans talk, act, and interact with each other
and with technology in real-world work contexts, whether
in the normal course of events or in response to emer
gencies. To fully understand the complexities of such
interactions, cognitive engineers must involve experts and
system users directly in the process of participatory de
sign. The expert's knowledge of his/her work is the ba
sis for beginning the cognitive engineering process; this
is what is meant by a "user-centered" approach. The de
sign process is also "participatory" -domain practitioners
become involved in the specification and design of the
tools that they will eventually use (Woods, 1987). Thus,
cognitive engineering can be described as an ecologically
based activity (see Zaff, McNeese, Brown, Citera, & Sel
varaj, 1993, for further details).

When cognitive engineers observe experts at work and
interact with them to elicit their knowledge and their
needs, there are four interrelated activities that need to
occur: (I) generation, (2) preservation, (3) exploration, and
(4) interpretation. Generation means that knowledge must
be brought forth into some explicit form; preservation
that this knowledge must be recorded or stored so that it is
available for examination; exploration- that investigators
must be able to manipulate and query the knowledge; and
interpretion-that the implications of this knowledge for
design or redesign must be inferred. Each activity is iter
ative, using as well as producing external knowledge
records. External knowledge records are the forms that
knowledge can take as it is externalized, such as concepts
that are written and linked on a white board, video seg
ments preserved on tape, designs explored through pro
tocol analysis, or comments interpreted through classifi
cation schemes. Other examples of knowledge records
may be observation based or field based, such as verbal
transcriptions, operator actions, eye movements, cultural
artifacts, documented cases, or physiological data. In
some instances, these records may be sequential streams
of human behavior, and in others they may be nonlinear

representations of human thought. Regardless of how ex
ternal knowledge records are represented, the generate
preserve-explore-interpret ("g-p- e-i") iteration is fun
damental to cognitive engineering practice and needs to
be supported with appropriate methodological tools.

Although the use of external knowledge records is not
new in corroborating human understanding and assisting
in the design of complex systems, many of these records
have only been captured in isolation or without the full
benefit of the g-p-e-i iteration. Thus, cognitive engineers
need to be able to integrate different external knowledge
records and to use different cognitive engineering tech
niques on these records with the goal of converging on
sound recommendationsfor design. The methodsand tools
described in the present paper are presented with this ob
jective in mind.

SOFTWARE ENVIRONMENTS FOR
COGNITIVE ENGINEERING

In the following text, we describe COGENT and Mac
SHAPA in detail. Briefly, both tools support the identifi
cation of specifications and requirements for design. CO
GENT is a set of methods and software tools that allows
designers, software engineers, users, and others to col
laborate on the identification of needs, constraints, op
tions, important questions, and criteria that need to be con
sidered in design. MacSHAPA is a software tool for
observational data analysis that aids the systematic review
and interpretation of recordings that have been taken of
people at work in either existing or prototype systems.
Both have arisen out of pressing practical needs, so some
of this background will be provided where needed.

COGENT: Tools and Procedures
for Concept Mapping

COGENT (Cognitive Engineering Network Technol
ogies) is a knowledge-acquisition technique that is based
on theories of generative learning and user-centered de
sign. Traditional knowledge-acquisition tools tend to be
structured around a knowledge engineer's needs rather
than around the needs of users and domain experts1 (Zaff,
McNeese, & Snyder, 1993). However, COGENT uses
a participant-centered technique called concept mapping
(K. M. Fisher, Faletti, & Quinn, 1990; McFarren, 1987;
Novak & Gowin, 1984). In this approach, a knowledge
engineer helps domain experts express their knowledge
as a concept map-a network of nodes (concepts) and la
beled arcs (relations between concepts). We have found
that concept mapping is an effective way of eliciting
knowledge from experts, either individually or in groups,
so that this information can be used in system design
(McNeese, Zaff, Brown, Citera, & Wellens, 1992; Zaff,
Hughes, McNeese, Brown, & Citera, 1993).

COGENT originated within the AKADAM (McNeese
et al., 1990; Zaff, McNeese, & Snyder, 1993)and TAKE
(Gomes, Lind, & Snyder, 1993) programs at the Human
Engineering Division of the Armstrong Laboratory at
Wright-Patterson Air Force Base; it refers to the collection



of tools, methods, and softwaredeveloped to elicit experts'
knowledge. COGENT software is Macintosh based, and
it has supported participatory approaches to various real
world problems (for an overview see McNeese, Zaff,
Citera, Brown, & Whitaker, in press; Young & McNeese,
1993). The COGENT procedure, with associated support
ing functions, is shown in Figure 1. In the following we
describe how COGENT works, using the g-p-e-i frame
work introduced above.

Generate. COGENT emphasizes "generative learn
ing," in which knowledge records are created when a
knowledge elicitor interacts with domain experts to elicit
their knowledge of the objects, relationships, constraints,
properties, and procedures of a system. In this process,
the domain expert plays the role of mentor, and the knowl
edge elicitor plays the role of apprentice. Working to
gether, they establish an understanding that the knowledge
elicitor, as a domain apprentice, could not accomplish
alone. This cooperative apprenticeship (Collins, Brown,
& Newman, 1989) works through the interplay of recipro
cal zones of proximal development (Vygotsky, 1978). A
generative learning environment is established, in which
the expert mentor may learn more about his/her own
knowledge through the process of explaining it to the eli
citor apprentice, and as the elicitor apprentice attains new
levels of understanding, he/she will generate new ques
tions for the expert mentor. The COGENT procedure
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"bootstraps" this process by offering a general node-link
architecture for the representation of knowledge and re
lations, allowing the elicitor apprentice and expert men
tor to build concept maps.

Preserve. The "preserve" activity within COGENT
refers to the social construction (Bereiter & Scardamalia,
1989) of a permanent knowledge record: the concept map.
The expert mentor and elicitor apprentice work together
for an hour or more to build a map of the expert's knowl
edge, typically on a white board. The expert learns how
to make his/her thoughts explicit through concept map
ping, and expresses more knowledge than would be pos
sible alone. During the session, the concept map literally
develops in front of the eyes of the expert and the knowl
edge elicitor. The elicitor "facilitates" this process, and
ensures that the map appearing on the white board ac
curately represents the expert's knowledge, but the expert
is nonetheless a full participant in the physical creation
of the map. At the same time, the map may be entered
into a computer. 2 The COGENT software provides a flex
ible' direct manipulation interface for creating concept
maps, allowing concepts and links to be labeled with text
or graphics and to be easily edited and rearranged. If the
concept-mapping session is videotaped, it can subse
quently be reviewed with the help of MacSHAPA.

Explore. At the end of the first session, the concept
map in the computer may be printed out for subsequent
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Figure 1. COGENT procedure.
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exploration and review by the expert(s) or knowledge eli
citor(s). As the experts explore the map they have pro
duced, they can make additions, deletions, or changes to
any part of it. Moreover, because each concept map is
saved as a series of triplets «concept>, <relation>,
<concept> in a relational database format, it is possible
to combine maps from different experts to form a sum
mary map for further exploration. COGENT thus offers
quick and powerful ways to manipulate and query data
either from a single session or from many sessions col
lapsed together.

Interpret. Finally, an individual map or a collapsed set
of maps may be chosen for interpretation by COGENT.
Keywords for certain types of argumentation (e.g., be
cause or reason) are resident within the software, and the
analyst can use them to search the whole data set for the
contexts in which they occur. Researchers can either ex
tend this resident classificationscheme or create new ones.
For example, if we wished to analyze a set of maps to
find concepts related to human factors problems, we
would establish the category keyword HUMAN FACTORS.

We would then identify all keywords associated with this
category to access the appropriate triplets of the concept
map. So, for HUMAN FACTORS, keywords might be hu
manfactors, ergonomics, human-machine systems, and/or

cognitive performance. The software provides feedback
about the number of concepts elicited for each category
that is searched (see Figure 2). The number of elicited
concepts can also be presented as a percentage of the to
tal number of concepts in the map. Moreover, concepts
matched in the HUMAN FACTORS search can behighlighted
in the map in a certain color, such as blue, whereas con
cepts associated with the category VISION might be high
lighted in green.

Concept maps can be reexpressed as text-based hierar
chicaloutlinesthat can stimulatefurther thoughtandhelp the
expert or the knowledge elicitor to generate new concepts.
New text inserted into the outline results in a corresponding
change in the graphical concept map, and vice versa.

When new systems are in development, concept map
ping is a powerful technique for bootstrapping the thinking
of experts, designers, and software engineers. Concept
mapping is a reflective technique that helps people make
their tacitly held knowledge and assumptions explicit
and connect their point of view with others'. However,
throughout the concept-mapping process, COGENT may
interact with other cognitive engineering tools. For ex
ample, in order to understand how a system works, the
cognitive engineer often must step into the real situation
and make observations. In the following, we concentrate
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Figure 2. Using COGENT functions to search a concept map.
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on how this is achieved with MacSHAPA. Finally, we
outline how a fruitful symbiotic relationship can develop
between the two tools.

MacSHAPA: Software Environment for
Observational Data Analysis

Observation is used in several ways in cognitive en
gineering: (1) to analyze how existing systems work,
(2) to identify problems or strengths of existing systems,
(3) to examine sequential and temporal dependencies in
user-system interaction, (4) to test prototype designs, and
(5) to evaluate new designs once they are in production
(Woods, 1993). Cognitive engineers rely on various types
of observational records, which include video recordings,
eye-movement data, system state information, data logs
of human activity, transcripts of verbalizations, and field
notes. Because observational data are rich and heterogene
ous, it is often difficult to know how to analyze them.
Moreover, analysis always seems prohibitively time
consuming. For discussions of these issues, see MacKay
(1989), Woods (1993), Sanderson and C. Fisher (in
press), and Jordan and Henderson (in press).

MacSHAPA is a software tool designed to help re
searchers overcome some of these problems (Sanderson,
1993; Sanderson, James, Watanabe, & Holden, 1990;

Sanderson et al., in press). MacSHAPA allows research
ers to (1) enter data and view it in different ways, (2) edit,
manipulate, and query data, and (3) analyze data with var
ious statistical reports. Although MacSHAPA supports the
"g-p-e-i" functions outlined previously, it does so in
a way that is rather different from COGENT, so these
functions will be examined only at the end of this section.

With MacSHAPA, all the data in a session can be col
lected into one database and displayed in a spreadsheet
like format (see center of Figure 3). Time runs downward,
and the columns, or spreadsheet variables, represent dif
ferent streams of data. The rectangles inside each spread
sheet variable, or spreadsheet cells, hold atoms of infor
mation that can be joined together or split even more
finely. Very often, the onset and offset times of events
in different spreadsheetvariables are different; MacSHAPA
handles this by using a weak temporal ordering logic (see
Sanderson et al., in press, for more details). The data can
also be displayed in a "Timeline" format, in which strong
temporal ordering is preserved (see lower right section
of Figure 3).

Figure 4 is a diagram of MacSHAPA's capabilities. At
the center are spreadsheet cells, contained within spread
sheet variables, and around the perimeter are MacSHAPA's
functions. Video refers to the fact that MacSHAPA re-

CODI!

dia nalll.l.db
TEHT

" 01.45;)6:00

01:46:0t:00 00:00:00:00 40 01:46:01:00

OO:OO:oc:ou
CODIn-1iM

0147:41:00

01:4':s.4:oo OO.ilO:oo:OO

01:47:15:00

in!enncl

~

1U'

012S.111 GUIUII:OD 12:41:00:01 U2l.:GI 0IIII:ft•• 04:50•• ClUt_••:12:00.
I I I I I I I ICO&1-@' III II I II I ,.1' II II I

hypolbo," -- ....--11 ., I I III 1 1 I I
.,,--- -DJ!-l!J-fl-OI:IOIIl..IIHD+- ~BI 1M I ID
1llI....". _. - -.., 1"" :l----it-IItl-..' -OD--+---O----il:lDC
Ln,,,c:h1 .._-_._. -'--". <l iDtcaac:l_ -'-----.-.-,.----+-~--..~

IOpilD iO

01 .••.504,00 00:00:00:00 45

OVIl7:4':00 oo:oo:oo:w 4'

So ,ome1h!rlC 1:1' happe~ at W
n1.....

SormtJurIC 1.1 ,1:lPPu\c \hi va_r
COJnUlC thI'oQCn tvtn U&oue:h tbc
V'tlVl 11 VId.. opel\.

T..t~... Gla~llov.

SoI'll .,tnov befoll .. OJ:. 1b&t',
IlOnnoI.

..
4' II I"

..... 00:00 \

" "-'

Document: I diagnOli •• l.db I
Tim.: DD:DD:DD:DD

"./ .:~~ -:.. . ..,....... ,..... .
.. II ..

.... .. hr. ,....

Figure 3. MacSHAPA: windows showing different expressions of data.



122 SANDERSON, McNEESE, AND ZAFF

Figure 4. Structure of MacSHAPA.

motely controls all the basic transport functions of a VCR
(see "VCR Control," left side of Figure 3). The video
image itself can be directly displayed on the computer
screen (as in the lower left section of Figure 3) or sent to
an external monitor. Researchers can click on a cell in
the spreadsheet or Timeline display and ask MacSHAPA
to find and play the corresponding part of a time-coded
videotape. Moreover, SMPTE timecodes can be passed
from the VCR to MacSHAPA. This means that, while
playing a video, researchers can (1) create timestamped
cells in real time and type comments into them, or (2) ask
MacSHAPA to highlight all the cells whose timestamps
correspond to the part of the video currently being viewed.

Mouse & Key Events on Spreadsheet and Import indi
cate that data can be directly entered into MacSHAPA
or imported from other applications, such as word pro
cessors or spreadsheet programs. Researchers can type
comments or codes into the spreadsheet; they can resize,
move or hide spreadsheet columns, and cut, copy, and
paste cells from one place to another.

Encoding Vocab indicates that researchers can establish
customized coding schemes if they wish, although this is
not necessary when using MacSHAPA. Figure 3 shows a
simple keyword coding scheme (goal, hypothesis, etc.), but
more complex multidimensional schemes can be created.
Vocab Filter & Reencode allows the researcher to ma
nipulate and edit any encoding performed with customized
coding schemes. The Vocab Filter allows the researcher
to select which part of the data should go forward to anal
ysis, and Reencode allows codes to be replaced with others
in one-to-one or many-to-one mappings.

The two right-hand nodes on the perimeter of Figure 4
refer to ways of reexpressing, analyzing, and reporting
the data. Passive Reports includes the Timeline analysis
(previously discussed) and Content analysis (see upper
left section of Figure 3), which provides basic statistics
on the frequency and duration of coded events. Active Re
ports includes Transition analyses with some Markov sta
tistics (see upper right side of Figure 3), Cycles reports

(C. Fisher, 1991; James & Sanderson, 1991), Lag Se
quential Analysis (Faraone & Dorfman, 1987), and a set
ofComparisons reports. The Comparisons report provides
different ways of aligning two timestamped sequences and
ofdetermining the degree of match between them by using
various algorithms.

Finally, MacSHAPA's Prolog-based Query Language
can be used to enter new data, manipulate the database,
or ask further questions of the data (Charniak & McDer
mott, 1986). The query language includes a wide array
of relational, arithmetic, string, and temporal operators
for specifying data patterns. MacSHAPA's Query Output
actions include selecting and inserting cells, as well as
modifying, counting, summing, or printing cell contents.

Generate, preserve, explore, and interpret. Mac
SHAPA can be used for exploratory or confirmatory data
analysis, but most relevant for cognitive engineering design
is its exploratory use, helping to generate hypotheses as
much as to test them. MacSHAPA 's most fundamental uses
are preserving observational data-and thereby some of the
original context-and integrating different data sources.
This type of preservation allows the data to be explored
more effectively. When data are visualized and reex
perienced in different ways, they can also be more reli
ably and validly interpreted. Generative learning typically
arises from a researcher's intense familiarity with a data
set, which comes from exploring it, talking about itwith
colleagues and participants, and attempting different in
terpretations of it to see which is best supported by the data.

COMPLEMENTARITY OF
COGENT AND MACSHAPA

As outlinedearlier, both COGENT and MacSHAPA sup
port requirements gathering for design-MacSHAPA by
supporting observational data analysis, and COGENT by
supporting participatory knowledge elicitation. In this sec
tion we outline the principal similarities and differences be
tween COGENT and MacSHAPA as software tools. We
then point to ways in which the tools are complementary,
and sketch out the type of cognitive engineering research
that can beperformed with the two tools working in concert.

Similarities
COGENT and MacSHAPA were both designed to help

researchers and designers make inferences about the needs
of new systems, and they are therefore useful for needs
gathering, requirements analysis and system specification.
Both are based on naturalistic methods; the researcher lets
what is happening unfold with minimal direction or inter
ruption, whether it be the concept-mapping process or the
normal unfolding of work activities. Both tools promote
a flexible yet systematic approach to novel research or
design problems by allowing researchers to explore rele
vant data through visualizations, reexpressions, and query
ing. The two tools integrate data that would otherwise be
handled in a piecemeal fashion: COGENT coordinates re
sults from multiple maps, and MacSHAPA allows multi
ple data streams to be viewed alongside each other and



multiple interpretations to be sustained. Both tools sup
port qualitative analyses, but they also offer quantitative
tools when precision is necessary. Finally, both tools sup
port participant involvement in analysis. With COGENT,
domain experts and users become mentors, and with Mac
SHAPA, the people being observed can take part in the
review and interpretation of their own data.

Differences
COGENT and MacSHAPA are used at different points

in cognitive engineering and support qualitatively differ
ent methods of structuring data. COGENT is usually used
during meetings, interviews, and consultations, and the
concept-mapping procedure is designed to help partic
ipants consciously formalize their knowledge. In contrast,
MacSHAPA usually focuses on real-time task perfor
mance; cognitive engineers form conclusions about sys
tem needs when participants are simply acting, rather than
reflecting on their actions. Through its use of concept
maps, COGENT produces nonlinear representations of
knowledge, whereas MacSHAPA preserves and analyzes
temporal aspects of performance that are more linear in
nature. Finally, COGENT allows queries and integrates
findings over multiple maps, whereas MacSHAPA sup
-ports the detailed analysis of one document (or observa
tional session) at a time.

Complementarity
Because of the above similarities and differences, CO

GENT and MacSHAPA can be used in a complementary
fashion. In cognitive engineering-whether focused on re
search or system design-it is important to continually
review the raw data upon which inferences are formed.
Working together, COGENT and MacSHAPA can help
to achieve this. They can be used either at the same time
(e.g., using Multifinder in the Macintosh environment)
or sequentially, with the data from one being passed to
the other. Complementary use of the tools means that data
can be accessed either as events in time (MacSHAPA)
or instances of concepts (COGENT). For example, both
tools can be used for observational data analysis: Mac
SHAPA helps the researcher to understand the temporal
relations between events, and COGENT allows the re
searcher to think about nontemporal themes, such as the
structure of argumentation or the logical relations in some
domain of discourse. COGENT can also act as a "sketch
pad" for understanding the high-level sequential or con
ceptual structure of the data observed.

MacSHAPA can bring the use of videotape to concept
mapping. A concept map may be developed from video
taped data that record either the current system being used,
or an earlier concept mapping session about the proposed
system. If the concept map stores indices associated with
the raw video data, such as timecodes or keywords, then
these indices can be passed to MacSHAPA, which can
handle search and play functions.

It is also possible to share data across COGENT and
MacSHAPA. As outlined above, the basic data structure
for concept maps is <concept), <link), <concept), which
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is a "triple" in COGENT's world, and a certain kind of
"matrix" in MacSHAPA's world. Observational data that
are coded as a three-argument matrix in MacSHAPA can
be exported to COGENT as triples and represented as a
map. Alternatively, concept-mapping data developed
within COGENT can be passed to MacSHAPA for fur
ther analyses, such as content analysis and certain types
of queries. Most important, MacSHAPA makes it possi
ble to observe the concept-mapping sessions themselves.
This is the focus of the following section.

"Symbiotic" Research Prospects
In this final section we sketch scenarios in which Mac

SHAPA and COGENT can work together to investigate
concept mapping as a research topic in its own right. Zaff,
McNeese, and Snyder (1993) and McNeese et al. (in
press) have shown that concept mapping can be an effec
tive knowledge-acquisition tool for cognitive engineering
problems, but relatively little is known about why it
works. What factors make a concept-mapping team work
well? Is it the composition of the group, the work tactics
chosen, or the presence of certain group dynamics? How
does prior exposure to concept mapping in general, and
exposure to preexisting maps in particular, affect the ef
fectiveness of a design team? If different teams are in
troduced to the same concept map, but are given differ
ent entry points into that map, does this systematically
affect their final maps? How are inferences for design
drawn from maps?

These questions could be answered with appropriate ex
perimental contrasts, by observing concept-mapping ses
sions, and by analyzing the results with MacSHAPA. In
addition, the sequential order in which individuals or
teams generate concepts may suggest subjective associa
tive paths. The temporal clustering of concept generation
may suggest how strong these paths are; strongly as
sociated concepts may be produced in rapid succession.
Ifconcepts are produced in approximately the same order
across individuals, and some concepts are always more
tightly coupled in time, then this suggests a consensus
about associative pathways. MacSHAPA is geared toward
finding such temporal patterns: the Cycles report helps
the cognitive engineer identify characteristic subsequences
of activity, and the Comparisons report gives a figure of
merit on the similarities of the selected subsequences.
MacSHAPA's Query language can also help uncover
characteristic subsequences and can report the span of time
within which such subsequences are produced.

CONCLUSIONS

In conclusion, COGENT and MacSHAPA both help
cognitive engineers determine how sociotechnical systems
should be designed. COGENT helps to elicit and repre
sent nonlinear conceptual structures, whereas MacSHAPA
helps to capture, review, and analyze observational and
systems data. The two tools balance hypothesis-generation
and hypothesis-testing needs, bring rigor to open-ended
research and design questions, and can be used in parallel.
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Although we have concentrated on cognitive engineering
in the present article, we believe that COGENT and Mac
SHAPA can be useful in many other areas of the be
havioral, social, and decision sciences.
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NOTES

1. The term expert is generically used to refer to various users/
stakeholders, subject-matter experts, and domain specialists participating
in engineering-design and/or work-management projects.

2. Currently, a single analyst/researcher can easily encode the map
as it develops on the white board by using the COGENT software. How
ever, the full embodiment of COGENT would allow every member of
the cognitive engineering team to enter concepts through pen-based
graphic tablets and see the emerging map on an electronic white board
in either collocated or distributed computing environments. This is a
goal in line with putting tools in the users' hands, and one that is cur
rently under development at the Armstrong Laboratory/Human Engineer
ing Division in the Collaborative Design Technology Program.




