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1 Introduction 

The introduction and development of computers have provided humans with 
tools that can be controlled by communication. Though there is an interac
tive aspect to the use of any instrument that humans invented, interaction 
with computers is different in that its interaction language has developed 
towards one based on abstract elements like in inter-human interaction. 
People operate tools in order to achieve some goal. The process that they 
apply is one of translating some internally represented goal into subgoals 
that correspond to possible activities of the machine. The way in which 
this internal process proceeds is hard to make explicit, hut it is certainly 
influenced by the characteristics of the artificial partner, more precisely, by 
the characteristics that the human thinks the machine has. 

The goal of SPIN-MMC project 14 is to describe and explain how the 
performance of the machine influences the performance of its user and how 
the user translates bis internal goal into communicative acts. The first 
Phase of the project was devoted to a study of the literature in order to 
get an overview of possible approaches and achievements with respect to 
these questions. Two considerations led to two main characteristics of the 
literature examined. 

First, the search for a theoretical framework motivated the study of 
models proposed by other reseachers. These models were hoped to provide 
us with concepts to analyse human-computer communication and isolate 
aspects that could be experimentally varied in order to investigate their 
influence on human performance. In section 2 we present and discuss the 
models we encountered. 

Second, we considered the process of achieving internal goals by commu
nicative acts as a planning process. The psychological literature on human 
planning is quite extensive, hut it is mainly concerned with problem solving 
by means of physical acts or reasoning, in contrast to problem solving by 
means of communicative acts. In other words, it lacks the interactive aspect 
that is so characteristic for working with computers. Since the appearance 
of Austin {1962), however, many researchers became inspired by the idea of 
considering utterances as acts that operate on a partner's mind and have 
mental and indirectly physical consequences. The planning of speech acts 
and dialogues is discussed in section 3. 

As mentioned before, the user's planning is not influenced by the mere 
presentation of his partner, hut rather by the way he internalizes this pre
sentation. Therefore, it is important to study this process of internalization 
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or model building by users. Some literature on this topic is discussed in 
section 4. 

Further, we studied literature on the question whether natural language 
is appropriate and feasible for human-computer commmunication. This 
topic may seem to fall outside the scope of this paper. However, it ques
tions a fundamental goal of our project, for the SPIN-MMC program aims 
at studying and developing human-computer communication in natural lan
guage. 

The evaluations of the literature that are given throughout the paper 
are summarized in section 5. 

2 Modelling human-computer communication 

2.1 Stages and levels 

2.1.1 Psychological and physical variables 

Norman (1984b) considers a user werking with a computer system as some
body struggling with a mapping problem: the user has to map psychological 
variables onto physical variables and the other way round. Norman is not 
very elaborate or specific about what these variables stand for . He conti.nes 
himself to a global circumscription: psychological variables are the goals 
and intentions of the user and physical variables are the system's character
istics. The user's problem is to translate his mental representation of what 
should be achieved into a corresponding state of the system and to specify 
the actions that are needed for achieving that state. 

To bridge the gap from a psychological state to the corresponding phys
ical state, the user bas to go through three stages: Intention formation, 
specifying the Action Sequence, Execution of the actions by using the input 
mechanisms of the system. An intention is formed in order to achieve a 
goal, a state that the user wishes to be in. This first stage contains complex 
problem solving mechanisms that are needed to reach an intention that can 
be expressed in an action that the system understands. Multiple intentions, 
differing in abstractness can be formulated . For example, improve the lay 
out of a letter, decide to replace indented paragraphs by block paragraphs 
and replace the responsible command in the source file are all intentions 
that are generated in stage one. In stage two, the user must translate the 
psychological intentions into a desired system state and specify the actions 
that are needed to change the current system state into the desired state. In 
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stage three, the actions are executed by using the appropriate input devices. 
After these three stages, the gap has to be bridged in opposite direction: 

the user has to evaluate the outcome of his actions . This process comprises 
another three stages: Perception, Interpretation and Evaluation. In the first 
stage, the system reveals its state by manipulating its output devices, the 
results being perceived by the user. In stage two, the user translates the 
perceived signals into the relevant psychological variables. Finally, the user 
compares the result of the interpretation process to the original goals and 
intentions. Norman summarizes bis theory of task analysis as an analysis 
that distinguishes seven stages of user activity. Besides the six stages that 
are already mentioned here, he considers the establishing of the Goal as a 
separate stage. 

In earlier versions of his action theory (Norman, 1984a), Norman speaks 
of four stages instead of seven, namely lntention, Action sequence (or Selec
tion) , Execution and Evaluation. He justifies this development as follows: 
"The full theory of action is not yet in existence, but whatever its form, it 
involves a continuum of stages on both the action/execution side and the 
perception/ evaluation side. The notion of stages is a simplification of the 
underlying theory : I do not believe that there really are clean, separable 
stages." (1984b, p . 41 , note) . 

It seems that of all four stages Selection (which he calls specifying the 
action sequence in later versions of his model) comes closest to the goal 
of our project , because this is the stage of translating the intention into 
one of the actions possible at the moment . In other words, Selection is the 
determination of a particular command or command sequence. 

However, both on higher levels and on lower levels Selection occurs, i.e. 
a user can select an abstract, mental goal for satisfaction of a yet higher 
mental goal (e .g. choose a device for the preparation of a document) or 
select a concrete goal for satisfaction of another concrete goal ( e.g. stroking 
keys to satisfy a command). These seem less relevant to our project . We 
are mainly concerned with the level at which Selection means choosing a 
concrete goal ( a step in an action structure) to satisfy an abstract goal ( a 
step in a planning struct ure) . For instance, the decision to ask a question 
about an object to the dialogue partner in order to understand to which 
object the partner refers . 

Norman mentions some difficulties that can arise because of the existence 
of numerous lntention levels. We consider it a relevant problem that a 
mismatch can exist between the level at which the user wishes to express 
the intentions and the level that the system requires . Furthermore important 
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are the difficulties that arise during the Evaluation stage when the results 
are not as expected. Here the problem is to determine at which level the 
mismatch was caused. After commenting (in Norman, 1984a) that knowing 
the intention can solve the levels problem, Norman makes a sidestep to 
bis studies of human errors (see Norman, 1981). He states that it often 
happens that although people know their own intentions, they sometimes 
try to tackle a problem at the lowest (hut wrong) level, and then, slowly, 
almost reluctantly, pop-up to_ higher levels of action and intention. This 
shows how the scope for a solution of the problem changes from the location 
of trouble towards more distant aspects. (The example of trying to fit a 
key in the door of the car of someone else.) In a computer application this 
means that users, after detection of an error, first check whether the spelling 
and syntax of their input is correct and secondly whether it is uttered on the 
correct moment in the correct place. Of course, one helpful error message 
could immediately pin down this search to the source of trouble. 

H one adopts Norman's theory of user action, the problem of improv
ing human-computer interaction comes down to two objectives: bring the 
system closer to the human by proper design and bring the human closer 
to the system by proper training and experience. Interface design should 
concentrate on minimising the distance between psychological and physical 
variables, the ideal state being that no effort is needed to translate one into 
the other. Hutchins et al. (1984) elaborate Normans model on this point. 
They introduce the concepts 'semantic distance' and 'articulatory distance' . 
The former refers to the distance between user's intentions and the meaning 
of the interface language expressions; the latter refers to the distance be
tween the meaning of expressions and their physical form. For example, a 
table and a diagram can have the same meaning, hut a diagram can be het
ter suited for expressing that meaning. Reducing semantic and articulatory 
distance is a prerequisite for designing direct manipulation interfaces. The 
concepts are meant to provide cognitive accounts for the attractive aspects 
of direct manipulation interfaces. Though the authors consider these inter
faces as a promising development, they are aware of several shortcomings of 
direct manipulation as well and they explicitly motivate their doubts. 

Norman's credits are that he concentrates on the user side of human
computer interaction. User activity is not only going from internal represen
tation to action, hut also from (machine) action to internal representation . 
Planning intentions is coloured by the system language and interpreting 
system signals is influenced by the way the system expresses them. The 
· implications of this theory for SPIN-MMC project 14, that concentrates on 
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the process of expressing intentions, are twofold: (1) the process is divided 
into at least three stages, working according to different principles hut not 
necessarily sequentially and (2) the process cannot be considered without 
considering the presentation of the system towards the user. Of course, the 
theory is stated in very global concepts, psychological and physical variables 
remaining unidentified. lt is one of the goals of project 14 to map out these 
variables. 

2.1.2 Layered Protocols 

The Layered Protocol Model (LPM) of Taylor (1988) is rerniniscent of and 
partly inspired by the IS0-0S1 model (Tanenbaum, 1981) for communica
tion between computer systems. In this latter model, standards are defined 
for message exchange: which functions are needed and how should they be 
specified? Taylor describes a more genera} model for message transfer be
tween two complex systems, a complex system being a human or a computer 
system. When a content, or prima! message has to be transferred, it is coded 
into some form according to some mutual agreed protocol. There is not just 
one protocol, hut several protocols that support each other. A message that 
is apparently sent according to a certain protocol is actually sent according 
to another protocol that codes the message in a more concrete form. This 
process repeats itself until the message can be transferred over a physical 
channel. In human-computer interaction, this level is formed by the 1/0 de
vices of the machine . Receiving a message is the reverse process: a message 
is received after it has crossed a physical channel and is repeatedly decoded 
by protocols until its original content is recovered. The tasks of a protocol 
are coding and decoding messages and sending the result to a lower ( after 
coding) or higher ( after decoding) protocol, signalize and, if possible, resolve 
ambiguities and send appropriate feedback and error messages. Messages 
that are needed to control and guarantee correct transfer of a message are 
called protocol messages as opposed to prima! messages. ( Cf. Bunt et al. 
(1980) who use the term 'Dialogue Control Acts' for communicative acts 
with comparable functions in Natura! Language dialogues.) Thus, Taylor 
designs a model consisting of several layers, each layer being defined by pro
tocols that (de)code messages and take care of proper message sending and 
receiving . At each layer, the protocol of one partner communicates with the 
protocol of another partner, this communication being virtual at all levels 
except for the lowest, physical level where communication is real. 

Taylor considers his LPM to be "a descriptive framework within which 
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interfaces can be designed in a principled way" (p. 176). Designing an 
interface can be divided into levels of abstraction that can be handled sepa
rately. How many levels should be taken and what kind of functionality they 
should have is up to the designer. Possible arguments for distinguishing a 
layer can be found by considering human as well as hardware constraints. 
For example, when humans need feedback a protocol message and therefore 
a layer is needed. Though Taylor repeatedly stresses the need to take into 
account what layers humans need and use for efficient communication, this 
knowledge is yet far from available and he concludes that, for the time being, 
engineering intuition must be used for designing efficient interfaces (p. 186). 
Even in the area of machine-machine communication, where the needs are 
much more clear and protocols can be better defined, there are still layers 
left to be defined and communication between already standardized layers 
is not without problems. 

Comparing Taylor's model with that of Norman, we see that the latter is 
confined to modelling human behaviour in human-computer interaction. H 
we look at some examples that Taylor gives throughout bis paper, it appears 
that the human side of LPM mirrors the interface design of the machine. 
For example, transferring a command to move a file to another destination 
comes down to exactly following the syntax of the appropriate command. 
It seems as if Taylor's model starts describing human behaviour when the 
human process of translating an intention into an appropriate message is 
already finished . Norman mentions this as a separate stage in which com
plex problem solving takes place (cf. Norman's example on improving the 
layout of a letter, p. 43). We think that LPM cannot describe this stage 
by simply adding higher levels, because planning an intention and sending a 
message are processes that work according to different principles. Also Ap
pelt (1985'), discussed here in section 3.1.2, needs two steps for respectively 
planning and realizing speech acts. The planning process uses precondition
action-effect rules, the effects being knowledge effects and/or physical effects. 
It translates a rather abstract goal into a so-called illocutionary act. The 
realizing process uses grammatical knowledge, described by the formalism 
of functional unification grammar, and translates the illocutionary act into 
a surface linguistic act. The two processes obey essentially different prin
ciples. Appelt: "[ ... J the surface speech act must satisfy a multitude of 
constraints imposed by the grammar of the language. [ ... ] the grammati
ca! constraints lie outside [the] domain of actions and goals (excluding, of 
course, the implicit goal of producing coherent English), and are therefore 
most suitably specified within a different system" (p. 99) . At the same time, 
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Appelt realizes how much planning and uttering influence each other . We 
agree on this point and therefore think a weak spot in Taylor's model to be 
the absence of the process preceding message transfer i.e . Taylor recognizes 
that internal processes preceed the generation process, hut it is no part of 
the layered model. Because this is just the process that MMC project 14 
concentrates on, we doubt the usability of Taylor's model. 

2.1.3 A conceptual framework 

The proposal for a conceptual framework for human-computer communi
cation in complex systems by Gaines (1988) is interesting in that it not 
only embodies the ideas of Taylor, hut also makes some refinements and 
additions such as labelling the levels with names (cultural, intentionality, 
knowledge, action, expression, physical) and putting a 'knowledge layer' be
tween the lower-leveled 'action layer' and the higher-leveled 'intentionality 
layer'. Gaines emphasizes that behaviour is both causally and anticipatorily 
based, thus referring to mechanisms of interpretation and planning. 

We are not sure whether his distinction between the activity and the 
so-called origins (structure) of a system are analogous to, respectively, the 
communicative acts and the internal representations of the system. If so, 
then Gaines puts the dilemma of our project into words by saying "One of 
the most important problems of system theory is the analysis of the relations 
between behavior and structure - in one direction, given the structure of a 
system, to derive its behavior - in the other direction, given the behavior of 
a system, to derive its structure." (p . 536 - 537) 

The origins of a system have two components: its causal structure re
lating to how it was created , and its anticipatory structure relating to why 
it was created . These components can be taken together into a hierarchy 
of goals. The activities of a system are divided in a syntactical component 
relating to how the activity was carried out and a semantica! component 
relating to what activity was carried out. These components can be taken 
together into a hierarchy of tasks. 

Taylor's (1988, p. 183) statement that 'one level's protocol is a lower 
level's content' comes down to saying that what is syntactic at one level (for 
example, characters on a word level) is semantic at the lower level (characters 
on a character level). However, the remark by Gaines (p. 537) that "What 
is 'activity' at one level becomes 'structure' for the lower level", apparently 
referring to Tay lor, is difficul t to understand on the basis of the previously 
outlined model. 
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lt seems that both in a 'vertical' dimension of abstraction and in a 'hor
izontal' dimension of time syntactic and semantic interpretations can be 
related to each other. Thus covering, respectively, a message hierarchy and 
a goal hierarchy. 

2.1.4: A three-level model 

Clarke {1986) proposes a three-level human-computer interface model that 
incorporates psycho-social, decision-making, and human-factors layers. The 
model is used to examine an existing workstation interface. The outcome of 
the examination is a structured series of questions that could form the basis 
fora future interface requirement. Clarke refers to other layered models that 
are inspired by the ISO-OSI reference model for computer system network
ing, but questions whether it meets the requirements for human-computer 
interfacing. However, he finds the potential of a layered model promising. 

We think that the importance of this model lies in the clear distinction 
made on all levels between processes typically used at the human side and 
those used at the computer side, in contrast to Taylor, who does not consider 
those processes as that different. Furthermore, Clarke mentions the fact that 
in the human-computer interaction many intralevel and interlevel dynamic 
feedback loops exist. 

A drawback of this article is the unsystematic way in which the respective 
elements of the model are filled in, especially in the characterization of the 
different levels. 

2.2 Aspects of intelligent interfaces 

Edwards & Mason {1988) identify eight genera! aspects of dialogue and di
alogue systems that help describe current efforts at making communication 
with computers more intelligent. The aspects are control, models, connec
tivity, modality, form, knowledge representation and inferencing, knowledge 
acquisition, and information sources and targets. They further discuss four 
evaluative dimensions on which computer dialogue systems can be assessed, 
i.e. understandability, elegance, functionality and suitability. 

The merits of this paper are the elaboration of the eight aspects the im
plementation to three existing systems and a 'fourf old' evaluation of these 
systems on all dimensions. The authors try to characterize intelligence as 
a multidimensional continuum and they argue that for the support of in
telligent dialogue the aspects of control, models, and connectivity are most 
important. 
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Control refers to the rules that govern what messages are transmitted, 
when, by whom and to whom during a dialogue. Models are composed 
of knowledge about the properties of some entity which can be used in 
reasoning about that entity. They include: a model of the world, a model 
of the topic or task, a model of the human dialogue partner and a model of 
the self. Connectivity deals with the structure or relationships that create 
coherence among messages in a dialogue. 

Apart from these three, also modality and form seem relevant dimensions 
to us, because they highly influence, for example, the types and shapes of 
communicative acts in natural language dialogue. Modality is defined as the 
input and output channels through which dialogue takes place, their band
width and the number of channels in use simultaneously. Form is closely 
related to modality and connectivity. This aspect refers to the type of sym
bolic representation which a message can take: linguistic, gestural, pictorial, 
etc . Form differs from modality in that it still is an abstract feature. One 
form, for instance, a linguistic form, can be transmitted through different 
modalities , e.g. acoustic : speaking, or visual: writing . Form differs from 
connectivity in so far as, form deals with relationships among elements within 
a message, whereas connectivity deals with relationships between messages. 

These five dimensions can all be considered as aspects that can be ex
perimentally manipulated and thus directly or indirectly (consciously or 
unconsciously) influence the user who interacts with the more or less intelli
gent system, which will be reflected in the communicative acts that the user 
performs. 

In principle, also the remaining three aspects can be varied in different 
experimental settings if they are (implicitly or explicitly) made visible to the 
user and thus model the user 's internal representations of the interaction. 
lntuitively, however, these aspects seem less suited for experimental research, 
perhaps because in human-human communication it is difficult to establish 
how knowledge looks like and to track where it comes from. Also toa user of 
a computer all three knowledge aspects may seem to merge into one aspect 
that covers the complete knowledge that is available to the computer. 

2.3 Metaphors 

Hutchins (1988) does not offer a theoretical model of human-computer com
munication, but is concerned with the models that designers and users use 
for communication with a computer. He states that these models often 
consist of metaphors that are applied to virtually all levels of system be-
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haviour. There are at least three types of metaphor depending on what 
aspects of HCC-design they stand for. Ranging from global to specific in
teraction: activity, mode of interaction, task-domain metaphors. In this 
article, Hutchins is mostly concerned with mode of interaction and distin
guishes four metaphors, the conversation metaphor, declarative metaphor, 
'model world' metaphor, and the colla~orative manipulation metaphor. 

The contJersation metaphor means that the user is talking to an interme
diary who can carry out actions in a world of objects that is not explicitly 
represented to the user. Here, · the burden is placed on the user to maintain 
a model of this unrepresented world. Thus, it can lead to many errors or 
error-preventing actions (redundancy, e.g. in the form of checks) by the user 
towards the intermediary. 

In the model world interface the user takes action directly in the world 
of objects/action which is itself the medium for the interface language. The 
user directly observes the state changes in the world. Here, the generation 
of expressions is constrained such that it is not possible to compose an 
expression that can not be realized in the world of interest. Here, no errors 
can occur on the levels of the LP-Model of Taylor (1988), hut only on the 
stages involved in planning that are elaborated by Norman (1984a, 1984b). 

The declaratitJe metaphor is experienced by users who are very skilled 
in interacting with the computer, because it seems as if the utterance of a 
command makes it to be carried out, without intermediate interpretation 
processes, like the spells of a magician. This metaphor, however, is difficult 
to maintain towards an interface that produces error-messages. 

Hutchins questions whether it is necessary to maintain a consistent 
metaphor throughout the interaction, while it seems that conversation meta
phors and 'model world' metaphors are capable of fading into each other and 
could be combined as in collaboratitJe manipulation interfaces. That is, the 
user may interact with an intermediary that can act upon the world of ac
tion or the user may directly act upon the world of action. Hutchins further 
relativizes the value of his categorization by showing how one helpful action 
of the machine can be considered from the point of view of each metaphor, 
each labelling it with a different name. 

According to us, in general, metaphors can be investigated in exper
iments by having subjects interact with a computer on the basis of the 
different metaphors and by noting which differences in actions exist after 
certain feedback of the computer. However, the metaphors mentioned above 
differ on too many aspects simultaneously, e.g. modality of input, control 
of the dialogue, form of the messages, knowledge representation to enable a 
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sensible comparison. 

2.4 Grammars for human-computer communication 

In trying to describe the user's struggle to achieve goals by means of a 
restricted, unnatural communication tool, several authors made an appeal 
on procedural or grammar-like formalisms. Moran (1981) introduced his 
Command Language Grammar and Payne & Green (1986) their Task Ac
tion Grammars. Though each of the authors claims to present an analytic 
method that is rather distinct from the solutions of the other authors, we 
think that the essential principles are the same. Therefore, the following 
remarks will concern both models . 

All grammar-like models are task and device oriented. They supply re
searchers and designers with an analytic tool for assigning a hierarchical 
structure to a task that a user could perform. The leaves of the task tree 
are simple actions formulated in the interface language. For example, the 
task of moving the cursor one word is achieved by transferring the symbol 
for 'forward' and the symbol for 'word', which comes down to pressing the 
control-key in combination with the w-key (Payne & Green p. 100). The 
problem with this approach is that it imposes interface structure on mental 
structure; it does not take into account how a user's model arises, develops 
and operates let alone it accounts for, for example, user errors. The view
point of the authors may illustrate this . Moran states that any aspect of 
the interface goes into the user's conceptual model, i.e. "to design the user 
interface of a system is to design the user's model" (p. 4). He explicitly 
states that he ignores the distinction between the model that the designer 
has of the system and the model the user actually has (p . 3). Payne & 
Green intend to "model the mental representation of the interface language 
and so to allow a formal specification of the language as perceived by the 
user" (p. 95) . However, their representation is task and machine oriented 
and can hardly be considered as being mental. 

Kieras & Polson (1985) seem to be, on the contrary, challenged by the 
distinction between a user's goal hierarchy of the task and the device hier
archy. They present a procedural formalism (consisting of IF-THEN-rules) 
for representing the user's knowledge of how to accomplish a task . The 
complexity of the device as viewed by the user depends on how much the 
user's task structure and the structure of the device differ from each other. 
Possible mismatches can be fixed by redesigning the device or by training 
the user (cf. Norman, 1984b). 
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Thus, it can be posed that Moran and Payne & Green describe the ideal 
situation in which the user's model is isomorphic to the architecture of the 
system. In this ideal situation there are no essential differences between the 
three analytic tools. They are above all descriptive and hardly explanatory, 
they concentrate on the system, they do not account for planning activities 
of the user and they do not model human-computer interaction, i.e. the 
development of a dialogue with errors, corrections, sidepaths and the final 
achievement of a complex goal. 

3 Planning communication 

3.1 Planning speech acts 

3.1.1 Speech acts as operators 

Cohen & Perrault (1979) adhere to the view that speech acts are operators 
in a planning system, thus allowing both physical and speech acts to be 
integrated into plans. Methodological issues of how speech acts should be 
defined are illustrated by defining operators for requesting and informing. 
The developed plans contain direct requests, informs and questions (which 
are requests to inform). However, the authors do not discuss how these 
speech acts can be realized in words. "A plan-based theory provides forma} 
adequacy criteria for speech act operator definitions: given an initia} set of 
beliefs and goals, the speech act operator definitions and plan construction 
inferences lead to the generation of plans for those speech acts that a person 
could issue appropriately under the same circumstances."(p. 179) 

The frame problem is the problem of specifying for each action precisely 
which aspects of the world are changed and which ones remain the same 
after the performance of an action (see Appelt, 1985, p. 38). When turning 
to the frame problem, Cohen & Perrault propose a guiding 'point-of-view 
principle' for defining speech acts as planning operators: the preconditions 
of the operator should be stated from the speaker's point of view, i.e. in 
terms of the speaker beliefs; the effects should be stated from the hearer's 
point of view. Furthermore, they develop plans for multiparty speech acts, 
needed in conversations where communication is somehow restricted so as 
to pass through iritermediaries. 

Cohen & Perrault do not claim that they construct a cognitive process 
theory, hut they see it as a reasonable goal to construct computational 
models of the use of speech acts by means of which a person could converse 
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succesfully. 
Their theory should be experimentally tested by verifying formal ade

quacy criteria for speech act definitions, i.e. examine whether the theory 
predicts how subjects react, in case of violations of the adequacy criteria. 

Perrault & Allen (1980) extend the work of Cohen & Perrault. The 
problem how to realize speech acts is partly solved by distinguishing illo
cutionary acts and surface acts. The farmer model the intended effects on 
the interpreter while the latter explicitly contain illocutionary force indica
tors. The distinction is needed to account for indirect speech acts, where 
there is no one-to-one relation between the intended illocutionary act and 
the realized utterance. 

Though Perrault & Allen are mainly interested in the recognition of the 
intentions of the speaker by the hearer, their contribution is important for 
the generation of communicative acts because of their stressing the role of 
the planning mechanism that preceeds an utterance. One of their hypotheses 
is as follows : "In order for a speaker to succesfully perform a speech act, he 
must intend that the hearer recognize bis intentions to achieve the effects of 
a speech act and must believe it is likely that the hearer will be able to do 
so" (p. 168). For example, if a speaker requests a hearer to do an act A, he 
can only achieve this by having the rearer recognize the speaker's intention 
to request the hearer to do A. It is the process by which the hearer infers 
the plans of the speaker that Perrault & Allen concentrate on. 

Perrault & Allen formulate so-called action schemes that are used for 
both plan construction and plan inference, thus implementing the strong 
relation between inferring and planning. The plan inference process is not a 
logically valid process; it results in a plausible picture of what the utterer of 
a speech act wants to achieve. This gives us an outlook to later work of Per
rault where he uses default logic to describe how the intended effects can be 
derived from a speech act (Perrault, 1988). The essential part of the action 
scheme is the 'body', which is an intermediate step between preconditions 
and effects of a speech act . The body states that the hearer has recognized 
the intended illocutionary act of the speaker. For example, if the speaker 
informs the hearer that p, then the speaker aims at getting the hearer to 
believe that the speaker wants the hearer to know p. The final effect, namely 
that the hearer knóws that p, is only achieved when the hearer is willing to 
adopt that information and this, in turn, depends on the mental state of the 
hearer. The observation that the effects of a speech act strongly depend on 
the mental states of the communicative participants before the speech act 
is formulated and worked out by means of default logic in Perrault (1988). 
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In the next section, we will consider a plan-based approach for the gen
eration of utterances. 

3.1.2 Planning and realizing speech acts 

Appelt (1985) is concerned with the knowledge that accompanies the entire 
process from intentions to communicative acts. He addresses topics such 
as the frame problem, the role of phantoms, action subsumption, mutual 
knowledge, etc. to unfold bis model for the planning of sentences in a task 
dialogue. In principle, it is possible in this model to integrate the planning of 
physical and linguistic actions (see also Cohen & Perrault, 1979), however, 
here only the planning of linguistic actions is elaborated. 

Speech acts (linguistic actions) work through intended plan recognition 
instead of just what results when agents find out the meaning of actions 
done by ether agents. This view enables a number of intention-recognition 
heuristics and the development of a speech act theory. 

The approach of Appelt treats language as "a set of actions available 
to agents that aff ects the mental states of other agents. This approach 
regards decisions about 'what to say' and 'how to say it' as two facets of 
the same overall process and recognizes the interactions between them". 
(p. 7-8) Appelt constructs a forma} computational theory, together with a 
system (KAMP=Knowledge And Modalities Planner) that incorporates this 
theory in which mental states are represented and that provides an explicit 
mechanism whereby these states determine actions. 

KAMP is a hierarchical planner, because it uses an abstraction hierarchy 
that consists of a number of levels to which actions of differing abstraction 
are assigned. On the highest level, illocutionary acta, for example, speech 
acts as informing and requesting, are defined as linguistic actions at a very 
abstract level. On the next level, aurface speech acta are defined as abstract 
representations of sentences with specific syntactical structures. On the next 
lower level, concept activation actiona are defined as actions that describe 
what speaker and hearer mutually believe as being the objects of the world 
to which is referred. On the lowest level, concept activation actions are 
expanded as utterance acts, which means the choice of words and syntactic 
structures ( compatible with the structures mentioned previously) for real
ization of the descriptions defined by the concept activation actions. It is 
possible that these actions are not realized as linguistic acts, hut as physical 
acts, such as pointing. Appelt's planning system is restricted to three types 
of surface speech acts, COMMAND, realized by imperative sentences, ASK, 
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realized by interrogative sentences, and ASSERT, realized by declarative 
senten ces. 

The problem of determining the effects of actions is solved in KAMP by 
two descriptions of actions available to the planner: 
- axioms relating possible worlds, which occurs precisely, i.e. very detailed. 
- an action summary that functions as a heuristic to guide the selection of 

actions that are likely to result in a good plan ( that is not necessarily 
complete). 

KAMP combines planning knowledge and linguistic knowledge through the 
TELEGRAM-grammar. The benefit of integrating planning and linguistic 
reasoning is the possibility to coordinate communication actions that physi
cally reveal the underlying intention with the utterance, for instance, making 
gestures while speaking. The feasibility of such an integration is illustrated 
by the indication how pointing actions can be planned to communicate the 
intention to refer . 

How well this planning system resembles the factual planning of speech 
acts by humans remains an experimental question to be solved. Appelt does 
not incorporate a pragmatic aspect like the fact that the surface speech 
act often does not reveal the underlying intention of the speaker. Yet, he 
mentions this as an extra complication: "A surface speech act could realize 
one action in one context and several actions in another, given a different 
set of speaker and hearer beliefs" (p. 101). For example, questions can 
be stated as declarative sentences (Beun, 1988), requests can be stated as 
questions, etc. 

3.1.3 Speech acts in information dialogues 

Bunt (1988a) aims at formulating a formal framework in which the sys
tematics of systems can be captured that allow the exchange of information 
through natural language dialogue. He builds this framework on the basis of 
observations of empirical data from information dialogues. Communicative 
actions are defined in terms of their context-changing effects. Furthermore, 
he presents three hierarchies of communicative functions found in informa
tion dialogues with at the top the respective intentions 'wanting to know', 
'wanting to make known' and 'know that the partner wants to know' (which 
is in fact a knowledge state). 

The experimental comparison of dialogues via computer terminals and 
dialogues via telephones makes it possible to hypothesize how a human
computer situation with keyboard input differs from a situation with spoken 
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input. A difference between both situations is found, for example, in the 
pattern of speech acts that is most frequently occurring. For instance, in 
the keyboard communication a question-answer cycle was most frequent, 
whereas the spoken communication was characterized by a question-answer
(partial)repetition-confirmation cycle. 

Characteristics of a communicative act can be systematically defined by 
its appropriateness conditions. These are conditions that the speaker's state 
should satisfy in order to act · in accordance with the implicit rules of the 
information dialogue game which include a number of genera! principles con
cerning cooperativeness, honesty, rationality, etc. Therefore, communicative 
functions can be distinguished from each other by the set of appropriate
ness conditions. Although communicative functions do not offer a profound 
theoretica! explanation for the organization of dialogues - Bunt prefers de
scribing structures in terms of belief and intention structures - they can serve 
as convenient tools for the generation of a meaningf ul continuation of a di
alogue. Accordingg to Buns sets of appropriateness conditions can be used 
for planning communicative functio.ns $tarting at the top of one of the three 
hierarchies, the syystem starts evaluating which appproprineness conditions 
are true or false. Depending on the outcome, it is decided what commu
nicative function fits the current state of the dialogue. Knowledge about 
what set of appropriateness conditions generates a certain communicative 
function can be gathered by studying communicative functions and induce 
conditions that must have been true before the generation. The recognition 
of communiccative functions and the derivation of preconditions is described 
by Beun (1989). Here, recognition is based on the values of utterance fea
tures (e.g. intonation, particles) (see also Beun, 1988) and the preconditions 
are derived by means of default rules. Subsequently, the knowledge state of 
the participants is updated with the preconditions. 

3.1.4: Experimental evidence 

Sofar the theoretica! work, now two articles will be looked at that deal with 
experimental research into planning. 

In Hjelmquist & Gidlund (1984) the so-called 'contextualization process' 
is considered, which means the transformation from planned ideas to actu
ally expressed utterances. They gave subjects the task to write down on 
paper what they would say when they had to discuss some political topics 
with another subject, whereafter the subjects started the conversation. The 
setting could be characterized by equality in power and authority of both 
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conversants. 
This experiment showed that planned ideas are mostly described in farms 

of statements and concept-like units, whereas conversation tends to turn the 
concept-like units mainly into statements and sometimes questions. How
ever, there is some criticism possible on the experimental design. For exam
ple, subjects had only a limited time for their conversation, so that many 
topics that were planned, perhaps even the most interesting, controversial 
ones were not discussed. lt remaines unclear, how this has biased the results. 
However, the idea is original just to ask subjects what they are planning to 
say and subsequentially check what is actually said during the dialogue. 

Robertson & Black (1986) report an experiment in which they examine 
the structure and development of simple text-editing goals and the plans to 
accomplish these. 

First, they examined were pauses occurred as evidence for a planning 
process. Long interkeystroke times were found to be associated with plan 
boundaries. The longest times were found between keystrokes of super
ordinate goals, whereas less significant time increases appeared between 
keystrokes at subgoal boundaries. Second, changes in the patterns of in
terkeystroke times showed plan restructuring with experience. For example, 
when plan composition takes place, by making chunks of series of single ac
tions, planning pauses should disappear . However, in some instances, the 
pause at the end of a complex plan-unit might become longer, because goal 
evaluation processes have become more complex. 

Most interesting for our project are the different plans that are formed, 
dependent on task-experience. We can consider the commands that are 
keyed in as the uttered communicative acts. 

3.2 Planning dialogues 

3.2.1 Combining task goals and communication conventions 

The course of a dialogue depends on two complex planning mechanisms. 
On the one hand, the dialogue serves one or more extra-linguistic goals; on 
the other hand, the communication process itself introduces communication 
specific goals. The extra-linguistic goal of for example being in New York, 
requires an action scheme of various subgoals like go by plane, reserve a hotel 
and pack suitcases. At some points in this action scheme, the prerequisites 
for achieving a (sub )goal are not physical hut mental, as is the case when 
one needs to know for example at what time the plane departs . These 
mental goals can be achieved by addressing the tool of communication and 
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consequently performing appropriate communicative acts in order to achieve 
a goal like knowing the departure time of a plane, or knowing how heavy 
a suitcase may be. In this way, the task or physical goals that underly the 
dialogue, determines a lot of its structure. However, a dialogue has its own 
prerequisites to be fulfilled. For example, communicative acts are needed 
to establish a communication channel, find an appropriate partner, pose 
questions, supply context, signalize and correct misunderstandings. 

Thus, communicative acts in a dialogue are infiuenced by mental pre
requisites to achieve an extra.--linguistic goal, as well as by prerequisites to 
perform proper communication. A dialogue characteristic like the differ
ent topics that it consists of can be explained by relating the dialogue to 
an underlying task; a characteristic like subdialogues (for error corrections, 
ambiguity resolution, clarification) can be explained by considering com
municative requirements. It is a matter of degree rather than a clear-cut 
distinction whether communicative acts are task or communication depen
dent; every utterance obeys more or less both mechanisms. For instance a 
clarification act, performed to answer a question properly, can concern the 
extra-linguistic plan ( "What time would you like to arrive in New York?") 
or the preceding dialogue ( "What day did you say?"). 

One important motivation for turning to a task oriented approach of 
dialogue structure is fed by the unsatisfactory achievements of a purely 
structural approach. Levy (1979), Johnson-Laird (1983), and Good (1988) 
each mention its shortcomings. They point out that one cannot simply as

sume that discourse1 can be captured by the sa.me grammatical concepts as 
individual sentences. Sentences can be judged for their grammaticality, hut 
can dialogues? The grammaticality of a dialogue heavily depends on choos
ing an appropriate context (see Good for examples). For sentence grammars 
words are used as terminal elements, hut what are these for dialogues? Are 
they sentences, the amount of speech between two pauses, a turn, a speech 
act? Bunt (1988b) mentions the context dependence of what is a correct se
quence of utterances as the main reason for abandoning dialogue grammars. 
Instead of rules that decompose a dialogue into sequences of utterances in 
an absolute sense, he proposes rules that record how utterances depend on a 
context and, when uttered, change this context into a new one. Bunt further 
argues that context should contain knowledge states of the communicative 
partners (see also Bunt, 1988a). Also Levy argues for a mind-based rather 

1 'Discouree' is a more general concept than dialogue. It covers all sequences of more 
than one sentence or utterance; 10, written text, monologues and convereations between 
two or more people are all included. 
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than a text-based approach. Much of the cohesive properties of discourse 
are best captured by reference to the speakers's mental states. The work of 
Hobbs & Evans (1979) is closely related to that of Levy. Both papers present 
an a.rtificial intelligence approach for the planning of communication. Levy 
comes up with an algorithmic description of dialogues, and Hobbs & Evans 
generalize from a hierarchical plan for moving blocks to an analogous de
scription of conversation. Both approaches loose much of the elegance they 
inherit from the original analytic tool, because of the complexity of natura} 
dialogue that cannot simply be captured in formal rules. 

Grosz & Sidner (1986) point out that ·only information about the domain 
of the dialogue is not sufficient for accounting for some discourse phenomena. 
By assuming two additional structures they can account for such phenom
ena as cue phrases, referring expressions and interruptions. The intentional 
structure is most closely related to an underlying task structure. It only con
tains intentions that are actually expressed in the dialogue. Reilly (1987) 
slightly adapts the model on this point by allowing inferred intentions in the 
intentional structure. The linguistic structure divides a dialogue into groups 
of utterances called discourse segments . Each segment is the realization of 
an intention or 'discourse segment purpose'. Segment boundaries are not 
a priori clear-cut. On this point, Grosz & Sidner's theory is sensitive for 
the same criticism to story and dialogue grammars, namely that researchers 
impose an ad-hoc, unmotivated structure on discourse. Grosz & Sidner in
dicate some explicit linguistic cues that may prove to be useful for detecting 
boundaries: the use of so-called cue phrases ( e.g. "in the first place"), into
nation, tense and aspect . The third and final structure consists of a stack 
of focus spa.ces . A focus space is associated with a discourse segment and 
contains apart from the discourse segment purpose objects, properties and 
relations. Unlike the other structures, the attentional structure covers but a 
part of the dialogue: it only contains the segments that are presently being 
discussed or not finished yet. 

By applying their analysis to the phenomenon of interruptions in dia
logues, Grosz & Sidner show how the development of the three structures 
during the dialogue can account for different kinds of interruptions. True 
interruptions, for example, form a discourse segment that is for some time 
on the top of the focus stack, hut it does not add something to the intention 
structure because it is in no way related to the genera} discourse purpose. 
Flashbacks are also discourse segments, but unlike true interruptions they 
are in some way related to the general discourse purpose and this relation 
is expressed in the intentional structure. lt may be clear now that the same 
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intentional structure can give rise to different attentional structures through 
different discourses. 

Furthermore, Grosz & Sidner indicate how dialogue paricipants make use 
of the three structures. The sender of a discourse purpose uses structure 
to make sure that the receiver recognizes his intention; the receiver recog
nizes structure and consequently uses it to recognize the intention. Both 
participants make use of the same structural knowledge; it is only by shar
ing the discourse purpose and the way it is satisfied by discourse segment 
purposes that coherent comniunication is possible. However, if one wants 
to describe how people reach this state of shared picture of their communi
cation and how they recover from misunderstandigs, it may be necessary to 
model dialogue participants separately. 

Litman & Allen (1987) point out that the approach of Grosz & Sidner 
can only deal with dialogue structure when there exists a close resemblance 
between task structure and dialogue topics. An utterance can relate in 
various ways to a task hierarchy and, therefore, they present a plan-based 
theory that allows a wide variety of utterance-plan relationships. They 
introduce a set of discourse plans, each one corresponding to a particular 
way that an utterance can relate to a discourse topic, and distinguish such 
plans from the set of domain plans that are actually used to model the 
topics. Domain plans are defined to be the speaker's plans that form the 
topic of conversation. Discourse plans are defined to be the speakers plans 
that relate to these domain plans. Thus domain plans model the contents 
of a topic, while discourse plans model the actual manipulations of a topic. 

lt should be noted that plans that are usually considered as discourse 
plans may ~hemselves become the topic of conversation and thus be viewed 
as domain plans. As is the case in, for example, clarification subdialogues. 
In this way, Litman & Allen can account for a wide variety of su bdialogues as 
clarifications, corrections and topic change. They develop a plan recognition 
technique for recognizing discourse and domain plans from actual utterances. 

During a dialogue, a so-called stack of plans in execution, suspended, and 
completed plans is built. Litman & Allen let the stack of plans represent 
what the system believes is the state of the joint plan. For natura} conversa
tion stack-wise planning is an idealization, that is, for example, interrupted 
topics are not always returned to. Yet, the authors demonstrate that inter
pretation on stack basis is preferred to one that lacks stacks. Further, the 
assumption that there is a single shared stack between speakers is also too 
strong, because then, for instance, many forms of miscommunication are left 
unexplained. 
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The plan recognizer uses so-called coherence heuristics, which control the 
plan recognition process by preferring the discourse plan that corresponds to 
the linguistically most coherent continuation of the dialogue that the plan 
stack represents. furthermore, the recognizer uses surface linguistic phe
nomena to control its search, for example, clue words, elliptical utterances, 
and referring expressions. 

This research triggers an experiment in which the computer builds a 
stack that does not mirror the user's plan stack . How will these plan mis
matches correlate with errors and error correction that occur? 

3.2.2 Comnmnicative requirements 

Weijdema et al. concentrate on the necessity of satisfying certain commu
nicative requirements for fluent communication. They see a dialogue as con
sisting of a series of sequences and subsequences. The former refer to more 
or less fixed sequences like 'question-answer-evaluation ' (in teacher-pupil 
interaction) or 'calling-answering-topic introduction-reaction ' (in telephone 
dialogues) . In these examples , the elements of the sequences correspond 
with turn taking activities , but also one turn of a speaker can be structured 
according to some convention : for example, the questioner first supplies the 
hearer with some context and then formulates a question (that can only be 
interpreted with respect to that context). Subsequences occur if a contin
uation of the dialogue is endangered by a precondition not being fulfilled . 
Subsequences interrupt the course of a dialogue . The structure one can ad
dress to a dialogue depends on the preconditions that one thinks can be 
distinguished. Some examples of preconditions that Weijdema et al. dis
tinguish are : the utterance should fit in the context of the dialogue, the 
utterance may not contain words or phrases that the hearer does not un
derstand, the references to objects in the world should be identifiable, the 
speaker should be sincere, etc . The preconditions are categorized according 
to different aspects of communication. The authors consider nine aspects, 
five examples being speaker, hearer, utterance, speech act, and proposition. 
A problem with Weijdema's view is that it is not always clear what aspect 
of communication contains the cause for the generation of a subsequence. 
Imagine someone poses an extensive question in which he asks for the ftight
number of the plane for New York, leaving on saturday. Subsequently the 
information service asks which day was asked for before the answer is given . 
The precondition that is repaired by means of this subsequence could relate 
to the information service (the hearer must pay attention to what is said) 
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or to the question (the utterance may not contain too much information). 
Weijdema et al. compare their preconditions with the felicity conditions 

of Searle (1969) and conclude that they differ with respect to the perspective 
that is taken. Searle's felicity conditions are formulated with respect to the 
utterer of the language act while Weijdema et al. formulate preconditions 
with respect to nine different aspects of communication, one aspect being 
the presence of a speaker. We think that a more important distinction is 
that Searle concentrates on the felicitous performance of a speech act, while 
Weijdema et al. considers more aspects of communication. According to 
Weijdema, it is a precondition that the speaker is able to speak loud enough 
and the hearer is not deaf. This is of no importance for Searle. Another 
comparison can be made with the felicity conditions that Bunt (1988a) pro
poses for information dialogues. Like Searle, he formulates preconditions 
for the speaker (both dialogue partners being a speaker in turn), hut he 
confines himself to information dialogues and he only uses a few knowledge 
operators for all speech acts. This makes, opposite to Searle's analysis, more 
clear according to what principles the preconditions are distinguished . 

3.3 Defects in planning and performance 

3.3.1 Detection and correction of errors 

The theoretical literature considered above mainly regards an ideal planning 
process which ignores what happens in case of errors. However, the empirical 
studies show that deviations from this ideal path in the communication by 
humans are common and give us more evidence about how humans plan 
(physical or linguistic) actions. 

The performer of a linguistic or physical action can make errors in differ
ent stages of the production process. Levelt (1983) carried out an experiment 
in which subjects had to describe certain visual patterns. On the basis of 
these data he suggests that making a self-repair in speech proceeds in three 
phases. In the first phase, the speaker monitors his/her own speech and 
interrupts the flow of speech when s/he detects an error. lt appears that in
terruption follows detection promptly, with the exception that correct (hut 
unappropriately specified) words tend to be completed. This means a slight 
adaptation of the Main lnterruption Rule that (generally) states that the 
flow of speech must be stopped immediately upon detecting the occasion of 
repair. The second phase is characterized by hesitation c.q. pausing, hut 
most typical is the use of so-called editing terms as 'eh', 'of', 'dus', etc. 
The nature of the speech trouble strongly influence the choice of editing 
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term. In the third phase, the repair proper is made. It is shown that the 
speaker transfers structural properties of the original utterance to the cor
rection. In this way, systematic dependencies are created between original 
and new utterance. These dependencies appear to be quite similar to those 
between conjuncts in a coordinate construction and those between question 
and answer. Levelt argues that this reveals a common source in language 
production. He suggests that the transfer and reuse of structural properties 
derived from previous speech enables the speaker to improve in fluency and 
establish discourse coherence to the profit of the listener. 

In addition, Levelt formulates a framework for the analysis and pars
ing processes involved in self-repairs and relates this model to the empirica! 
findings in his study. The framework consists of the following processing 
components: Message construction, Formulating (which exists of a lexical
ization subcomponent, a functional frame builder, a morphonological frame 
builder, and a phonetic coder), Articulation, Parsing, and Monitoring. 

Furthermore, Levelt gives a classification of errors (partly) based on the 
foei of monitoring that can be distinguished. These foei are formulated as 
questions, i.e. "do I want to say this now?", "do I want to say it this way?", 
"and am I making an error?" He emphasizes that self-repairs are impor
tant for a theory of language production because they show two relevant 
aspects, i.e. the monitoring process and the structural relation between 
repair proper and original utterance. The so-called 'perceptual theory' of 
language monitoring is proved to be more explanatory than the so-called 
'production theory '. This is attractive because the same principles can thus 
be applied when interpreting one's own speech and other people's speech. 

We recognize a parallel between the Levelt's remark that it would be a 
parsimonious result if "the speaker solves the listener's continuation problem 
by solving his own continuation problem, rather than by keeping a running 
model of the listener 's state of knowledge" (p. 100) and the finding in Garrod 
(1987) that a speaker models the relevant intersection of bis/her beliefs and 
the partner's beliefs rather than to model the partner completely. 

As for the error-classification, we think only important the types of er
ror that occur in the process of determining the actions that should be 
selected. Levelt distinguishes two types: D-repairs (i.e. the speaker changes 
his mind, while speaking, and realizes that he expresses the wrong message) 
and A-repairs (i.e. the speaker becomes aware that the way he expresses 
the intended information (idea, concept, proposition) needs to be more pre
cise in view of the context of expression. The A-repairs are divided into 
three subcategories: AA-repairs that recover potential ambiguity of refer-
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ence, AL-repairs that discover the use of terms on an inappropriate level 
and AC-repairs that re-establishes coherence with previously used terms or 
expressions. 

3.3.2 Action slips 

Norman (1981) defines a slip as an error that occurs when a person does an 
action that is not intended. He examines and categorizes action slips, with 
the aim of devising a theory of action. 

In this theory, an action sequence is controlled by sensori-motoric knowl
edge structures called schemas. Several schemas can be active simultane
ously, and each schema has a set of triggering conditions and an activation 
value. The path from intention to action consists of the activation of the par
ent schema that corresponds to the intention, the activation of child schemas 
for the component parts of the action sequence, and then the appropriate 
triggering of schemas when the conditions match those required for their 
operations. 

In the categorization of slips based on this action theory three major 
categories are distinguished: (a) errors in the formation of the intention 
(with subcategories of mode and description errors); (b) faulty triggering 
of schema (subcategories are capture errors, data-driven and associative 
activation errors, loss of intention, and misordering of action components); 
and (c) faulty triggering (subcategories are 'spoonerisms', blends, intrusions 
of thought and premature triggering). 

Norman examined a collection of 1000 slips, that contained mainly ac
tion errors. Though Norman concentrates on slips of actions rather than on 
linguistic performance as Levelt (1983) does, he also mentions some cate
gories of slips that occur, when someone performs a linguistic action. Verba} 
actions were analyzed when they exhibited semantic properties or some in
teraction with planning or motor operations. Contrary to Levelt, who is 
mainly concerned with how slips are detected and repaired, Norman ex
amines when slips can occur and how they look like. The answer on these 
questions enables him to construct an Activation-trigger-schema system that 
shows the necessity of three steps in an action theory: intention, triggering, 
action. Norman argues also that, because many slips are caught at the time 
they are made, "there must exist some monitoring mechanism of behavior 
- a mechanism that is seperate from that responsible for the selection and 
execution of the act." (p. 3) 

For the comparison of intentions and actions both must be at the same 
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level of specification. For example, the comparison of a high-level intention 
as 'driving home' with low level actions as 'moving the right hand down and 
the left hand up ' is not possible. The same holds , according to Norman, 
for language behaviour. He, then , starts a argument that, different levels of 
feedback are required for different purposes . A similar division on levels is 
required for motor actions. (Note that feedback and monitoring are required 
on each level) . As Norman summerizes: "The performance of an action, from 
initial conceptualization through realization, is the process of decomposing 
the original intention into a sequence of physically performable acts, with 
multiple levels of feedback analysis accompanying the acts." (p. 14) 

Most relevant for our project are errors that occur between the first phase 
of intention formation and the second phase of schema triggering, because 
this step comprises the formation of an intention such that it can be directly 
translated into an action that can be carried out. For example, the intention 
of 'driving home ' is still too abstract for translation into actions. However, 
the intention of 'turning the steering wheel to the right' can be translated 
into actions as 'moving the right hand down and the left hand up'. 

Often, a task can be carried out by using different strategies charac
terized by either differently sequencing actions or by sequences of different 
actions. Which strategy is chosen depends on the model that the actor has 
of the task and the tools or partner (in case of communication) . 

We are interested in errors in the decision-making or problem-solving 
aspect of intention formation that are not considered by Norman, because 
he does not classify them as slips. He only categorizes intention formation 
errors due toa wrong classification of a situation (Mode errors) and errors 
due to ambiguous or incompletely specified intentions ( Description errors); 
these seem to be equal to the Appropriateness errors of Levelt . Mode errors 
occur when the situation is falsely classified, so that the resulting action may 
be one that was intended and appropriate for the analysis of the situation 
but inappropriate for the actual situation. Description errors mean that 
an action is selected that is insufficient specific . Norman: "Same slips of 
selection occur either when all the relevant information needed to form the 
appropriate intention is not available or when an appropriate intention bas 
been formulated, but the description of the desired act is insufficient ." (p. 
7). The farmer is important to us, because this error occurs when the actor 
bas a wrong model of the task, the tools or the partner. The latter is 
less important to us, because it occurs when the intended action is already 
selected. Therefore we think this error is out of place in the category of 
lntention formation, but should be placed under one of the main categories 
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of Activation and Triggering of schemas. Norman focusses on slips that occur 
because of a lack of attention (unconsciously happening) . His categorization 
is not relevant to us while we are concerned with errors that occur when the 
user deliberately performs some action of which the result, however, does 
not satisfy bis/her intention. 

4 Model building by users 

Below, an overview of mainly experimental literature follows that shows how 
the experimentator can affect the model that a user builds of the interaction 
with a computer and thus influence the ( communicative) actions that are 
carried out . The formulation of intention as a behaviour-guiding principle 
is left implicit. First, we will deal with the effects of explicit user modelling 
(i .e. the effects of different models that users have on the efficiency with 
which they work.) Second, the effects of implicit user modelling will be 
addressed (i.e. the effects of different communication media on user's models 
and actions.) Third, the question will be dealt with how the model of the 
interaction developed by the user relates to maximum acceptability of system 
response times. 

4.1 Explicit user modelling 

We will review literature about the effects on the communicative behaviour 
of the user of models, that are explicitly present in the user. By explicit 
we mean that the experimentator defines which aspects of the experimental 
situation should be manipulated, so that subjects will build different models. 

Akin & Rao (1985) compare expert vs. regular users of an electronic mail 
system and examine which factors influence efficient behaviour. Experts 
seem to use a different, more specialized set of commands and perform the 
tasks with fewer errors and more completely, though it seemed not any faster, 
than regular users. The errors that were most common were syntactic and 
typographical errors. According to Akin & Rao, regular users perform even 
more efficiently than experts by performing all tasks with the same effort, 
hut using a significantly smaller set of commands than experts. Eff ort means 
here the number of commands per subtask. A critica} note here is that we 
should not mention this as a difference in efficiency, hut a difference in 
economical use of knowledge. For, efficiency means the trade-off between 
accuracy, i.e. the number of errors made and speed, i.e. the command 
execution time spent at the terminal. 
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The merit of this research is that it indicates how access to knowledge 
resources influences the performance of users. Edwards & Mason (1988) 
consider this as belonging to the aspect of knowledge representation and 
inferencing. 

Along the same lines an empirical study was carried out by Katzeff (1988) 
who considered the effect of different conceptual models upon reasoning in 
a database query writing task. Subjects were divided according to four 
different conditions. One group received no model, one group received a 
table model , two groups received descriptions of the query language in terms 
of sets, one description also providing a general logical explanation . The 
subjects replied to questions by posing queries to a database system. The 
isssue was how well did the computer response fit the expectation of the user 
as for the output of the constructed query. This process can be viewed as 
hypothesis testing . Analysis of data indicated that subjects in the two set
model conditions produced superior behaviour. Those models facilitated the 
formulation of correct expected computer replies and thus allowed for more 
efficient hypothesis testing . The table model proved equally inadequate as 
no model at all . 

This research shows a better method of user modelling than that of 
Akin & Rao, because Katzeff first decides which knowledge users should 
have access to and then runs the experiment, instead of deciding on the 
basis of the resulting data what knowledge subjects had in advance . 

4.2 lmplicit user modelling 

Modelling the user can be done implicitly, when situations are created that 
already bear different characteristics, so that modelling subjects by teach
ing something in advance is not necessary. Moreover, the situation in which 
users are placed determines how they act , for example , when they commu
nicate through different media of communication . 

4.2.1 Dimensions in communication 

Rubin (1980) offers a theoretical taxonomy of differences between oral and 
written language. She formulates seven dimensions along which the commu
nication medium of a language experience can be placed. The dimensions 
that we are interested in are the following . Modality means whether the mes
sage is written or spoken. Interaction defines whether the hearer-listener is 
able to interact with the speaker-writer. This is an aspect of control in 
terms of Edwards & Mason (1988). Spatial Commonality defines whether 
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the speaker and listener (reader and writer) share a spatial context. Tem
poral Commonality tells whether the participants share a temporal context. 
Concreteness of referents is the case when objects and events to which is 
referred are physically present. The so-called "communication" space in
corporates the seven dimensions so that face-to-face communication can be 
considered as the opposite of written text on all dimensions. Furthermore, 
a report about an experiment in which children's oral language experience 
is compared to their learning to read. 

Can we predict how conversations that are systematically varied on Ru
bin 's dimensions will contain correspondingly different communicative ac
tions? 

4.2.2 Experimental findings 

Ochsman & Chapanis (1974) carried out experiments on the effects of ten 
communication modes on the behaviour of teams during co-operative prob-

_ lem solving. Performance was assessed on three classes of dependent mea
sures: time to solution, behavioural measures of activity and linguistic mea
sures. 

The authors focus here on the behavioural measures of activity. They 
intuitively ordered the ten modes based on increasing communication rich
ness. The order was: typewriting; handwriting; typewriting + handwriting; 
typewriting + video; handwriting + video; voice; typewriting + voice; hand
writing + voice; voice + video; typewriting + handwriting + voice + video 
+ visual contact through an insulated glass panel. Note, that Edwards & 
Mason (1988) would define these modes as combinations of different modal
ities and forma. The teams were divided over the ten modes and over three 
problem domains: a clerical paper & pencil problem; a mechanical manip
ulation task and a task that required a precise description of an object so 
that it could be identified. 

This research had as main finding that the efficiency of the communica
tion increased if a voice channel was involved. This approach triggers more 
research in which the quality and quantity (i.e. type and bandwidth) of the 
feedback channel is manipulated, for the models that the user builds of both 
interaction and partner are changed and refined on the basis of the offered 
feedback. 

Finally, the research done by Ochsman & Chapanis can be mentioned 
under the heading of efficient user behavior, in that the restraints of the 
different communication channels imply that subjects differ in their use of 
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knowledge resources and thus deal differently with the speed/accuracy trade
off in their communicative behavior. 

Cohen (1984) examines how utterance form and function are determined 
by the communication modality. In comparing spoken vs . keyboard input, 
he discovered that a special communicative act, i.e. the request that the 
hearer identify the referent of a noun phrase, dominates in spoken instruc
tions . Moreover, these requests were indirectly stated by means ofutterances 
that do not convey the speaker 's intention. In keyboard communication indi
rect identification requests are nearly absent. However, the goal of referring 
is achieved through subsumption by other requested actions. 

He suggests that the difference in feedback accounts for this effect. Spea
kers try to achieve more detailed referential goals when instructing than do 
users of keyboards . Between both modalities no differences in percentages 
were found on other types of requests used for orientation, pick-up of el
ements or other actions . Cohen argues that it is not surprising that the 
factual number of assembly requests do not differ ( though their percentages 
differ) across modes, because the same assembly task is carried out . Yet, it 
is a remarkable finding, that the expert in the voice mode does not need a 
different amount of assembly requests in having the apprentice construct the 
toy water pump compared to the expert in the keyboard mode. Apparently 
an assembly request is mainly uttered when the correct assembly-pieces ( el
ements} are identified by the apprentice. 

According to Co hen, formalisms for in tent ( or plan) recognition are 
needed to reason about speakers use of descriptions . However, he does 
not attempt to explain why speakers break up the referring and predicating 
functions, hut users of keyboards do not. Intuitively, he thinks that this dif
ference is due to bandwidth, memory limitations of both partners, etc. This 
suggests an experiment in which modes should be artificially equalized on 
these aspects for testing the prediction that then the differences encountered 
above will disappear . In this way, one can find out what is the influence of 
the channel characteristics (i.e. modality) versus the form characteristics of 
communication. 

Garrod (1987) reports a study in which both conversating partners are 
humans unlike the studies mentioned above, where in some conditions one 
of the conversants was supposed to be a machine. Pairs of subjects play a 
co-operative computer controlled maze game, in which the players will regu
larly produce descriptions of their location within the maze. "By analyzing 
these descriptions a wide range of distinct schemes could be identified, each 
depending upon one of four different conceptual models of the overall maze 
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configuration which could be combined with a particular 'language' of de
scription, that is a set of interpretation rules for expressions used in the 
description." (p. 205) 

The outcomes of an analysis of 56 dialogues showed a great variety in 
the schemes/descriptions used. However, individual dialogue partners were 
extraordinarily consistent with each other in the schemes being used. Gar
rod suggests that the speakers entrained each other in description choice, 
though in practice little explicit negotiation occurs about schemes being 
used. He develops a model that can explain the occurance of co-ordination, 
that is, the speakers try to use a minimum of collaborative effort, so that 
they do not have to spend unnecessary time or effort in ensuring mutual 
intellig1bility. Hereupon an input/output co-ordination principle is formu
lated that off ers an efficient means to minimize the joint pool of resources 
which a speaker or listener has to call upon when alternately formulating 
and interpreting utterances within the same dialogue. While conversants de
velop new more elliptical forms of description as the games proceed, apart 
from the output/input principle, the model is augmented to capture these 
dynamic aspects of description choice. 

In line with the conversants in the dialogues described by Garrod, it 
would be more efficient to model the relevant intersection between each 
other's beliefs on the basis of the immediately preceding interaction, than 
to model completely the beliefs of the other. This strategy also could have 
played a role in the study by Cohen (1985) who observes that many speakers 
adopt a consistent style, i.e. using one form of request more often than other 
forms . 

Furthermore, in many games a role discrepancy was observed, whereby 
one participant effectively leads in the development of new description sche
mes, while the other fellows. For this reason, a similar control asymmetry 
was introduced into the simulation models. The role discrepancy between 
the dialogue leader and follower (master and slave) shows who is the arbiter 
over what is essentially a single model which reflects the overlap in relevant 
beliefs. In utterance planning this set of relevant beliefs is a rather important 
factor and is called Mutual Belief (see e.g. Appelt, 1985). This research also 
shows how the division of control of the dialogue over the dialogue partners 
influences the communicative acts that they perform. See also Edwards & 
Mason (1988) for amore theoretica! view on control. 

The value of Garrod's approach for our project is, that we might manip
ulate one of the conversants in a systematic way, so that, for example, the 
co-ordination principle will be violated or so that explicit communication 
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failures arise. Can the model elaborated here predict what happens in such 
cases? 

4.3 Tolerance for delays 

Here, we will consider literature about what the maximum acceptable inter
vals are when users wait for a response of the system. What is the model 
held by the user that determines what they expect to be normal waiting 
times during HCC and what is not tolerable any more. In this research, 
models that subjects need not have learned or are not even aware of are 
tested through the overt behaviour of the subjects. 

4.3.1 Psychological closure and complexity 

Of some importance seems the theoretica! notion of Miller (1968} that sub
jects experience a feeling of 'psychological closure', when they finish a series 
of activities that can be clumped together under a more global name. 

He constructs a list of 17 types of requests to a computer and proposes 
maximum response times on a theoretica! and intuitive basis. A drawback 
is that these suggestions are now out-dated, because of the current speed of 
interaction between users and computers. However, it is still interesting to 
consider the exact times and see how the proposed response delays relatively 
differ from each other based on type of request . 

According to Miller, more extended delays may be made in a conversa
tion or transaction af ter a closure than in the process of obtaining a closure. 
(See also Engel & Granda (1975)). The greater the closure, the larger the 
acceptable delay in preparing for and receiving the next response following 
that closure (see also Oborne (1985), p. 257). The theory of Taylor (1988} 
incorporates this idea, because he argues that messages on the lower levels 
of bis Layered Protocol Model require a faster exchange and shorter delays 
than messages on the higher levels. We argue, in terms of the notion of 
Miller, that when a sender completes a higher (more abstract) message he 
achieves a larger amount of 'psychological closure' than when he completes 
a lower (more concrete) message. 

Chapanis (1975) and Engel & Granda (1975) suggest that the acceptable 
waiting time is a function of the perceived complexity and the moment at 
which the request was made. Taylor, however, only speaks in terms of 
the physical form and contents of messages. He does not stipulate that the 
abstractness of messages corresponds to the complexity of processes that are 
invoked by a request (personal communication, 1989). The LP Model shows 
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that the perception of complexity is dealt with by the internal processes ( of 
sender and receiver) and these processes are not yet elaborated by Taylor. 

Shneiderman (1986) assumes that there is a strong correlation between 
response time and user think time, so that users adapt to the pace of in
teraction. He calls for research that measures the change in work-style as a 
function of response time. 

4:.3.2 Empirica} evidence 

Now we will mention literature adressing some experimental findings on 
response delays. 

Williams (1973) conducts a study in which he varies three task-related 
variables that possibly inftuence the tolerance for system delays: type of 
task, level of effort needed to form the request and carry it out, and in
struction ( defined as the immediate workload of the user in terms of, either 
an accuracy or a speed instruction). Edwards & Mason (1988) would men
tion these variables differences in the model of the task. The question was 
whether and how acceptability of three system response times (two, four 
and eight seconds) depends on these three variables. The problem of how 
to detect the moment that users reach the boundary of tolerance for wait
ing is solved by giving subjects the possibility to press an attention key so 
that their request gets first priority to be carried out. They should do this 
whenever they feit the delay was 'excessive'. This had as effect that the 
attention key was more often pressed during long delays ( the eight second 
delay), so that here the de lay tolerated was made significantly smaller, than 
the delays in the four second condition. Thus, only in case of the longest 
delay the subjects fully exercised the option to set the response interval. 

The conclusion was that only level of effort had a significant effect in 
contrast to type of task or imposed workload. That only level of effort had 
effect is in accordance with the suggestions of Chapanis {1975) and Engel & 
Granda (1975) who argue that complexity of the request plays a role. The 
more effort that is needed to form the request as input to the computer, the 
more complex that request is. However, the perceived complexity is probably 
also defined by other factors as the number of processes that the request 
starts, the level of abstractness of the request. Note, that one can question 
whether it is allowed to say something about complexity on the basis of the 
invested effort, or that it only is allowed to say something about invested 
effort on the basis of complexity. The impact of psychological closure is not 
investigated in this study by Williams. 
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Grossberg et al. (1976) had four subjects solve calculation problems 
using three different output devices (typewriter, CRT-screen, lineprinter) . 
Controlled delays with means of 1, 4, 16 and 64 seconds were interposed 
between output commands and the resulting outputs. It was shown that 
at longer delays the rates at which commands were given decreased, and 
that the problems were solved with fewer outputs in about the same time. 
According to the terminology of Edwards & Mason, here a difference in the 
model of the partner causes a difference in the work strategy. 

The main conclusion was that delay in the response of the machine af
fected problem-solving tactics. As might be expected, the subjects seemed 
to become more cautious and deliberate as the mean delay increased . A 
shift in the sequence of actions reveals a shift in planning strategie. 

However, the conclusion of Grossberg et al. should be taken with a grain 
of salt, because it was based on a very small sample and, what is worse, all 
subjects had engaged in a previous experiment concerning response delay 
so that they cannot be considered as naive subjects and three of them even 
were involved in the current experiment as researchers. The authors do 
ignore this bias and only speak of highly motivated, experienced subjects . 

Finally, Pruyt & Korbee (1988) examined whether there is some ideal 
combination of duration and variation/variability of system response times. 
Furthermore, they consider how this combination depends on the kind of 
task that is carried out. 

Naive users had to perform a data-entry task or a problem-solving task 
confronted with different length and variation of the response times. The 
variation of response time was expressed in terms of a reduction of the mean 
response time by a certain amount (0%, 20%, 80%). The mean response 
times were fixed in three conditions and lasted one, two or eight seconds . 

The authors tested how the three variables mentioned above influence 
productivity (i.e. rate of work in terms of number of entries clone by the 
subjects) and accuracy (i.e. number of mistakes made by the subjects) . 
The results were that users in the data-entry task were most productive if 
the response time lasted one second and showed a variation percentage of 
80. Users were most accurate if the response time lasted eight seconds and 
showed a variation percentage of 20. In the problem-solving task users were 
both most productive and most accurate in case of a two-second response 
time and variation percentage of 80. The variation across the different re
sponse delays and tasks did not show any systematic effect on productivity 
or accuracy. However, in both tasks productivity decreased when the delays 
lasted langer. As Pruyt & Korbee realize this is not very surprising, while 
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the subjects had a lim.ited time for their task (30 m.inutes). This means that 
subjects confronted with long delays have less time to solve problems than 
subjects confronted with short delays. For example, when 120 entries are 
carried out with a mean response delay of 1, 2 and 8 seconde and with 0 
percent variation, respectively, 2, 4 and 16 m.inutes are wasted by waiting, 
if subjects do not use the attention key. So this explains partly the lower 
rates of productivity in the 8 second condition. 

Yet, important is the obse:r_vation that long delays in the data-entry task 
lowers productivity more than long delays in the problem-solving task . The 
result that the Jonger the delay lasts, the more m.istakes are made is only 
found in the problem-solving task. 

In the second part of their report Pruyt & Korbee mention the subjective 
experiences of users based on a questionnaire. They want to recover how 
duration and variation of delays are experienced, what can be considered 
as an optimum of duration and variation to subjects, and whether users 
experience the (experimentally found) optimum as comfortable. 

Of the subsequently reported findings it is only worthwhile the fact that 
subjects do not have a correct sense for estimating delays. 

A final drawback of this research is that the authors only seperately 
consider the variables of productivity and accuracy, however, it seems also 
meaningful to combine these two into one variable, i.e. a measure of effi
ciency. 

5 N atural language for human-computer commu-
nication 

5.1 Natura} versus artificial language 

The controversy around the question whether Natura! Language is an ap
propriate language for human-computer applications supplies us with a good 
overview of the pros and cons. Petrick {1976) and Kohl & Ruppieta (1987) 
both order the arguments. Proponente of NL-communication with comput
ers adhere to one or more of ( variants of) the following claims. 

( 1) Using NL relieves the user from learning a forma} language. 

(2) NL is a very powerful medium for expressing complex facts. 

(3) NL makes computer applications accessible toa large number of people. 
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( 4) Problem sol ving is made easier because the user can formulate the prob
lem and reason about it in his own words . 

( 5) Current and fut ure technology is or will be powerful enough to cope 
with natura} language. 

The opponents reply with the following claims: 

(6) Current technology can only deal with subsets of NL. Learning the 
restrictions and exceptions may even be harder than learning formal 
languages because of interference problems. 

(7) Using NL leads to overestimation of the system by the user. 

(8) NL requires a more elaborate and error-prone input than command or 
query languages . 

(9) NL does not relieve the user from analyzing his problem and specifying 
a solution; this happens to be the main problem of human-computer 
communication . 

( 10) NL is inherently too loose, vague and ambiguous to serve as a computer 
language. 

( 11) Implementing a large enough subset of NL to be useful requires linguis
tic knowledge that is not yet available, knowledge about representing 
world information and supplementary reasoning mechanisms. 

Instead of categorizing arguments as being pro or con, we could catego
rize them as dealing with the question whether NL as interface language is 
useful or feasible. Pro-arguments like {1) to {4) and con-arguments like {8) 
and {9) could be used for discussing the first question; a pro-argument like 
(5) and con-arguments like {6), (7), {9) and {11) for the second. A way out 
of this discussion is to argue that NL-interfaces are probably not generally 
useful and feasible; they are useful for some applications and.for some users, 
and they are feasible for restricted applications, though a lot of effort is still 
needed. 

Petrick argues that the effort is worth it for an application with a large 
number of users that have good knowledge of the application hut little 
knowledge of programming. These characteristics imply that the applica
tion should be problem oriented, not procedural and for genera! purposes. 
Further, Petrick thinks that a question-answering system for data bases is a 
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good candidate and he globally describes the development of bis own system. 
Taking information dialogues for the exchange of travelling information, like 
Bunt (1988a) proposes, is promising for the same reasons. 

Kohl & Rupietta try to solve the current Jack of knowledge for developing 
NL-interfaces by supplementing NL-input by other interaction techniques 
such as menus or direct manipulation. Though this is a useful application 
of multimodal interfaces, it is more interesting to see what natural language 
itself offers for improving human-computer dialogues. 

Leiser (1989) proposes to use metalinguistic phenomena for overcoming 
the restrictions of current NL-interfaces. The phenomenon of 'Response 
Matching' is observed when speakers adopt aspects of each other's output, 
like speech rate, frequencing of pauses and self-disclosure. This quality could 
be used to elicit user's input that the system can easily deal with. Garrod 
(1987), discussed here in section 4.2.2 also observes that communicating 
partners apparently converge with respect to their utterances. However, 
he discerns an additional feature that determines, so to say, direction and 
amount of the influence: the leading partner determines the aspects that 
are gradually copied by the other partner. 

Another valuable metalinguistic phenomenon is 'Mutual Modelling'. This 
refers to the way in which people portrait their communication partner on , 
the basis of utterance characteristics (like accent, intonation, word choice) 
at the very start of the dialogue. Leiser would like to see Mutual Mod
elling used for distinguishing different contexts by style. For example, help 
information could be presented in a helpful voice, while information about 
the system state could be provided in a more technica} style. He even con
siders it as a solution to users' overestimating a system that only partly 
understands NL. 

Finally, Leiser discusses the phenomenon of message adaptation which 
refers to people developing abbreviations and elliptical constructions during 
one or more dialogues. According to Leiser, this could be used to let people 
gradually get used to query languages. 

Walker (1989) also takes the standpoint that NL interfaces are worth 
developing for some kind of applications. She is not aiming at a fluent NL 
interface, but rather at the functionality that NL can offer and that is not 
available in Direct Manipulation (DM) interfaces. Language features like 
definite description, coordination and quantification are desirable alterna-

. tives for selection by pointing, for they allow selection of sets of items as 
opposed to selection of individual items. Furthermore, definite description 
and discourse reference are especially useful for referring to objects that are 
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not visible on the screen. This could be a valid improvement on DM inter
faces, while continuous representation of the objects and actions of interest 
- one of the aims of DM - could be a cumbersome goal when there are too 
many objects to represent . Walker further mentions tempora! specification 
(e.g. "every day"), negation, comparatives (e.g. "more than") and sorting 
expressions (e.g. "by date") as valuable NL features for improving the func
tionality of interfaces. We think that Walker's list could serve as a guide for 
fut ure linguistic research aiming at the development of NL interfaces, as the 
implementation of the listed features is not without problems. 

5.2 Natura! human-computer communication 

5.2.1 Restrictions on natura! language 

A question that is often addressed in the literature is what language people 
are naturally inclined to use when they are confronted with an artificial 
partner . In what way do they adapt their language when they are told they 
are talking toa computer? Do they prefer and/or work more efficiently with 
an artificial language than with natural language when they know they are 
talking to a machine? In the following literature, experiments are described 
in which the agent of the system is simulated and manipulated. It is the type 
of interaction that Hutchins (1988) characterizes as 'conversation-metaphor'. 

Hitzenberger & Kritzenberger (1989) (H & K) carried out experiments 
on multimedia user interfaces within the domain of information systems, 
i.e. a railway information system, a library information system, and an 
office environment. They investigated the influence on language behaviour 
exercised by machines when these systems differ in input mode (spoken vs. 
written) and in syntax quality. Besides, the situation in which a human 
is suggested as interlocutor who manipulates the computer system, three 
systems were simulated differing in cooperativety and language restrictions. 

In all conditions, people were, in principle, free to use any expressions 
they liked, hut in one condition some expressions were understood litterally 
by the machine and in another condition ambiguous and complex expressions 
were rejected . Besides counting so-called types (number of different words 
used) and tokens (number of words used), also error-situations are explored 
and so-called 'error precisions' i.e. a measure for the amount of failures in 
the input of the subjects. The measure of error-precision depending on the 
number of tokens used, number of uncorrected remaining errors and total 
number of errors is somewhat arbitrary, because the counting of errors in 
voice-mode was done on the basis of 'a grammar of spoken languages', hut 
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the authors do not tell how such a grammar was established. In keyboard
mode counting of errors occured on the basis of the proper orthographical 
and grammatical rules. 

In short, the results were, that the less restricted the language that could 
be used, the more types were used. This is not surprising, because these 
-results are due to significant modification in the complexity of the language 
and structure in the restricted dialogue situations. More interesting is the 
conclusion that the great variation in number of tokens used during interac
tion with a human partner in natural language can be a sign of uncertainty 
in the partner model. The expected differences between the human and 
the machine situation on measures number of types and tokens can be ob
scured by the experimental design: the system feedback was provided on 
screen which is an unnatural situation for NL-communication. The frequent 
checking utterances can be evidence for this. 

However, there is a diff erence on the number of types and tokens between 
the unrestricted NL-communication with the human and the unrestricted 
NL-communication with the machine. This can be caused by the fact that 
subjects in the human situation adressed topics which were not essential 
to task. In the two natura} language situations the use of typical question 
forms differed from the restricted situations, where syntactically smaller 
constructions were used. The reason, that in the restricted situations the 
number of tokens increased, while the number of types did not change was 
due to the fact that, in case of ill-formed input, subjects restated their 
questions in nearly the same words. 

Furthermore, these subjects avoided relatively extraordinary topics and 
maintained the habitual question form pattern instead of using terms that 
would short-cut the question-answer cycle. Contrary to the planning model 
of Appelt (1985) the subjects did not use action subsumption, for they did 
not use terms, e.g. pronouns, that subsume identification of persons, objects, 
expressions, etc. Thus, their behaviour resembled the filling of slots like in 
a forma} query language. 

A drawback of this experiment is that H & K did not succeed in con
vincing the subjects that they were talking to a human or a machine: in an 
interview half of the subjects in the human situation doubted the human 
nature of the partner and vice versa for the machine situation. The few 
and minor diff erences that they found after all do not form an argument for 
developing an interface that incorporates aspects that are characteristic for 
natura! language. 

Beun & Bunt (1987) collected information dialogues varying the medium 
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that was used (telephone or keyboard and screen) and the responses of the 
system in case of the keyboard-screen interaction (free response or prepro
grammed answers and/or dialogue acts). Here, we will only consider the 
comparison of the keyboard conditions that had the same, free response 
style, hut differed with respect to the subject thinking that (s)he was talk
ing to a human or a computer . In contrast to the subjects of H & K, the 
subjects in this experiment did not doubt the identity of the partner. This 
makes the results of this experiment more convincing than the results of H 
& K. 

Beun & Bunt notice the following differences. First, when talking to a 
human partner, subjects used significantly more indirect requests than when 
talking to a machine. Second, they used more opening and closing phrases 
in the human condition. Third, it was noticed that subjects in the machine 
condition did not feel any time pressure in taking a turn. This did not influ
ence the total duration of the human-machine dialogue. These three aspects 
made the human-human dialogues more polite than the human-machine di
alogues. Finally, the subjects had the incorrect impression that the machine 
partner was slower than the human partner. This is probably caused by the 
form of the responses : in the machine condition the response was given as 
a complete sentence while in the human condition the response was typed 
character by character. The authors did not consider linguistic aspects like 
type-token ratios and the use of elliptical or anaphoric expressions, probably 
because there were no striking differences to be noticed . 

The fact that no essential diff erences were found implies that people stick 
to their own language when they know they are talking to a machine. This 
finding is an argument for considering natura! language as a future interface 
language. 

Kennedy et al. (1988) report three experiments that were designed to 
examine the assumption that rules applying to conversations between hu
mans also apply to conversations between a human and a machine. They 
focus on anaphoric reference and lexica! choice in keyboard-screen dialogues 
to measure possible differences. Anaphors are chosen because they "provide 
one measure of shared knowledge which is the degree to which the subject ac
cords the interlocutor a particular mental state [ ... ]" (p. 40). Lexica! choice 
is interesting for "it indicates both the assumed extent of the interlocu
tor's lexica! knowledge and, presumably, something about its interpretative 
skills" (p. 40). These arguments are important because they presuppose 
mental models that underly communicative expressions and they recognize 
these mental models as exploratory mechanisms. 
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The genera} pattern of the results provides some evidence for allow
ing restricted natura} language for communication with a machine. AB for 
anaphors, subjects in the machine condition tend to minimize the use of 
pronomina} anaphors. This implies that subjects think the machine restricts 
the focussed information of a dialogue to a smaller part than a human part
ner does. AB for lexica} choice, it is found, in contrast to H & K, that there 
is a significant difference for the number of word types used and the type
token ratios. The difference indicated a wider lexical choice in the human 
condition. Also, utterances in the machine condition were shorter than in 
the human condition, irrespective of the length of the partner's utterances. 
With respect to the efficiency question we posed in the beginning of this sub
section, Kennedy et al. found no evidence that person-to-person dialogues 
are less informative than person-to-machine dialogues. Subjecte learned as 
much and performed as well or even better in the former situation than in 
the latter. 

lt is a merit of Kennedy et al. that their motivations and explanations 
are posed in terms of shared knowledge and mental representation of the 
partner. This implies, however, that the restricted communication patterns 
they found in human-machine interaction depend on peoples representation 
of the capabilities of the system, i.e. they are probably not inherent charac
teristics of man-machine communication. If one would succeed in developing 
a highly intelligent communication partner and would convince users of its 
qualities then they would probably not turn to restricted communication. 

5.2.2 Restricted interface language 

In this section, two examinations will be discussed that end in a plea for 
developing restricted interface language. 

Diaper & Shelton (1987) investigate 'Natura} language requirements for 
expert system naive users'. They have users interact with a simulated, advi
sory expert system on fictitious computer firm's products. Two experiments 
are described in which genera} descriptive variables about the dialogues per 
subject are considered, as: 
i mean number of lines per dialogue 
ii words per line 
iii alternations per dialogue 
iv mean time per dialogue 
v total number of different words 
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The results support the claim that only an extremely limited vocabulary is 
required for interacting with an expert system using natura! language within 
a single domain . Therefore, the authors are optimistic about the usefulness 
of a restricted vocabulary and simple syntactical parsing. They end with a 
plea for the use of command languages instead of natura} language. 

Newell (1987) describes a simulation technique for analyzing users' re
sponses to a 'listening typewriter'. He discusses results obtained from an 
implementation both with and without a simulated natura} language inter
face. In two pilot studies he had four subjects perform a copy dictation 
task in which they were free to use their own descriptions and then sub
jects performed a dictation task by means of predefined task descriptions. 
All subjects found it very difficult to deal with the unconstrained command 
structure that was implied by their use of natura} language. Remarkably, 
as Newell puts it : "allowing a completely 'NL'-structure was a hindrance 
rather than a help ." (p. 217) 

However , what was the influence of the fact that in these pilots the sub
jects were fully aware of using a simulation and talking to a person, and not 
to a machine? To find an answer on this question, in a next experiment the 
effect of awareness of the human operator on performance was investigated. 
Furthermore , instead of the previously typed input, spoken input was re
quired and the previous NL-interface was restricted to a command set that 
was highly structured and did not have any 'natura! language' characteris
tics. So, the results can be compared with studies on the interaction with 
resctricted human partner vs. a (restricted) machine, hut less relevant in 
view of our project that is concerned with NL-communication in the first 
place. 

6 Conclusion 

Our main interest lies in what Norman (1984a, b) calls the stage of specifying 
the action sequence, because this is the stage in which the user translates 
bis/her intention into an action that is formulated in terms of the interface 
semantics. More precisely, we should focus on the process in which the user 
chooses a concrete goal ( a step in an action sequence) to satisfy an abstract 
goal (apart of a planning structure) . 

In his Layered Protocol Model, Taylor does not focus on the stage in 
which decisions are taken. He mainly considers the actual message transfer 
and not the processes that preceed message transfer. It does not seem 
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possible to capture this stage in the LP Model by simply adding levels. Also 
Gaines (1988) and Appelt (1985) indicate that planning an intention and 
sending a message work according to different principles. 

The categorization of aspects in HCC as 'control', 'modality', etc. by 
Edwards & Mason (1988) offers aspects of system and/or human that can 
be varied in order to examine which differences in one aspect correlate with 
different choices of strategies to carry out a task . 

The choice of actions the user decides to perform is influenced by his/her 
knowledge of aspects of the dialogue such as 'control', 'connectivity', 'modal
ity' and 'form'. However, these influences should be stated explicitly as rules 
in the models that have been built by the user. For example, 'If I do not 
have the possibility to correct a message once it is sent, I have to avoid 
mistakes'; 'I have to mention the file each time when I am dealing with it, 
else the system will not understand which file should be operated upon'; 'If 
I point at objects it will be of no use because the system cannot detect this' 
or 'The system will not understand all NL input, hut only a limited set of 
words and sentences'. We aim to find rules that indicate a direct relation 
between knowledge and choice of strategy. 

According to Norman, execution problems can arise because the trans
lation of a generated intention into an utterance in terms of the interface, 
i.e. the mapping of a psychological variable onto a physical variable, fails . 
lt is interesting to see how users will manage to solve (the mismatches that 
underly) these problems. Will their solutions exhibit any systematics? Sup
pose a user has to enter specific items into an agenda. If a certain item is not 
accepted, because the system can not deal with it, the user has to discover 
what is wrong with the item. S/he has to decide whether the topic of the 
item is wrongly specified or whether the item does not fit into the indicated 
'environment', because of an error in the mentioned date, time or place. 

Norman (1984a, p. 374) suggests that people tend to tackle a problem 
first at the lowest level of intention and action before they pop up to higher 
levels. One can call this a bottom-up strategy of problem solving. This 
means, for example, that when a command is not accepted by the computer, 
users will look first whether the utterance itself is accurate (spelling and 
syntax), next whether it is uttered on the correct moment or in the correct 
mode. This might be the dominant error correction strategy, if no error
message is given that immediately indicates the cause of the error. People 
will, of course, employ a top-down strategy, if they can guess on basis of 
context or previous experience where the source of the problem is located. 
When considering the implementation of error-messages in a system it is 
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important to take these inclinations into account. Feedback on levels that 
people do not consider in the first place is especially crucial. 

Instead of the 'analytica}' view by Edwards & Mason, the metaphors by 
Hutchins (1988) offered a 'holistic' view on HCC. However it is not possible 
to compare the influence of their metaphors on user behaviour because these 
differ simultaneously on too many aspects as 'modality', 'control' and 'form'. 

The grammars developed by Moran (1981) and Payne & Green (1986) 
did not account for the method by which a user plans his activities. There
fore, these grammars cannot be used as an explanation for the way in which 
users decide how they should carry out a task. The procedural formalism 
by Kieras & Polson (1985) seemed more promising. It represents the user's 
knowledge of how to accomplish a task, however, this representation is stuck 
in a descriptive instead of an explanatory approach. 

As for the chapter about planning communication, we conclude that it did 
not offer starting points for a cognitive theory about the types of knowledge 
that lead users to choose from a set of action sequences the one at hand. 
In the literature that is reviewed the role of intention is emphasized as a 
behaviour guiding principle, hut it is not indicated what are general cogni
tive principles by which intentions can be related to actions. Neither Cohen 
& Perrault (1979), Perrault & Allen (1980), nor Perrault (1988) or Bunt 
(1988a) consider this; they try to define 'intention' through formalisms of 
terms as 'mental states' of speaker and hearer. Only Appelt (1985) gives 
some handgrip by elaborating the principle of action subsumption . Ap
pelt 's theory needs experimental verification as being a cognitive theory 
of human action planning . Further, a combination of Beun's (1989) work 
on the recognition of communicative functions and Bunt's (1988a) taxon
omy for them based on intentions and knowledge states provids uus with 
a theory of interpretation as well as planning. The experimental literature 
mentioned in Robertson & Black (1986) shows at least one cognitive prin
ciple that plays a role in action planning, namely, chunking. This can be 
seen as a means to reveal how users plan sequences of actions. The litera
ture concerning the planning of dialogues showed two planning mechanisms, 
i.e. planning according to extra linguistic (task)goals and according to com
municative conventions. These mechanisms constitute the boundaries for 
selecting communicative actions. (See also Weijdema et al. (1982)) 

An approach as in Grosz & Sidner (1986) and Reilly (1987) offers ad
hoc explanations for the structure of the discourse and the use of some 
explicit linguistic phenomena. They do not bother about the 'why' of the 
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action selection process, only about the 'how'. Litman & Allen (1987) come 
closer to this by presenting a plan based theory that allows a wide variety 
of utterance-plan relationships. In contrast to Grosz & Sidner they consider 
situations in which task structure is not necessarily mirrored in the dialogue 
topics. This leads them to define a set of discourse plans and a set of domain 
plans and to show when overlap is possible. The principle of coherence 
heuristics used by the plan recognizer explains how a dialogue/discourse is 
supposed to continue. This seems relevant to us, because a link is established 
between surface linguistic phenomena in a speaker's utterance and actions 
carried out by the listener. The introduction of a stack-like structure in the 
planning processes triggers an experiment that shows how errors and error 
correcting strategies can be explained by a mismatch of plan stacks between 
a computer and a users. 

The literature on errors showed how errors are detected and corrected 
on the basis of the type of error that is made. The finding that the na
ture of the speech trouble strongly influences the terms that are selected 
when recovering an error explains an important aspect of language planning 
and production, i.e. how speakers maintain fluency and establish discourse 
coherence. The types of errors that occur in the process of determining 
the actions that should be carried out deserve our attention. Levelt defines 
sorts of errors on basis of the correction procedures that follow the detection 
of errors by speakers when they monitor their own speech. Here the deci
sion process of the speaker about how to translate his/her intentions into 
utterances is caught in the action. 

Less relevant to us are the action slips that Norman categorizes because 
he does not capture errors resulting from a conscious decision process. We 
are interested in errors due to a deliberate choice of actions for the satisfac
tion of intentions and not in errors due to 'slips' of the mind. Yet, Norman's 
digression about intentions which should be at the same level of specification 
as the selected actions comes close to our topic of research. 

A more genera! remark is that the studies on errors concern the gen
eration of (language) actions in a non-interactive environment. For our 
purposes, errors that arise in interactive settings are more relevant. Inter
acting people make mistakes when they try to adjust their communicative 
act to their partner. Here one should not ask which partner is responsible 
for an error (for example, lack of attention of one partner could be caused 
by the boring performance of the other), hut how people constantly inter act 
and negotiate to prevent and correct communicative defects. We think that 
this is a promising insight to direct further research on the development of 
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dialogues. 

In the chapter on user modelling a division was made between explicit and 
implicit modelling. Under explicit user modelling we considered how knowl
edge that is available to the user determines the strategies that are chosen 
to carry out a task. The research by Akin & Rao (1985) and Katzeff (1988) 
indicates how access to knowledge resources influences the performance of 
users . It seems a reliable method to examine how manipulating the knowl
edge of the user affects his/her behaviour. Under implicit user modelling we 
considered how modalities and farms of communication determine the way 
to deal with a task. The taxonomy of Rubin (1980) distinguishes dimensions 
that differentiate speaking from writing . Our project can be stated in terms 
of systematically varying such dimensions to reveal their distinctive effects 
on communicative behaviour as is shown in Ochsman & Chapanis (1974) 
and Cohen (1984) . However both studies lack a theory that explains the 
influence of modality (i.e. channel) characteristics versus the form charac
teristics of communication . 

Garrod (1987) formulated a theoretical principle that explains why con
versants converge to a consistent style in language use. Such a principle 
offers a starting-point for further research. We might influence one of the 
conversants in a systematic way, so that, principles as Garrod's coordination 
principle, are violated. When will this lead to failures in communication, 
how well will Garrod's model predict what happens? Furthermore, we il
lustrated the importance of basing experiments on theoretical notions by 
research on tolerance for delays. 

In chapter 5, the discussion of advantages and disadvantages of natura} 
language as opposed to an artificial language made clear how the choice of 
language depends on the application and the kinds of users it is meant for . 
The solution of combining NL with different interaction techniques to form 
a multimodal interface seems promising. 

To overcome the restrictions of current interfaces the functionality that 
NL offers as listed in Walker (1989) can function as a guide . We aim at 
determining the possibilities of natura! language and discover, in terms of 
Leiser (1989), metalinguistic phenomena. The literature that deals with the 
natural inclinations of people when talking to an artificial partner clarified 
some phenomena that characterize communicative behaviour that is directed 
towards a human in comparison with an artificial partner. The results of 
Hitzenberger & Kritzenberger (1989), Kennedy (1988) and Beun & Bunt 

48 



(1987) revealed some differences, hut these were not convincing enough to 
prefer restricted language to natura! language. 

Finally, the outcomes of Diaper & Shelton (1987) and Newell (1987) 
led the respective authors to plead, each from a different viewpoint, for a 
restricted interface language instead of allowing the richness of natural lan
guage. Diaper & Shelton argue that NL is not necessary, while Newell argues 
that NL is not a convenient tool. We think that the restricted communi
cation patterns that are eventually found depend on peoples representation 
of the capabilities of the system and need not be inherent characteristics of 
man-machine communication. If one would succeed in developing a highly 
intelligent communication partner and would convince users of its qualities 
then they would probably not turn to restricted communication. 
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