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Abstract. SDISelect consists of a small knowledge-based system teaching and
assisting designers of interactive applications in selecting appropriate interac­
tion styles for a particular context of use. As any other tool for working with
guidelines, five development milestones have been browsed. Guidelines for se­
lecting interaction styles have been captured in a knowledge-base system as
selections among an available set of possible interaction styles, a set of pa­
rameters characterizing the context of use, questions to provide the parameters'
values, and selection rules. Each rule selects a candidate interaction style candi­
date according to values assigned to parameters of the context of use according
to a rule-based language, which basically consists of a first-order predicate
logic formula. The values of these parameters are either stored or prompted to
the designer through questions to form a final set of possible interaction styles.

1 Introduction

An interaction technique is usually referred to as any basic way in which users are
interacting with the user interface (UI) of an interactive application (e.g., drag/drop,
selecting, input/output). We shall use the term interaction style as any logical combi­
nation of such interaction techniques to organize the interaction into a consistent, rec­
ognizable and unified manner. The interaction style contributes to the interaction
genre by expressing conceptual uses to which the technical means are put (e.g. , inter­
action metaphor, agent character) . Numerous interaction styles are available to select
from, but each holds its unique dialog and presentation schemes.

1.1 The Design Option of Selecting Interaction Styles

It is the designer's responsibility to select interaction styles that satisfy the parameters
of the context of use. Although this selection is seldom covered as an explicit design
option in the development life cycle, it plays a major role in the UI final usability. At
first glance, this design option may appear relatively trivial: the variety of interaction
styles exists, but is finite and interaction styles mostly remain the same from one ap­
plication to another in the same domain. Indeed, the selected interaction styles are
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likely the ones allowed by the toolkit (e.g., multi-windowing, menu selection) and old
interaction styles (e.g., command languages, questions/answers) tend to vanish in ap­
plications, as they are no longer considered usable for end users . But at second
glance, different reasons make this design option more complex than imagined :

• Design reasons : despite the variety of available interaction styles, the selection
may fail to match the context of use, thus potentially decreasing the wanted us­
ability . As task analysis informs this design option, its progressive nature may not
produce simultaneously all information required for the selection, thus inviting the
designer to think about them: in particular, they can tailor the task by refining it
into task parameters.

• Methodological reasons: understanding how the different parameters influence the
selection [24] and assessing how these parameters may engender conflictual se­
lections are important issues though.

• Technical reasons : current tools offer little or no guidance with decision regarding
the variety of interaction styles and their possible combination. Moreover, believ­
ing that there is a need to conform to the basic interaction styles of the computing
platform or the toolkit is fallacious .

Our primary goal is therefore to seriously consider this design option by a method
and a tool that supports this method.

1.2 A tool for Selecting Interaction Styles

SDISelect is another instance of a tool for working with guidelines. Goals of this re­
search can be thus presented according to five development milestones of such a tool:
1. Guidelines collecting: the first task to accomplish is to collect guidelines for se­

lecting interaction styles to become aware of any knowledge existing for this pur­
pose, to gather as many knowledge on this topic as possible , and to process it.

2. Guidelines organization: as guidelines are extracted from heterogeneous sources
with their own proprietary format, the need to organize them into a comprehensive
and consistent framework rapidly became obvious . It also turned out to be ex­
tremely useful to investigate how this knowledge can be systematically expressed
to this framework and how it fits.

3. Guidelines incorporation into approach: as the selection of interaction styles can
be clearly identified as a design option, it makes sense to develop a systematic
method for deciding this design option, based on the framework .

4. Guidelines operationalization: to provide some supportive character of this strat­
egy, a knowledge-based approach was adopted in order to make this knowledge
explicit, persistent, analyzable and incremental. The knowledge was therefore
captured in a repository as selections, questions on parameters of the context of
use, values of these parameters as answers to these questions, and selection rules.

5. Guidelines usage: finally, it was intended to assess to what extent the method for
of selecting interactions developed in step (3) can be supported by the tool imag­
ined in step (4), manipulating the knowledge of step (2). The final goal was con­
sequently to act as a test bed for the method and to demonstrate its feasibility.
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The rest of this paper is structured as follows : sections 2 to 6 are corresponding to
the above milestones to reach a tool for working with guidelines. Section 7 reviews
related work by summarizing solutions investigated in other methods and by dis­
cussing what the differences are between them and the current method. Section 8 ends
up with some shortcomings of this method and a research agenda to overcome them .

2 Guidelines collecting

Although our theoretical basis is yet unable to rigorously classify all interaction
styles, they can be roughly divided into fourteen families of interaction based on the
involvement they induce between the user and the VI, sometimes with sub-styles:
command language, programming language, natural language, query language, ques­
tions/answers, function keys, menu selection (with instances like embedded menus,
pie menus), form filling (with instances like simple forms, multi-tab forms, spread­
sheets), multi-windowing, direct manipulation, iconic interaction, graphic interaction,
multimed ia interaction , and virtual reality.

Ico ic interaction Natural nguage
~iJ

!.JJ

lboo -I...· II::'.::·I~I=•• I::.-I--I
I

Everlasl Fleece Hooded Jackel

~, - I ••••••••...._ .
=::-;::;.. . ' ••... .._,...,. .
* •
usl44

••

Direct manipulation

Fig. 1. Electronic commerce web site with multiple interaction styles (source: www.boo.com).

A VI assigned to a single interaction becomes more and more rare as the varia­
tions of the context of use are enlarging. Therefore, a VI is likely to have multiple in­
teraction styles either one style at a time, depending on the circumstances, or several
styles at a time. In particular, a same task can be carried out according to different
interaction styles depending on the user, the platform, and other possible parameters.

For example, the task "place an order for clothes" can be carried out:
- Through function keys and questions/answers for an ATM-like ordering system .
- Through a phone-based system with voice recognition and speech synthesis based

on a limited natural language to enable customers to order by phone .
- Through an operator-guided system with direct form filling, multi-windowing ca-
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pabilities and menu selection to allow customer assistance.
- Through an electronic web site with direct manipulation, virtual reality, and iconic

interaction to enable customers to "experience" the clothes before buying (Fig. 1).

Guidelines for selecting interaction styles are relatively numerous. Representative
examples are [2,6,7,8,9,11,12,16,17 ,18,19,23]. Brown delivers isolated guidelines for
selecting interaction styles based mostly on accumulated experience rather than em­
pirical evidence [6]. When, how and why are they useful? Smith & Mosier report on
guidelines that are based on task requirements and system response time (Table 1)
[20]. Although today 's computers have much faster response time, their reasoning
about the user training is still valid. Bono and Ficorelli [5] showed how queries input
with a graphic interaction style can be re-expressed in natural language. Eberleh et al.
compared command language and direct manipulation from the viewpoint of mental
workload required by the style and the user subjective preference for each [10].

Table 1. Estimated user training and response timefor interaction styles.

Interaction style
Question and Answer
Form Filling
Menu Selection
Function Keys
Command Language
Query Language
Natural Language
Graphic Interaction

Required User Training

LittlelNone
ModeratelLittle
LittlelNone
ModeratelLittle
High
HighIModerate
ModeratelLittle
High

Tolerable System Response Time

Moderate
Slow
Very Fast
Very Fast
Moderate/Slow
Moderate
Fast
Very Fast

Shneiderman describes interaction styles by emphasizing what their consequences
are on the user and on the task by emphasizing the benefits and concerns of each
style. These guidelines are expressed as rules in a framework (Fig. 2) based on infor­
mation about the task domain, user skill level, and user skill level combined with fre­
quency of use of the application [16,17,18]. The author agrees that respecting these
guidelines can bring a certain presence of usability, but also that violating them does
not necessarily bring a certain absence of usability.

IF modest knowledge of task domain with some computer skills
=> menu selection OR direct manipulation OR form filling .

Fig. 2. Somerulesfor selecting interaction styles.

Cristiano enumerated appropriate interaction styles for accessing a database [7]. Jarke
and Vassiliou are more systematic as their framework for selecting an interaction
style for querying a database is explicitly expressed in terms of user parameters, task
parameters, and system parameters [13]. We kept that idea since such a knowledge
can be progressively captured on the different circumstances where a single or multi­
ple styles have been shown usable and its representation can be made explicit. In par­
ticular, they emphasize the difference between syntactical knowledge and semantic
knowledge for users regarding to their tasks and to the system . Wexelblat is focusing
on the selection of one particular interaction style : virtual reality [23].
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3 Guidelines organization

Nowadays almost every designer has to first learn and understand what the parame­
ters of the context of use are and then to decide on the best interaction styles possible .
While deciding that design option, they have to take into consideration what the
physically available styles are, what the style guide is recommending, what are the
styles the user are familiar with. Considering this and using the framework principle
of Jarke & Vassiliou [13], we focus on three sets of parameters : task parameters, user
parameters, and environment parameters . These sets are defined in the following sub­
sections with a global compromise on precision (sufficiently expressing parameters)
and concisions (keeping them easy to learn and cheap to manipulate) .

3.1 Task parameters

An interactive task is characterized by the following seven parameters:

• Pre-requisites (minimal , moderate , maximal): task prerequisites denote the
amount of knowledge required to the user to properly carry out the task with the
intended VI. In particular, this parameter may include the training needed to carry
out the task. For instance, the prerequisites of an ATM should be minimal ,
whereas the VI for an air-traffic control system would surely be maximal.

• Productivity (low, moderate, high): task productivity is summing up the average
amount of task accomplishments per unit of time. This parameter can also sub­
sume the frequency of use (e.g., daily to two times per month) . For instance, the
productivity of a letter composition task in an insurance company is high for in­
surance producers (more than 50 letters a day). The productivity of a monthly re­
porting task is considered as low.

• Objective task environment (existent, non-existent): this parameter depicts the
presence or the absence of domain objects manipulated in order to properly carry
out the task. These objects include paper document, folders, and physical objects .
For instance , a document verification task is primarily based on the document it­
self, whereas recording a product's price in a supermarket does not require the
product itself, except maybe for scanning the bar code.

• Environment reproductibility (feasible, unfeasible): this parameter is a conse­
quence of the previous one: reproducing the task environment is feasible or not
provided that such an environment already exists. Environment reproducibility is
said feasible if it is useful to represent domain objects as manipulable. For in­
stance, the IBM RealThings system is intended to reproduce feasible objects that
belong to our real world so that they can behave like in the real world (e.g., phone
system, card filer) . Conversely, reproducing into a VI the complete physical navi­
gation in a library has been shown feasible, but not necessarily usable .

• Task structuration (low, moderate , high): this parameter expresses the degrees of
freedom or constraints that the user has in carrying out the task. For instance, cal­
culating the roots of a second-degree equation is highly structured since a deter­
ministic algorithm governs the process. On the inverse, an advice-giving task for
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loans may re-order subtasks according to currently available information, to the
choices of the customer.

• Task importance (low, moderate, high): this parameter reveals the fundamental,
crucial, if not vital, character of the task. For instance, setting up an alarm-system
for a control room is considered highly important, whereas editing a simple statis­
tical report is not.

• Task complexity (low, moderate, high): this parameter manifests the complexity
degree of a task from the cognitive, articulatory, and intellectual viewpoints and
skills that are required to properly achieve the task. For instance, a radar-tracking
task is highly complex, whereas an advertisement composition is not complex.
Assigning values to these parameters is expected to encourage designers to ob-

serve, interview end user on site and report on their task as precisely as possible.
Moreover, guidelines can be expressed as appropriate only for certain values of these
parameters. Table 2 provides such expressions. In particular, due to the lack of
guidelines regarding 4 interaction styles (i.e. programming language, virtual reality,
graphic interaction, and multimedia interaction), these values have been assigned by
introspection, which is sensible to variation .

3.2 User parameters

It is generally recognized convenient to decompose the whole user population into
user stereotypes. A user stereotype gathers users repeating similar action patterns
with respect to the same prescribed task definition. As they share a same induced task
to become the same interactive task, they usually have comparable cognitive profiles
and preferences [15]. Each stereotype is characterized by four parameters, which are
varying for each stereotype regarding a same interactive task:
• Task experience (elementary , regular, rich): this parameter combines syntactic and

semantic task knowledge. Syntactic knowledge often refers to the task allocation
and its position in the complete chain, including terminology, whereas semantic
knowledge refers to domain objects, actions and procedures embedded in the task.
If a user decently integrated these from both an intellectual and practical point of
view, then the task experience is said rich.

• System experience (elementary, regular, rich): this parameter gives an idea of the
experience level required by technological means in order to carry out the task.
These means may include computer, printer facilities, file management, word
processing.

• Task motivation (low, moderate, high) : this parameter translates the psychological
attitude f the user with respect to the task. If the user is readily disposed carry out
the task, then the motivation is said high. A constrained user has a low value .

• Experience with modern interaction devices (low, moderate , high): this parameter
reflects how a user is apt to use one modem interaction device at a time or several
one simultaneously. For instance, gesture recognition devices are considered to
require some substantive experience from users.
Several other similar and equally expressive parameters can be imagined, but their

increase may reduce the concision needed to work with the intended framework.
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Table 3. Expression of interaction styles in terms of user parameters.

Interaction style Task System Task Experience
experience experience motivation with modern

interaction de-
vices

Command moderate to rich high moderate
Language rich
Programm ing rich rich rich moderate
language
Natural rich moderate low high
Language
Query language rich moderate moderate high
Ques- elementary element ary to low moderate to
tions/Answers moderate rich
Function keys moderate to elementary low low

rich
Menu selection elementary elementary low low
Form filling element ary to elementary to low to moderate elementary to

rich rich moderate
Multi-windowing elementary elementary low low
Direct elementary moderate low low
manipulation
Iconic elementary to moderate low to moderate low
interac tion moderate
Graphic elementary moderate low to moderate moderate
interac tion
Multimedia elementary moderate low moderate
interac tion
Virtual reality elementary moderate low high

3.3 Environment parameters

Similarly here, several parameters describing the ambient conditions of task accom­
plishment, regarding or not computer facilities, can be exploited. We retain only two:
• Processing type (mono-processing, multi-processing): this parameter specifies

whether the user can focus on one task at a time on the same workstation (mono­
processing) or several tasks simultaneously (multi-processing). For instance, a
same terminal can be dedicated to a predefined task most of the time, but it can
still allow user to access other interactive application s in case of need.

• Processing capacity (low, moderate, high): this parameter considers the interrup­
tion, parallelism and concurrent aspects of tasks on a same workstation. For in­
stance, if a user can suspend and resume a task, dur ing this interval, other tasks
may be operated, thus having a high processing capacity.

Similarly to Table 3, guidelines can be expressed as appropriate only for certain
values of these environmen t parameters. Table 4 provides such expressions.
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Table 4. Expression of interaction styles in terms ofenvironment parameters.

Interaction style Processing type Processing capacity
Command Language mono-nrocessinz low
Programming language mono-processing low
Natural Language mono-processing low
Query language mono-processing low
QuestionslAnswers mono-nrocessina low
Function keys multi-processing moderate
Menu selection multi-processing moderate to high
Form filling multi-nrocessinz moderate
Multi-windowing multi-processing high
Direct manipulation multi-orocessinz high
Iconic interaction multi-processing high
Graphic interaction multi-processing moderate to hish
Multimedia interaction mono-processing moderate
Virtual reality mono-orocessinz low

Remark. Values set in Tables 2 to 4 are the most general possible. For example, in the
second line of Table 2, the value "moderate" is assigned to the parameter "Prerequi­
sites", meaning of course that the complete line is applicable if the task prerequisites
are moderate, but also if the prerequisites are moderate or rich. Conversely, in line 7
of Table 2, the value "low to moderate" is assigned to the parameter "Task structura­
tion", restricting the use to this interval only.

4 Guidelines incorporation into approach

To use the above framework, the method consists of performing the following steps:
1. Consider the three tables sequentially.
2. For each table,

• Assign a value when possible to each descriptive parameter.
• Identify all possible interaction styles.
• Add a positive score for each possible style, a negative score to forbidden

ones.
• Keep possible interaction styles in an ordered list of candidates sorted by their

score reflecting how many times their selection has been considered usable.
3. Select one or several styles from the resulting pool.

The experience of using this systematic method raised several questions.

What happens if values are changed? If we change the value of one or more parame­
ters, we can notice the impact of the whole selection process without looking at the
whole set of rules. This gives the designer with the opportunity to explore alternative
styles and to check these alternatives for the design option for fit with the final UI.

Does the sequence of tables matter? The initial sequence reflect the hypothesis ac­
cording which task parameters could prevail over user parameters, which in tum
could prevail over environment parameters. This sequence needs to be revisited and
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weighted for any case according to the requirements . For instance, if a requirement
states the goal on an integrated workstation, it might be helpful to consider Table 3
before. If a task should be carried out by a stereotype of users with special needs, Ta­
ble 1 could be relegated after Table 1. And so forth.

Does the method univocally select one interaction style ? Not necessarily, since multi­
ple lines can cover parameters having similar or close values, multiple styles may fit
with the same usability. Moreover, if the same task should be carried out by many
user stereotypes, it is likely that multiple interaction styles will appear.

Does the method select at least one interaction style? This depends on the guidelines
expressed in the tables . In Tables 2 to 4, no completeness is guaranteed. A particular
combination of values may probably select no interaction style, as there is no match­
ing. In this case, interaction styles that minimize the deviation with respect to all lines
can be selected. Or the values can be tuned to be closer to possible interaction styles.

Are selected interaction styles definitive? Since the method is a guideline-based ap­
proach, selected styles can be still revisited according to other criteria, but in princi­
ple, they can be applied by relying on the guidelines. The method may lay the design
option with more confidence than merely with an "ad hoc" decision without any justi­
fication. An explicit reasoning may convince design stakeholders. Sometimes the
guidelines are consistent (as in [13]), allowing a possible selection; sometimes they
are inconsistent, thus yielding to a conflict between possible interaction styles.

4 Guidelines operationalization

The format of Tables 2 to 4 naturally leads to a guidelines operationalization as val­
ued production rules. For example, Fig. 3 depicts the first line of Tables 2, 3, and 4.

IF prerequisites ARE moderate AND
productivity IS high AND
objective environment IS existent AND
task structuration IS low AND
task importance IS high AND
complexity IS low TO moderate

THEN possible interaction style IS command language
IF task experience IS rich AND

system experience IS high AND
motivation IS high AND
complex interaction media experience IS high

THEN possible interaction style IS command language
IF processing type IS mono-processing AND

process capacity IS low
THEN possible interaction style IS command language

Fig. 3. Examples of production rules.

The main requirements for a tool for working with these guidelines are its ease of
use, its ability to represent the guidelines in a knowledge base, and its incorporation
of a set of facilities for setting up the knowledge base, modifying it, supporting their
execution, and the identification of multiple or conflictual or non existent solutions.
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SDISelect, which addresses these requirements, is based on three components:
1. A knowledge base containing the different possible interaction styles (selections),

the definition of task, user, and environment parameters for which a value is stored
or prompted to the designer (questions) and the production rules that identify pos­
sible decisions according to the answers to the questions (rules) .

2. A set of facilities for manipulating this knowledge base.
3. An inference engine which fires the production rules (according to short circuit

optimization or decision depth optimization), guides the designer in the selection
process and prompt for values when additional information is needed.

6 Guidelines usage

This section details how guidelines have been implemented as production rules in the
system and how they are finally used. First, all possible selections are identified in a
list (Fig . 4) . Then, each parameter is associated with a related question (Fig. 5): if the
value of the parameter is not already stored for the current case , this question will be
asked to the designer to provide it when required. Each guideline, i.e. each line of Ta­
bles 2 to 4, is represented as a production rule of the form: /\ qjai~ Sj where the qiare
the different questions, a, the different answers, SJ' any possible selection. Fig. 6 rep­
resents the production rules related to the first line of Table 2. Once all answers have

been provided to all required questions, SDISelect automatically suggests a list of
one or many interaction styles according to the coded production rules. Any other
type of first-order predicate logic formula can be written equally. When a possible
interaction style has been identified, the user can still proceed with the selection to see
whether other production rules can be fired according to the available parameters.

Selection 01 interac tion slvles EJ

Context • Selections Questions Rules

Selection LJ ~ Display Selection Plevious I Next

Command language.

...1

Add selection I Delete selection I

Fig. 4. Possible selections.



258 A Small Knowledge-based System for Selecting Interaction Styles

Selechon 01 Inteuw:hon slyles Ei

• Queation. RuMs

r- - ---~-===:::-=~-====-"""'":=---=-o 01 Oi~ Querlion PreY"'" I Nul

Querlion ""hal ale Ihe Pfelequir~er ' pored by the la.k?

Ttllk pte1equili lol denote the amounl of knowle~e ..
lequiced to the uam to propell, can, out the tal k with the
inlended UI

11)lIlininlaI
. (2)lDOdelal.

Se lectIon (3) ..........
14) """""'10 lOOdotala
lisi lIIOdetate 10 ....xiMaI

Add .election I
Add rule I

Delete select ion I
Deleto lule

Fig. 5. Question about a parameter.
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Fig. 6. Implementation of guidelines as production rules.

7 Related work

The closest tool to SDISelect is TOTO, a tool for selecting interaction techniques
with a knowledge-based approach. Interaction techniques are more located at a fine­
grained interaction level than the interaction styles, which are more at a coarse-
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grained level, yet a clear relationship between them exists. Another major difference
is that a special emphasis is given to the physical characteristics of input devices and
the pragmatics of their use, which are not covered by SDISelect. An extensible ob­
ject-oriented taxonomy of task concepts and physical actions is also provided.

MIDAS consists of a tool providing designers with methodological assistance to de­
sign user interface models before rushing to code [14]. It does not select interaction
techniques or styles, but foster their exploration by reporting on their advantages and
disadvantages. The techniques range from very basic ones (e.g., information selec­
tion) up to more sophisticated techniques (e.g., gesture commands).

SDISelect is very similar to ADEPT [25] regarding the selection of interaction
styles, except that ADEPT is applying their guidelines to select abstract interaction
techniques for domain objects. In this sense, they more focus on abstract interaction
objects [22] .

NIKL [1] and SCOPE [3] directly work on the selection of any interaction technique
by coding them in a rule-based language. In this language, the interaction techniques
are first selected at a logical level, then matched onto physical ones.

8 Conclusion and Future Work

The first steps conducted with this approach highlighted some shortcomings:

• Providing a strict, categorical value for each parameter is not always straightfor­
ward since some tasks can combine multiple profiles simultaneously or dynami­
cally in time (e.g., being somewhat important at the beginning, but crucial at the
end) .

• The set of production rules is intrinsically incomplete not because some guidelines
have been unfortunately forgotten but because empirical research has not yet in­
vestigated all the conclusions for all possible values.

• But the knowledge base is able to grow up as the experience is increasing: if a
project was successful or unsuccessful in selecting one or many interaction styles,
it would be interesting to capture this experience in the rules component. As the
experience is increasing , the contents of the knowledge base can be refined, it is
expected that the incompleteness may decrease, more conflicts can be clarified ,. ..

• Even for a particular domain, it seems hard to produce a clear taxonomy of inter­
active tasks. Tasks are always reduced to a predefined set of parameters, which is
always a restriction of its definition .

• The matching tables tested on commercially available software showed that con­
clusions sometimes needed to be revisited completely according to an emphasis
placed on the available technology first, on the task after, and on the user finally .
This may be due to the area of concern (e.g., information systems).

The system today evolves to a derivation of interaction styles based on a multi­
valuated fuzzy logic so that the parameters can be represented with multiple weighted
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values (e.g., high structuration for 60% of actions, low structuration for the rest) re­
sulting to conclusions with multiple success scores (e.g., menu selection with appro­
priateness score of 75%, command language with 20%, natural language with 5%).
Though most designers tend to solve this problem manually or according to common
practice or style guides, they are more likely to use the system if

• They can tailor the fuzzy logic rules to their local conventions (e.g. , add a new
production rule, edit an existing rule, change the weight of a rule) .

• They are not forced to key in a lot of parameters (i.e. , the work load of the system
does not exceed the human thinking) .

What they most like is the ability to justify a selection by referring to the relevant
guidelines. The system can also be augmented by a technique minimizing standard
deviation between parameters values provided by designers and values that are con­
tained in production rules . This case occurs when no actual values are matching the
possible values. Though the system displays the possible values for each parameter, it
is rather "passive": a designer is forced to provide all the parameters values before re­
ceiving suggestion for one or many interaction styles. The production rules are al­
ways static and do not evolve with the design's experience and knowledge, unless the
expert system engineer maintains the rules consistently with the design issues, which
can be done manually. An adaptation system that records any deviation and any final
decision with respect to parameters would also be welcomed. .
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