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Abstract

Several tools for working with guidelines already exist, both as commercial products as well as
within research and development. As these tools frequently manipulate guidelines during many
development steps of a user interface of an interactive application, they can overthrow any approach
followed to develop this application. They also raise the fundamental question of to what extent can
we trust these tools. To answer this question, we introduce five development milestones through
which we must pass to produce a high quality tool for working with guidelines:

1. An initial unstructured but comprehensive set of guidelines is formed by collecting, gathering,
merging, compiling guidelines from all available world-wide ergonomic sources.

2. The initial set is sorted and classified within a single organising framework.

3. A methodology, paying particular attention to finding and applying relevant guidelines is devel-
oped for grounding interactive applications on the organised set of guidelines.

4. The structured guidelines and the supporting methodology are given computational representa-
tions for manipulation by computer-based tools.

5. The methodology developed in (3) is further modified to optimise the effectiveness of computer-
assisted user interface design.

In this paper, we define these milestones and their associated goals, specify a general procedure
and discuss some problems raised at each milestone. We then deliver an analytic synthesis of various
experiences acquired to solve these problems and we discuss the validity of these experiences from
the point of view of completeness, consistency and correctness. From these experiences, we finally
draw some lessons useful for any future usage and development of a tool for working with guide-
lines.© 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ensuring the ergonomic quality of user interfaces (Uls) has become a major concern
when developing interactive applications for over a decade. To characterise this quality,
utility and usability are often distinguished. Utility translates the appropriateness of a Ul
with respect to the functional goals of an interactive application; in this way, it remains
user independent. In contrast, usability relates to the appropriateness of this Ul with
respect to the operational user's goals; it therefore heavily depends on the user. The Ul
of a word processor could be considered as useful in providing a facility for computer-
aided creation of a table of contents of a given document. The usability of this Ul will
depend on the easiness with which a user will be able to carry out this task, without being
blocked by an error, but being supported to fix it.

The suitability of interactive applications which are functionally rich (thus, useful), but
operationally poor (thus, unusable) still gives rise to dilemmas:

¢ intensive, experienced users tend to prefer a useful interactive application, even when it
is not usable rather than a usable interactive application which lacks utility;

e casual or novice users tend to reject an interactive application as soon as it is unusable,
even if it is very useful; they prefer an application which is a little useful, but usable.

To study, express and ensure the usability of a Ul, several disciplines can help every
person who is responsible for developing the Ul, notably participatory design, cognitive
psychology, contextual enquiry, software ergonomics. The latter has already developed
methods that have proved their positive impact on the usability of a Ul: evaluation
methods with or without users [1], heuristic evaluation [2], usability laboratory tests as
well as any ergonomic approach grounded on guidelines [3].

We here define guidelineby a design and/or evaluation principle to be observed in
order to get and/or guarantee the usability of a Ul for a given interactive task to be carried
out by a given user population in a given context [4]. In the rest of this text, we assume a
general method for including guidelines throughout the development life cycle of a Ul for
a particular interactive application. Guidelines are mostly used during

¢ the specification phase: a set of guidelines is delimited as requirements for the future Ul;

¢ the design phase: guidelines are exploited in order to decide an appropriate value for
each design option by considering the context (which includes the interactive task, the
user population and the working environment in which the users are carrying out their
task);

¢ the prototyping phase: guidelines are exploited to obtain as soon as possible a static or
working Ul prototype that can be showed, tested and evaluated; in particular, techni-
ques for automated Ul generation and for computer-aided design of user interfaces
(CADUI) [5] can be used:;

e the programming phase: guidelines are gathered to guide, orient, decide, ensure a Ul
development within the developing environment for the targeted computing platform;

¢ the evaluation phase: the resulting Ul is evaluated with respect to guidelines that are
often ones that have been selected in previous phases;

¢ the documentation and certification phase: guidelines which have been manipulated in
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previous phases are instructed for documenting an interactive application for commu-
nication, reuse, maintenance or commercial promotion purposes; this phase typically
consists in exposing the Ul towards these guidelines.

Aside from these situations, guidelines also claimed a new territory, that of teaching Ul
design based on guidelines throughout the life cycle. This editorial introduces a special
issue devoted to tools for working with guidelines and underlying activities: searching for
guidelines, collecting, working, writing, propagating, using, applying, verifying and, more
recently, teaching and learning. These activities are progressively better understood and
structured into methods; they are today manipulated by people who often cumulate several
roles: project leader, methodologist, designer, analyst, developer, evaluator, human factors
specialist, psychologist, teacher, computer scientist.

To support these people in their activities, some research and development has been
commercialised since 1989 (with NaviText SANB]), resulting in a wide range of tools
for working with guidelines. From this commercialisation, a profound change emerged in
the current practice of using guidelines as observed in several questions mainly raised at
three levels.

1. At the level of the source of guidelines:

e To what extend can we trust guidelines based on an ergonomic approach?

e Where and how guidelines can be applied in existing methodologies (i.e. the above
phases) for developing interactive applications?

o What are the exact roles played by these people who manipulate guidelines during
development phases and how do they interact within the existing structures of a
development team?

2. At the level of computer tools, where the above questions must be reframed to address
software issues:

e To what extent can we trust guidelines incorporated into software tools? More
particularly, if the confidence level of a guideline is considered acceptable at the
beginning, what is the resulting confidence level after transformation?

o Where guidelines can be located in existing methodologies for developing interac-
tive applications? How are these locations redefined after their usage in a software
tool? To what extend could we delegate a portion of the activities to these software
tools and how?

o What are the exact roles played by people using software tools for working with
guidelines and how do they participate within a development team? More critically,
if we consider a person who recently learned software ergonomics and using such
tools, is this person able to assume the same roles of a person who acquired exten-
sive experience in human factors, but not using such tools? For instance, could a
human factors expert be replaced by an inexperienced designer assisted by software
tools? Could an expert also be assisted by tools?

3. At the level of the development of software tools:

e How can we manage to develop an efficient and valid software tool?
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¢ On which guidelines can we ground this tool and how can they be incorporated into
software?

o What are both negative and positive consequences of this transformation at the
different steps of this transformation?

Attempting to answer these questions transforms the research agenda for computer-based
guidelines tools. Although we cannot answer them now (and may never be able to in full),
they do expose the critical steps in moving from manual to computer-supported use of
guidelines. For this purpose, we introduce five development milestones through which
such a tool should go (Fig. 1). A milestone is placed after each transformation step:

1. Completion of the collection, gathering, merging, and compilation of guidelines
coming from world-wide available ergonomic sources to form an initial unstructured
but comprehensive set of guidelines (milestone #1).

2. Completion of sorting, classifying and integrating these initial guidelines within an
organisational structure (milestone #2).

3. The incorporation of organised guidelines into a methodology that supports precise
location and circumscription of a subset of relevant guidelines and their points of
application, that will result in an interactive application grounded on sound ergonomic
advice (milestone #3).

4. Automation and digital representation of the guidelines and their use within a compu-
ter-support methodology (milestone #4).

5. Refinement of the methodology in (3) to optimise the benefits of computer-tool support
(milestone #5).

Fig. 1 shows the relation of papers in this special issue to the five milestones introduced
in this editorial. The papers for lines 1, 2, 3, 4 and 9 will form the first part, with papers for
lines 5—8 will form the second part.

On reaching the last milestone, we would have completed the transformation of the
current incomplete, unsystematic and unreliable use of guidelines into a comprehensive
and systematic approach with known levels of reliability in use. To reach this point, we
need to better understand each of the steps between the five milestones. In this editorial,
we consider four key aspects of each step.

¢ Definition and goalswe summarise the transformation between milestones in terms of
its main goals when transforming input resources into output results.

e Procedure:we indicate the concrete actions that must be carried out to achieve the
goals associated with the step.

¢ Problems and analysisve report known problems raised by applying this procedure;
we then report different solutions and perspectives that significantly contributed to
available knowledge for accomplishing the transformation; we evaluate them and
identify complementarity and inter-relations. An interdisciplinary synthesis is then
proposed by:

o first, detailing the results of our own experience in developing two such software
tools, i.e. SEGUIA and SIERRA (line 9 in Fig. 1);
¢ next, highlighting other perspectives provided by contributors to this special issue
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and who have been retained for the variety of their work, their originality and their
soundness (lines 1-8 in Fig. 1);
o lastly, summarising these perspectives via an analytic comparison.

¢ Validation: we perform some step validation to check its results and their conformity
with the previous transformation steps. Three properties will be assessed: complete-
ness, consistency, and correctness of the results with respect to the input resources. If
they seem complete, consistent and correct to solve a specific usability issue, how are
the properties preserved or not by the transformation step?

Completenesshould let us check that all step results still hold the desired properties.
For instance, are guidelines resulting from one step still necessary and/or sufficient to
solve a specific problem@onsistencyshould let us verify whether the step results are
internally contradictory or contradictory with results provided by previous sepsect-
nessshould let us verify whether the step results are not subject to intrinsic errors and bias.

These completeness, consistency and correctness will generally be verified a posteriori.
Where problems are apparent, we will propose some ways to ensure an internal validity
(i.e. do the results achieve the goals of the transformation step) and also external validity
(i.e. do the step results produce acceptable inputs for subsequent transformations?). For
instance, are the guidelines resulting from each step still applicable outside the context in
which they have been selected? Could they be generalised?

2. Guidelines collecting
2.1. Definition and goals of guidelines collecting

Everyone who want to apply knowledge recorded as guidelines must start by collecting
guidelines. Their goal is to gather a useful subset of guidelines suitable for guiding a Ul
development.

2.2. Procedure of guidelines collecting

A wide range of literature should be systematically investigated to find sources of
guidelines. This investigation consequently results in a partial selection of ergonomic
sources according to certain criteria (for example, with respect to the exposed problem,
to a particular design option to be decided, to a target computing platform). Next, a useful
subset of guidelines is extracted to match the collector’s goals and to satisfy some other
criteria (for example, a restriction to experimentally verified guidelines).

2.3. Problems and analysis of guidelines collecting

An enormous quantity of researchers’ papers, internal reports, manuals has been
published on guidelines. These are unfortunately widespread in both time and space, as
well as in both format and access. This access to guidelines remains mostly difficult, even
for skilled, experienced persons.
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2.3.1. Our experience in guidelines collecting

2.3.1.1. Method. Since guidelines contained in ergonomic sources come in different
guises (for example, design principles, heuristics, golden rules, maxims, commands,
state rules, guidelines, recommendations), to differentiate them seems opportune. Five
types of ergonomic sources can be identified [7—10].

1. Design rules:they comprise a set of functional and/or operational specifications that
specify the design of a particular Ul. These specifications are presented in a form that
requires no further interpretation, either from designers or from developers. They are
typically presented as physical rules, screen formats and window templates. Their
straightforward format allows an immediate exploitation.

2. Guidelines setsthey comprise several prescriptions written for a wide range of Uls.
Each prescription is presented as a statement, sometimes along with examples, with or
without clarifying explanations and comments. Each prescription generally results
from a human consensus between guidelines users. This consensus is less relevant
once a prescription is experimentally tested and verified. These prescriptions can
become the subject of paper published in dedicated conference proceedings (for exam-
ple, [11]), a scientific journal. Alternatively, they can be embodied in a larger document
typically called aguidelines sebr ergonomic guidePapers contain prescriptions on a
specific topic (for example, the user preference for an interaction technique for acquir-
ing a graphical choice, the colour usage in a search task), wheng@asomic guidesy
to be more exhaustive (for example, they cover a wider spectrum of possible interac-
tions between users and Uls).

3. Standardsthey comprise a set of functional and/or operational specifications intended
to standardise Ul design. Standards are promulgated by national or international orga-
nisations for standardisation. They can be military, governmental, civil or industrial.
These organisations are numerous: Association faiaacpour la NORmalisation
(AFNOR) in France, British Standardisation Institute (BSI) in UK, Confgelge
pour la Normalisation (CBN) in Belgium, Human Factors and Ergonomics Society
(HFES) in the USA, American Department of Defence (DoD), International Standard
Organisation (ISO) located in Europe. Standards should aim at generalisation. One of
their advantages is their ability to generalise over computing platforms and develop-
ment environments which each have their own idiosyncrasies. They help to define a
minimal threshold for usability below which a Ul cannot drop.

4. Style guidestheir definitions are diverse. A style guide is a rule compendium, with
recommendations for designing a Ul satisfying a given specification. The style guide is
known as a popular tool for defining Ul presentation and dialogue, for ensuring its
conformity with the corporate specifications and for reaching design consistency across
a same platform or a same products line [12]. Such definitions emphasise the consis-
tency aspect of style guides, but fail to ground the style specification (is it technical,
organisational, or computer-based?). A style guide forms a high-level design document
to consistently describe design options of a common Ul, rules, guidelines and conven-
tions related to a specific interactive application or a family of such applications. It
should serve as a starting base, as a contract between designers and developers [13].
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Although this definition appears to be more interesting, it fails to mention the target
application family that style guides tend to addressstle guidein this sense
comprises a set of guidelines and/or functional or non-functional specifications aiming
at consistency for a family of distinct Uls. This family can be based on an operating
system (such as Windows’95), on a software editor (such as Borland’s products), by a
particular physical environment (such as NeXTStep), by a domain of human activity
(such as telecommunications) or by a corporate (in-house style guide). Large corporate
environments have committed themselves to the deployment of their own style guide,
calledcustom style guidan contrast togeneral style guides

5. Ergonomic algorithmsthese aim to systematise one Ul design aspect by building it in
the same way, according to a same base of design rules. They much more frequently
appear as a software component that implements an algorithm rather than a paper
procedure.

To report on these five types of ergonomic sources, the existing literature was browsed
as exhaustively as possible in considering sources published before June 1994 and in
reporting them with the following format:

e Title: this is the full title of the ergonomic source.

e Type of ergonomic sourcane of: design rules, sets of guidelines, standards, style
guides, ergonomic algorithms.

¢ Bibliographic referencesthis is the single or multiple bibliographic references as
several references may form the source or when the same source went through several
revisions.

e Contents descriptionthis is a summary of the source structure and contents.

¢ Organisation:this is the name of the organisation which sponsored the source and its
diffusion; it could be civil, official, governmental, military, private or public.

e Computing platform:this is the list of computing platforms (for example, Amiga,
Macintosh, MS-DOS, Windows V3.11, Windows’95, OS/2, Open Look, Open
Windows) for which the source is intended; the source is gaigfinite when no
computing platforms are specified mrltiple when several computing platforms are
concerned.

¢ Discipline: this is the main human discipline from which the source originates.

e Amount of guidelineghis is the total count of guidelines catalogued in the source, in so
far as separate guidelines can be identified.

e Amount of pagesthe page count of the source.

e Amount of bibliographic referenceshis is the total amount of references found
in the source bibliography which are (in)directly related to guidelines; this infor-
mation provides a first impression of the extent to which the source is relying on
earlier results.

e Amount of citationsthis is the total amount of quoted bibliographic references.

e Experimental citationsthis summarily characterises the total amount if which the
source quotes experimental results according to a “none/some/several/many” scale or
according to a metric whenever possible.

¢ Guidelines exampleghis provides one or several representative examples of guide-
lines as discovered in the source.
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Example typesan example is defined aartial if it only depicts one guideline at a time

or astotal if several guidelines are exemplified together; the amount of example is
evaluated according to a “none/some/several/many” scale; the example style is
qualified asgood and/orbad as examples of good or bad guideline applications are
provided.

User interface typeghis specifies all Ul types covered by the source: character-based
user interface (CUI), graphic user interface (GUI), vocal user interface (VUI), tactile,
stylus, virtual.

Source discussiorthis evaluate the source impact and utility.

By using this identity card, we hope to highlight salient characteristics of ergonomic

sources for collecting guidelines such as thrust in the origin, the presence of examples,
explicit reference to experiences, scope, utility.

2

.3.1.2. Results. Nine-hundred and thirty-eight ergonomic sources were flipped through

and described according to the above forfayhew’s [13] guide is shown as an
example below

Title: Mayhew’s guide.

Type of ergonomic sourceet of guidelines.

Bibliographic referenceRef. [13].

Contents descriptiorthis guide is divided into 12 chapters according to a partition of
interaction styles taken globally (Table 3).

Organisation:personal.

Computing platform:undefined, but examples are heavily tinted by the Macintosh
platform.

Discipline: human—computer interaction with references to other disciplines.

Amount of guidelines293.

Amount of pages619.

Amount of bibliographic reference816, of which 122 are experimental.

Amount of citationseach chapter is always separated into two parts. The first part
recalls major experimental results whereas the second delivers guidelines that can
be deduced from these results. Citations are numerous. This dichotomy isolates
the ‘why’ (the experimental results) from the ‘what’ (the guidelines), but removes
any direct link between a guideline and its experimental citations. The following
table shows the proportion between references bringing experimental results and
references limited to principles. It reveals the sectors where empirical knowledge
is extensive (for instance, menu selection, screen format design) or almost non-
existent (for instance, selection of interaction style, design models, multi-window-
ing in chapter 13).

2The list of these ergonomic sources are available at http://belchi.qant.ucl.ac.be/guidelines/ErgoSources.doc

(Microsoft Word 97 format) or ErgoSources.pdf (Adobe Acrobat format).
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/_' One-line statement

%" Minimize articulatory distance in icon design.

e Guideline example:

Guideline explanation The more directly the icon maps to its referent, the better. When the referent

is anebject, this is relatively straightforward. Concrete and familiar icons, as in
/p@‘:b‘)— S, map more directly to their referents than do abstracts or unfamiliar
icons, thyfs minimizing articulatory distance. In the case of actions or attributes, it
is more Aifficult to achieve articulatory directness. For actions, there is some
Reference to evidente (Rogers, 1989) that icons representing the action and object (for example,
ver text on a gfage for the cut command) are more direct than icons based on
analogy (for example, scissors), or the object of the action (for example, text on
a page); or on abstfact symbols (for example, an X). Examples are show in Figure 9-16

a partial concrete example

Bibliographic reference Reference to an abstract example

Concrete/Familiar Abstract/Unfamiliar

Folder i’ 9
I

a-aa

Cloc @ -0

Partial concrete examples .o
Database I

e Example typesnumerous abstract examples which are partial and total, some partial
concrete examples.

e User interface typestextual, graphical, vocal, virtual and tactile.

¢ Discussionthis guideline picks back most of traditional guidelines for modern Uls as
well as for older textual Uls. It naturally starts with user considerations and cognitive
profile. It then emphasises seven interaction styles (or dialog styles) ending up with a
summary to select among them. The main interest of this guide consists in its deliberate
aim to summarise for each chapter both experimental results and guidelines which can
be derived following a similar structure. The reader who is interested by a quick
application of these guidelines can skip the first part. Although this guide is obviously
directed towards direct manipulation and multi-windowing, examples are as numerous
as self-explanatory guidelines. Some small flowcharts mark out the application of
guidelines.

Telephone book

2.3.1.3. Discussion It appears from the observed characteristics for each type of
ergonomic source (Table 1) that these five types should be carefully distinguished.

The selection of ergonomic sources could rely on information provided in Table 1. In
particular, applying the most general ergonomic source introduces few assumptions about
the user's context, task type, or hardware and software computing platform. Sets of



Table 1

Characteristics of the five ergonomic source types

Ergonomic Design rules Sets of guidelines  Standards Style guides Ergonomic algorithms
source/
characteristic
Form Procedure manuals, Scientific journal  Official documents Book, internal document for a Functional specifications coming from detailed
technical reports, internal papers, conference company analysis, software, particular techniques, routines
memorandums proceedings, o
research reports, E
handbooks <
Origin Company, development Experimental Governmental Hardware manufacturer, software Research centres, research teams, development 2
team laboratories, organisations, public vendor, private company teams S
research centres, organisations, national or 3
research international o
teams standardisation offices 3
Availability Often private Public, the most  Public Public if it is a hardware Generally public, in spite of their potential Y
frequently, manufacturer of a software vendor; ownership and trademark (rare) ~
according to the often private if it is a private company =
origin ©
Applicability Specific to a family of General, but General, probably the Hardware specific if from a Development environment specific (including >
interactive applications  function of the widest manufacturer; computing platform, tools, procedures) to the S
experimental company, yet often generalisable >
context <Q
Product specific if from a software §
vendor; =)
Company specific if from a private @]
company =]
Personalisation Moderate (some guidelinesgh High Moderate Depends on algorithm flexibility and the parameteré
could be personalised to (typically weak) =4
satisfy particular ]
requirements 4
Support for Reference to where the Examples, Non-existent Examples, predefined widgets Depends on supported parameters (typically, wégk)
personalisation guideline comes from exceptions, —
comments ey
Imposition Managerial, organisational By consensus Contractual, legislative By the manufacturer; By computer technology and tools ©
By the software vendor; L
By the company itself (in this case, by o)
the top management) T
Deviation By designers with Allowed by people Formal agreement to Freely agreed for a manufacturer orldon existent, unless by unlocking the algorithm [u
agreement of hierarchy, who proposed the accept an exception software vendor, rarely free fora code from the software 5
project leader, human guidelines company
factors expert
Advantages Provide clear entries,  Provide a more Pay attention on key Increase look & feel consistency if Speed up development time, insure consistency,

practical design means,
increase productivity

flexible assistance,

but less efficient

guarantee automatic respect of guidelines

dimensions often used as respected
incorporated in the algorithm

commercial arguments of
conformity, though

16
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guidelines reduce this generality to the circumstances of the experimental context of their
verification (when this is specified). Style guides deliberately aim at some specific hard-
ware and/or software-computing platform. Tight specifications arise with design rules and
can be implemented in a computer algorithm. We must consequently be conscious of these
differences when selecting sources and their guidelines.

2.3.2. Other experiences in guidelines collecting

The need for a rigorous collecting was noted in [8]. Also, selection criteria should be
clearly defined. If someone interested in guidelines could or does not want to proceed with
guidelines collecting using the procedure described above, they can turn to sources claim-
ing some form of comprehensiveness, e.g.: sets of guidelines, standards and style guides.
Interestingly, attempts for guidelines collecting into sets of guidelines remain somewhat
backward and sporadic: apart from the editor’s [10], the Smith and Mosier document [14],
published in 1986, remains the last known attempt to collect guidelines with all the
drawbacks that this brings: obsolescence, incompleteness, interpretation trouble, unuse-
fulness,...

In this special issue, Reed et al. note that this situation has improved with standards [15]:

¢ Although oldest standards emanate from official organisations, such as MIL-STD-
1472D from DoD [16], they remain mostly private initiatives, dedicated to character-
based Uls and to physical hardware aspects.

e Some more recent standards, such as NUREG-0400 from the American Regulatory
Commission for Atomic Energy (NUREG) [17], include more information about
graphical Uls, modern Uls or some cognitive aspects in interactive tasks; they never-
theless stay a private initiative.

e Contrarily, modern standards, emanating from international standard organisations,
thus independent, distinguish themselves by the way they collect guidelines: they
capitalise guidelines from all people and organisations who are able to afford a repre-
sentativeness and a participation. Of course, this avoids those who neither have this
opportunity nor the resource to attend periodic meetings throughout the world.

Reed et al. provide a substantial overview of standards from which guidelines can be
collected (Appendices A—C). In Section 3.3 of this editorial, their selection logic is
detailed: they constrain themselves to all formally presented guidelines. The same
problem led Hardman and Sharatt [19] to consider every ergonomic source containing
hypermedia related guidelines as a candidate source; they separated the contents into
principles and guidelines, and then classified them into hypermedia functional areas.

2.4. Validation of guidelines collecting

As noted above, three factors are to consider: completeness, consistency and correctness.

2.4.1. Completeness of guidelines collecting

Although guidelines have been collected by merging ergonomic sources [10], either by
consensus [15] or through formalisation [18], collections will remain perpetually incom-
plete with respect of Ul usability for the following reasons [8,20,21].
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¢ Unraised questions: e.g. what is the usability of novel interaction techniques uncovered
in existing guidelines?

e Raised but unsolved questions: e.g. what is the most usable metaphor for a given
context?

e Raised but only partially solved questions: e.g. what are the possible metaphors for a
given context?

It is demonstrated [22] and reinforced throughout this special issue [23—25] that relying
on guidelines could produce a more usable Ul than just having a first sketch with no
consideration of guidelines. In addition to the internal incompleteness (we can always lack
a particular ergonomic source to answer a special question), we are confronted with the
external incompleteness (we need more than ergonomic sources to guarantee Ul usability).
It is often recommended to use ergonomic sources in combination with scenario- or use
case-based design/evaluation user tests. Ergonomic sources are therefore necessary, but
not sufficient.

2.4.2. Consistency of guidelines collecting

Collecting guidelines inevitably induces conflicts between various sources. For the
same usability question, ergonomic sources can lead to inconsistent results. For example,
Schumacher tried to deduce design rules from three style guides [26]: the Apple Human
Interface Guidelines [27], the Windows V3.11 style guide [28] and the OSF/Motif style
guide [29]. Solving such conflicts requires adoption and awareness of an explicit consen-
sus as reported in [15] when position diverge. The key point is to moderate each source
using a range of criteria and to balance retention or rejection with sound, rational and
explicit criteria. Guidelines conflict is most severe when they contradict themselves
[20,21,30]; in identical conditions, they recommend opposite directions. Schumacher is
disappointed that his three studied sources allow at least eight different ways to select a
widget (for instance, a radio button, a selection list) for a single choice without refining the
circumstances in which it is selected [23]. For this design problem, the three sources are
inconsistent.

2.4.3. Correctness of guidelines collecting

A few ergonomic sources contain incorrect [21] or contentious guidelines [31]. Guar-
anteeing their detection and correction is difficult since their intrinsic flaws cannot be
always detected [18], and they remain open to misleading expressions. Their correctness
also depends on the basis of the guideline set [21].

Other sources are grounded on experimental results obtained in situ or in a usability
laboratory [32,33]; some other enshrine commonly adopted views [7], some of them
became axiomatic [34]; some other come from personal experience that no experimenta-
tion can (dis)confirm.

On one hand, some ergonomic sources are incorrect for specific Uls: general guidelines
derived from fundamental research are suspect because their particular application
involves human imponderables that can render them incorrect. On the other hand some
ergonomic sources are also incorrect for general Uls: specific guidelines, derived from
applied research contain particular conditions impeding any generalisation.
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Table 2
Structural division of the guidelines corpus

Division Division title Amount of guidelines
1 Information input 528
2 Information display 970
3 Dialogue 162
4 Graphics 393
5 Interaction media 123
6 Interaction styles 609
7 Guidance 370
8 Messages 125
9 On line help 155
10 Documentation 171
11 Evaluation 8
12 Methodology 86
Total 3700

Selection and extraction are also error prone, particularly when the sheer volume of
ergonomic sources requires condensation [18]. The main guards against incorrectness are
the quest for globality, for exhaustiveness, for representativeness and a restriction to
experimental sources.

3. Guidelines organisation

3.1. Definition and goals of guidelines organisation

An initial set of guidelines will be copious and will range over many levels of rigour and
credibility. Both can be ameliorated by a good organisational structure. Providing this is
the main goal of guidelines organisation.

3.2. Procedure of guidelines organisation

To attain this step’s goal, initial guidelines are subject to a careful study, to a translation
of their initial expression into a canonical one based on a uniform scheme of classification
that gives rise to an appropriate structure for the guideline user’s goal.

3.3. Problems and analysis of guidelines organisation

Carrying out this procedure exacerbates problems already met in step 1 and introduces
more once any re-expression and organisation are applied. These are by nature rigid.

3.3.1. Our experience in guidelines organisation

3.3.1.1. Method. Translation of initial guidelines into their final expression requires a
translation method. We retained the translation of an initial guideline from step 1. The
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Table 3
Contents description

Chapter Title of chapter Amount of guidelines Amount of experimental

references/amount of
bibliographic references

©oOoO~NOUOA~WNPRE

Introduction / 1/5
The user profile / 7123
Conceptual models 18 5/17
Dialog styles: menus 19 20/31
Dialog styles: fill-in forms 48 7/11
Dialog styles: question and answer 8 0/1
Dialog styles: command languages 17 8/19
Dialog styles: function keys 15 4/9
Dialog styles: direct manipulation 13 10/25
Dialog styles: natural language 8 5/17
Dialog styles: summary 3 0/4
Input and output devices 27 25/60
Organisation of functionality 8 3/5
Screen layout and design 53 14/38
Response time 7 1/6
Error handling 41 1/5
User documentation 35 9/29
Development methodology 0 2/11

underlying general guideline modgkefined by trial and error [35], has the following
attributes:

a guideline identifier;

a brief and representative title;

a complete statement written in a natural language;

a list of bibliographic references quoting this guideline;

the linguistic level to which the guideline is applied: one of: goal, pragmatic, semantic,
syntactic, lexical, alphabetic and physical;

the design ergonomic criteria respected by the guideline;

the evaluation ergonomic criteria guaranteed by the guideline;

the utility and usability factors satisfied by the guideline;

a mathematical formula expressed in terms of the first order predicate logic;

a rationale justifying the guideline;

one or many negative examples depicting Uls which violate the guideline;

one or many positive examples depicting Uls which respect the guideline;

one or many exception cases, with one or many positive or negative examples
each;

the set of relationships established with other guidelines according to a link
typology;

the interaction style(s) for which the guideline is valid;

the interaction media related to the guideline.
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Fig. 2. Guidelines distribution by their publication year.

The choice, the definition of these attributes and their respective values are detailed in
Refs. [4,35]. In parallel with this model, we decided to insert each guideline into a
hierarchy of taxonomic sections where each section is characterised by an identifier, a
name, a definition and a goal.

3.3.1.2. Results. From the 938 ergonomic sources collected in Section 2, 3700 guidelines
were extracted and expressed in terms of the above general model as far as possible and
organised in divisions as depicted in Table 2.

Each division is hierarchically decomposed into taxonomic sections, which were
merged from headings in Smith and Mosier [14], Mayhew [13] and Horton [36]. Several
presentation design options, that did not appear in the guideline sources, were deliberately
added: e.g. selection of widgets for information input ([10], Section 1.4, pp. 40-57) and
for information output (Section 2.2, pp. 110-119). Emphasis was placed on window
identification (Section 2.2.6, pp. 115-119) and the placement of widgets into a container
(Section 2.3-2.5, pp. 119-152).

Reports
9%

Books

Design rules Ergonomic

22%

Theses
Posters 1%
0,5% Standards

3%

Journals

Sets of guidelines
36%

7%

Conferences
32%

Tutorials
1%

Fig. 3. Guidelines distribution by: (a) nature; (b) type of source.
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During guidelines collecting and organisation, several statistics were computed:

the guidelines distribution by their publication year (Fig. 2);
the guidelines distribution by nature (Fig. 3a);

the guidelines distribution by type of source (Fig. 3b);

the guidelines distribution by source discipline (Fig. 4);

the guidelines distribution by source origin (Fig. 5).

3.3.1.3. Discussion. The guidelines organisation according to the above method shed
some light on a series of overlapping problems that are now summarised.

Initial guideline sets are extremely large [20,37]: for instance, 944 guidelines in Ref.
[14], 1812 in Ref. [38], 3700 in Ref. [10]. Guideline translation will proceed smoothly
when each translation adds a unique rule. Translation becomes more complicated when
existing rules are retranslated from a new source. This situation can arise when guidelines
from different sources translate to the same advice or when an identical guideline is
repeated in several sources. If the set of guidelines becomes unmanageable at this
point, little benefit can be gained in future steps.

Initial guidelines rapidly grow over time [3,8,37], as our experience and research
improve [39]. However, an examination of the guidelines distribution by publication
year (Fig. 2) reveals a quick start culminating in an apparent slow extinction (our collect-
ing ended up in June 1994). We believe there are mainly two reasons for this trend:

1. Guidelines do not evolve as quickly as computer technology: for instance, new multi-
modal Uls are already implemented and used before there is any good understanding of
determinants of their usability.

2. Many elementary and fundamental guidelines have already been discovered, the guide-
lines that remain to discover are proving to be more elusive, particularly as experiments
become more complex and expensive as they simultaneously manipulate several
usability factors.

Initial guidelines are scattered throughout sources that are sometimes hardly accessible
[8,40]. One initial isolated guideline may come from a specialised journal; and other
complementary one is found elsewhere. According to Fig. 3, one records that three quar-
ters of guidelines are coming from sets of guidelines, mostly conference papers. A person
in a commercial environment does not generally have the time nor capability to explore
such a distribution in a limited amount of time.

Initial guidelines are biased towards particular disciplines: the corollary of the previous
problem is thus the multidisciplinary challenge of guidelines (Figs. 2 and 3). If human—
computer interaction and software ergonomics provide most guidelines, some related
domains, sometimes distant, also provide input: neurophysiology, graphic arts, semiotics.
Translating initial guidelines from such a variety of disciplines is no easy task [41].
Guidelines quality also varies by discipline. Some authors regret that the contribution

% These statistics were computed from the value of the different attributes appearing in the report format of each
ergonomic source (Section 2.3.1.1).
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of some disciplines such as cognitive psychology to software ergonomics remain insuffi-
cient due to their immaturity [33,42].

Initial guidelines strongly vary by coverage [37]. Guidelines of CUIs could be extended
to GUIs, but only to a certain extent [26]. Some guidelines are old (as in Ref. [14]),
sometimes wrong (as in Ref. [43]). Guidelines rain down for some application domains
(e.g. for text editing), for some widgets (e.g. for selecting them), for some interaction
media (e.g. for selecting them), for some interaction styles, for user participation, for
philosophic, ethic motivations and physical details. Their contents are presented in differ-
ent styles across a range of applications and foci.

Initial guidelines also vary considerably by level of detail [37,44]. This variation starts
with the five types of ergonomic sources (Table 1) and is continued at the level of
individual guidelines. Some guidelines are very general [8,20] in the sense they consist
in statements of generic principles, others are very precise and are overly detailed [41].
Avoiding generality or specificity does not solve anything: the more specific a guideline
becomes, the less it could be applied. Continua spanning from a general guideline into
further decompositions into refined, specific guidelines is rare. Some guidelines are tied to
changing contexts [45]: for instance, “dialog control should vary according to the user’s
experience level” cannot always be satisfied by a one-off design decision. Some other
guidelines are unequivocal [4]: for instance, “to input a Boolean information, select a
check box”. Yet other guidelines can be broad and vague; still others can be narrow, hard
to pin down, difficult or too easy to assess. This can cause disorientation [8].

The two major problems encountered at this step are the direct consequence of these
previous problems:

1. Guidelines should all be translated into some canonical form. Since initial guidelines
are written with vocabulary and conventions that are local in the different disciplines,
they all vary along the axes identified above and require a constant translation into a
common format.

2. Guidelines are insufficiently classified, a much regretted flaw [3,8,32,35,40], which is
unfortunately aggravated by an even greater range of classifications:

by ergonomic criteria, as in Scapin’s ergonomic guide [46];

by usability factor, as in ISO 9241 standard [47];

by interaction style, as in Mayhew’s guide [13];

by widget, as in IBM CUA style guide [38];

according to an object-oriented model on input/output, as in ITHACA report [8];
by linguistic level, as in Marcus’s “User Interface Standard Manual” [48];

by importance level, as in Banks’s standard [43];

by type of widget, as in Farenc’s ERGOVAL automatic evaluation tool [49].

Every attribute of the general guidelines model could potentially become an organising
category at a high or intermediate level. Unfortunately, no known study underpins any
preference for a particular classification. The taxonomical approaches remain the most
frequently used support for classification. However, a particular organisation (for instance,
in order to certify a standard compliance) that suits one goal can become totally inap-
propriate for another (for instance, in order to learn about usability from the standard).
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3.3.2. Other experiences in guidelines organisation

Reed et al. report various experiences for organising initial guidelines in American and
international standards [15], where the organisation is mostly based on a consensus vote by
participants.

Kemp and Buckner [18] present a more thorough analysis that reinforces our criticisms
on the inadequacy of existing classifications (Sections 1.1 and 1.2 of their paper). In their
Section 2.2, they detail their method for classifying hypermedia guidelines and, in Section
2.3, they report on their experience of applying it:

1. First, an initial classification, based on a set of principal categories, was set up from the
categories discovered in ergonomic sources.

2. Then, by consciously raising the question of appropriate length and detail, these prin-
cipal categories were subdivided into secondary categories during the guidelines
collecting.

3. Finally, from a compilation of several sub-categories found in the literature and from an
argumented reasoning about required and missing sub-categories, a final list was set sup
according to the parameters: base discipline, author type, detail level (primary, second-
ary, tertiary), functional and operational characteristics, procedural orientation.

Another problem identified by Goffinet and Noirhomme [50] deals with the disappear-
ance of connections existing between initial guidelines. When underlying connections
between the initial guidelines are preserved, guidelines foster valuable intellectual paths
through guidelines. As soon as these connections vanish, either in their sources or during
organisation, these paths are hidden. To restore them and to validate those that are kept,
Goffinet and Noirhomme [50] propose a method for automatic (re)discovery of syntactic
links between initial guidelines. This method is grounded on neighbourhood statistical
formula common in information retrieval. The authors applied these formula with varying
degrees of success to the well-known Smith and Mosier document [14] where such
connections exist. Their results not only reinforce some existing links but also reveals
missing ones. Since their method is supported by a software tool, it could be applied to
every set of initial guidelines. It becomes as useful as the amount of guidelines is huge. For
instance, the NUREG-0400 standard [17] could greatly benefit from this method since it
contains more than one thousand of guidelines without any connection.

Syntactic links manipulated by Goffinet and Noirhomme follow the “is neighbour to”
relationship. A more elaborate link typology could include: “is the inverse of”; “inherits
from” vs “is inherited by”; “generalises” vs “specialises”; “precedes” vs “follows”;
“precises”, “is a”; “is comprised in” vs “belongs to”; “includes” vs “is included in”; “is
a user of” vs “is the owner of”; “has property”; “is an example of”; “is provided by”",
“uses” vs “is used hy”; “is a requirement for”; “is alternative to”; “is contrary with”; “is
conflicting with”,...

3.4. Validation of guidelines organisation

Let us immediately recall that we have to cope with incompleteness from the previous
step, along with its inevitable inconsistency and the possible incorrectness. Thus, the
procedure applied in the current step cannot improve these initial shortcomings; at the



J. Vanderdonckt / Interacting with Computers 12 (1999) 81-118 101

best, it will make it no worse. At the most, both translation and classification errors will
make things worse.

3.4.1. Completeness of guidelines organisation

Although the general guidelines model was intended to be the most general possible to
avoid loss of information, it nevertheless causes an important reduction of guidelines
expressiveness, and thus of their completeness. Indeed, each model attribute is a simplifier
and no guideline cannot be necessarily and unequivocally fitted into these attributes: some
fragments do not match any model attributes (for instance, the cognitive type of the
envisioned task); some fragments match to several attributes (for instance, design and
evaluation ergonomic criteria); and some fragments match to a single attribute, but in a
way that is not obvious (for instance, the linguistic level). An attribute sometimes remains
unfilled as it is unmatched by any guideline fragment. In particular, an important loss of
information is introduced by a presumed unique linguistic level. Although the underlying
aim is well intent, the result can be an arbitrary allocation. Many guidelines could really be
attached to several criteria and linguistic levels with a weight related to each assignment.
To derive such figures from initial guidelines would be a complex process exacerbated by
the residual incompleteness of the guidelines (for instance, link incompleteness [50]).

The classification of translated guidelines into a taxonomy also appears as a reductive
operation: despite the wish for comprehensive sections. Sections are sometimes irrelevant,
others are poorly defined [18]. Pinsky regrets that classifying guidelines into simple
sections such as screen, data input, commands, messages; input/output induces a reduc-
tionist vision of the interactive task addressed by guidelines [33]. This fragmentation can
only be overcome by a complete task analysis.

3.4.2. Consistency of guidelines organisation

Notwithstanding the desire for systematisation, guidelines translation is not immune
from subjective interpretation: the examination of any initial guideline and the assignment
of fragments to model attributes remains subjective, even if we want to make the contents
objective or to “de-subjectivise” it. This “de-subjectivisation” reveals itself as hazardous
as guidelines strongly vary in scope. To master this, initial guidelines which are objective
(for instance, experimentally verified guidelines) are separated from those which are
subjective (for instance, common practices, personal taste).

3.4.3. Correctness of guidelines organisation

At the level of initial guidelines, there is some probability of incorrectness because of
their exposure to Meyer’s seven deadly sins: noise, silence, overspecification, contradic-
tion, ambiguity, repentance, and inconsistency. Kemp and Buckner [8] observe that the
probability of incorrectness grows with the volume of initial guidelines.

Incorrectness inevitably increases when any selection action is performed, as in the
classification of a translated guidelines using a taxonomy. Kemp and Buckner claim that
bias or error in taxonomy although inescapable, is discernible if the strategy used for
building the taxonomy is made explicit and open to analysis. They also recommend to
allocate taxonomy building to several independent simultaneous teams to maximise the
expertise applied to consolidation.
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4. Incorporation of guidelines into a methodological approach
4.1. Definition and goals of guidelines incorporation

Early consideration of software ergonomics requires an iterative and eager Ul design
process [20]. It is thus important [8] to associate sections of guidelines with the phases
identified in Section 1, i.e.: specification, design, prototyping, development, evaluation,
documentation, certification or teaching and learning. The goal of this step is to locate
points within these phases where organised guidelines should be considered, to specify
which should be considered by identifying local guidelines (for a phase), global guidelines
(for all phases) or pervasive ones (for several continuous phases).

4.2. Procedure of guidelines incorporation

To incorporate guidelines within a development methodology, we must:

e select a methodology to develop interactive applications that is refined and practical
enough for a given family of interactive tasks (for instance, MUSE [51], LUCID [52],
MOST [53], TRIDENT [54], DIANE + [55]);

¢ list questions raised during each phase of the selected methodology;

e browse the organised guidelines;

e mark each (section of) guideline(s) providing some answer to the questions listed
earlier.

4.3. Problems and analysis of guidelines incorporation

Mosier and Smith [56] reported that their guide [14] was exploited during design by
41% of persons, during prototyping by 25% of persons, and during evaluation by 18% of
persons. It would be a pity to restrict guidelines to these sole phases.

4.3.1. Our experience in guidelines incorporation

The above procedure was applied on guidelines from Ref. [10] by attaching them to
phases and subphases of the TRIDENT methodology [54]. Attaching guidelines to (sub)-
phases proved to be effective only in the framework of a specific methodology: if the
methodology changes, the association of guidelines could change.

The browsing strategy needs to be considered in advance. Either guidelines can be
examined to attach them to (sub)-phases or each (sub)-phase can be examined to attached
it to one or more (sections of) guidelines (for instance, the sub-phase “selection of abstract
interaction objects” is attached to the taxonomic section “selection of widgets for acquir-
ing/producing simple, complex information” [10]). It proved to be easier to follow the first
strategy. If a guideline remains basically dedicated to a particular phase, it may still be
relevant to other phases. Clarifying the relationship between (sub)-phases and guidelines is
challenging not only because of ambiguity but more because of guideline contents which
do not answer questions such as: where should this guideline be used? When should it be
used? How? Under what conditions? [3,37].
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Organised guidelines can also be associated with specific development roles. Guidelines
should therefore be associated with these roles [57]:

e a task analyst hopes that guidelines are organised according to a taxonomy charac-
terised by task attributes, and not according to interaction styles (for instance, informa-
tion retrieval, decision taking, form fill-in, multi-criteria search, problem solving);

e a project leader only pays attention to high level guidelines (for instance, selecting an
appropriate metaphor) which are the most likely to influence positively or negatively
the success story of Ul implementation; this person is responsible for selecting high
level design options;

e a human factors expert may assume that guidelines are sorted by the cognitive princi-
ples from which the guidelines are derived;

o designers expect that guidelines organisation is such that they could instantly isolate
specific guidelines and solve conflicts between them by ranking them into ordered
sequences;

e programmers think that guidelines should be organised with respect to the widgets of
the inter-active application because their responsibility mainly covers this part;

o a Ul evaluator prefers guidelines expressing Ul usability in terms of measures.

As organised guidelines are detached from contexts of use this tremendously limits
associating guidelines with task types. Some guidelines are sometimes unsupported by
experimental designs that served to validate their applicability [21]. This information loss
makes guidelines absolute when they should be considered as relative to a context, e.g. the
task type or the user’s cognitive profile. If we were able to explicit all implicit conditions,
the cognitive cost of applying guidelines would have been reduced [58].

4.3.2. Other experiences in guidelines incorporation

Rather than attaching guidelines to (sub)-phases of an existing development methodol-
ogy, Reed et al. [15] detailed a methodology for applying guidelines based on the orga-
nisation of their standard (Section 3). This methodology benefits from its autonomy, but
still has the disadvantage of requiring revisions to existing development life cycles.

Carter takes a similar approach proposing “Usability First” [23], a methodology for
developing interactive applications that naturally includes access points to guidelines [53].
The most interesting part consists in its direct identification of guidelines organised into
available taxonomies. For this purpose, the five types of ergonomic sources that emerged
in Section 2 are considered. This methodology also supports development roles in:

e conducting a task analysis to elicit informal specifications;

¢ identifying guidelines that respect these specifications and applying them;

¢ developing usage models by transforming these specifications into design options;
e evaluating usability of these design options with respect to appropriate guidelines.

One also observes that guidelines used in specifications or design could differ from
those used in evaluation; does this mean that evaluation should be restricted to guidelines
overlooked during previous phases in the methodology?

When the activity domain is known, organised guidelines that are relevant for each
(sub)-phase become more obvious to discover: Moussa et al. take advantage of the
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domain-specific nature of their work to more precisely locate such guidelines into their
global design and evaluation methodology (it is dedicated to dynamic and continuous
process control (Figs. 1 and 2 in [25]).

In other respects, finding out that some guidelines can be used in similar (sub-)phases in
different methodologies, even in different activity domains, could support the conclusion
of Javaux et al. [59]. That there are more general guidelines which are activity/domain
independent (e.g. the presentation design of visual displays).

Grammenos et al. [30] and Henninger [24] focus on the support which a software tool
could provide for guidelines. Although their SHERLOCK and GUIDE tools are open and
flexible in their approach to methodology usage, they induce additional intervention points
in a methodology more than they specify them.

4.4. Validation of guidelines incorporation

4.4.1. Completeness of guidelines incorporation

From all problems identified and analysed up to here, the detachment of guidelines from
their contexts of use introduces the greatest risk of incompleteness. Without any context
understanding and without explanation where it can be used within a development method,
the resulting usability depends on random evolution or a developer’s experience and skills.
Once guidelines are incorporated into development methods, they are consequently more
incomplete than at the previous step.

4.4.2. Consistency of guidelines incorporation

The variance of experimental contexts, the potential risk to apply guidelines in a
different context and the risk of attaching a guideline to an inappropriate all introduce
new risks of inconsistency.

4.4.3. Correctness of guidelines incorporation

Risks to consistency also introduce risks of incorrectness. “De-contextualisation” of
guidelines could be addressed by formulating guidelines in terms of task and user
parameters. This generates the need for a task representation formalism, a user formalisa-
tion [33], where correct interpretation would require a solid competence not always
acquired by developers [21,32]. Where task and user specifications are misinterpreted,
the resulting Ul usability could be radically different from the one expected, thus discoura-
ging future use. In conclusion, correctness depends heavily on the skills of potential
guidelines users.

5. Guidelines operationalisation
5.1. Definition and goals of guidelines operationalisation
Currently, guidelines integrated into methodologies are used manually. Such guidelines

have often provided for development teams, but have tended to be ignored, underestimated
and underused for several reasons [44]:
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1. First, the current form of the guidelines themselves, as already noted, implies a
difficulty in interpretation (designers namely experience trouble with 30% of accessed
guidelines [58]), their decontextualisation limits application, variations in importance
and appropriate target development role.

2. Second, there are reasons related to the onerous and inefficient demands of guideline
management in their current form. The huge amount of guidelines exceeds human
mental capability [60]: the paper format turns developers into medieval scholars (up
to 15 min for a sole guideline according to [7]). Only 58% of interviewed designers
looked for guidelines related to a particular problem [7], they infringed on average 11%
of guidelines because they did not know how to access them [58].

The appreciation of these inconveniences led many researchers to envision alternative
support to paper support [30]: audio support, video support, and software support. In this
special issue, we exclusively concentrate on software support. We call this software “tools
for working with guidelines”. Methodologically incorporated guidelines do not lend
oneself in their current form to a direct implementation within such a tool. A further
stage of guidelines operationalisation is thus aimed at re-expressing for each design
problem a subset of relevant guidelines that can be directly reused and exploited in a
software tool.

5.2. Procedure of guidelines operationalisation

The procedure for reaching this goal has three steps: first, a contraction-extension
process is applied to isolate a subset of guidelines for to a design problem; then, a
formalism for internal representation of guidelines in software is selected; finally, the
pertaining guidelines are expressed in terms of the selected formalism.

5.3. Problems and analysis of guidelines operationalisation

5.3.1. Our experience in guidelines operationalisation

In our first experience (SIERRA [35]), a decision was taken to not privilege a design
option or a particular problem. Since no guideline can be a priori separated, we did not
apply the contraction-extension process.

The internal representation formalism chosen was a record with fields matched to the
attributes of the general guideline model introduced in step 2. The initial data was mainly
text, but rapidly evolved to other types [9]: images for screen dumps, examples, sounds for
vocal annotation or guidelines related to sound, video sequences to depict the guidelines
application in a form where dynamics can be better understood, e.g. records of interactive
sessions, interactive application. Guidelines were stored in a Microsoft Word 2.0 file with
external yet linked references to multimedia resources, records and interactive applica-
tions. Fig. 6 reproduces a screen dump of SIERRA displaying guidelines from Smith and
Mosier [14].

In a second experience (SEGUIA), a decision was taken to restrict coverage to the
selection of widgets [61,62] and their placement in a container [63]. This time, all steps
of the above recommended operationalisation procedure were entirely applied. The results
of this are now described.
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5.3.1.1. Application of the contraction—extension proces$srst, from methodologically
incorporated guidelines, the most important guidelines are to be identified. The heart of
ergonomic know-how related to each problem should be located in this guidelines subset:
this is acontraction movemenThe more contracted the guidelines are, the more general
they become. The more general guidelines become, the less they could be applied to
particular situations. The process underlying contraction is:

e make assumptions about the likely context of use (for us, business oriented applica-
tions);

e focus on a design option (here, to select widgets and to place them in a container);

e reduce the set of methodologically incorporated guidelines to ones related to the focus
and the assumed context of use;

¢ generalise specific guidelines from this subset to more general onalsstraction(for
instance, with respect to a given parameter, to a portion of guidelines attributes),
assimilation(for instance, a specific guidelines could be assimilated to a more general
guidelines), orcomparison(for instance, a guideline with higher priority could be
preserved rather than a guideline with lower priority).

Second, to make the resulting guidelines usable, they need to handle exceptions and
support conflict resolution for particular situations; this is extension movement
Extending guidelines involves extracting the rationale from the general guideline model
and to develop it so that guidelines join particular situations again. The process underlying
extension is:

e consider a set of contracted guidelines;

¢ specialising these into specific guidelines to cover a range of possible applications (for
instance, a guideline valid for a class of abstract interaction objects could be stated for
all concrete interaction objects that realise the abstract objects), counter-elimination
(for instance, a guideline conflicting with a pernicious guideline leads to an elimination
of the secondary guideline), conflict resolution (for example, only the most important of
two conflicting guidelines is extended, the other is dropped),...

The main rationale of this process is the wish to weight ergonomically incorporated
guidelines relative to the expected context of use. These guidelines are not valid in any
absolute sense. On the contrary, their usage is contingent: thus while the core rationale of
the guideline remains apparent, this is accompanied by specific applications for some
circumstances.

5.3.1.2. Selection of an internal representation formalisith a set of extended
guidelines available, one must select an internal representation formalism that allows us
to express these guidelines in a software tool. Denley et al. formalise guidelines towards
explicit integration according to the following equation [64]:

X=1(T,U,C,Py) = Y becauseR(Y = f(X)) with guarantegp > threshold D

whereX is the set of triggering attribute;the set of attributes for the interactive tagk;
the set of attributes for the useC the set of attributes for the physical environment
(computer);Ps the expected performanc¥;the prescription; and R is the rationale.
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Fig. 6. Display of guidelines in SIERRA.

Eqg. (1) probably gives the ideal scheme as it expresses a guideline as a function of all
parameters for a task analysis. We deeply regret not to be able to systematically use this
scheme, but there were too many insuperable difficulties. Among them, decontextualisa-
tion of guidelines completely undermines assignments,td, C and P.. More simply,
Scapin developed an operationalisation according to the following coding schema [8]:

IF (Premises FOR (Criteria) THEN (Conclusion 2

where (Premises) could be any user type, any task type, any design option, any contextual
factor (Criteria) represents the related design ergonomic criteria (Conclusion) could be a
design option, an action, an item

This coding schema is fairly close in form to production rules, which are known to be
relevant and applicable in many Ul development environments. This model expresses a
relationship between guidelines and ergonomic design criteria. Since we cannot precisely
specify many instances of this relationship or weights for criteria, the clause “FOR
(Criteria)” was removed to reach the following equation:

IF (Attribute; = Value)) AND (Attribute, = Value,) AND...AND (Attribute,

= Value,) THEN (Conclusion )



108 J. Vanderdonckt / Interacting with Computers 12 (1999) 81-118

where Attribute could be any potential parameter from task analysis or functional analy-
sis, Valug the possible value for this parameter, and Conclusion the prescription for a
design option, or a problem.

5.3.1.3. Results discussionFor the first focus on widget selection, contraction—
extension resulted in 20 contracted guidelines. The process involved expressing which
objects should be generally selected, restricting interaction tasks to entry and editing,
generalising over input data types, and restricting the range of selected values to 1
(simple choice) anch > 1 (multiple choice), and varying the definition of domain
values [4]. With 7 additional rules for replacing a previously selected widget on the
basis of a user’s preferences and experience, and also information attributes, a subset of
276 extended selection guidelines was obtained. This subset brings three advantages:

e during each extension, the ergonomic rationale behind the guideline enabled us to
produce an explicit, thus communicable, reasoning to the user, if needed; this reasoning
was reused as many times as required;

¢ all 276 guidelines were expressed in terms of the internal representation as a production
rule according to Eq. (3);

¢ to highlight identical portions of antecedents in production rules, a selection tree
technique has been proved as the most efficient, the most visually practical and the
most flexible with respect to other formalisms such as bulleted lists, flowcharts, vertical
tree, decision table, selection table.

For the second focus on placing widgets, the contraction firstly worked on the following
characteristics:

¢ guidelines were grouped into themes (for instance, grouping versus separation, balance
versus instability);

e guidelines related to various alternatives for the same placement problem were identi-
fied; for instance, the guideline “identification labels of control widgets should be
located above or at the left of the widget, with left or inferior justifying” combines
the two guidelines for the two alternatives;

e some senseless or unusable alternatives were withdrawn;

e superordinate guidelines were retained; for instance, the guideline “the margin of
widgets should be 10 pixels” has two superordinate guidelines “the margin should be
sufficient”, “the margin should be consistent”;

e guidelines were stated as much as possible in terms of classes of abstract interaction
objects [61] rather than in terms of simple abstract interaction objects or various
concrete interaction objects; for instance, the guideline “identification labels of an
object should be located above or at the left of the identified object” contracts the
same guidelines, but stated for the particular widgets, such as in the guideline “the
identification label of a list box, drop down or not, should be located at the left and
aligned with the bottom of the box”.

From a set of 65 contracted guidelines, a subset of about 350 extended guidelines was
obtained. Two advantages are identified: any guideline repetition for different objects has
been identified and removed; also principal guidelines have been embodied in two
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ergonomic algorithms for automatic and computer-aided placement of objects in a window
[63].

5.3.2. Other experiences in guidelines operationalisation

No method exists yet for obtaining an appropriate subset of guidelines for a particular
problem. A real opportunity for conducting research can be found here.

Fritzsche and Michel [64] claim that they restrict themselves to guidelines suited for
Electronic Product Catalogues (EPC), but do not present any method for applying this
restriction. Similarly, Moussa et al. [25] consider general or specific guidelines for
dynamic, continuous dynamic control.

Grammenos et al. [30] claim that their Sherlock tool remains open to every type, old or
new, of guideline from any type of ergonomic source. Every guidelines subset could
particularly be considered as input for a given problem. They then recognise that a
consolidation of guidelines is required preliminary to their exploitation in Sherlock.

Henninger argues that guidelines’ contextualisation should be the central question [24].
This is why his GUIDE tool does not a priori consider that guidelines are specific to a
problem, but is oriented towards the progressive identification of specific guidelines as the
tool is used. The principle is to keep in an organisational memory a maximum of design/
evaluation Ul cases to accumulate experience acquired in usability by any organisation
(for instance, a development team) during time. In order to refer to when a new Ul
development is initiated, when an existing Ul is updated, modified. Every time a given
Ul should compel with a guideline, a case is created for this guideline and it can be
specialised into more refined guidelines as the Ul development and experience grow.

About theselection of internal representation formalisother experiences are extre-
mely interesting. Fritzsche and Michel [64] completely devoted their Section 4.1 entitled
“Formalisation and formulation of guidelines” to this question. In their TASSI tool, they
also selected a formulation in the form of production rules close to the one found in Eq.
(3). What is more interesting is that they formalised them into Horn clauses (as in the
Prolog programming language) into facts, rules and requests written in the following goal
oriented formalism:

A (fact)
A :—-B,C,... (rule)
:—B,C,... (requesj

This formalism is efficient where a theorem prover can automatically apply, verify
guidelines either in backward chaining (for Ul design purposes) or in backward chaining
(for Ul evaluation purposes where Ul properties are expressed as facts).

In their ERGO-conceptor tool, Moussa et al. [25] state three reasons for their choice of
production rules:

1. A paired (antecedent, subsequent) formal representation is possible.

2. Production rules allow and encourage restructuring, guidelines grouping and, most of
all, operations required for contraction—extension.

3. Their feasibility has already been proved elsewhere (as in [6]).
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More originally, the Ul is stored in ERGO-conceptor as LISP lists containing facts to be
exploited by guidelines embodied in the inference engine. In this way, experiences of
Fritzsche and Michel and Moussa et al. are corroborated: an expression in terms of
predicate logic of a certain order (O or 1) allows an automatic exploitation of guidelines
provided that an automatic tool such as a parser, a theorem prover, and a property verifier
is available.

In their Sherlock tool, Grammenos et al. [30] report that Sherlock guidelines should be
programmed separately, but this is not a constraint. A guideline could be written in a
Visual Basic 5.0 procedure (the implementation language of Sherlock) or in any other
programming language provided a dynamic link library (DLL) is made available.

In his GUIDE tool, Henninger [24] is representing guidelines as a hypertextual hier-
archy linked to cases and rules. However, rules are used to match guidelines with the
various design contexts of cases; these rules are coded as question—answer pairs in a
decision tree whose leaf nodes contain the textual statement of guidelines.

In conclusion, we observe that guidelines operationalisation remassveas long as
guidelines cannot be executed, tested, evaluated (as in GUIDE [24], SIERRA [35], Navi-
Text Sam [6]); this operationalisation beconaegive if guidelines could be applied at
design time (as in SEGUIA [4]), tested at evaluation time (as in Sherlock [30]) or both (as
in TASSI [65], ERGO-conceptor [25]).

In the first case, we successively went from a hypertext technology (as in NaviText Sam
[6]), through a hypermedia technology (as in DRUID [66]), multimedia (as in Making It
Macintosh [67]), data base management system (as in DRG [17]), or combining both (as in
SIERRA [4,35]) to end up with Web technology (as in GUIDE [24]). What seems here
fundamental is the ability to couple data base facilities for guidelines access, selection,
searching, sorting with hypermedia facilities for guidelines browsing, organisation and
contextualisation.

In the second case, basic predicate logic seems feasible, applicable and efficient when
automatic tools are available; it then suffices to express a new guideline in its internal
representation to consider it automatically, if possible. If this is not possible or if the
guideline operationalisation requires a more complex procedure, a dedicated program-
ming would be preferred.

Since no study exists today comparing different internal representations (if...then...else
rule, LISP list, Prolog clause, coded procedure, decision tree,...), we cannot yet tell what
the preferred notation would be. The only conclusion we can draw is that the greatest
expressiveness for a guideline comes with first order predicate logic.

5.4. Validation of guidelines operationalisation

5.4.1. Completeness of guidelines organisation

The nature of the three performed operations (that is contraction, extension, and internal
representation) further reduces guidelines. Once again, the process of reduction is not
readily understood, although the greatest seems due to internal representation. Scapin
[8] found that some guidelines are difficult to express using an internal representation
because their contextual characteristics are not expressible as simple conditions on
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attributes (for instance, is the user experience experimented?) or that are expressible into
such conditions, but on missing attributes.

5.4.2. Consistency of guidelines organisation

Contracted guidelines are in contrast internally consistent from the outset since this is a
goal of contraction: to reach an internal consistency by sacrificing conflicting less impor-
tant, out of context guidelines. This internal consistency is preserved through extension
and internal representation.

5.4.3. Correctness of guidelines organisation

Guidelines should normally be syntactically correct, but this does not eliminate seman-
tic errors. Contraction can introduce more serious bias by its filtering. The diversity of
guidelines before contraction, as regards syntax and semantics, requires care and attention
during contraction, especially as the process results in dependencies on a default: models
of the user designers’ knowledge and software tool users’ knowledge. Extension should
not introduce further incorrectness, except by amplification. The internal representation
introduces two potentially severe drawbacks:

1. The selected final representation (Eqg. (3)) is in itself an important reduction with
respect to other (currently inapplicable) representations (Eqgs. (1) and (2)).

2. The expression of an extended guideline into attributes of antecedent and consequent of
a production rules introduces a very important distortion that should not be neglected;
indeed, the statement of some guidelines (e.g. “the naming of menu items should not be
abstract”) is hard, sometimes impossible, to translate into an internal representation.

On the contrary, a substantial advantage results from any representation as a production
rule, Horn clause, etc: with adequate tools, it is possible to detect incompleteness, incon-
sistency, incorrectness, to quasi automatically verify formal properties (for instance, rule
reachability, avoidance of redundancy, rule execution uniqueness [64]). We should exploit
the wide range of formal methods (as program proof, static analysis, and abstract inter-
pretation) and their software support tools (as automatic or computer-aided theorem
provers, syntactic analysers, parsers, automatic generators) that are dedicated to the
selected formalism, to ensure the validity of final guidelines.

In conclusion, any subset of guidelines related to a particular problem and operationa-
lised with a software tool for working with guidelines is the most incomplete, potentially
incorrect in the sense of reduced expressiveness, but with internal consistency.

6. Usage of guidelines

Today, we know little about software ergonomics as the weight, priority and relevance
of guidelines varies and is hard to assess. Similarly, we know little about the adequacy of
guidelines, though many authors [3,7,8,13,20,22,26,32] claim their necessity.

We know even less about meta-ergonomics, that is the usability of guidelines them-
selves during development to ensure Ul usability. Refs. [58,68] begin an examination here.
We finally know nothing on the actual degradation of guidelines that have passed through
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all necessary transformations. For instance, what is the impact of replacing a widget
selected by a guideline by a more compact widget due to screen constraint? At most,
we are able to locate where these degradations occur and to explain them. Thus, all we can
do is to cautiously trust in guidelines in current use.

Finally, we have no good knowledge about the usability of software tools for working
with guidelines. And yet, it seems fundamental for HCI researchers that the Ul of software
tools for working with guidelines is usable. An empirical study of the usability of such
tools would be of great benefit. The poor status of our knowledge may partially explain
why so little comment can be made on the reaching this ultimate milestone in the devel-
opment of software tools for working with guidelines.

7. Conclusion

After going through the five milestones (from guidelines collection to their usage), we
can enumerate all the problems that we encountered:

P, = huge number of guidelines;

P, = guidelines increasing with time;

P; = guidelines dissemination throughout the literature;
P, = guidelines variations across contributing disciplines;
Ps = need to translate guidelines;

Ps = guidelines variation in validity;

P; = decontextualisation of guidelines;

Ps = guidelines variation in contents;

Py = guidelines variation in presentation;

P10 = guidelines variation in level of detail;

P11 = guidelines variation in complexity;

P> = guidelines variation in importance;

P13 = guidelines variation in scope;

P14 = guidelines variation in relevant development phase for use;
P;5 = guidelines variation in target development role;

P1s = necessity yet insufficiency of guidelines;

P;7 = conflict between guidelines;

P1g = loss of connections between guidelines;

P1o = contextual independence of guidelines;

P,o = reductionof guidelines;

P,, = independence of guidelines with respect to users;
P,, = insufficient guidelines illustration;

P,; = insufficient guidelines references;

P,, = insufficient guidelines classification;

P,5 = insufficient operationalisation of guidelines;

P,s = multiplicity of bibliographical references for a same guideline;
P,; = onerous guidelines management.

We therefore conclude that we have to cope with numerous problems. The general
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guideline model introduced in Section 3 attempts to solve some of them. Some of them can
be solved (for instance, insufficient guidelines illustration and classification), others are

intrinsic to guidelines themselves (for instance, their incompleteness) so that it unlikely

that they will ever be solved.

As problems Pand B are intrinsic, it is not our responsibility to solve them; research
for new guidelines should not decrease. It should be promoted along with the expression of
results according to a commonly shared model (such as the one introduced in Section 3).

Problems B-P; are solved by the systematic application of the general guideline model
throughout a uniform vocabulary. Guidelines collection into a unique corpus optimises
both accessibility and availability.

Problems B, P;, Pig—P»; concern contextual difficulties associated with guidelines.
Where the ergonomic source indicates the experimental context, the values for contextual
parameters can be deduced. We have not been able to go further as we felt limited by the
lack of interactive task taxonomy. Creating one is a responsibility shared by ergonomists
and work psychologists.

Problems B-P;s were mainly dealt by trying to honestly classify each guideline with
respect to related ergonomic design criteria and to a related linguistic level. Knowing
this information provides a first entry point to their contents, their priority and to their
destination.

Problem R does not have any solution, it comes with the territory.

Conflict solving for problem B could be guided by a double comparison between
ergonomic criteria and linguistic level. A question arises here: if a first guideline respects
a design ergonomic criteria of higher level, but is related to a linguistic level of a lower
level than the second, it is not clear which should have the higher priority. Would it be the
first guideline because of the ergonomic criteria or the second because of the linguistic
level? Although we generally argue that the one with higher ergonomic criteria might be
preferred, we think that it depends of the precise nature of the differences. If both guide-
lines have similar ergonomic criteria, the linguistic level could be preferred. If there is
important deviation between ergonomic criteria, these could be preferred instead.

For the Rg problem, we proposed to connect guidelines with a link typology. In the
corpus of guidelines [10], only the relationship “is neighbour of” was considered since it
seemed the most important to us. This is only functionally appropriate in a software tool
for working with guidelines, as adding all the other links into a written volume would
undesirably increase its size.

About the B, problem on the illustration of guidelines, we suggest that providing
copious examplegaken from the seven most commonly used computing platforms (i.e.
Ms-DOS, Macintosh, Windows’95, X-Windows and OSF/Motif, Open Look, Amiga and
Open Windows) could be a remedy. The most significant advantage of these examples
does not only reside in their illustration and understanding, but also in their ability to
promote ideas. This covers a wide spectrum of alternatives from which a starting solution
could be extracted without exempting person to think about it. Examples are especially
appreciated for visual design and graphical presentation. This illustration partially fills the
gap of lack of operationalisation .

Problems B and Bg were dealt with a chronological list of bibliographic references and
links to interaction styles and media.
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For the B, problem, a multiple level guideline organisation (in division, by presenta-
tion/dialogue, by ergonomic criteria, by linguistic level, by interaction style and media)
was followed. We recall that any guidelines organisation remains impossible to simulta-
neously address all demands for all task types. We believe that the adopted organisation
could minimise classification confusions and that its structure as a corpus could accom-
modate honourably most requests. But it cannot be optimal for all demands together.
Therefore, it is indispensable to think in the future about flexible organisation that
could be tailored within the tool for working with guidelines.

Essential aspects related to problemsviRere addressed in Section 5, where software
support has been discussed with respect to paper support.

Let us come back to our initial question: to what extent could we trust guidelines that
have passed through the five steps, especially the last one? To answer this question, we can
now identify in the first four steps the major points where completeness, consistency and
correctness are affected. Since the initial guidelines validity was already sub-optimal, all
five-transformation steps can only preserve this; but by knowing the locations of this
preservation, we can address related problems.

Consequently, the credibility we can attach to final guidelines is function of the scope,
the validity of initial guidelines and the preservation of these throughout the diverse
transformations. The model developed in this introduction supports assessment of the
credibility of guidelines when incorporated into software tools.
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