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Abstract
Empirical results have shown that there is a real need for user interface
development tools with domain competence based on human factors knowledge
(e.g., standards, style guides, design guides), which may be encountered, learned,
practised, and extended during ongoing use- in other words, development tools in
which designers learn an demand. The paper addresses an important research
approach in the area of user interface development tools, namely to discover
helpful, unobtrusive, structured, and organised ways to integrate the use of guidelines, standards, and style guides into the development tools. The aim of this
research approach is to support the user interface designer during the design
process with the help of powerful design aid tools which will Iead to user
interfaces of high ergonomic quality; an important aspect for the end-users.

1. Introduction
In the survey of Myers and Rooson (1992) was shown, that an average of 48 % of the
code in new business applications with GUis (Graphical User Interfaces) is devoted to the
user interface portion. 74% of the user interfaces of new applications were implemented using
a toolkit, an interface builder or, a UIMS, and 26% were implemented using no tools. These
results show that most software development projects spend significant time and resources on
designing and programming the user interface and that most projects are using user interface
development tools. But using a tool does not guarantee a high quality and easy to use GUI.
To reach this goal standards (e.g., ISO 9241), style guides (e.g., IBM 1992, Open
Software Foundation 1992, Microsoft 1992) and guidelines (e.g., Smith and Moiser 1986;
Mayhew 1992) based on human factors knowledge has been developed. The volume of
standards, style guides, and design guides now available to user interface designers is
enonnous, especially in the area of designing GUis. In close relation with this circumstance is
the fact, that today user interface designers need more and more competence, knowledge, and
experience to handle this great amount of infonnation. For many user interface designers this
means that the execution of their jobs requires taking into account far more information than
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they can possible keep in mind or they c:1n possibly apply . Empirical results have shown that
most of the software designers have no or only very limited knowledge about human factors
(Molich and Nielsen 1990, Beimel et al. 1992). Therefore most of them were not able to
apply standards, style guides, or guidelines in the design process, even they have information
or get information about their existence. This is a very problematic Situation in the con text of
the European directive concerning the minimum safety and health requirements for VDT
workers (EEC 1990). To establish common working conditions for visual display terminal
(VDn users, the European Union (EU) published this directive. The national governments of
the EU mem bers are transfonning this directive into national law. In this process the
European standardisation activities of the CEN (Comite Europeen de Normalisation) and the
international standardisation activities of the ISO (International Organisation for
Standardisation) concerning ergonomic requirements for VDTs have great influence.
Especially the ISO standard 9241 called "Ergonomie requirements for office work with
VDTs" (ISO 9241) plays an important role. In the future this standardwill often be an integral
part of software requirement's specification. Therefore software developers will have to take
the ergonomic requirements and principles of this standard into consideration.
In Beimel et al. (1992) designers were asked what kind of support they prefer to
overcome their lack of human factors expert knowledge. A great amount of them said that
they would prefer computer based design aids which should be integrated in their
development tools. However, the problern is how to capture and encode design knowledge
relevant to their tasks and how to present it to them in formats that support their mode of
work. The result is a need for user interface development tools with domain competence
based on human factors knowledge (e.g., standards, style guides, design guides), which may
be encountered, learned, practised, and extended during ongoing use - in other words, tools in
which users learn an demand (Eisenberg and Fischer 1993). So an important research goal in
the area of user interface development tools is to discover helpful, unobtrusive, structured,
and organised ways to integrate the use of principles, guidelines, Standards, style guides, and
design rules into the tools without stifling creativity (Hartson and Boehm-Davis 1993). These
research issues should include methods and tools for affering the designer assistance in
understanding, searching, and applying design principles, guidelines, and Standards. This
Ieads to the question, what is the best presentation format for communicating user interface
design knowledge and how could we ensure that it will be observed?

2. Design Aid Tools for Communicating User Interface Design Knowledge
The development of methods and tools for affering the user interface designer
assistance in un derstanding, searching and applying design knowledge was the starting point
for the GMD project "User Interface Designer Assistance (IDA)" (Reiterer 1993, 1993a,
1994). The primary goal of this project is to develop the following design aid tools
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•

a library of reusable interface so ftware (IDA CONSTRUCTION TOOL),

•
•

an adviser for design support (IDA ADYICE TOOL), and
a tool for evaluating user interfaces (IDA QUALITY ASSURANCE TOOL),

which are integrated in a User Interface Management System (UIMS). The integration of the
design aid tools into the UIMS is irnportant. Separate systems for construction and enabling
have rnajor deficiencies. If the argumentation of the enabling system is to serve design, it
must do so by informing construction. This can happen only if construction and
argumentation are explicitly linked in an integrated design environment.
To present the different design aid tools to the designer in an integrated fashion a control
panel called IDA has been realised, which is permanently placed on the screen. Picture 1
shows the IDA control panel placed over the UIMS and a small example of a GUI, which is
shown under the UIMS. The designer can communicate with the IDA design aid tools by the
help of the control panel and its icons. If the designer wants some advice during the design of
a GUI, he activates the relevant icon in the IDA control panel and gets a global or contextsensitive support through the sel.ected design aid tool. All project results are developed under
Motif!UNIX and Windows/DOS.

Picture 1. Typical design situation using the IDA design aid tools

328
An important requirement for the project was to realise tool independent design aid
tools. In principle it should be possible to integrate the design aid tools in each C-based
UIMS . Therefore different UIMS have been used as platforms for the integration of the
design aid tools, e.g. the "XFaceMaker2" (from NSL, Paris) and the "ISA/Dialog Manager"
(form ISA GmbH, Stuttgart). A control program behind the IDA control panel controls the

communication and the data flow between the UIMS and all the design aid tools. So there is a
clear interface between the different UIMS and the design aid tools. The control program is
also responsible for the Co-ordination of the different design aid tools.

2.1. Support during the Construction of the User Interface
The IDA construction tool offers domain-oriented templates in a library, such as generic
and domain-specific interface objects ("look") and dialogue scripts ("feel"). To construct the
library an object-oriented mechanism is used. With the help of the UIMS the templates of
domain-oriented building blocks are constructed - under consideration of the relevant
standards, style guides and guidelines - and saved as object-classes in the li brary. Using the
library the designer generates an instance from each template. This instance will be integrated

in the interface under design. Therefore designers construct in terfaces by obtaining predefined
templates from the library and placing them into the working area of the UIMS. Now the
designer can modify the instance of the template, based on specific application requirements.
So the IDA-construction tool supports a "design by modification approach".
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Picture 2. IDA Construction tool- graphical browser
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With the help of different information retrieval mechanisms the designer can search for
relevant generic or domain specific interaction objects or dialogue scripts and use them as
parts of the user in terfa.ce. One information retrieval rnechanism integrated in the !DA
construction tool is a graphical browser, shown in picture 2. The browser is based on a
semantic tree, structuring the templates. This structure differentiates the templates from a
designers point of view and is based on typical tables of content which one can find in
styleguides or guidelines. The designer has the possibility to browse through the library using
the semantic tree structure finding a relevant interaction object or dialogue script. If the
designer prefers an alphabetic presentation of the predefined templates, he has the possibility
to change the presentation mode. Picture 3 shows an alphabetic listing of all predefined
templates of the library. The designer can now browse through the listing or he can use the
query function to find a template.

Picture 3. IDA Construction tool- alphabetic listing of the templates
The query function isanother information retrieval mechanism based on keywords (e.g.,
typical use of the templates, typical attributes of the templates, names of the templates) to
search for a specific template. Picture 4 shows the query window for the keyword based
search of templates. The typical key-words are presented in a drop-down combination box to
the designer (near the labe! "Suchbegriff:"). He can select one of the predefined key-words or
use another one. The results of the search are shown in the list box above.
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Picture 4. IDA Construction tool - query function
If the designer wants to see the look and feel of a template before he makes an instance,
he can start a simulation mode that shows the look and feel of the selected template. A
visualisation of the template, a list of all dialogue scripts attached to this template and
important attributes of the template are presented in separate windows. Picture 5 shows an
example. In the left window (entitled "Modell ansehen") the look and feel of a template for
typical data entry purposes is shown. In the right window (entitled "Regeln und Attribute")
the attached dialogue scripts and important attributes are shown. The designer can now
explore all important characteristics of the template, e.g., its Iook and feel, because the
presented visualisation can be used in the same way as the instance of the template. If the
designer has found a template with the relevant look and feel, he can make an instance of the
template. This instance will appear in the working area of the UIMS and can now be used in
the construc tion process of the user interface. If the designer needs further information when
and how to use a specific template, he can activate the advice tool in a context-sensitive way.
The IDA-construction tool does not help designers to perceive the shortcomings of an
interface they are constructing. In that it includes only passive representatives; constructions
of user interfaces in the work area of the UIMS do not talk back unless the designer has the
skill and experience to form new appreciation's and understandings when constructing.
Designers who a.re unaware of human factors knowledge about user interface design do not
perceive a breakdown if one of the design guidelines is violated. Tö support the designers in
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this Situation two other design aid tools are developed in the IDA project.
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Picture 5. IDA Construction tool - Iook and feel of a template

2.2 Advice during the Design Process of the User Interface
The aim of the IDA advice tool is to support the designer during the design of the user
interface. The adviser is based on multimedia documents that are developed with the help of
multimedia tools (MetaCard from MetaCard Corporation, IDS from ISA, XRecorder from
Highland Software, and Toolbook from Asymetrix). lf the designer needs support in the area
of human factors based interface design, he could get global or context-sensitive advises
activating the advice tool.
For the navigation in the global advice a graphical browser, an index and a text query
function are available. The graphical browser is based on the same structure as the browser of
the construction tool and structures the design knowledge in different sections (nodes). With
the help of this browser the designer can brows through all sections of the advice tool
searching for an interesting topic. The index and the text query function allow a direct access
to interesting topics. A different concept to present the design knowledge in a global way is
the guided tour "user interface design". The purpese of this guided tour is to explain how
graphical user interfaces should be designed considering human factors. Picture 6 shows the
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start window of the guided tour. Based on a user interface development life cycle consisting
of six steps all necessary design activities are described. For each development step a
predefined sequence of sections through which the designer should go is established. If the
designer goes through all six development steps he will have visited all sections of the global
advice. This form of presentation allows a guided use of the advice tool and is useful for
novice designer in the area of GUI design.

Guided Tour 1 (Einfuehrung)
Unter einer Guided Tour versteht man eine Sicht auf die Beratungsleistungen durch eine Aufgabenstellung. Ziel dieser Guided Tour ist dem
Designer zu verdeutlichen, wie eine graphische Benutzungsschnittstelle
unter Beruecl:.sichtigung software-ergonomischer Anforderungen zu
gestalten ist ln der Guided Tour findet man eine Art Leseanleitung der
Beratung. ln der Graphik unten koennen Sie zu einer Tour mit dem
entsprechendem Thema verzweigen.
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Picture 6. IDA Advice tool- guided tour "user interface design"
Activating the context-sensitive advice the designer gets some information when and
how to use the selected interaction object in the UIMS and what should be the ergonomic
"Iook" and "feel" of this interaction object. The selected object could be a generic interaction
object (e.g., push button, Iist box, edit text), an instance of a template or it could be part of a
complex dialogue object. The necessary context information is transferred from the UIMS to
the advice tool to select the relevant section (node) of the multimedia advice system. The aim
of the advice system is to determine an analogy between the examples of the adviser and the
current task of the designer. The designers are aided in building an analogy by assuming that
the presented example or information is relevant to their current task. If the designer wants
deeper information, for example why the "look" and "feel" of a specific interaction object
should be so, he gets it in a hypertextual form. After the activation of the advice tool the
designer gets a short definition of the important features of the selected interaction object.

.,..,..,
.).).)

Picture 7 shows a typical exarnple of such a multimedia document. Each document includes
different navigation functions (menu items, icons, push buttons) which allows a differentiated
presentation of knowledge.
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Picture 7. IDA Advice tool- definition

If the designer wants a detailed presentation of all relevant design guidelines, he has the
possibility to open a further window (pressing the push button "Richtlinien", see picture 7).
Picture 8 shows the related guideline window of picture 7. It contains in a textual and
graphical form an explanation of all im portant guidelines, which have to be considered using
or designing this interaction object. Different colours are used to distinguish the different
sources of guidelines (e.g. style guide, standard, literature). The guideline texts on the right
sight will appear after clicking in the graphical example on the left sight. Depending on the
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selected area the relevant guideünes appear.
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Picture 8. IDA Advice Tool - guidelines
If the designer needs further infonnation when and how to use an interaction object he

can get specific support (pressing the push button "Anwendung"). In a new window. a
question and answer dialogue appear (see picture 9). Depending on the answers the designer
gets recommendations about the use of the available interaction objects and templates. In the
main window of the advice tool (see picture 7) the recommended interaction object or
templates are shown.

Picture 9. IDA Advice Tool - question and answer dialogue
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For some interaction objects an anirnated presentation of its use is available. The designer could activate the animation (pressing the push button "Animation", see picture 7)
getting explanations of the use and the behaviour of the interaction object. The animation is
realised as a small movie that could be played, stopped, rewinded, etc. using a video player
control panel.
Whenever a relevant template in the library of the IDA construction tool is available,
the designer can retrieve it from the multimedia documents (pressing the push button
"Konstruktion", see picture 7). The instance of this model is automatically placed in the
working area of the UIMS. So the designer has always the possibility to switch between the
advice and the construction tool, which gives him a maximum of flexibility in using the
design aid tools.

2.3. QuaJity Control of the User Interface Design Results
The IDA quality assurance tool identifies potential problems in the artifact being
designed. It detects and critiques partial solutions constructed by the designer. These critiques
are based on human factors knowledge and design principles for user interface design. It is a
form of performance ,: ritics, whose prime objective is to help users create high-quality
products in the least amount of time using as few resources as possible (Fischer et. al 1991).
Leaming is not the primary concem of perfonnance critic but can occur as a by-product of the
interactions between users and critics. With the help of an expert system (Kappa 3.0 from
Intellicorp) the knowledge is implemented in a knowledge base as interface objects and
condition-action rules, which are tested whenever the designer asked for a quality control. A
very similar approach is found in Löwgren and Nordquist (1992).
The quality assurance procedure consists of the following six different steps shown in
picture 10. The passive quality assurance (critique) is explicitly invoked by the designer when
he desires an evaluation (step 1). The result of the current design process is saved in a tooldependent Dialogue Definition Language (DDL-) File. With the help of a parser the DDLFile is translated in a taol-independent DDL-File (step 2). The expert system of the IDA
quality assurance tool uses this file as input and represents the result of the dia logue design
with the help of an object tree (step 3). Using the rules of the knowledge base and controlled
by an inference mechanism the expert system analysis the conformance of the user in terface
with the human factors knowledge (analytic critique) (step 4).This passive form of quality assurance usually evaluates the (partial) product of the design process, not the individual user
actions that resulted in the product. The results of the analytic cri tiquing process are presented
with the help on an explanation component in a special window (step 5). Picture 11 shows a
typical example of such a window ..
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Picture 10. IDA Quality assurance tool- procedure
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Picture 11. IDA Quality assurance tool- window showing ergonomic deficits
The window of the explanation component contains a short description of all discovered
ergonomic deficits (heading "ergonomische Abweichungen"), the source of the short
description (heading "Quelle der Regel") and the identifier of the evaluated object (heading
"Instanz des Designs") which contains some ergonomic deficits. Now the designer has three
possibilities (step 6): If he needs further explanation of the comments, he can activate the IDA
advice tool (pushing the button "Beratung"). If a specific template is available, the designer
can activate the IDA construction tool (pushing the button "Konstruktion"). If the designer
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selects the identifier of an object, he can activate the object editor of the UIMS (double clicking the identifier) and can re-implement the interaction object that contains some ergonomic deficits. In some situations it is possible to change the detected deficits
automatically. If this is the case the designer can activate a separate dialogue box (activating
the button "Automatische Aenderungen") which gives him the opponunity to pushing the
deficit. Picture 12 shows an example of such a dialogue boxthat presents a faulty mnemenie
of a menu item and the necessary correction. The benefit for the designer is that he has not to
branch in the editor of the UIMS re-implementing the mnemenie of the menu item.

Picture 12. IDA Quality assurance- dialogue box for automatic deficit correction

The set of currently implemented rules covers different groups of rules. Some rule
represents user interface design principles of controls (e.g., Iist box, drop-down Iist, push
button, group box, entry field, check box, radio button). The second group of rules checks the
content and structure of menus (e.g., menu bar, pop-up menu, pull-down menu, cascaded
menu, mnemonics, short cut keys). The third group of rules checks the general Iayout of a
window (e.g., title, placement of group boxes, placement of push buttons) and the Iayout of
specific dialogue boxes (e.g., waming message, open dialogue, save as dialogue). The
content of the actual rules is restricted to more static aspects of a GUI. It is intended to extent
the rule base with rules that also covers the more dynamic aspects of a GUI (e.g., typical
dialogue sequences) and with rules that represent application domain specific knowledge
(e.g., attachment of data base functions to interface objects).

3. Co-operations and Outlook
All project results are realised in close co-operation with scientific partners
(Fachhochschule Darmstadt; University of Bonn), with typical users of user interface development tools (Software AG, Darrnstadt; SAP AG, Walldorf; Hoechst AG, Frankfurt) and
with companies producing UIMS (ISA GmbH; Concept asa, Frankfurt and NSL, Paris). The
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aim of these co-operations is to develop the design aid tools for specific application domains
and to understand the day-to -day opera tional requirements and constraints placed on user
interface designers, as well as to camprehend the needs they have for methods and tools in the
area of hum an factors based interface design. Workshops with members of the co-operating
companies have been arranged, where prototypes of the design aid tools have been presented.
Theseprototypes will now be the basis for domain specific design aid tools, which will be designed in 1994. For this purpose in depth analysis have been Started in the co-operating
companies (questioning of interface designers, analysis of existing user interfaces, evaluation
of existing company style guides, etc.). It's also intended to evaluated the usefulness and usability of the domain specific design aid tools in the realistic context of application domains
of the co-operating com panies.
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