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ABSTRACT 
Language generation systems have often been advocated for use 
in the generation of user documentation, but in practice, it is hard 
to use them because of the amount of knowledge they require as 
input.  Without a readily available source of input, the knowledge 
acquisition bottleneck will prevent generation technology from 
ever being used.  Unfortunately, knowledge acquisition for any 
domain-varying language generation application is difficult 
because there is seldom any single knowledge source or 
acquisition method that is adequate for acquiring the appropriate 
knowledge.  This paper argues that this required knowledge can, 
in practice, be acquired from a heterogeneous set of 
complementary sources.  It then presents Isolde, a support 
environment for technical writers that can mine these sources 
using an extensible set of specially tailored acquisition tools.  
These tools acquire instructional knowledge on-the-fly and 
consolidate it into a knowledge base that can drive instructional 
text generation.  

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentation]: User Interfaces – 
Training, help, and documentation.  

General Terms 
Documentation, Design 

Keywords 
Language generation, knowledge acquisition, instructional text 

1. INTRODUCTION 
Language generation systems have often been advocated for 

use in documentation generation, but in practice, it is hard to use 
them because of the amount of knowledge they require as input.  
This problem can be overcome somewhat when the domain of 
application is static (e.g., [9]), but when the domain varies, as it 
does for most realistic applications, knowledge acquisition is 

more difficult.  Unfortunately, automated generation systems 
cannot work until they have a well-formed input.  This paper 
argues that the knowledge required for the generation of 
instructional text includes both concepts and instances, and that 
this knowledge can be acquired on-the-fly from a heterogeneous 
set of available complimentary knowledge sources. These sources 
include written texts, existing design and task models, and 
functional prototypes, all of which can be found in practice and 
mined using specialized acquisition tools. 

Because there is no single knowledge source or interface 
mechanism that is sufficient for this purpose, the paper argues that 
we need a flexible and extensible environment comprising a 
variety of tools that support both the automatic acquisition of 
knowledge from diverse sources and its consolidation into a 
Knowledge Base (KB) that can drive the generation process.  
Such an environment would allow an instruction generation 
system to be ported to new domains with minimal effort.  

The paper begins with a specification of the types of 
knowledge required for generating instructions (Section 2). It then 
reviews approaches to acquiring that knowledge taken thus far in 
Natural Language Generation (Section 3).   Finally, it presents 
Isolde as a proof-of-concept support environment in which the 
knowledge sufficient for instruction generation can be acquired 
using a heterogeneous and extensible set of acquisition and 
editing tools (Section 4). 

2. KNOWLEDGE RESOURCES FOR 
INSTRUCTIONAL TEXT 

Instructional text generation requires, as input, the following 
types of knowledge: 
• Semantic knowledge - This knowledge is represented in two 

forms: terminology and assertions.  Terminology (i.e., T-box 
concepts/relationships, see [17]) represents reusable types 
such as the action of “pressing” or the concept of a “button”. 
Assertions (i.e., A-box instances, see [17]) represent 
individual tokens such as “Mary’s pressing a particular 
button” or “the red button on the console”.  These two forms 
are used to represent the following types of knowledge:  
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o Task knowledge: the procedures that must be 
carried out by the end-user.  It represents the 
hierarchical and temporal structure of the user's 
task [10]. Task concepts (e.g., user actions, 
feedback, preconditions) and relationships (e.g., 
purpose, procedural sequence) are invariant across 
instructional domains, but task instances will vary 
from procedure to procedure. 



o Domain knowledge: the actions and objects used 
in the domain.  All instructional domains share the 
semantic distinctions represented by general 
knowledge ontologies like the Upper Model [2] 
(e.g., nouns vs. verbs), but each domain requires its 
own set of concepts (e.g., "dial" and "number" 
from the mobile phone domain) and its own set of 
action and object instances. 

• Linguistic resources: This knowledge comprises the text 
and sentence plan operators used by the automated planning 
engine, and the realization grammar and lexicon used by the 
tactical text generator [28].  The plan operators and the 
grammar are relatively invariant across instructional 
domains, but the lexical entries are associated with domain 
concepts, and will thus vary. 

 
When moving to a new domain, therefore, one must acquire 

domain and task instances, domain concepts, and parts of the 
open-class lexicon. 

3. RELATED WORK 
Instructional text has been a relatively tractable target for 

generation systems – e.g., [19, 18, 32, 42, 14, 22, 30, 26, 36, 11].   
In most of these systems, particularly the earlier ones, researchers 
were not concerned with the issue of acquiring the input to the 
generator, and, thus, they hand-coded the knowledge.  The 
researchers' interests determined the level of detail of the various 
parts of the representation, and their amount of expertise in the 
domain determined whether or not they conducted interviews 
with domain experts (e.g., [31]).   

Recognising the need to ease the construction of the KB, 
recent systems have developed various means to guide the user in 
entering some of the knowledge required for generation. 
Typically, however, these systems only allow the user to add task 
and domain instances, requiring concepts and lexical items to be 

pre-coded.  For example, Drafter and Agile used a controlled 
natural language interface for the domain instances and a 
graphical interface for the task instances [23, 11].  WYSIWYM 
uses a controlled language interface for both task and domain 
instances [26]. IDAS provided an action authoring tool that 
constructed instances from written texts [30].1  Stede and 
Hemsen's system [36] provides a graphical demonstration 
interface that records task instances as a user performs them.   In 
all these systems, as well as in other generation applications (e.g., 
[34]), the concepts for the domain knowledge and the domain-
specific lexicon are still hard-coded.  This approach does not scale 
well in domain-varying applications like instructional text.   

One approach to acquiring concepts is to use generic 
graphical KB editors (e.g., [21, 35]).  We found, however, that 
while graphical formalisms are useful for specifying task 
knowledge [1, 20], they are overly cumbersome for acquiring 
domain knowledge.  Another approach, exemplified by 
ModelExplainer [15], acquires lexical items for new domains by 
extracting text from object-oriented class diagrams.  Although this 
is adequate for that application, the resulting KB is too "shallow" 
to support the generation of instructions.  Instructions require an 
"intermediate" level of detail in the KB, which, although not as 
deep as the manually coded models, is sufficient and is cheaper to 
build [29]. 

 
 

Figure 1.  The ISOLDE Environment. 
 

4. THE ISOLDE ENVIRONMENT 
 For an instructional text generation system to be portable 

across domains, it must support the acquisition of task instances, 
domain concepts and instances, and lexical items. While there is 
no unique, practical source for this knowledge, there are a number 
of commonly available sources that can provide portions of that 
knowledge.  These sources include written task descriptions, 
                                                                 
1 This tool may also have been able to acquire new lexical items, 

but this is not clear from the literature. 



software models built using the Unified Modeling Language 
(UML), task models defined during user requirements analysis, 
and interaction event logs captured during sessions with system 
prototypes.  These sources can be mined using specialized tools, 
and the resulting knowledge integrated and refined using a 
knowledge editor. We therefore argue that a generation system 
should be part of a larger environment that contains a 
heterogeneous and extensible set of acquisition and editing tools.  

As a proof of this concept, we have developed Isolde, a 
knowledge acquisition and generation environment that supports 
the acquisition, integration, manipulation and use of knowledge 
within a common modeling environment.  Isolde's architecture, 
shown in Figure 1, is centred around the Tamot task and domain 
model editor and its underlying XML-based representation 
language.  The representation language is based on task models 
and is capable of representing the KB required to drive the 
instruction generation tool, shown on the bottom of the figure.  
Tools that support other applications of task models are also 
supported [24]. 

This paper now presents the various modules of this 
environment, starting with the text generator (Section 4.1), the 
task and domain model editor (Section 4.2), and, finally, three 
acquisition tools specific to the three knowledge sources 
mentioned above (Sections 4.3-4.5).  The tools are presented in 
the context of a running example, one showing the use of Tamot 
itself. 

 
Figure 2: The Text Output by ITG 

4.1 The Instructional Text Generator: ITG 
The text generated by the Instructional Text Generator (ITG) 

is heavily based on the procedure being explained and does not 
contain extensive elaborations or explanations.  Figure 2 shows a 
generated text that explains how to create a sub-task using the 
Tamot task model editor.  The procedural relationships expressed 
are based on the knowledge stored in the task model (e.g., the 
"create a sub-task" goal and its four-step procedure with system 
feedback), and the action and object expressions are based on the 
domain knowledge associated with each task (e.g., the "create" 
action and the "sub-task" object).  ITG supports the integration of 
canned text, thus allowing the inclusion of information not easily 



acquired by Isolde's tools or represented using Isolde's task or 
domain models.  Examples include the canned "task shaped" 
premodifier for the cursor in step 1 and the warning at the end of 
the text. Though rather terse, this form of instructions makes up 
the core of a system's help text and conforms to the minimalist 
approach to written instructions, which has been proven effective 
in the Human-Computer Interaction (HCI) literature [5, 6].2

The basic hierarchical structure of the hypertext shown in 
Figure 2, as well as many of its domain model elements and 
associated lexical items, were automatically extracted from a 
UML model by U2T, the UML-to-Task extraction tool (see 
Section 4.4).  This extraction was done largely on-the-fly; the 
system did not, for example, know anything about "create" 
actions or "sub-task" objects before seeing the model. The 
resulting KB was edited using the task and domain model editors 
(Section 4.2).   Much of this information could also be extracted 
from written task descriptions (Section 4.3) or from the system's 
prototype (Section 4.5). 

 
 

Figure 3: The Tamot Task Model Editor 

                                                                 
2 ITG's text has also been evaluated favourably in the language 

generation literature [7].  

4.2 The Task Model and Domain Model 
Editors: Tamot 

Tamot is a general-purpose task and domain model editor.  
Its task representation is based on the Diane+  formalism [39], 
which supports task annotations (e.g., repetition and optionality) 
and procedural relationships (e.g., goals and sequences).  Tamot is 
similar to other graphically based task editors (e.g., [1, 40, 26], 
but its role in Isolde is, primarily, to allow users to consolidate, 
modify and extend the task knowledge produced by the KA tools, 
although it also enables them to enter the knowledge manually.  
Its only requirement is that each acquisition tool support Isolde's 
open, standardised XML-based representation. Tamot has been 
used as a task model editor by task analysts, and it has also been 
shown to be usable by technical writers [20].  

Figure 3 shows Tamot editing the task model used to 
generate the text in Figure 1.  On the upper left, Tamot displays a 
hierarchy of user tasks, including "create sub-task". On the upper 
right, it displays a set of windows showing the graphical 
representation of the tasks at various points in the hierarchy. In 
this example, we see the sequence of steps required to achieve the 
goal of creating a new sub-task:  the user must select the task 
icon, click on an existing task, optionally modify the task 
attributes, and click the OK button. The systems responses to 
these actions are shown as rectangles. 



In addition to task modeling, Tamot also supports the 
representation and manipulation of the domain knowledge 
associated with the tasks.  This knowledge is not necessarily 
required for task analysis, but it is required for text generation.   
The domain model editor is shown in Figure 4. It allows the user 
to build or modify the domain knowledge associated with each 
task.  The figure shows a single editing window with three 
columns for editing action instances, entity instances, and 
concepts respectively.  On the top left, the editor shows a list of 
all the action instances in the domain model.  The "system 
displays a task shaped cursor" action is selected, and the details, 
shown below the list box, include its action concept ("display-
material-type"), its actor ("system"), and its actee ("task shaped 
cursor").  The editor is now focussing on entities and concepts 

referred to by this action, ignoring all the others in the model.  It 
displays the "task shaped cursor" in the middle and the "display" 
action concept in the right column.  The cursor is of type "cursor-
object type" and has a pre-modifying string of "task shaped".  
Labels for interface objects (e.g., the OK button) are handled 
explicitly because they occur frequently in instructions.  Finally, a 
technical writer can set a specific determiner for a specific 
instance, which will override ITG's default choice. 

Note that many of these domain instances and concepts were 
derived on-the-fly by the tools discussed in the next three 
sections; they were not hard-coded in the system.  At acquisition 
time, Isolde subordinates new concepts to the appropriate classes 
in the Upper Model [2], and creates the lexical items.  The user 
can then correct errors with the domain model editor. 

 
 

Figure 4: The Domain Model Editor 



 
 

Figure 5: The Interactive T2T Interface 

4.3 The Text to Task Extraction Tool: T2T 
One commonly available source of task and domain 

knowledge is written texts, such as the textual names given to 
tasks created by task analysts using Tamot or more lengthy 
written task descriptions.  The HCI community has produced tools 
that allow users to manually acquire knowledge from such 
descriptions [37, 26].  T2T, our Text-to-Task extraction tool, uses 
information extraction technology to automatically acquire task, 
domain and lexical knowledge from these sources [4]. 

The core of T2T is a finite-state grammar built as a 30-state 
Augmented Transition Network [13].  This grammar identifies the 
basic domain and lexical knowledge, including the actor, process 
and actee, as well as other constituents (e.g., instruments and 
locations).  The rest of the sentence is left as canned strings, as 
discussed in Section 4.1 (cf. [30]).  T2T distinguishes between 
nouns and verbs based on classifications of WordNet [8]. 
Although it can work automatically, it also allows the user to 
modify any incorrectly assigned constituent boundaries or head-
word assignments using an interactive parsing tool, shown in 
Figure 5.  

Select the "task" icon from the 
toolbar, to create a sub-task.  
The system will display a task-
shaped cursor.  Click on existing 
task. The system will draw 
another task as a double.  
Modify a task attribute.  Click 
the "OK" button, when finished.  
The system will close the "Task 
Attribute" dialog box.

 
Figure 6: A Task Model Extracted by T2T 



When there are expressions of multiple tasks, th
extracts the procedural relationships between them
creates the appropriate task concepts and instanc
concepts and instances, and lexical items.  Figure 
sample instructional text and the task model that T
from it.  The system has extracted the purpose of th
(i.e., ``create a sub-task''), the sequence of actions (i.
"click", "modify" and "click"), the condition (
finished"), and the system actions (i.e., "display", "
"close").   

The T2T grammar was based on a corpus 
descriptions taken from documentation written for a
Software Engineering courses, and was evaluated on a
9 descriptions.  The results of this preliminary eva
shown, in terms of the common metrics precision and
in Table 1. 

4.4 The UML to Task Extraction Tool
Design models represented in the Unified

Language (UML) are common in Software Engineerin
can serve as another source of knowledge.  The UM
tool, U2T, performs this extraction using the standa
Rose scripting language. It has been discussed in 
elsewhere [16, 41]. 

The key sources of instructional knowledge in UM
case diagrams, class diagrams and scenario diagrams
of these are shown in Figure 7.  Use-case diagrams, sh
upper left of the figure, identify the users and their
respect to an application.  Class diagrams, shown o
right, identify the basic classes of domain objects and
that can be performed on them. Scenario diagrams, sh
bottom, specify the sequences of user and system eve
to achieve selected use-cases.   

Although UML models are system-oriented, they
user-oriented knowledge.  U2T uses heuristics to
system-oriented information and export the useful ta
and lexical knowledge to Isolde.   

4.5 The User Interaction Recorder: U
System prototypes, if they exist, implement the G

used in their interface and the interaction dialog used

  

Elementary Task 
Units 

Purposes 

Preconditions 

Domain Entities 
Table 1: Evaluation of T2T 

Recall Precision Problems 
90.1% 
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68.2% 
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punctuation 
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2T derives 
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 variety of 
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rd Rational 
some detail 

L are use-
.  Examples 
own on the 
 goals with 
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 the actions 
own on the 
nts required 

 can contain 
 filter out 
sk, domain 

IR 
UI objects 

 to interact 

with them.  Because tools exist that can extract the objects and 
record the dialog as the prototype runs [12], the prototype can 
also serve as a knowledge source.  UIR, our User Interaction 
Recorder, uses an object extraction tool and an event recording 
tool, both developed at Sun Microsystems for the Java platform 
[38], to extract task and domain knowledge [24]. 

Figure 8 shows both parts of UIR in operation.  The window 
on the lower right is the user event listener window, and the one 
on the upper left is the object extractor window.  The user event 
listener shows a hierarchy of user tasks (in the Tasks pane). 
Because it cannot infer these high-level goals, it allows the user to 
build them manually or to import them from another source (e.g., 
an existing task model or UML model). In this example, the user 
goals include opening, saving and building a task model.  The 
user can record the low-level steps required for each goal by 
selecting the goal, pressing the record button, and demonstrating 
the task in the real application (in this case, in Tamot itself). The 
sequence of events  (for opening a task model in this example) is 
recorded and shown as a vertical sequence of actor-action-object 
triples (in the Actions pane). 

The UIR object extractor, the window on the upper left of 
Figure 8, extracts the hierarchy of GUI objects used in the 
interface.  We see that the "Tasks" editor contains a "menu bar", 
which contains the "Actions" menu.  This allows UIR to 
determine the containment hierarchy of GUI objects, supporting 
expressions like "Select the task icon from the tool bar". 

The Java tools on which UIR is based collect a wide variety 
of information, some of which is too low-level to be useful for 
task or domain modeling.  For example, rather than recording an 
event like "the user types a filename", the event listener records a 
separate key-press event for every letter that typed into the 
filename text field.   UIR includes heuristics that help it translate 
from the low-level events and raw widgets it extracts to the 
higher-level, more domain-oriented actions and objects required 
by the task and domain models.  Any knowledge that is still 
missing or incorrectly recorded in any way can be added or 
modified within Tamot. 

(155/324) (155/323) 

 



5. CONCLUSION 
This paper has discussed knowledge acquisition, one of key 

issues preventing the automation of parts of the technical 
documentation process.  It presented an environment in which 
knowledge can be acquired from a variety of knowledge sources 
and then integrated into a KB capable of driving the generation of 
instructional text. The knowledge sources discussed were written 
texts, existing design and task models, and functional prototypes, 
all of which can be found in practice.  The knowledge that can be 
extracted from these sources includes concepts, instances and 
lexical items, allowing the system to be ported to new domains 
with minimal effort.  The environment also includes a general-
purpose task and domain model editor that can be used to enter 
the information manually, or to modify and extend knowledge 
extracted from other sources. 

The goal of this work is not to replace the technical writer 
with an automated tool.  It is, rather, to provide technical writers 
with a support tool that automates some of the more routine 
aspects of their work.  This is similar to the way in which 
Computer-Aided translation tools support translators, or even to 
the way in which development tools like Rational Rose and 
Visual Studio support software engineers by automatically 
generating parts of the system code. 

 

Figure 7: UML Models with User-Oriented Knowledge 
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