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ABSTRACT

One of the most difficult problems in natural language interface development is that of
dialogue processing. Recent empirical research has shown that over one quarter of unk-
nown word errors in the evaluation of a natural language interface were due to dialogue
phenomena. A Wizard-of-Oz study has been conducted for written/interactive natural
language dialogues in the UNIX help domain showing the intricate relationships between
the various types of queries asked by subjects. A speech act categorization and sequenc-
ing graph have been developed. Previous research in computational linguistics has
argued for speech act analyses. However, such research has concentrated on the use of
speech acts for analyzing user’s goals, plans and intentions in their own end. From the
analysis it is shown that speech act sequencing bears heavily on user modeling issues and
may also have implications for dialogue structure. Speech act sequencing can help in the

further development of dialogue and user models for natural language interfaces.
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1. Introduction

One of the most difficult problems in developing natural language interfaces is to build an
interface which will have a good dialogue interaction with its user. A dialogue component is
very important in any natural language interface. Another problem in developing such interfaces
is that they must have a good model of the user (see Kobsa and Wahister 1988, Schuster et al.
1988). It has been shown by Whittaker and Stenton (1989) that over one quarter of unknown
word errors in the evaluation of a natural language interface were due to dialogue phenomena.

It is our goal to build a dialogue modeling component for a computer program which
answers queries about computer operating systems. The program is called OSCON and is
described further in Guthrie et al. (1989), Mc Kevitt (1988), Mc Kevitt and Wilks (1987), and Mc
Kevitt and Pan (1989). However, in obtaining this goal it was considered necessary to conduct an
experiment to find out what sort of queries subjects really asked and what sort of relationships
existed between these queries. A Wizard-of-Oz? study was conducted for 14 subjects and the
results analyzed.

2. Background research

The implications of structural constraints for the analysis of intention and speech acts (see
Austin 1975, Bach and Harnish 1979, Searle 1969, and Stampe 1975) has been well studied in the
field of natural language processing (see Allen and Hinkelman 1989, Cohen et al. 1982, Hinkel-
man and Allen 1989, and Reichman 1986). Also, previous natural language dialogue research
has concentrated on the use of linguistic items to identify dialogue structure. Examples are the
use of conversational cues and phrases to mark changes in topic or attentional state (see Grosz
and Sidner 1986), the use of conversational cues or phrases to mark relations between structures
(see Reichman 1986), the use of intonation to help in segmenting dialogues (see Hirschberg and
Pierrehumbert 1986), and the use of referring expressions and grammatical structure to indirectly
identify dialogue structure (see Brennan et al. 1987, Grosz and Sidner 1986, Guindon et al. 1986,
Reichman 1978, Reichman-Adar 1984, and Reichman 1986). In fact, recent empirical results by
Whittaker and Stenton (1988) not only show that the recognition of intention is useful for indicat-
ing shifts in control in dialogue, but that structural conversational cues are not reliable, or good
enough on their own, for predicting shifts in control.

It is argued here that the implications of intention, or speech acts, for other dialogue
phenomena has been, on the whole, left uncovered. For example speech acts have implications
for user modeling and dialogue structure. Recent research has been moving in the direction of the
implications of intention for other dialogue phenomena (see Carberry 1989).

3. Wizard-of-Oz

The Wizard-of-Oz technique is useful for obtaining data on human-computer interactions
and for providing data for designing user models. The technique is useful as (1) it models
human-computer typed interaction, (2) there is no failure of the program answering typed utter-
ances because there is no program, and (3) the setting is controlled as the subject has a set number
of tasks to accomplish. The Wizard-of-Oz setting has been strongly argued for in the design and
evaluation of natural language interfaces (see Guindon 1988).

There have been a number of attempts at building computer programs which help users in
the domain of computer operating systems. These programs vary from menu-based systems (see
Shneiderman 1987) to natural language systems (see Guthrie, Mc Kevitt and Wilks 1989, Heck-
ing et al. 1988, Hegner and Douglass 1984, Mc Kevitt 1986, Mc Kevitt and Wilks 1987, Wilen-
sky et al. 1984, 1986, 1988). Although there have been many papers discussing problems and
solutions to building natural language consultant systems for operating systems there have been

2 The Wizard-of-Oz technique is one where subjects interact with a computer through typed di-
alogue at a monitor and are told that they are conversing with the computer. Subject’s utterances
are sent to another monitor where a *‘Wizard'’ sends back a reply to the subject monitor.
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few empirical studies to find out exactly what sorts of queries users ask, Some protocol studies
were done at Los Alamos but these studies were done with a user actually using a natural
language consultant system called UCC (Hegner and Douglass 1984, Douglass and Hegner 1982)
rather than with the Wizard-of-Oz technique. As the UCC system did not always answer user
queries these protocols were not useful for some of the analyses we wanted to carry out. A
Wizard-of-Oz experiment was conducted for the UNIX operating system and some interesting
results are described in Chin (1984). We argue for more elaborate analyses than Chin’s.

There have been many studies conducted on user-adviser dialogues using the Wizard-of-Oz
experiment for domains such as statistical packages (Guindon 1988, Guindon et al. 1986, Slator
et al. 1986), travel agent advice (see Brunner et al. 1989a, 1989b) and information retrieval
(Walker and Whittaker 1989, Whittaker and Stenton 1989). The objective of many of these stu-
dies is to investigate written/interactive dialogue and use those investigations to help in building
better and more robust natural language interfaces.

4. A Wizard-of-Oz experiment

In order to evaluate the use of Wizard-of-Oz studies an experiment was conducted. The
experiment took about 1 hour per subject to complete and each subject had 17 tasks to do.
Instructions were given to each subject before the experiment commenced. A brief description of
the experiment is given here. A more detailed description is found in Mc Kevitt and Ogden
(1589).

The selected subjects were read information about the experiment explaining the tasks and
conduction of the experiment. The subjects were told that the wizard would be monitoring their
input and they could call for help at any time. The subject sat at a Sun-3 monitor in a large
laboratory. The Wizard was situated at another Sun-3 monitor with his back to the subject in the
same laboratory about 8 Metres away. The subject could not see what was on the Wizard’s
screen. An effort was made to help the subjects feel at home with the experiment by telling them
that it was not them that we were testing, '

There were three windows displayed on the subject’s monitor. One window in the upper
left of the monitor contained a reduced version of the UNIX3 operating system. This reduced ver-
sion did not contain all operating system commands as only a limited set of commands were
necessary for the experiment. The subject typed all commands to UNIX in this window.

Another window to the right contained three frames: (1) task frame, (2) subject question
frame, and (3) wizard answer frame. The task frame was on top, the subject query frame in the
middle, and the wizard answer frame below that. The task frame displayed 17 tasks in turn, each
one randomly selected from a computer file of 17. The subject selected tasks by clicking in a box
marked TASK. A small window in the task frame showed the number of tasks t0 be completed.
The question frame allowed the subject to type queries and then send them to the computer by
clicking a box marked QUESTION. There was also a box marked CLEAR which the subject used
to clear the question buffer before asking a new question. The answer frame marked ANSWER
displayed the Wizard’s answer. This frame was not cleared but scrolled up as the answers filled
up the frame.

Below the answer frame there were three boxes. One box marked RESET was used for
resetting the wizard program for a new user. Another box marked QUIT was used for quitting the
program. The third box marked Printscreen allowed one to print the screen on the Laserwriter at
any given moment during the experiment.

The wizard’s screen layout was virtually the same as the subject’s. A small window showed
the number of tasks to be completed but the Wizard did not see the tasks themselves.

At the commencement of the experiment the subject was instructed to try a sample question
by clicking on TASK. The sample question was the same for each user and involved printing a

3 UNIX is a trademark of AT&T Bell Laboratories.
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file on the printer. The computer mapped a canned answer about printing files on the printer to
the ANSWER window. The subject was also instructed to try the answer given by the computer,
in the UNIX window. >From then on the subject was on his/her own for the rest of the experi-
ment unless of course he/she called the wizard for help. The last task the subject had to do was
log out of the system. Each time the subject or the wizard sent a message there was a beep at the
wizard’s or user’s monitors respectively. Also, when the subject typed a command to the reduced
UNIX shell or went on to a new task there was a beep on the wizard’s monitor. Information from
the screens was stored in log files. The subject and wizard did not see keystrokes or mistyping as
only messages actually sent by the subject or wizard were shown on the screen.

The tasks that subjects had to execute were simple operating system tasks. Some of the
tasks were specific to UNIX, others possible in any operating system. The tasks involved simple
operating basics such as creating, displaying, printing, copying, moving, and removing files and
directories. Some tasks involved displaying information about the system too. During each sub-
ject session data was collected and placed in a log file. A number of codes were used to mark
each item of data. Only sent messages were recorded in the log files and keystrokes were not
recorded.

Each subject was asked to fill out a questionnaire which recorded data about the subject.
The name, age, sex, and major of users were recorded. Also, the computer experience, operating
systems experience, and UNIX experience of subjects was recorded. Levels of expertise of users
are shown in Appendix C.

5. Analysis of results

The results of the experiment can be analyzed for many different phenomena. >From the
questionnaire that was given to the subjects the following information was obtained. Of the 14
subjects 11 were female and 3 were male. Their majors at the University included the following:
Business Computer Systems, Community Health/ Nursing, Accounting, Dental Hygiene, Busi-
ness Management, Psychology, Wildlife Science, Computer Science, and Marketing. Of the 14
subjects 3 suspected that the **Wizard’’ could be answering their questions though none of them
were sure of this. The other 11 did not suspect this at all. One subject said that it was the time lag
in answering that caused her suspicions. The other 2 contemplated the possibility that the answers
were being given by the Wizard.

Three of the subjects reported that they had no computer experience the rest reporting
experience from less than 3 months to 1-2 years. The same two subjects reported having not used
any operating system while the other subjects had used some operating system(s), mainly MS-
DOS* and PC-DOSS. One subject had used a number of different operating systems. Most of the
subjects had not used UNIX although three subjects had 1-2 years of UNIX. Therefore, the sub-
jects were on the whole novice UNIX users.

6. Speech act analysis

In doing a speech act analysis of the 14 subject dialogues the set of speech acts shown in
Appendix A was obtained. A sequence analysis of these results was conducted and the sequenc-
ing graph in Appendix B was developed.

6.1. Speech act categorization

The categorization is my own and may be incorrect and need some modification, yet it
gives an initial guide. However, it is important to note that the categorization is derived from that
data a postiori. There are seven speech act types: (1) request-for-direction, (2) request-for-
guidance, (3) request-for-explanation, (4) request-for-information, (5) request-for-conformation,

4 MS-DOS is a trademark of Microsoft Corporation,
5 PC-DOS is a trademark of International Business Machines Corporation.



(6) request-for-form, and (7) request-for-elaboration. The previous set are listed in order of fre-
quency of occurrence in the dialogues.

request-for-direction describes those requests where subjects inquire about means for doing
some operation. For example in this domain subjects often asked about operations such as *‘print-
ing’” or ‘‘deleting’’.

request-for-guidance indicates requests where subjects ask about some guidance on what to do
next, or what to do when they are stuck. Examples are queries asking for help.

request-for-explanation indicates requests where subjects ask for explanations of some informa-
tion such as a command or some phenomena that has happened.

request-for-information is a request for information about some topic. Examples are requests
for information about the operating system and its status.

request-for-confirmation is a request by the subject for confimation of some belief that he/she
holds. Examples are confirmations of some command form or some goal or plan.

request-for-form includes requests about the form of items. Examples here include the form of
commands to be typed to the system.

request-for-elaboration involves requests for elaboration of some item that has been introduced
in the dialogue. Examples shown are for more information on commands and goals and plans.

6.2. Speech act sequencing

After a speech act typography was conducted, a speech act sequencing graph was produced
(see Appendix B). This graph shown the various speech act types in boxes and the sequences
these speech acts occurred in. Each box link has a set of numbers attached to it in square brackets.
These numbers indicate the subject, i.e. whether it was subject 1 or subject 14. Each subject had a
particular level of expertise with respect to computers, operating systems, and UNIX although
most of the subjects were novice UNIX users.

Looking at the sequencing graph it is noted that request-for-direction seems to be the central
node, i.e. this node has the most arrows leading out from it, six in all. Also, the other boxes have
only one or no arrows leading from them. It is understandable that the request-for-direction
should be the most central node as subjects will tend to ask queries about how to do something
before they ask about extensions of such information. It is noted that the request-for-direction can
precede every other type of request.

It is also interesting to look at the arrows leading from other boxes. In one case a request-
for-guidance follows a request-for-elaboration. This might happen if the subject has asked for an
elaboration and has not understood it. Therefore, the subject asks for guidance. Such relation-
ships have important implications for user modeling. For example, any dialogue modeling pro-
gram which recognizes speech acts would note that the subject has got a problem with this partic-
ular item of information and should help with its solution. It is also noted in Appendix C that this
subject had some experience with UNIX and still had problems with some command. This should
help in the design of a user modeling system where even experienced subjects could be helped
over problems like this.

In another case a request-for-explanation is followed by a request-for-confirmation. This is
understandable as a subject may ask for confirmation afier being given an explanation. Interest-
ingly, only one subject asked for confirmation although many subjects asked for explanations.

A request-for-information is followed by a request-for-guidance where again the subject is
lost even after being given some information. It is noted from Appendix C that this subject has
only 3 months computer experience. Also, request-for-guidance is mapped into itself a number of
times. This would indicate that these subjects are really lost.

Correlating Appendix B and C all of the subjects, except one, that asked for elaboration,
information or guidance were subjects who had no UNIX experience. Also, request-for-guidance
was the most common request and all of the subjects making this request had no UNIX experi-
ence. Therefore, it is inferred from this that any user model finding many requests-for-guidance in
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a natural language dialogue should be aware that the user has little or no knowledge about the
topic. Also, a speech act processor in the dialogue model should pass this information to the user
model and in turn the user model should act accordingly to affect the answering of queries.

The only cases where the more experienced subjects asked follow up queries or sequenced
speech acts were for request-for-explanation, request-for-elaboration, request-for-confirmation,
and request-for-form and these only happened a total of five times, with request for explanation
being the most densely occupied. Therefore, more experienced users will tend to ask requests
about explanations and elaborations rather than requests for guidance or information.

On another plane it is possible to look at the most common types of requests following the
more central request-for-direction. The most busy node is the request-for-guidance, and the
request-for-confirmation and request-for-explanation tie for second place. Then there is request-
for-confirmation not falling to far behind. However, request-for-form and request-for-elaboration
fall far behind tying for last place. This all makes sense as many of the subjects had little UNIX
experience and therefore they tended to ask for lots of guidance and then just as many explana-
tions as information with less emphasis on confirmation. Of course form and elaboration fell last
as the form was usually made quite clear by the Wizard and from previous answers and inexperi-
enced subjects seldom ask for elaboration but wish to increase breadth rather than depth. Such
constrains should be taken into account in user modelling for natural language interfaces.

Finally, there are some local observations about subjects. It is noted that certain subjects
tended 10 ask certain types of sequences. For example subjects 8, 11, and 12 made requests-for-
guidance a number of times. It is noted that subjects 11 and 12 had no computer experience at all
and subject 8 had only 6 months to 1 year. Also, subject 6 and 8 asked for explanations twice
each. Subjects 5 and 8 asked for confirmations straight from directions twice each indicating they
were unsure of what was going on. Also, subject 7 asked requests for information four times,
These request differences are probably more dependent on the personal characteristics of these
subjects. Such information should also be taken into account for user modeling,

7. Conclusion and future work

The central conclusion here is that speech acts are not only useful for analyzing the inten-
tion of subjects in dialogue and hence their goals and plans as has been shown extensively in
dialogue processing research (see Allen and Hinkelman, Cohen at al, 1982, Hinkelman and Allen
1989). Speech acts are also very useful for showing up user modelling data and have implications
for user models.

We are also interested in the possibility of using automatic techniques to derive user models
from Wizard-of-Oz data. Such techniques would be used to derive user syntactic and semantic
usage for queries. The word references for operating system objects and commands could be
analyzed with a parser and used in the construction of user-specific models. Users using terminol-
ogy from one operating system and bringing that over into the UNIX domain could also be recog-
nized. Also, more ambitious tasks such as the recognition of user-specific intention through
speech act recognition and follow-on queries needs to be tackled automatically. This information
could then be loaded into a natural language system and then the system itself could be tested in
an augmented Wizard-of-Oz technique, with a wizard in the loop, where the system responded to
qQueries and if it failed the wizard intervened without the user knowing this, and then using the
marked interventions to further the system and make it less brittle. Therefore, what is argued for
here are automatic and iterative techniques for the development of user models in natural
language dialogue Systems, rather than the subjective construction of such models. We would

Further work on this analysis involves looking at how speech acts affect dialogue structure.
It is believed that intention in general, and speech acts in particular, have implications for dialo-
gue structure and that a computer program can be implemented to demonstrate and use this fact
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for typed human-computer natural language dialogue. It seems intuitive that not only does SAY-
ING give a clue to INTENTION but that INTENTION gives a clue to SAYING. However, the
implications of intention, or speech acts, for dialogue structure have been, on the whole, left
uncovered.

If the above hypothesis is true then speech acts can be used to predict shifts in dialogue
structure and help tackle one of the largest problems in dialogue processing, i.c. the problem of
resolving references in dialogue. If speech acts have implications on dialogue structure then they
can be used to segment dialogue into spaces and hence reduce the search space for references. It
has been shown by Grosz and Sidner (1986) that by reducing dialogue into segmented spaces the
search for references can be reduced to a search in one of the spaces. We report preliminary
research on the use of speech acts for segmentation in Mc Kevitt (1990).
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Appendix A: Speech act categories

The following list shows the Speech Act query types found in a set of Wizard-of-Oz dialogues for
14 subjects. Except for type (1) all cases of each type are listed request-for-information occurred most
commonly in the dialogues. The ordering of the speech act types here is in terms of frequency the most
frequent shown first,

(1) request-for-direction

e.g. how do i copy a file
how do i remove a directory
how do i get the date
how do I know if it has produced a printed copy
what do i type to see who is using the computer?

(2) request-for-guidance (frequency: 21)

e.g. what now, I can’t seem to get it to go to the previous directory? [5]
how? (6]
{how] will you help? (6]
now what do 1 do next? {6]
what do i do after i find out [6]
if the file is not in that directory, how can I find out
what directory it is in? {7}
after I use cd how will I know if filel is there? [7]
if the filel is not there where do I go? [7)
what if there is no such file in diectory? (7]
how do I get to the previous task [8]
I don't understand what I am suppose o do [8]
the rmdir rubbish doesn't do the task, so what now [8]
What do I do if it is not empty? [11]
What do ] do if there is no such file or directory? [11]
what if movemeto cannot access? (11]
Whndoyoudoywdoifwummecommmdmdirmdthaﬁle
name but the directory doesn’t empty? [12]
Wha:doyoudowbenmereianoﬂlcordimcwry:oremovewim
the name rubbish {12]
What do you do if it still tells you there is no such flle or
directory? [12]
Now what do I do? [13, 13, 13]

(3) request-for-explanation (frequency: 10)

e.g. what does directory not empty mean (1, 4]
what does cp -t mean? [2]
explain more (6]
where have all the files gone (6]
why is a directory not copied? (7]
what do you mean by "trash” [8]
when I command it to remove directory it says that
there is no such file or directory [8]
what is oscon (%)
why is my file movemeto not found? [10]



(4) request-for-information (frequency: 9)

is the computer hooked up to a printer (4)
what other users are on the system today? [5]
has oscon been printed [6)

am i in the help directory [6]

am { in oscon [6]

i tagk compiete (6]

what other directory can I go to? [7]

Does uswest now exist in your directory? [11]
what is today's date [14]

(5) request-for-confirmation (frequency: 6)

e.g. to remove a directory do i need to remove all of the files (1]
can i make a copy of a subdirectory? [5]
can i remove a directory with files in it? [5]
do I use the same method as the last task [8)
DO ITYPE LS "MOVEMETO""TOHERE" [8]
is the directory named "rubbish" now gone? [10]

(6) request-for-form (frequency: 2)
e.g. how do i use logout? [2]
how will "is" be entered? [7]

(7) request-for-elaboration (frequency: 2)

¢.§. how do i uss more? (2]
can you give me mare information on how to find dir and change w dirl [6]



Appendix B: Sequence graph
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Appendix C: User expertise levels

The following list shown the subject expertise in (1) computers, (2) operating systems, and (3)
UNIX. Most of the subjocts had tigtle or no experience with UNIX.

([1] computers: Little; 0S: MS-DOS, UNIX; UNIX: Little)
([2) computers: 1-2 Yr; 0§: MS-DOS, UNIX; UNIX: 6 Mth-1 Y1)
((3] computers: 1-2 Yt 0§: MS-DOS, PC-DOS, CMS, VMS, UNIX; UNIX: 1-2 Yr8)
([4] computers: 1-2 Y18, OS: MS-DOS; UNIX: None) .
(5 computers: 1.2 Yr8; OS: PC-DOS; UNIX: None)
(6] computers: < 3 Mih; 0S: PC-DOS, MAC; UNIX: None)
> (7] computers: < 3 Mth; 08§: PC-DOS; UNIX: None)
(I8) computers: 6 Mth-1 vr, 08: PC-DOS; UNIX: None)
([9] computers: § Mth-1 Yr; OS: PC-DOS: UNIX: None)
([10] compusers: < 3 Mih: OS: MS-DOS; UNIX: None)
({111 computers: None; OS: + UNIX: )
([12] computers: None; 08:; :)
([13] computers: 6 Mith-1 Yr; OS: PC-DOS, MAC; UNIX: None)
([14] computers: None; 0S: ; UNIX: Nane)




