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- USER-COMPUTER INTERFACE TECHNOLOGY:
¢ AN ASSESSMENT OF THE CURRENT STATE-OF-THE ART
s: ‘- >
{ INTRODUCTION
1y
5:( A sizable body of literature exists that relates to the interaction between humans and
Y computers. This paper attempts to provide a brief review of current literature with special
3 :j attention to developments related to intelligent interfaces.
,")' This paper contains five sections. The first section provides an overview of the
:: paper contents. The second section offers a brief view of how the notion of the interface
4 e has evolved. While early interface issues deal with perceptual aspects of humans, newer
ey thinking characterizes the human as a decision maker working with, rather than on, a
o computer.

The third section of this paper discusses intelligent interfaces. Both researcher "wish
lists" of what an intelligent interface could be and recent developments toward intelligent
interfaces are presented. A discussion of the issue of user models is contained in this

-

[

Yy r o
PR A |
T x_a_
s
Un s

NS section which draws on developments in the computer-aided instruction literature.

W oe

+ \-

e The fourth section of this paper addresses difficulties in the development of
o intelligent interfaces. Two major areas of difficulties are addressed; namely, language
Lo understanding and mental models.
b ',‘-.',
K ::‘(:'_ The fifth section of this paper offers conclusions based on the literature review. This

y Y
4

final section includes a brief discussion of potential future directions for research in
human-computer interaction.

Lo U
4 \]
&

Appendix A contains an annotated bibliography of literature relevant to user-
computer interface technology. Although not intended to be exhaustive, it does represent
the trends, advancements and difficulties extant in this research area.
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{ : HUMANS AND COMPUTERS: INTERFACING AND INTERACTING
0..
i The study of the human and computer and the intcraction between them is the focus
: tudy of p the intera
- of a multidisciplinary field of researchers. Within the literature one finds the terms
s::, human-machine interaction, user-computer interface, and user-computer interaction used
o interchangably. However, the interface between the human and computer refers to the
N common boundary between them. Interaction, on the other hand, pertains to the mutual
::.'" action or influence the human and computer have on each other.
.50
h) Halpin and McCullough (1986) note that the terms human-machine interaction, user-
K computer interface, and user-computer interaction actually reflect subtle differences in
-g"- the research perspective. Halpin and McCullough offer the following distinctions in
\ ",;,.":\ terminology:
e
vy Typically, research in the human-machine interaction area concerns an operator
( ’ monitoring and/or controlling a system, focusing on the perceptual and mechanical
N aspects of such tasks.
.r‘;:::‘ Much of the human tactors contribution in this field lies in the area of the
7 user-computer interface, where the research focuses on the study of input/output
S devices. Halpin and McCullough characterize this line of research as being by and
L large atheoretical (some attention has been given to research efforts of cognitive
AT psychology).
:'.j'_: The focus of user-com r interaction differs in that the user is characterized as a
S decision maker, rather than an operator, and is part of the "system" and the
rescarch concern is in the area of communication (the authors identify this area as
C a current gap in research).
o
- Gaines and Shaw (1986a) maintain that empirical human factors research provides
"N

O insufficient design guidance because the studies have focused on problems and issues of

o the past. They note that not only are the results of little value to the present but they are
of no value to the future. However, the study of the human factors of both the interface
9 and interaction tend to be a necessary prerequisite for the study of total knowledge
o systems which bring together artificial intelligence and cognitive science (Gaines and
A Shaw, 1986a).
Car
o e . o
o While criticisms such as this one may be justified, the study of human-computer
[ interfaces and interactions is a relatively new field. Twenty years ago, most of us handed
° batch cards to an operator who dealt with the machine. In a fairly short time, we now
s have microcomputers on our desks - the middle man has been removed. Now, rather
b than deal remotely with each other. the user and computer must interact in a face-to-face
R 1% fashion; both humans and machines must communicate.
L,
i
» What's in an Interface?
'd
. While the interface is the common boundary between the user and the computer,
¢l what does that mean? In a general manner, the interface is easy to find, "follow a data
T path outward from the computer's central processor until you stumble across a human
e being” (Card, Moran, and Newell, 1983). Actual boundaries are subtle. Input devices,
o such as a keyboard, mouse, and touch screen, are part of the interface. Dialog
lf::-j; techniques, which is the term associated with how humans and computers interact, are
)
KA
a7a 2
St
L 4
o
.'_:.1
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,
e
éj 3 part of the interface. Input devices are the human side of the the interaction picture, while
i computer outputs are the computer side of interaction.
'
f According to some, (for example, Halpin and McCullough, 1986; Gaines and Shaw,
':- 1986; Card, Moran, and Newell, 1983), the effective partnership of humans and
:-_: computers requires a dialog perspective on the interaction. This perspective goes beyond
I many of the human factors studies which focus on the perceptual characteristics of
AN interface design. The dialog perspective connotes a cooperative exchange between the
Lo user and computer. Schvaneveldt, McDonald, and Cooke (1986) maintain that effective
‘) user-computer interactions depend on the communication of structure and organization.
-f.\.; In particular, they note the need for user awareness of:
1A
j:j « Data structures in a system or application program.
P 3]
- + Dependencies among the data elements.

N + The data needed by the program.
¢
! 3-;;‘_: + The data produced by the program.

At In a similar manner, Norman (1986) advances the notion of the system image. The
@ system image is what is portrayed to the user through interaction with the system; it is the

L result of the physical structure, including documentation and instructions. The system
Lo image can be contrasted with the programmer's conceptual model of the system, termed a
S design model. The mental model the user develops of a system results exclusively from

interactions with the system image. Norman notes the need to present the appropriate

A system image to the user. From his perspective, the appropriate system image should

| assist the user to understand what is going on, in order to give the user a sense of
L control. Norman points out:

s When systems take too much control of the environment, they can cause serious
p .{' socia! problems. Many observers have commented on the dehumanizing results of
SOAY automation in the workplace. In part, this automatically results from the systems
0 that take control away from the users...The problem arises over and over again as
O various workplaces become automated, whether it is the factory, the office, or the
g aviation cockpit. I believe the difficulties arise from the tension between the natural
yout desire to want intelligent systems that can compensate for our inadequacies and
fooe the desire to feel in control of ihe outcome. (p. 52).

e Norman and Schvaneveldt, et al., are noting that the interface provides a window
o into the internal operation of the computer. Schvaneveldt, et al., discuss a window that
b would convey, at a general level, a view for the user of data base internals. From
0 Norman's perspective, care must be taken to provide users with a transparent window
o particularly in the area of intelligent tools; users need to be able to understand what the

A tools are doing and how they operate. These researchers approach the subject of the

g development of the interface from theoretical perspectives in mental modeling; more will
k- be said about mental models later in this paper.
~

na While the degree of control given to automation is a concern at the individual user

_"::-j level, it is also a concern at the societal level. As Coombs (1986) notes:

AT

® A major concern in the application of computers to the control of physical and
s mechanical processes is the degree of autonomy to give the system. Although this
L7 has long been an important research area, it has received additional, and urgent,
AR 3
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AW attention since the year 1980, which has been named the "Year of Mishaps" for
N American technology. As pointed out by Kopec & Michie (1983), the year saw:
‘v
{ * numerous near-misses at Kennedy and other busy national and
X :j'.: international airports;
A
LY
; '-'_,'.} » technical problems with the operation of the Hercules Sea Stallion
‘AN helicopters which resulted in aborting the rescue mission to free the
o American hostages in Iran;
1 :
;: - » the NORAD military computer "falsely signalling a Soviet nuclear attack on
) A three separate occasions'.
p >3 Moreover, these followed the incident at Three Mile Island nuclear power station in
iy March, 1979 when inappropriate operator action almost led to a melt-down of the
( ! core...We have, however, lost our taste for full automation , and wish to find means
e of engaging our machines as partners. (p. 1)
_‘Fs The objective of establishing a partnership between humans and machines is an ideal
) that is likely to become pervasive within the diverse community concerned with human-
LY computer interaction. Some researchers refer to the objective as a symbiotic user-
® computer system (Halpin and McCullough, 1986; Gaines and Shaw 1986a). Such
\'_‘ views will move the research community away from notions of the user as an operator or
Wy a passive perceiver at the interface. The user in partnership with the computer will be
e viewed as a decision maker/problem solver teamed with a computer serving in the role of
7 advisor or assistant.
. Guiding Interface Design
3, L)
A . -
; '.Z: Much of the literature concerning the human-computer interface focuses on providing
e guidance to system designers. The available guidance to designers of the human-
. computer interface comes in all shapes and sizes, ranging from issues of broad concern
) to very specific details. A designer turning to the literature to obtain practical aid in
e solving a specific design problem may be disappointed by the nature of guidance
frequently encountered. Some of the guidance may be useful concepts to think about but
o fall short in directions for actual implementation. Other guidance may appear to be so
S context specific that the designer may well question the applicability of the guidance to
his or her particular problem.
o
' :Z::'_f Bannon (1986) identifies a number of issues that system designers should consider
ol in their design of interfaces. These issues include:
1-.\‘:.
oy * A theory of the user. This issue identifies the need for detailed models of how
e people think and communicate as fundamental to system development. An
o additional requirement is for a "more enlightened view of people that
L recognizes their need for variety and challenge in the tasks that they perform"
A0 (in Norman and Draper, p. 26).
ij'—:.,f * A theory of the task domain. This issue identifies task domain knowledge as
S key to design of usable systems. An adequate model of the user coupled with
o an incomplete domain understanding is likely to produce a toy rather than a
'::.jj tool.
A
e 4
-:'-:
L
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The organization of work around technology. This issue stresses the point “that
the design of interfaces should include a concern of how features of the
interface might accomodate different kinds of work organization, allowing for
flexible tailoring of the system to accomodate particular user groups” (in
Norman and Draper p. 27).

The role of design in society. This issue suggests that the designer consider
the purpose of the object they are designing and the impact it will have on
society.

Norman (1986) notes the need for interface design guidance to be specific (e.g., how
many items in a menu) as well as more general. In an effort to develop high-level design
guidance, Norman offers the following prescriptions for structuring the design process:

Create a science of user-centered design. The need here is for design
principles and simulation tools to develop designs before constructing them.

Take interface design seriously as an independent and important problem.
This principle identifies the need for collaborative efforts to accomplish
user-centered design. Norman identifies the special knowledge requirements
for user-centered design as: knowledge of design, programming, and
technology; knowledge of people, principles of mental computation,
communication, and interaction; expert knowledge of *- * *o be accomplished.

Separate the design of the interface from the design of the system. This
principle calls for modularity in design. Included in the modularity principle is
the notion that the interface is a translator from the system to the user and that
the system does not communicate directly with the user (particularly in system
terrns such as mystical error messages). According to Norman, modularity will
permit system changes to be made without impacting the interface (as well as
changes in the interface that do not impact the system).

Do user-centered system design: Start with the needs of the user. From the
user's perspective, the interface is the system. Norman suggests that the
interface design be driven from the interaction requirements.

The guidelines of Bannon and Norman are obviously general, identifying things to
think about as an interface designer. Card, Moran, and Newell (1983) offer principles
for the human-computer interface design. These ten principles include (from Card,
Moran, and Newell, 1983, p. 418):

1.

(S

- _-.-‘l\.--'_ -" :

Early in the system design process, consider the psychology of the user and the
design of the user interface.

Specify the performance requirements This is a principle where trade-off
analysis is required since optimizing performance on a specific variable often
impacts performaice on others.

Specify the user population. If a highly varied population is the target for the
system, different types of users should be characterized since performance may
be considerably different.
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4. Specify the tasks. While it may not be possible to delineate all tasks, a
reasonable benchmark sample is preferable to specifying gross task
characteristics. It is important to specify high frequency tasks as well as a
sample of qualitatively different types of tasks.

(V]

Specify the methods to do the tasks. The authors note that a skilled user has a
highly integrated knowledge of tasks, methods, and the interconnection
between them. Lengthy and awkward methods need to be identified and
eliminated during the design process.

6. Match the method analysis to the level of resource commitment in the design
process. In an iterative design process, different performance models have
applicability at various developmental stages. Card, Moran, and Newell
present various models for the various stages.

7. To reduce the performance time of a task by an expert, eliminate operators from
the method for doing the task. This can be done at any level of analysis. In
their investigation of performance models, Card, Moran, and Newell found that
expert performance is composed of a sequence of operators. Expert
performance time equals the sum of the time required for each operator. This
guidelines suggests that expert performance time may be decreased by
reducing the operators required for task performance.

8. Design the set of alternative methods for a task so that the rule for selecting
each alternative is clear to the user and easy to apply. This principle is
concerned with permitting flexibility between users of varying skill levels.

9. Design a set of error-recovery methods. Experimental data presented by the
authors indicate that expert users allow up to 30% of their time for correcting
errors. The notion of designing for efficient error recovery may need to be
adopted as an interface goal (Brown, 1986, contrasts the need for management
of trouble to the notions of "idiot-proofing” automation).

10. Analyze the sensitivity of performance predictions to assumptions. In the
design process assumptions are made about user characteristics, the computer
system, as well as the task environment. Card, Moran, and Newell suggest that
any prediction of human-computer performance should be checked for the
sensitivity to these assumptions. This type of analysis helps to identify design
decisions that may require re-evaluation as the iterative design evolves.

The guidelines presented by Card, Moran, and Newell focus on the notion of
performance models. These guidelines were developed from extensive experimental
research and are considered by the authors to be fundamental principles rather than an
cxhaustive set of guidelines.
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At the other end of the guideline continuum, one finds highly detailed specifications.
For example, Smith and Mosier (1984) published 679 guidelines in their report Design
Guidelines for User-System Interface Software. This report is designed specifically to
provide guidance to designers. The 679 guidelines are grouped into six functional areas
(c.g.. data entry, user guidance). In some cases, the guidance provided in the document
is clear (e.g., use an active rather than passive voice in user guidance messages). In
other cases, the guidance may be less than straightforward in implementation for the
designer (e.g.. "when techniques adopted for user guidance may slow an experienced
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l:: user, provide alternative paths/modes to by-pass standard guidance procedures”). Such
;‘Q guidelines may have more utility in the realm of evaluating than designing an interface.
\ The typical problem encountered by designers concerns trade-offs that must be made
o to satisfy competing objectives and imposed limitations; guidelines such as those of
) Smith and Mosier provide little support to trade-off analysis. Guidelines to aid in trade-
N off analysis would focus more on identifying options and alternatives to the designer.
Cr, The designer looking for trade-off guidance may turn to individual research efforts.
T Miller (1981), for example, offers empirical evidence on the depth/breadth trade-off in
! hierarchical menus in the context of goal acquisition performance. Miller's research
- demonstrates that in the performance of goal acquisition tasks optimal performance,
. fewest errors, and ease of learning are found with hierarchical menus of two levels and
- eight choices per level. He further suggests that when a trade-off must be made an
- expansion in breadth is recommended over depth.
Currently, the Human Factors Society's Computer Systems Group has undertaken
o the drafting of human-computer interaction standards. The guidelines which will be
o issued will be based on principles that have a foundation in scientific evidence and
';_\ empirical data and have been recognized and accepted by those knowledgeable in the
Ve area. Importantly, the guidelines are intended for direct use by interface designers; the
o information will therefore be directly applicable in the trade-off decisions faced in the

design process. The fact that this society has chosen to undertake this effort is indicative
of the existing gap in the currently available standards and design guidelines.

..
Ve

There is certainly no shortage of guidelines available to the designer of the human-
computer interface. However, finding guidelines for a specific problem is not
straightforward. Given the vast literature available, a useful guideline might be found in
a technical report (e.g., Smith and Mosier, 1984), or the guideline may appear in a

” - -
T ".
[ EREREN

A particular journal article from a large number of possible journals. Finding a needed
o guideline, or confirming that one does not exist, has the potential to require considerable
Wil research effort.
oy
~ Guidance is available along a continuum of specificity. At the general end of the
continuum the designer is likely to ask the question "what does it mean" to consider the
N>, societal context in which this system will operate? The general guidelines do not lend
" themselves (nor is the attempt made) to address specific ways to handle design problems
2 and trade-offs. At the other extreme, very specific guidance may answer some of the
(- designer questions (e.g., how some guidance should be phrased). Hopefully the
b standardization attempts by the Human Factors Society will bridge the gap between
] general and specific guidelines, focusing on the development of guidelines to aid in the
, trade-off decisions that are central to the design process.
" Characterizing the Dialog Between Human an m r.
=~
[ The key notion of user-computer interaction is that the human and computer
Y participate in a dialog whose purpose is the accomplishment of a task. The aim of the
- various disciplines studying the field focuses on understanding, evaluating, and
::.: improving the way in which humans and computers communicate.
K
2 The term most often associated with the interaction between the human and compuier
o is dialog. The term dialog is aptly chosen since it reflects the inherent nature of the
“ '_;: stream of symbols which both human and computer must access to accomplish
‘-.: communication (Card, Moran, and Newell, 1983). All mechanisms involved in the
> 7
’.n
A
L
:":

.......... e et L e e e e e e e e e PNV T R L L T T T TR AL PN TR VL i
B s GRS - T T e R Y e Y » oy P W, ! Pa W NTARRCON
’ - PN -_"-\ A '.‘.. sy a. e ‘. . \ » .’\ L ) &’“ N > 2 s '\ » . N a W o !

’ .
v

7l



“".' ~o

o)
s . . . . . .
Ko dialog are part of the human-computer interaction, including physical devices (e.g.,
% keyboards) and actions taken with physical devices (e.g., keystrokes) as well as
é‘-'- computer programs and outputs from the computer (e.g., visual or auditory information).
o Given the centrality of the notion of communication, much research has focused on
Ens ways to provide orderly exchanges between the human and computer. Research in this
oy area concerns dialog styles (also called "dialog techniques” or "interaction styles").
s Dialog styles include command language, menus, question and answer dialogs, natural
¢ ' language, and direct manipulation.
t
: “-::'\' Dialog Styles. Gaines and Shaw (1986b) distinguish three categories of dialog
. styles. These categories include:
! :..:
:j«  Formal, such as the prompt-response dialogs of interactive job control languages
. (e.g., VMS, Unix or CP/M).
_i RS + Natural Language, where human use of language is simulated within the narrow
N context of the data structures and activities of the computer system (e.g.,
B INTELLECT and ASK).
NN + Graphic, such as the use of windows, icons and desk-top simulations (e.g., Xerox
o Star and Apple Macintosh interfaces).
_ ":: Formal dialog styles are direct representations of computer activities and data
TN structures. The structure of formal dialog stems directly from the underlying system.
oY By contrast, natural language is remote from actual system operation. The graphic dialog
=~ style is an object simulation where the structure of the dialog stems from the physical
world.
-:.'Sj Both natural language and graphic dialog styles are inherently attractive since users
ey are likely to have existing skills to bring to the interaction. However, there are numerous
o problems associated with the use of natural language; these will be discussed later. The
i attractiveness of formal dialog is that the "user sees what is there" though the demands
) placed on the user tend to be much greater in terms of system learning requirements. As
N noted by Gaines and Shaw (1986b), fifth generation systems will focus on the
o integration of dialog styles (the Macintosh, for example, combines the graphic desk top
N metaphor with the formal dialog of pull down menus and question and answer dialog
o boxes).
M
® The literature does not offer an optimum dialog choice (Schvaneveldt, McDonald,
e and Cooke, 1986). In addition to the potential overhead demands of natural language,
.2 Simmons (1986) notes a number of problems associated with the use of natural
y :};Z language, such as:
»  Users expect the computer to think as they think.
[ J
2_ » Users do not know the degree of understanding possessed by the computer.
o
j-f.:: *  Successful use of natural language requires that users be provided with
:;.. feedback about misunderstandings.
) {'.
o *  Human errors may be reduced by combining natural language with menu
&N selections and prompts; however, this becomes extremely cumbersome if the
'.'-J":i natural language subset is very large.
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; * + For a system to respond appropriately, the system needs to estimate the user's

i- e intention in asking the question.

X .- Many of the problems inherent in the use of natural language revolve around the

. ambiguous nature of language. The concept of restricted natural language has been

0 proposed in answer to the criticism of ambiguity (Schvaneveldt, McDonald, and Cooke,

0 1986). The experimental work of Bailey (1985) has demonstrated that restricting natural

g language, specifically restricting syntax to command-orientation, can improve human

> performance.

o

Q-

'}5 Graceful interaction. Hayes and Reddy (1983) introduce the notion of "graceful

o interaction” as a requirement of human-computer communication. Graceful interaction
,‘_' refers to the manner in which the computer responds to less than straightforward requests
: or questions from the user. Hayes and Reddy propose a decomposition of the notion of

graceful interaction into a number of independent skills, including the following:

0\

! N * Robust communication. Those strategies needed to be certain the speaker’s

! % utterance is heard and correctly interpreted.

)

o » Flexible parsing. The ability to deal with natural language as used in a natural
° manner (including ellipses, idioms, grammatical errors, and partial utterances).

P

_::: » Domain knowledge. A prerequisite for the other components of graceful

- interaction.

\: « Explanation facility. System ability to explain system capabilities and

limitations, past actions, current actions and why (these would need to be

ey answered in response to user questions and volunteered when communication
j: breaks down).
..
',f-:: + Focus mechanisms. System ability to track conversation topics and notice
A topic shifts.
)
s * Identification from descriptions. System ability to recognize an object from a
o description (including initiating dialog to clarify as needed).
-
L -
o »  Generation of descriptions. System ability to generate descriptions appropriate
&3 for context and that satisfy requirements imposed by other components (e.g.,
o robust communication).
N
_,.: Hayes and Szekely (1983) report an undertaking to demonstrate the design concept
1N of graceful interaction. The project was termed COUSIN for COoperative USer
K- g acti proj pe
- INterface. The initial efforts focused on the use of COUSIN at the top command level
LN of an operating system (Unix). COUSIN uses a form-based model of communication
® with error correction and on-line help. Initial reactions of COUSIN users were
.. extremely favorable particularly concerning error correction and on-line help capabilities.
y -, Serious problems arose because insufficient context was provided for users; COUSIN-
- Unix featured a line-oriented form editor dealing with single fields at a time.
o Moaodifications to COUSIN to correct the deficiency were identified; a future version
e would feature a screen-orientation to preserve context.
L
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:: ‘ INTELLIGENT HUMAN-COMPUTER INTERFACES
h
a Advances in the realm of artificial intelligence have appeared to stimulate many
_! researchers to explore the potential applications of Al to the human-computer interface.
s While there are many unanswered questions in the area of conventional human-computer
o interaction, there are even more unresolved questions, as well as more basic issues to
B~ confront, concerning intelligent human-computer interfaces.
[) :J‘
Bl
LA
- The Wish List for Intelligent Interfaces.
o There is a significant range of characteristics that an intelligent interface might
4 possess. Halpin and Moses (1986) identify the following features of an intelligent
K interface:
( » The system must understand the user.
o
W *  The system must know the user's goals and objectives.
.‘ &
;:“ ! +  The system must know what tasks are to be performed.
)
L *  The system must know the criteria that signify to the user that a task has been
= accomplished.
< *  The system must understand the world as the user understands the world.
- Rissland (1984) assumes that an intelligent interface would require access to a
( considerable range of knowledge sources. Rissland identified seven knowledge areas,
Yol including:
.
+  Knowledge of the user (including expertise, style, preferences, and history).
*  Knowledge of the user’s tasks (including context, purpose, and ultimate use of
) the result).
‘o
B )
2 »  Knowledge of the tools (including protocols for invoking and using, default
:,i parameters, side-effects, required resources, and usage costs).
ﬁ
L
o *  Knowledge of the domain and user's task (epistemological knowledge such as
) domain and task structure and representation, measures of importance,
X _\.‘j conceptual hierarchies, and domain-specific concepts).
| et
:f * Knowledge of interaction modalities (including graphics input and output
X-.” displays, video, audio, language, and pointing devices).
) -‘.-
® *  Knowledge of how to interact (including when to intervene, monitor, adapt,
- enter and leave tutoring or coaching modes, length of time to wait for user
responses).
:::j *  Evaluation knowledge (including how to judge interaction effectiveness and
S how to act on user complaints).
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Rissland notes the impracticality involved in requiring an interface to encompass the
full range of knowledge in each area. However, she stresses the need to address each
area to some degree.

Schevaneveldt, McDonald, and Cooke (1985) are currently engaged in research to
develop a modular user-system interface. These researchers assume that intelligence is
"obviously" necessary for the interface. From their perspective, a modular user-system
interface is an expert system. The requirements for such an interface include:

*  General user knowledge. This knowledge includes facts and data from the
fields of cognitive psychology, human factors, and human-computer interaction
research. Such knowledge might include memory limitations, perceptual
abilities, information processing capabilities, biases in reasoning and decision
making, and effective means of communicating” structure and organization to
users.

»  Specific user knowledge. This knowledge includes information about particular
users and populations of users.

»  Task and goal knowledge. This knowledge includes goal structures
associated with tasks at varying levels of abstraction. This knowledge would
be useful for maintaining a sense of context in user interactions with systems.

» Device knowledge. This knowledge includes information about various
physical devices that the user actually experiences, knowledge of those
devices available to the user, and particular characteristics of the device.

» Dialog manager. The dialog manager is a controller program that directly
communicates with both the applications and the user.

Identifying an Intelligent Interface

The literature does not offer a consensus on what constitutes an intelligent interface.
Taken literally, some wish lists view the role of an intelligent interface as that of taking
on almost "user clone" qualities (e.g., "understanding the world as the user understands
it"). Such objectives for an intelligent interface are not likely to be obtainable in the near
future. One might even question the desirability of a "user clone;" from the user's
perspective an intelligent advisor or assistant may be a more beneficial or desirable role
for the computer to serve.

The various wish lists for the intelligent interface do feature commonalities,
specifically user models and knowledge bases. In one sense, the need for knowledge
bases is prerequisite to user modeling. Further, adaptivity, either within a user or
between users, may be viewed as a subset of user modeling (Halpin, personal
communication).

An alternative view of the intelligent interface is one that uses artificial intelligence
techniques. Techniques include use of high level languages (such as LISP, PROLOG,
and INTERLISP) and tools (such as LOOPS and the Knowledge Engineering
Environment). This view is quite pragmatic and should not be overlooked when looking
at developments in intelligent interfaces.

11
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velopm Toward Intelligent In

As noted earlier, there is much interest in intelligent interfaces. Interest and wish
lists typically precede development and that is certainly the case for intelligent interfaces.
The successes reported in the literature have tackled small problems; this may be a
somewhat traditional approach for many researchers since the risk is lower and the
potential for success higher.

The following sections will highlight the fact that an intelligent interface which aids
in the establishment of a partnership between users and computers awaits development.
There are efforts underway, which have yet to be completed and hence fully reported,
that are attempting to develop intelligent interfaces.

Albert Badre (1984) is in the process of developing the intelligent interface
architecture proposed in Hopple and Halpin (1985). The architecture to support an
intelligent interface is likely to be completed in the February/March 1987 timeframe.

The architecture proposed by Hopple and Halpin (1985), shown in Figure 1,
provides a framework with the necessary components to support dialog between the user
and computer. The system supported by the proposed architecture features three
subsystems: the user; the interface module; and the hardware/software subsystems. The
real world of data upon which the user operates is contained in the hardware/software
subsystems. Within this architecture, the interface module serves as a translator between
the user and the hardware/software subsystems.

The framework proposed by Hopple and Halpin permits a dialog, rather than a
monolog, allowing a mixed-initiative method of computer operation. This architecture
requires extensive use of knowledge bases and models by the computer to create an
interface which serves as a translator between the user and computer. The interpretation
of user commands and requests requires knowledge of user characteristics, user goals,
and a model of the current state of the world.

A similar effort is underway at the Computing Research Laboratory at New Mexico
State University. One thrust of the research is the development of a modular interface.
Expert system technology will be applied to develop an interface-design consultant as
well as to implement an intelligent interface.

User models. A user model may be utilized in a number of ways. Greenstein,
Arnaut, and Revesman (1986) have demonstrated the utility of employing a model of
human decision-making behavior in the dynamic task allocation domain. In this effort, a
model was used by the computer to predict what the human would do and the computer
then responded accordingly. This model-based approach is in contrast to explicit
communication where the human tells the computer what he or she will do. In a
comparison of the model-based approach to explicit communication the model-based
approach was superior for overall system performance, even though the predictive power
of the model was less than perfect (predicted more than 70% of human actions in a
process monitoring task).

12
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Figure 1. Intelligent interface architecture (from Hopple
Halpin, 1985, p. 164).

The notion of a user model may seem straightforward when it is presented in a wish
list. However, there are a number of issues in the notion, such as how to obtain the
information as well as how to represent the information. The following discussion of
user models draws heavily from researchers in the area of tutoring and instructional
systems. The rationale for drawing on this literature area is that user models form a basis
for teaching and remediation and hence receive considerable treatment by researchers in
this area. Researchers in the CAI domain address user models in great depth from the
perspective of methods for obtaining the model as well as alternative representation
methods. Researchers concerned with user modeling in the user-computer interaction
domain might find utility in the classifications and research conducted in the CAI area.

Sleeman (1985) offers the following dimensions for classifying user models:

+ Single model of stereotypical user versus collection of models of individual
user. This dimension has also been termed canonical models versus
individual models (Zissos and Witten, 1985).

* Prescriptive models (specified by the user or designer) versus inferential
models (inferred by the system based on user performance). This dimension

13
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3 has also been termed explicit models versus implicit models (Zissos and

A Witten, 1985).

hn ] w'.
_( e Models of long-term user characteristics versus models of the current task.
O
| ":‘: +  The form and nature of information contained in the user model and the
B inference engine needed to interpret the information. (This dimension appears
N in the work of Sleeman; the other authors reviewed classify user models
A <"y

according to the previous three dimensions.)

D)

K
o
&

o Zissos and Witten (1985) suggest a number of issues associated with the dimensions
N of users models. The stereotypical user model tends to be less difficult to build than the
e collection of models. However, the stereotypical user model is of no benefit if the
O objective is to assist or to coach an individual user. Implicit models may require less
! A specialized knowledge and may save the user time; however, Zissos and Witten (1985)
indicate that some researchers contend that such approaches preclude the development of
detailed models due to the limited bandwidth between users and computers. Explicit
o modeling may increase the bandwidth and improve the quality and type of information
s available. Others point out that some amount of implicit modeling is both possible and
N frequently desirable. Long-term modeling may appear to be more accurate since more
o information is collected. One difficulty with long-term modeling is the potential
o confounding due to the fact that the user being modeled is continually changing; it is also
e difficult to account for the effects of learning and forgetting.
.-‘,-:"\' Sleeman (1985) offers a further distinction of user models in which he focuses on
AR expanding the inferential models. Models developed for a user through inference based
e on the user's behavior include:
3 a + Scalar models. These models are simple quantitative models.
M
‘.' .
0y » Ad Hoc models. These models may, for example, infer a plan based on
g observation. These models require specialized inference engines.
ﬂ.
) | » Profile models. These are descriptive models, such as matching book
b ,.'_:', attributes to user characteristics.
"_’.':: *  Overlay models. These models compare a user model to an expert model on
o topics that the user intends to acquire.
1
o »  Process models. These user models suggest how the user would perform a
o - task. Process models are executable and differ from ad hoc models in that they
2 do not require specialized inference engines.
L} .‘u'.
o
e Elkerton and Williges (1985) discuss representation methods that have been used to
N represent the user. The choices that developers must make are summarized below.
L
e Symbolic and quantitative models. Symbolic model development stems from work
A in artificial intelligence and takes on a variety of forms, including rules, frames, scripts,
e semantic nets, and plans. Symbolic models tend to have a descriptive capacity while
o quantitative models tend to have predictive capabilities. Elkerton and Williges (1985)
FR maintain that the distinction between symbolic and quantitative models stems from the
e type of expertise in the model. They characterize symbolic models as "glass-oor”
N":-\:"
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Ko experts while quantitative models tend to be "black-box" experts. "Glass-box" experts
R attempt to perform in a manner similar to humans (such as in problem solving) while the
' . "black-box" experts are not constrained in such a manner.
o Performance and cognitive models. Performance models are based on actual human
L performance (typically quantitative models). Performance models are typically obtained
o by monitoring user performance and statistically summarizing the data obtained. As
\:. Elkerton and Williges note, performance models are difficult to capture for complex
Ve tasks, since many complexities may not be apparent from performance measures. The
) approach taken in the development of cognitive models is the elicitation of expertise from
& 'j experts in the area of interest. Such a collaborative effort is typically the approach with
iy expert systems, symbolic, and cognitive models (Elkerton and Williges, 1985).
[/ v
Gy Skilled and unskilled models. Elkerton and Williges (:985) note that models may be
L constructed to include positive or negative information. While positive information
( ’ represents skills and behaviors expected of the user, negative information represents
Lo inappropriate planning or unskilled performance. Skilled models may serve as a standard
e against which user performance may be evaluated. The use of skilled models is
o frequently found in work on computer-aided instruction (CAI) and intelligent CAL.  The
'; use of unskilled models has been demonstrated by some researchers to be useful in
Cly assisting and training novice users. Elkerton and Williges refer to one research effort that
o successfully merged skilled and unskilled models to account for the evolving behavior of
e, users.
(o
0
Ng Static and dynamic models. Frequently, user models are static in nature and allow
'5:'.(:' for little if any change over time. One type of static model is termed a differential model
S > which defines user performance in terms of expert performance. As Elkerton and
{ Williges note, the use of differential modeling may reduce the modeling burden but may
o be ineffectual in instances of a very large difference between users and experts.
:-;?_: Limited work has been accomplished in the area of dynamic modeling. Elkerton and
:, Williges identify the work of Genesereth in plan recognition as one example of dynamic
‘o modeling. Genesereth developed an advisor for a symbolic integration program
(MACSYMA) which identified faulty plans and the likely incorrect beliefs that led to the
\':* user's inappropriate planning behavior.
S
‘:’ Multiple representations. While the use of multiple representations may not be
Pres computationally efficient or feasible, there might be an advantage of multiple models for
AV the capability of switching problem spaces if one model does not fit (Elkerton and
) Williges, 1985). However, there are various problems associated with multiple models.
P such as the circumstances under which models would switch and the potential need for
- communication between models.
\':-:
}_:-: Zissos and Witten (1985) characterize the representation of user models in three
(-2, forms:
L]
ol « Parametric form.
:. "‘J-:
v <. + Discrete-event form.
hal
ol + Frame-like form.
e.
o~
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& Parametric representations may be numeric or non-numeric. Zissos and Witten
'-f,( followed the lead of Rowe in modeling item interest in a database by developing a
,:’! = numeric parametric user representation of database use. An example of a non-numeric
o+ parametric representation is found in the "alias” facility of interactive operating system

24

e

(Zissos and Witten, 1985). The "alias" facility uses explicit modeling to permit users to
select names to be associated with system utilities. In the case of well defined tasks,

-
P 1

; 3] parametric models have utility. However, parametric models are not flexible and do not
';{ have application to coaching users.
[/
,",. "Discrete-event models arise out of a system-theoretic approach to behavior-to-
PNTR, structure transformation" (Zissos and Witten, 1985). Discrete-event models support
Wy analysis of behavior and prediction of inputs by treating user invoked commands as an
oy abstract sequence to be modelled. Zissos and Witten (1985) note that discrete-event
N models may present difficulties in communication with users, due to the fact that they
i - operate in low-level language sequences of commands.
(e As the term implies, frame-like models are derived from expert system knowledge
:..;; representation techniques. With frame-like models, ad hoc structures are used to store
o information about selected aspects of user performance which are updatable. Zissos and
' \é Witten indicate that frame-like models represent a user's understanding of the domain.
. However, such models are generally imprecise in complex domains since user
LA knowledge is being inferred from behavior. The power or weakness of the use of frame-

e like models lies in the manner in which information is determined from user actions.

o Zissos and Witten identify four techniques for inferring user's knowledge for frame-
o like models:

s
k
2
{' « Experience difference.
)

> :
ﬁ: * Bad plan detection.
i » Exhaustive searching.
Q » Use frequency.
Mo s
3P The experience difference technique compares the user's performance against a pre-
o determined standard, especially expert difference modeling. They note that the value of
j_f:: this technique is high in "domains in which the user's goals are clear and unambiguous,
T individual actions are easy to isolate from each other, and the sequence of optimal moves,
o before too long, will exercise all the domain's concepts” (Zissos and Witten, 1985, p.
‘ :.;-' 733).
P
L In less structured domains, the technique termed bad plan detection may be useful.
[~ This technique for inferring user's knowledge attempts to identify the user's unfamiliarity
e with concepts by recognizing pre-stored behavioral sequences. Zissos and Witten note
° that numerous researchers have used this technique (Anderson and Reiser, 1985;
::“,j Coombs and Alty, 1984; Rich, 1984; Sleeman, 1982; Shrager and Finn, 1982).

Essentially, this technique proceeds as follows: "bad plans” are cataloged by observing
e various users and analysis of domain semantics; the user's behavior is observed for
instances of bad plans. There are numerous positive aspects to this technique, such as
computational efficiency and updatability of the catalog of bad plans. However, Zissos
and Witten note the serious limitations, namely, they view the technique as being inexact
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(oversimplification of the task domain), incomplete (cataloging all possible bad plans is
impractical), and inflexible (bad plans cannot be detected if they are not contained in the
catalog).

A third technique for constructing frame-like models is exhaustive searching of
multiple models. This technique has application in restricted domains. Zissos and
Wittens note the use of this technique by Sleeman (1982). In this application, a frame-
like CAI system built numerous user models (including relevant combinations and
permutations of understood and misunderstood concepts). The set of models was
explored to identify the model that best fit observed behavior. While this technique may
have utility in a limited CAI application, it is likely to be unsuitable for any complex
domains.

General evidence of user understanding can be obtained in a fairly simple manner
using the fourth technique identified by Zissos and Witten. This technique is based on an
analysis of the frequency of use of concepts. The authors note that significant
information about the user may be captured by identifying concepts that he or she does
not use. This subset of information may provide an opportunity for coaching the user.
The authors note that further subdivisions of the "not used" concepts, particularly into
those concepts not needed or known but not likely, is rather difficult without the direct
engagement of the user in a dialog (thus introducing explicit modeling, which the authors
were trying to avoid).

Zissos and Witten (1985) developed an active user assistance or coaching prototype
for the EMACS text editor (Stallman, 1984), termed Anchises. They modeled users in
two manners: not used concepts and bad plan detection. The not used concepts criterion
was demonstrated to be highly accurate. The bad plan detection was found to be of high
utility for identifying "user inefficiency in particular circumstances, spotting specially-
defined bugs, compensating for noise, and encouraging use of newly-learned concepts”
(p. 748). The authors conclude that individual bad plans are not totally productive given
the difficult and tedious tasks of cataloging.

Adaptivity. Adaptivity of a computer to a user may be viewed from two
perspectives.  First, adaptivity may focus on an individual user. Second, adaptivity
may focus on adapting to various users, adaptation among multiple users. When one
discusses adaptivity for an individual user, one is frequently concerned with the fact that
the user and his skill level with the computer are not static; with experience the user
transitions from novice to experienced skill levels (and possibly to expert). Adaptivity is
concerned with creating a system that is not too difficult for the novice user to learn and
use ("friendly" or "natural”) while neither too boring nor cumbersome for the
experienced or expert user. Accommodating the extremes on the continuum is typically
the reason for the desire for adaptivity.

Badre (1984) is particularly concerned with designing the user-computer interface to
accomodate user transitions. Badre points out that the novice user tends to rely on
recognition memory strategies to accomplish his tasks with the computer. An expert, on
the other hand, may need to chunk, summarize, or abstract the actions which might be
taken by the novice in various contexts. Badre recommends that the expert interface
mode accomodate a free recall of the interaction language. Assuming that a novice user
may transition into an expert through practice, Badre (1984) recommends the following
conditions in the design and implementation of the interface:
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:s:\ * Two different modes are needed to allow for the performance of a single task
’{' L (expert and novice modes).

'«;\j * All novice user actions should be capable of being accomplished using

ey recognition memory strategies.
‘ 'S:' *  Expert interaction should depend upon the free recall of interaction.

U2

) * Asabyproduct of practice, the novice should have the opportunity to learn the
A expert's vocabulary and syntax.

"f"

-. ‘q .

Aoy * The expert level language of interaction should permit the expert to bypass
2-;- novice strategies and introduce new vocabulary and generate new sentences
1

to support summarizing and chunking activity.

Transitionality has been implemented into the Infoscope information management

o 1) . ; : : :
e system and meets the conditions Badre established. Six modes of interaction are possible
- in Infoscope: menu prompting; command name prompting; command statement;

v command statement abbreviation; definitionals; and command files.

i ’.~‘
° Further research is being undertaken to establish potential transitionality patterns that

e v &

may be appropriate to user levels and task complexity; such patterns could permit
"transitionality prompts" to be built into the system. This could permit prompts to be
automatically developed to the user at appropriate times. In this manner, profiles would
be developed for specific user/task combinations.
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A very different view of adaptivity may be found in the work of McCracken and
Akscyn (1984) on the ZOG interface system. The interface is not adaptive in the sense
that many researchers tend to view adaptivity. However, experimental results with ZOG
indicate that the system accommodates both extremes of the novice-expert continuum.
How ZOG manages to support the continuum of users is of interest. The Carnagie-
Mellon University researchers offer the following explanations about why experienced
users do not "outgrow" ZOG:

e _wn, _as. SRy,
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"<
.:::: * ZOG is a fast responding system. The menu selection interface is competitive
VA with a command language interface.

x-

o . . .

o *  ZOG permits experienced users to use a broader range of functions than

novices.

g
e *  ZOG is efficient in developing additional structures. (a chunk of ZOG data is a
» frame or trec of frames with variable parts - this scheme may be instantiated by
o copying and providing values for the parts.)
e

“n

o From the novice perspective, basic ZOG use may be learned in less than half an
o5 hour. The ability to add new material is typically achieved within an additional two
o hours.
) -..
p :j:_' Though ZOG was originally intended as a research vehicle to study user-computer
interaction, the ZOG interface has been applied on-board the U.S.S. Carl Vinson.
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Applications in this domain include: document preparation; interaction with other medias
such as video disk material; and interface to an expert system (AirPlan).

Slator, Conley, and Anderson (1986) have developed an adaptive natural language
interface to a graphics package ("Grafit" by the Graphicus Corp. running on the HP-
1000). User models are formed from observation of user action. In current use, only a
single model for a collection of users has been implemented; future implementations will
focus on the development of models for individual users.

One of the design objectives for the Slator, Conley, and Anderson (1986) research
was to implement an interface which would teach users to use a graphic command
language. The natural language interface does not support a ""conversational” dialog
between the user and the computer. Rather, the user issues commands and observes
whether or not the command is carried out. While this approach attempts to minimize
misconceptions on the user's part about what the computer understands, ambiguities still
arise. To resolve ambiguities the script-like decision matrix is used to hypothesize what
the user intends on the basis of the actions the user has taken in the past.

Use of knowledge bases. Developments in the use of knowledge bases are quite
extensive. The artificial intelligence literature is filled with examples of the use of
knowledge bases; no attempt will be made to review all of the developments reported;
instead, a few examples will be presented.

Waters (1984) describes a programmer's apprentice which uses knowledge bases in
the domain of program editing. Winograd (1984) describes the future direction of the
programming environment as heavily knowledge-based. Wilensky (1983) describes
numerous knowledge base examples in the area of text understanding. Shen and
Signarowski (1985) discuss the knowledge base needs for intelligent fiexible control in
the area of programming and control of robots.

Rissland (1984) describes a knowledge-based on-line HELP and tutoring system and
points out that the knowledge requirements for on-line HELP may be quite varied.
Determining what help the user requires (after invoking HELP) requires a minimum
amount of knowledge about the tool to be explained and the interaction modalities (some
contextual knowledge of the user and domain may be needed). Responding in an
intelligent manner to the user, custom-tailoring for example, may require more extensive
knowledge of the user, domain, and task. Tailoring could be accomplished using pre-
stored examples derived from expert knowledge of the topic to be explained. A more
elaborate approach would customize the pre-stored examples.

Al Tool Use in Interfaces. This section highlights some studies which have already
been discussed in earlier sections. However, here the orientation is toward Al tools that
have been applied to user-computer interaction.

The ZOG interface (McCracken and Akscyn, 1984), discussed earlier, uses a frame
as the basic unit of representation. Typically, the ZOG database contains tens of
thousands of frames. The frame viewed by users contains a set of items of different
types and positioning information about each. For example, local pads are tangential
points (cross references to related material in other documents, invoking programs);
global pads are general functions (back, help, etc.). A selection on a ZOG frame leads to
an associated action. One interesting feature of ZOG is that frame size is restricted to the
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I size of the available display; scrolling is not permitted. If information cannot be
e contained in a single frame display, the frames are linked in a linear sequence or extra
¢ : levels of hierarchy are introduced.
™ The work of Slator, Conley, and Anderson (1986) has been briefly discussed in an
e, earlier section. The development of an adaptive interface to a graphics package uses a
- script-like decision matrix for modeling user behavior. The natural language
P understanding aspect of the interface uses a semantic parser which determines the
W grammar rules that apply to a user utterance (three possible cases - none apply, one
>, applies, or more than one apply). Production rules are used by the interface as an
AN intermediate step to develop a list of candidate commands that the user may mean by the
) :-_:-ﬁ utterance he enters. The script used by the interface is dynamic since there is no ordering
-~ of graphic events in this domain. 1" = research is on-going in an effort to fine tune the
- interface. For example, given the non-determininistic nature of the decision mechanism,
- mistakes occur. Enhancements to the interface will include eliciting feedback from the
( user in regard to uncertain translations, allowing the user to approve or disapprove the
- results of the translations.

e

NN
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The Information Lens (Malone, Grant, and Turbak, 1986) is an intelligent system for
information sharing in a multi-user environment. The Information Lens was developed
in the Interlisp-D environment using Loops and runs on Xerox 1108 processors

o connected by an Ethernet. The objective of the Information Lens was to develop a
. prototype system to aid users in sharing information communicated via electronic
s messaging systems. The system uses frames, production rules, and inheritance
ol networks to accomplish the desired information sharing.
-:\
The Information Lens system is based on frames (a set of semi-structured message
types). Each message type has an associated template with slots for information. Each
s slot has numerous properties, including default values, potential values, and an
o explanation of the reason the slot is part of the template. Users may directly access slot
wo information in the process of constructing a message.
s The templates used in the Information Lens are linked in a network. This enables
) subtypes of a template to inherit slot information from the parent template. This network
structure is visible to the user in a message type browser.
:::'. User rule building is permitted in the Information Lens for finding, filtering, and
o sorting messages. Rule templates based on the same message types used for rule
b construction are utilized, primarily as an aid to the inexperienced user. In addition, users
o may specify rules to access messages not directly addressed to them (messages sent to a
e common file "Lens").
) :'.:
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y \{.\ THE DIFFICULTIES OF DEVELOPING INTELLIGENT INTERFACES
R
L While there is a lack of consensus about the definition of an intelligent interface,
[ researchers point to a variety of needs that will influence the development of the
20 intelligent interface. Halpin and McCullough (1986) and Gaines and Shaw (1986b)
;-::-j identify the need to develop a symbiotic relationship between humans and computers;
R Norman (1986) identifies a need for making systems more pleasurable; Brown identifies
o the need for increasing the intelligibility of systems. The common theme is the
Ll characterization of the user-computer interaction as a dialog, a conversation between the
'.‘ ; user and the computer. Viewing interaction as a dialog highlights the need for drawing
L N communication research into the interaction design picture.
107N
. g:f: The difficulties that are likely to confront the development of intelligent interfaces
o will undoubtedly emerge as development efforts focus on complex domains. However,
Faan two particular areas are apt to be especially difficult, understanding language and mental
! modeling. The difficulty of understanding language need not be viewed as a need for
: Z-:}'; natural language understanding; rather, the view is that a dialog requires understanding of
SANE the language by both the speaker and the listener regardless of language type.
h f_'.r
"_C: The notion of mental models is pervasive in much of the current literature concerned
Tt with developing a partnership between humans and computers. At the same time, the
e notion of mental models presents difficulties in practical application. Capturing and
e representing mental models is a special case of knowledge acquisition and representation.
Qe
e nderstanding L
{ ¢ Drawing from the work of Kraut and Higgins (1984), Halpin and McCullough
R (1986) present six proposed maxims to govern the behavior of speakers in a
3 _j: conversation:
5""-;
N o 1. Maxim of quantity: speakers should make their contributions as informative as
b X required, providing neither too much nor too little information.
._:;4 2. Maxim of quality: speakers should convey the truth as they see it.
F_J.':‘
M 3. Maxim of relation: speakers should produce a message that is appropriate to
i their communicative intent or purpose.
[/
o 4. Maxim of relevance: speakers should produce a message that is relevant to the
2 context and circumstances.
A
j:j-_f: 5. Maxim of manner: speakers should try to be clear, coherent, comprehensible,
S and concise.
6. Maxim of sensitivity: speakers should adapt their messages to their listeners'
. y: Sp P g
" characteristics, including what they believe their listeners know. (Kraut and
o Higgins, 1984, p. 90) (taken from Halpin and McCullough, 1986, p. 273)
".:’_:.::' As Halpin and McCullough (1986) point out, these maxims could serve as rules to
tailor computer output; however, conversation features both the speaker and the listener.
\d The listener is not a passive partner in the communication process. Thus, the role of
g
.f«_:.-
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feedback is needed to ensure the understanding and interpretation of the speaker's
information.

Terry Winograd (1985) has been involved in research in the area of designing
computer systems to "understand language" for some time. In his research efforts
Winograd has had to attempt to understand what understanding language is about, be it a
human or computer who is doing the understanding.

As noted earlier in this paper, implementing natural language understanding in a
machine has met with significant difficulties. However, Winograd's work with
SHRDLU successfully demonstrated the possibility of a seemingly natural exchange
between a user and computer. As Winograd (1985) readily points out, SHRDLU
focused on a limited domain with carefully constrained dialog; in addition, there were
numerous shortcomings, such as the ad hoc representation of the internal structure of the
speaker/hearer.

Winograd (1985) describes two different approaches to understanding language,
objectivity and subjectivity. From an objectivity starting point, each utterance has
meaning due to its correspondence to a state of affairs. This approach studies language
by analyzing how the structures of utterances correspond to what they describe. The
subjectivity starting point, on the other hand, views each utterance as a trigger of
processes within the hearer through which meaning is determined. This approach studies
language through the study of cognitive structures and processes. Winograd sees
difficulties with each extreme; there is a subjective aspect to understanding but taken to
the extreme one could not account for the fact that people can share meaning in a way
without having identical histories.

Winograd (1985) identifies four domains of understanding:

*  Domain of linguistic structure. The traditional domain of linguistics looks for
regularities in the patterns of structural elements in utterances.

* Domain of correspondence between linguistic structures and the world. This
tends to be the domain of Al research in natural language where the concem is
with the regularities in the correspondence between linguistic object structure
and the world those objects describe.

* Domain of cognitive processes. Both cognitive psychologists and Al
researchers are concerned with this domain. The concern of this domain is
with the cognitive structures and processes of the generators and interpreters.

*  Domain of human action and interaction. This is the current direction of
Winograd's work. "In this domain the relevant regularities are in the network of
actions and interactions within a human society. An utterance is a linguistic act
that has consequences for the participants, leading to other immediate actions
and to commitments for further actions.” (Winograd, 1985, p. 185-186)

While Winograd acknowledges that his new direction appears to turn away from
cognitive psychology, he maintains that is not the intent. Rather, he is adopting a new
direction to focus on articulating the unstated background and interactive environment in
which utterances occur. The eventual contribution of Winograd's research direction may
have application to the development of a dialog between humans and computers. In
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particular, the Winograd "action" orientation may serve as an approach to limiting the
context requirement for understanding.

Mental model

The following discussion concerning mental models raises serious questions in the
area of knowledge elicitation and representation. A number of concerns about the search
for elusive mental models exist. The work of some researchers could lead one to the
conclusion that eliciting mental models from individuals is not possible. The problems
raised by these researchers are not merely linguistic; rather they are fundamental to
research questions and methodologies. Maybe the search for mental models has been
overly ambitious, or maybe the questions have not focused on the obtainable.

The notion of mental models and their role in human-computer interaction has spread
throughout numerous research domains (Rouse and Morris, 1986). As Donald Norman
(1983) notes:

In interacting with the environment, with others, and with the artifacts of
technology, people form internal, mental models of themselves and of the things
with which they are interacting. These models provide predictive and explanatory
power for understanding the interaction. (p 7)

Recently, Rouse and Morris (1986) conducted a review of the current state-of-the-
search for mental models. The authors found that while the term "mental models" is used
extensively, there are few explicit definitions. Some of the defintions they found
included:

* Hypothetical construct (in the domain of sampling, scanning, and planning).
»  Special cases of schema (in the domain of manual control).

»  Understanding that is characterized as messy, sloppy, incomplete, and
indistinct (in the domain of understanding systems).

»  Understanding of knowledge representation in rules, rule organization as a
network of relations, and explanatory tracing involving network chaining (in the
domain of expert systems).

» Internal structure and processes of the device (in the domain of device
operation).

One problem, according to Rouse and Morris (1986), involves distinguishing mental
models from general knowledge. They assert that mental models are special types of
knowledge. They note that without a more precise definition of mental models “there is
great risk that the result of research in this area will simply be that humans have to know
something in order to perform their tasks. Clearly, this result will not be a great stride for
science.” (p. 350)

Rouse and Morris (1986) reviewed the various purposes for which mental models
are used. They concluded that there are three common themes regardless of the actual
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Y task. These themes are describing, explaining, and predicting. From this the authors
?,3 offer a functional definition of a mental model:
:A _ Mental models are the mechanisms whereby humans are able to generate

S0 descriptions of system purpose and form, explanations of system functioning and
N s observing system states, and predictions of future system states. (p. 351)

A
-1‘2 This functional definition avoids the general knowledge issue by stating the types of
Aot knowledge and their purpose. Further, a distinction is not made between knowledge that
."3 is retrieved from knowledge acquired through computation (the authors' stated

Al implication being that mental models need not be computational models).

Y.

J:::

> Capturing a Mental Model. Methods for capturing an individual's mental model

o have been discussed from the perspective of user models in an earlier section. Focusing
specifically on mental models Rouse and Morris (1986) categorize the approaches to their
identification in the following manner:

[NLuES
s

o

f :::ZS  Inferring the model via empirical study.
b N J.'.“:
! v +  Empirical modeling (inferring the structure and parameters of a mental model
o by the algorithmic identification of the relation between an individual's
il observations and subsequent actions).
NG
oo *  Analytical modeling (deriving the mental model for a particular task using
2 available theory and data).
o
»  Verbal and written reports (introspection and verbal protocols).
Ko
\ 5-','; As Rouse and Morris (1986) note, there are weaknesses inherent in each technique
o and limitations on the domains they are used to explore. They maintain that inferential
’ methods are useful modeling techniques in tasks where the choice behavior of the subject
Y

is limited (e.g., manual control) as opposed to tasks such as problem solving and
decision making. Their rationale is that the mental model may be based on external
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i~ factors when the level of behavioral discretion is low.
1 -q.'
oo
O Rouse and Morris (1986) hypothesize that the mental model is more likely to be
o captured in tasks where the model is explicitly manipulated. If the use of the model is
part of performing the task, it may be captured with verbal or written reports (if it can be
L 3 verbalized). It should be noted, however, that the use of introspection or verbal
K protocols in the search for mental models has its critics (such as, Nisbett and
! I Wilson, 1977, who maintain that humans cannot report their higher level processing, a
o finding not surprising to many knowledge engineers who attempt to elicit expertise from
o experts.).
x ’l
o Numerous researchers in both cognitive psychology and artificial intelligence are
g concerned with capturing the mental models of experts. Eliciting knowledge from
Ao experts, toward the goal of developing mental models or expert systems, is difficult at
' :;,'} best. Verbalizing expertise may be an impossible task for an expert. Worse, as noted by
e Rouse and Morris (1986), is that "their verbalizations may reflect what they expect the
AV inquirer wants rather than how they actually perform” (p. 353). It is necessary to look at
]
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