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Abstract.  Instructional text has been a popular target for research-oriented 
generation systems because it is a useful and relatively constrained sub-
language.  The success of these systems shows that existing technology is ade-
quate for generating draft instructions; the problem, as is typical of generation 
work in general, has been with the acquisition of domain and lexicogrammati-
cal knowledge. The Isolde project has addressed this acquisition problem by 
building tools for mining raw domain knowledge from existing formal models 
(e.g., UML models for software systems) and for inferring and tailoring lexico-
grammatical knowledge from the domain elements.  

1   Introduction 

A number of research systems have been successful at generating drafts of procedural 
instructions (e.g., Mellish/Evans [7], COMET [6], TechDoc [14], Drafter [10], WIP 
[16], SPIN [3], WYSIWYM [11]).  It is, therefore, clear that current generation tech-
nology is adequate for generating at least portions of the instructions found in simple 
user’s documentation.  These systems have not, however, become commercially suc-
cessful.  The basic reason for this is that the acquisition of the knowledge required as 
input by these systems is too difficult.  It is simply easier to enter the text by hand. 
 
Some of the systems mentioned above (e.g., Drafter, WYSIWYM) have developed 
user interfaces to facilitate the input of this knowledge.  While these interfaces have 
proven to be usable and useful, it is not clear that they adequately solve the knowl-
edge acquisition problem. They may ease the input process, but it is still the case that 
all the knowledge must be either hard-coded in the system or entered by hand.  It 
might be worth going to this trouble if the resulting knowledgebase were useful for 
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purposes other than generation and re-generation, but it is usually tailored specifically 
for this purpose.  Generating in multiple languages could also increase reuse, but it 
would probably be easier to write the text by hand and then translate it automatically.  

 
In contrast, successful generation systems for other sub-languages (e.g., Meteo [2]) 
operate in domains in which suitable input representations are available because they 
are already built for other reasons.   These sub-languages also tend to use restricted 
lexicogrammatical resources, which can be predefined.  Neither of these is the case 
for the instructional sub-language.  Pre-built models do exist, but they are neither 
complete nor universal, and the domains for instructions are not restricted, so while 
the grammatical resources can be predefined, the lexical resources cannot. 
 
The purpose of the Isolde project has been to identify those pre-built resources that do 
exist in the common practice of system and user interface development, and to extract 
or “mine” the necessary domain and lexical knowledge from them.   We have had 
some success in mining knowledge from models built using the Unified Modeling 
Language (UML [13]).   However, we have also had difficulty because in practice, 
UML models are not complete, and routinely contain information that is useful for the 
system designer, but either useless or erroneous for generation.  To address this, we 
have built a set of tools that: 
 
• collect the knowledge that can be mined from existing models,  
• allow the user to add to it, modify it, and configure it into a form that is useful 

not only for text generation, but also for interface design, 
• generate text drafts, allowing the user to modify the knowledgebase elements that 

underly any incorrect expressions. 
 
This paper will describe each of these functions in turn, doing so in the context of an 
extended example.  We will then draw general conclusions for language generation 
applications. 

2   Mining the Knowledge Required for Instructions 

This section will discuss the two basic types of knowledge required by an instruction 
generation system: domain knowledge and linguistic knowledge. Experience with 
instruction generation systems like Drafter gives us a very good idea of what this 
knowledge should include and how it should be structured.  We focus here on identi-
fying the commonly used system models from which this knowledge can be mined.    
 

2.1  Domain Knowledge  

The domain knowledge required for procedural instructions comprises:  (1) the ob-
jects used in the application domain; (2) the graphic objects presented by the user 
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interface; and (3) the tasks that are performed on these objects.  These elements are 
typically represented in a standard slot-filler knowledgebase format, in which the 
actions are arranged in a procedural, plan-goal hierarchy, and the objects are linked to 
the actions as case-role fillers.  The structure of these representations is described in 
detail elsewhere (cf. Drafter).  
 
The goal of Isolde is to mine this knowledge from existing sources.  To do this, we 
follow the lead of Drafter, which prototyped a mechanism that mined objects of type 
(2) from an interface building tool [9].  We have found that object-oriented (OO) 
system models, as produced by software engineers [12], are a good source of all three 
types of knowledge.  These models tend to provide: 
 
• use case diagrams -  A use case  identifies a thread of potential use for the sys-

tem to be constructed.  Use case diagrams associate the various types of users 
with the use cases in which they take part.  

• class diagrams -  These contain an hierarchical arrangement of the classes used 
in the system.   Each class specifies its own operations and attributes. 

• interaction diagrams - These diagrams, though less common, describe the se-
quence of interactions between objects that take place in the execution of a use 
case.  They specify which objects send which messages to which other objects, 
as well as the time dependencies between the message events. 

 
We will now describe how each of these models can contribute important elements 
for the knowledgebase.  We use the Unified Modeling Language (UML) notation as it 
has become a standard for OO system modeling, and will illustrate the models using 
BMS, a building maintenance system developed by Esprit Systems Consulting for 
which complete UML models are distributed freely by Rational Corporation.   
 
UML Use Case Diagrams.  Figure 1 shows three use cases for BMS.  We can see 
that the object PhysicalEmployee (an instance of Actor or User) can perform 3 tasks: 
Requesting access to a room, Requesting a phone for a room, and Adjusting the tem-
perature for a room.  Clearly, this diagram is a source of user types and of high-level 
user goals with respect to the system.   The primary problem here is that the names of 
the actors and the spellings of the verbs and objects are chosen by the software engi-
neer.  We have little control over this.  As a default, our extraction mechanism (im-
plemented in Rose’s scripting language) produces a instance of the user type, using 
the exact spelling of the actor in UML as the name.  It also produces high-level tasks 
by parsing the names of the use cases, assuming that the action is the first word, the 
actee is the second, and the remainder of the words are other adjuncts.  If this is 
wrong, and it likely will be, the technical author will see it in the drafted text and 
correct it with facilities described in the generation section below. 

UML Class Diagrams.   Figure 2 shows a portion of the class diagram for the 
BMS system.  In addition to being useful in building the BMS system, classes such as 
room and section will also be mentioned in the instructions.  Our extraction mecha-
nism, therefore, creates domain objects for each UML class, using the spelling of the 
class name as a default lexical root.  Again, if the spelling is unacceptable for the 
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instructions, the author can modify it later. For the BMS example, we were forced to 
add classes for the GUI objects used in the BMS interface.  These were not in the 
original BMS class diagram because the programmers that built the interface did not 
use Rose to model the GUI interface.   

Figure 1.  A portion of the UML Use Case diagrams for BMS 

Request Room-access

Phone request

Adjust temperature

Physical Employee

(from Actors)

 
UML Interaction Diagrams.  Figure 3 shows the interaction diagram corresponding 
to the use case of adjusting the room temperature with the BMS system.  Here, the 
sequence of events that instantiate a use case are presented in temporal order (from 
top to bottom).  Each event specifies the object that initiates the event (the source of 
the arrows) and the object that is acted upon (the destination of the arrows).  In this 
example, the user selects the adjust temperature menu item and the system responds 
by displaying a dialog box.  The user then selects the appropriate temperature and 
room, clicks the ok button, and the system responds by setting the temperature appro-
priately.  This diagram specifies several actions that will be expressed in the instruc-
tions, but it also includes a number of internal programming details that are not rele-
vant for the end-user documentation.  Our extraction routine, therefore, attempts to 
filter out the inappropriate details.  Briefly, this filtering is done by a set of content 
selection heuristics which extract all user initiated actions, and the last system action 
in any sequence of system actions (See [5] for more details).  

 
Taken together, these three diagrams provide approximately 70% of the resulting task 
model (discussed in the next section)  

2.2  Linguistic knowledge 
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 The linguistic knowledge required by instruction generation includes the lexical 
resources used to express the relevant objects and tasks, and the grammatical and 
discourse knowledge used to fashion instructional sentences and texts.   As was the 
case with the domain knowledge, instruction generation systems typically hard code 
this information as well.  This approach has proven to work well for grammatical and 
discourse knowledge because they tend to be constant from one instructional domain 
to the next.  Thus, the Isolde system follows the practice of previous systems by cod-
ing this sort of knowledge directly into the text and sentence planning resources.   
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Figure 2. A portion of the UML Class diagrams for BMS 
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Figure 3.  A portion of the UML Interaction Diagrams for BMS  
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The lexical knowledge, on the other hand, does change, which requires the users of 

other systems to build new lexical resources for each new domain.   As we have dis-
cussed earlier in this section, our knowledge extraction mechanism infers lexical 
spellings for the domain knowledge elements that it extracts.  These spellings are 
likely to be wrong, but they are usable for generating a first draft of the instructions, 
which the technical author can then fix up as discussed below. 

 

3 A Task Model Editor 

As we saw in the previous section, the knowledge that we were able to extract from 
the UML models is not likely to be correct in all cases.  In addition, because engi-
neers may not use all the UML diagrams, the knowledge we extract may not be com-
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Figure 4.  The adjust-temperature task decomposition in TAMOT 

plete either.  We have, therefore, built a tool that allows a human to configure a com-
plete input for the generation system.  This input is not unlike the inputs typical of 
instruction generation systems, except that it takes the form of a task model.  Task 
models are procedural models of human tasks, goals and system responses; they are 
commonly used by user interface designers.  Our tool, called TAMOT, is shown in 
Figure 4.  It supports the Diane+ task modeling notation [15] and isimplemented in 
Java 1.2 with the SWING widget set. 
 

On the right-hand side of this figure, we see a simple task decomposition for the 
user task of adjusting the temperature of a room.  The oval-cornered boxes represent 
the user actions of selecting the adjust-temperature option, selecting the desired room, 
setting the desired temperature, and clicking the OK button.  The rectangular boxes 
indicate the system actions of displaying the dialog box and setting the room tempera-
ture.  The arrows indicate the proper sequence of the tasks.  The left-hand side of the 
interface contains a task hierarchy, which allows the user to browse all of the tasks, 
and a Task Attributes window, which shows the current attribute settings for the se-
lected task. 

The tasks shown in the figure were all derived automatically from the UML model, 
though we did have to format the model in a more readable way and remove one 
system task that would not have been helpful to the user.   Manipulations of this sort 
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are performed by dragging tasks around on the Navigation Desktop, or by selecting 
them and editing their properties in the Task attributes window (on the lower left).   
The representation of each of these tasks is linked in a knowledgebase representations 
of the domain knowledge required to express the task in the generated instructions.   

 
One key feature of this tool is that it supports a modeling formalism taken from the 

HCI literature rather than from the internal representation of the text generator.  Al-
though similar to the plan-based procedural hierarchies typical of other systems, it 
includes features useful for task modeling as well.  It can, therefore, function as a 
stand-alone task modeling tool.  Indeed, it is currently being used as such by an inter-
face design consultant in our group.  Thus, the construction of the task model is use-
ful not only to drive the generation process, but also to aid in the design of the inter-

face.   While the use of task models is not universal in applied interface design, there 
are more and more professionals turning to them to support design. 

Figure 5.  Domain Action and Domain Object Editing Dialog boxes 

4   Instruction Generation 

The generation system is implemented as a separate server process, implemented in 
Harlequin Common Lisp for the PC.  This system, a descendent of the Drafter gen-
eration system, includes (1) the Moore and Paris text planner; (2) a new sentence 
planner implemented with extensions to the text planner; and (3) the KPML devel-
opment environment.  This system is not fundamentally different from the original 
Drafter generator, except that uses a new sentence planning mechanism, it is imple-
mented as a server, and it plans hypertext links and canned text.  

 
The primary problems the Isolde generator faces are due to the fact that much of the 
input was not hand-crafted for generation.  Rather, it was extracted from a UML 
model built by a software engineer for the purpose of designing a software system, 
and from a task model built by an interface designer for the purpose of designing a 
graphical user interface. As an example, consider the following text which was gen-
erated for the first draft of the BMS instructions: “The system domodels the Adjust 
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Temperature dialog box.”  Here, we see that the verb “domodels” would be meaning-
less to the end user.  This wording comes from the UML model in which the software 
engineer choose the method name “doModel()” to describe the action of presenting a 
dialog box to the user.  The engineer then used this method in the interaction diagram.  
We are powerless to stop this, and indeed, don’t want to interfere when the software 
engineers and interface designers use their tools to build models.   What we do in-
stead is take the output of the external models as it comes and allow the technical 
author to step in and fix those elements of the text that are incorrect.   
 
We implement this “fix it when it’s broken” approach using a mouse-sensitive, hyper-
text display buffer (based on a tool prototyped in Drafter) in which the author can 
click on the expressions that are wrong, and get a dialog box that allows them to edit 
the domain model entities from which the text was generated.  Parts of this facility are 
shown in Figure 5.  The domain action, shown on the left, is linked to its case roll 
fillers via the “Edit Actor” and “Edit Actee” buttons.  The editing dialog box for the 
actee is shown on the right.  The technical author is able to use these and other dialog 
boxes to iteratively modify the domain and lexical knowledge used to drive the gen-
eration process until they get the text they want. The final output of our example 
(with the corrected spelling for “domodel”) is shown in Figure 6.   

3 Conclusions 
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This paper has discussed some practical issues involved in fielding instructional text 
generation systems.  The current generation technology is adequate for generating 
instructions, but the knowledge resources required as input to the process must be 
mined, as much as possible, from existing sources.     A PC-based implementation of 
the Isolde system was discussed as an example of an approach to this problem. 

 
Figure 6.   A portion of the hypertext output as displayed in TAMOT  

 
We identify two basic conclusions from this continuing work.  First, to be practical, a 
generation project must take pains to find readily available sources of input knowl-
edge.  Assuming that a technical author will be willing to manually input all or most 
of the resources by hand is probably unacceptable.  This paper presents one approach 
to doing this in the context of instructions.  Second, given that external resources will 
probably not be enough to drive the generation process completely, one must also 
build a tool that allows an author to configure the resources that are mined.  It would 
be best if this tool supported a generally useful modeling language rather than a gen-
eration-specific one.    TAMOT is an example of such a tool. 
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