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Abstract

Considering usability-based design and evalua-
tion, many general guidelines and heuristics have
been proposed in the past. Yet there is still a
lack of tailored criteria for the specific case of
knowledge-based systems. In this paper we pro-
pose the Usability Stack for knowledge-based
systems as a new model that summarizes and
classifies usability criteria for that particular con-
text. The model as a whole, as well as the differ-
ent layers in particular, are discussed. We also
shortly describe the results of exemplarily go-
ing through one knowledge system, developed by
our department, according to the model.

1 Introduction
Concerning the usability, knowledge-based systems consti-
tute a particular case compared to general software.

Concerning the case of consultation, knowledge-based
systems often are not used by their potential users on a reg-
ular basis and additionally under considerable strain. This
is confirmed by our experience with systems that are ap-
plied in the medical domain—examples are systems that
support abdomen sonography (SonoConsult, [5]) or dental
consultancy (a tailored dialog, used as a case study in [2]).
Therefore it is essential that knowledge-based consultation
systems are as easily usable and as highly self-descriptive
as possible. That way, users can always resume working
with the system in an easy and effective way—even after
longer or stressful breaks.

Another issue, concerning especially the knowledge ac-
quisition task, is the required high level of expertise con-
cerning both the application domain and knowledge en-
gineering in general. Thus, ideally, knowledge engineers
and domain experts collaborate on setting up a knowledge-
based system; yet, a cooperation of—a minimum of—
two such specialists is often too expensive, for instance
see Puppe [13]. In drastically simplifying the usage of
knowledge-acquisition tools, also non-experts could more
easily support domain specialists in developing knowledge-
based systems.

Thus, enhancing the ease of use of knowledge-based
systems—regarding both the consultation and knowledge-
acqusition use case—could contribute to further extend the
range of potential application contexts, and thus increase
their distribution. Hence the important, still unmatched,
long-term goal is to purposefully enhance their usability.
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Figure 1: Usability Stack for knowledge-based systems

Regarding usability-based design and evaluation, many
usability resources have been proposed to date. Yet, con-
cerning knowledge-based systems, those resources often
either are lacking specific requirements, or on the other
hand partly incorporate insignificant aspects.

In this paper, we propose the Usability Stack for
knowledge-based systems (depicted in Figure 1)—a model
of usability criteria, tailored for knowledge-based systems.
By knowledge-based systems we mean systems that uti-
lize problem-solving knowledge and inference mechanisms
to support the user in decision-making or in finding solu-
tions for a given problem. At that point in time, we aim
at generating a model that is applicable to different classes
of knowledge-based systems with respect to their under-
lying inference method—that is, we made no distinction
between, for example, case-based or rule-based knowledge
systems so far. Whether and to what extent such a dis-
tinction could be additionally useful for our context will be
further investigated in the future.

To create a basic stack-model of usability criteria, we
reconsider well-known usability resources in detail; as far
as necessary, we extend and reassemble usability criteria,
which are characterized in section 2. Based on that, we
build a stack-model that explains their dependencies and
interconnections, described in section 3. Section 4 presents
the results of an exemplarily application of the model to
a knowledge-based system. We conclude the paper with
a short summary of the preliminary results and the future
prospects in section 5.

2 Tailored Usability Criteria
In this section we shortly introduce the examined usability
resources and give reason for their choice. Afterwards, we
present the tailored criteria that we reassembled from the
existing resources, and we also explain their relevance for
the context of knowledge-based systems.



2.1 Resources
The following usability resources have been taken into ac-
count: 10 heuristics of Nielsen [11, Ch. 2], 15 heuris-
tics of Muller et al. [10], 11 heuristics of Constantine &
Lockwood [4, pp. 45 ff.], 15 heuristics of Kamper [7], 10
heuristics of Sarodnick & Brau [14, pp. 140 f.], 8 princi-
ples of Norman [12], 8 principles of Shneiderman [16, pp.
74 f.], 16 principles of Tognazzini [18], 7 principles of DIN
ISO 9241-110 [15], and selected principles from Lidwell’s
“Universal Principles of Design” [9].

Those resources are widely known and applied for us-
ability evaluation, thus constituting today’s state-of-the-art.
In addition, there exist many more guidelines or styleguides
that describe usability criteria in a more detailed manner—
for example, Thissen’s Handbook on Screen Design [17],
or Apple’s Human Interface Guidelines [1]. Such re-
sources, however, are often already much too detailed,
which makes them more difficult to tailor adequately for
our purpose. This is the reason why we chose the more
general heuristics as an initial point for defining our tai-
lored usability criteria.

2.2 The Usability Layers
We now first describe each layer of the stack—i.e. each
usability criterion—separately. Thereby we first name the
key requirement of each criterion, and then summarize its
different aspects in a list. We further give reasons for their
relevance in the context of knowledge-based systems. The
composition of the stack as a whole, and the interconnec-
tions and dependencies of its layers, are further described
in section 3.

System Image
→ Key demand: create a tailored and comprehensible sys-
tem model, according to the system’s real-world context

• apply metaphors, story lines, or visible pictures wher-
ever appropriate

• consider and support users’s actual work- and taskflow

• consistency between user expectations and the system

• sequence, structure, and group tasks in a natu-
ral/logical way

• break down complex tasks into smaller, more intelli-
gible subtasks

• leave simple tasks also simple within the system

We regard the application of an appropriate system im-
age as highly relevant for knowledge-based systems. Due
to the often necessary specific expertise, it is all the more
important to facilitate the general usage of the system.
Here, a tailored metaphor can considerably ease compre-
hending the system and its mode of operation. Yet, its tai-
loring to the real-world context and users is essential as
to ensure that it is correctly understood; thereby, also user
expectations towards the system should be taken into ac-
count. As knowledge-based systems often require complex
procedures according to their application domain, simpli-
fying tasks—in breaking them down into more intelligi-
ble subtasks—can radically ease the system use and thus
enhance its usability. A natural and logical task order-
ing/grouping according to the real-world context should be
provided to further increase the users’ understanding of the
system; this also includes the demand to leave tasks, that
are simple by their nature, also simple within a system.

One notably positive example for a well-implemented
system image is the consultation and documentation sys-
tem for dental findings (used as a case study in Atzmueller
et al. [2]). As Figure 2 shows, the model of a tooth diagno-
sis sheet from the daily dental work context was transferred
into the web interface in adopting the numbering and align-
ment of quadrants (Figure 2, I-IV) and teeth (Figure 2, 11-
48). Regarding users from the dental medical domain, such
a model eases the system’s usage drastically.

Self-Descriptiveness
→ Key demand: ensure transparent actions and meaning-
ful feedback
• make potential actions and options visible and acces-

sible (transparent)
• always provide feedback within reasonable time
• illustrate which actions caused the current system

state, and which actions are suggested next
• messages: clear, unambiguous, and concise; prefer-

ably in plain language
• in the case of errors, clearly communicate the problem

and suggest steps for recovery
• also use visual means for communication/illustration
Regarding the use case of knowledge-based systems as

consultation systems, immediate feedback on the current
system status seems to be especially valuable; communi-
cating also minor, intermediate results (solutions), that oc-
cur during the consultation process, allows the user to bene-
fit at any time from using the system—even in the case of
system errors or quitting the system ahead of time. In the
consultation context it is also helpful to illustrate how the
current state (the currently derived solution) was achieved,
and what actions (questions to answer) are suggested next.
Furthermore, potential actions and options should be visi-
ble and accessible within the system.

An example, where this aspect has been implemented
well, is the d3web.Dialog2 system (Krawczyk [8], shown
in Figure 3). This consultation system, based on a question
and answer metaphor, makes use of the AJAX-technology
to provide immediate feedback in displaying also inter-
mediate results (Figure 3, a) as soon as the user provides
input—also, already answered questions are greyed out in-
stantly (Figure 3, b), thus illustrating, which answers have
led to the currently derived solution(s); furthermore, the
next suggested questions are highlighted through a yellow
background (Figure 3, c), and potentially additional follow-
up questions are presented at once when necessary.

With respect to the data acquisition use case, making all
required actions available should be—as for other kinds
of software, too—a matter of course. Additionally high-
lighting the next suggested actions or input offers a high
potential to ease the system usage and thus enhance over-
all usability. Another key aspect in our context is the
appropriate communication prior to or in the case of ac-
tually occuring errors; its relevance for knowledge-based
systems is discussed in the corresponding section Coping
with Errors afterwards. Finally, we regard visual means an
important requirement to enhance the self-desciptiveness
of a knowledge-based system—visualizations are able to
present even complex correlations (e.g. the structure of
a knowledge base, or navigation support in a consulta-
tion system) in a condensed and illustrative way, which in
turn improves the users’ understanding of the system, and
thereby contributes to an enhanced usability.
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Figure 2: Positive Example for a Tailored System Metaphor, from a Dental Documentation/Consultation System

User Orientation
→ Key demand: implement reasonably constrained user
control in a system that is tailored for its potential users
• provide control through undo & redo, pause & resume
• let users sequence tasks according to their needs
• avoid surprising/awkward system behavior
• deactivate or hide dangerous/critical actions
• constrain critical/complex input
• account for target users’ skills, demands, and habits
• speak the users’ language
Especially with respect to the often complex tasks oc-

curing in our context, we regard the implementation of
constraints, to avoid potential system errors or defective
input, as extremely valuable. Critical or dangerous op-
tions/actions should be deactivated or completely hidden
in the interface. Also pausing and resuming options, as
well as the possibility to carry out tasks in any given order,
enhance the usability of a knowledge-based system.

Again, the dental documentation and consultation sys-
tem provides for a good example of reasonably constrained
user control. Figure 2 shows that input fields for a
tooth are not editable until certain input is provided; this
slight constraint assures reasonable input based on previ-
ous actions—yet, the user controls in what order to provide
the input, once the fields are editable; moreover its the user
who generally decides about the order or number of teeth
to edit, thus having a great deal of control of this system.
The d3web.Dialog2 system (Figure 3), in contrast, provides
user guidance through the dialog to a much greater extent—
in suggesting the appropriate order of questions, and also in
providing follow-up questions straightly dependent on pre-
vious input. Yet, in the end the user remains in control also
of this dialog, as it is also possible to leave the suggested
path and chose a different order of answering the questions.

Apart from a reasonably constrained user control, we
also regard tailoring a system to its potential users as highly
relevant. Characteristically, knowledge-based systems are

applied in quite specific contexts—thus, for example, med-
ical professional terminology is first-choice for medical
staff, whereas this would not be appropriate for biologists.
Also, differing user groups often possess different skills
and preferred taskflows (e.g. physicians vs. nurses). Tai-
loring a knowledge-based system to its potential users thus
can strongly contribute to its understandability, and conse-
quently to its usability and user efficiency.

Interface Design
→ Key demand: design an aesthetical, yet minimalistic
interface

• hide actions and options not straightly needed from
the interface (minimalistic interface)

• clear conveyance and presentation of information,
highlighting of important information

• no multi-page displays

• design- and behavior-based consistency

• consistency with standards/conventions from applica-
tion context

• consider general design guidelines (colors etc.)

• aesthetical, pleasing, ”modern“ design

• provide distinct ”views“, where appropriate

Again due to the often complex application domains and
procedures related with knowledge-based systems, both the
minimalistic and consistent design of an interface are of
high priority. Thereby, the former induces simplicity, as
important information and required functionalities can be
found more easily; the latter, consistency, avoids confusion
on the side of the user, which allows for concentration on
the task at hand and thus also eases the system usage.

Furthermore, software interfaces should in general be
designed in an aesthetic, pleasing way, concerning, for ex-
ample, the adherence to general design-based principles re-
garding the choice of colors, fonts, alignment issues etc.
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Figure 3: Positive Example for Immediate Feedback, Implemented in a System for Car Fault Diagnosis

This may not directly influence usability, yet it can en-
hance the user’s perception of the system; in turn, a sys-
tem that is perceived as pleasing is often assumed to be
more usable than other systems. In this regard, an inter-
face should as well appear somewhat ”up to date“; such
interfaces are more likely presumed to be well maintained
and tailored for today’s hardware. Thus they consolidate
the user’s confidence towards the system. Concerning the
context of knowledge-based systems, we regard the aes-
thetical aspect also as relevant as it can—not solely but
additionally—enhance the user’s experience of the system.

Knowledge-based systems often address users from sev-
eral considerably distinct user-groups—in the case, that
those can be clearly specified, we regard the provision of
tailored views of the system as highly valuable. Such a
view, however, should not only refer to the outer appear-
ance, as e.g. color scheme or alignment. Rather the system
as a whole should be affected, thereby considering the spe-
cific skills of each user-group. This includes, for example,
structuring tasks differently or providing for other kinds of
functionalities (e.g. wizard-guided vs. self-guided inter-
faces).

Coping with Errors
→ Key demand: anticipate and prevent errors whenever
possible, in the case of errors provide help for recovery
• apply appropriate error prevention measures
• hide or deactivate potentially critical/dangerous op-

tions and actions
• provide undo & redo for leaving critical states
• concise, comprehensible, informative error messages
• suggest steps for recovery
• handle error internally until problem can be resolved

• prevent data loss
Regarding knowledge-based systems, this aspect also

is highly relevant. Those systems generally require a lot
of data input, independent of whether they are applied
for data acquisition (e.g. setting up the knowledge base)
or for consulting (e.g. gathering information to derive
solutions)—thus a sudden data loss due to system errors
is extremely painful for the users. That case should be pre-
vented through adequate and anticipatory communication
(warnings, suggestions of alternative actions or options)
and constraints (hiding and deactivation of critical actions
and options). Additionally, errors should be prevented
through undo & redo facilities, default value presentation,
auto-completion, or the intelligent suggestion or highlight-
ing of appropriate next actions. Moreover, also consistency
tests should be implemented both on a global and a local
basis; examples are limiting the presented questions in a
consultation system to the reasonable follow-up questions
(global), and verifying critical input to the reasonably pro-
cessable options (local). If specific critical system states
are completely unavoidable, at least tailored, comprehen-
sible error messages should be provided; thereby not only
the type and context oft the error should be explained, but
adequate steps for recovery should be suggested. At any
rate, errors should be handled internally without resulting
in data loss, or an awkward or surprising system behavior,
thus maintaining a stable-running system.

Help & Doc
→ Key demand: provide easily accessible and tailored
help and documentation
• easily accessible at any time and system state
• only as large and detailed as necessary
• searchable index for easier information retrieval



• tailor help & doc to actual system purpose, thus refer
to and support actual tasks

• where appropriate, provide tutorials, step-by-step in-
structions, examples, or reference of the system

It is often stated, that help and documentation are not
so important as most people never use them anyway—
nevertheless we regard that criterion as a relevant, addi-
tional means for improving overall usability in the con-
text of knowledge-based systems. Considering the of-
ten tedious tasks and procedures—which cannot always
be simplified—an accessible and supportive help- and doc
system can be of great value, especially for novice users.
Thereby an introductory listing and explanation of best
practices or standard tasks regarding the system use can
help such users get started. Also a searchable, indexed
reference system that covers potential actions and options,
specific forms of data input, or that explains more complex
parts of the interface can add value to the system. We gen-
erally agree, that a system should best be usable without
any help at all, yet we consider the specific context as often
far too complex to actually completely fulfil this demand;
thus, a tailored help & doc system can improve the user’s
system experience—as it ideally enables the user to solve
tasks and even problems on his own—and with that the per-
ceived usability.

3 Composing the Usability Stack
In the previous section 2 we described the different compo-
nents of the Usability Stack. Now we clarify its composi-
tion and explain the interconnections and dependencies of
the layers. Figure 1 depicts the stack of usability criteria.
We begin by explaining the four layers on the lefthand side:

• System Image

• Self-Descriptiveness

• User Orientation

• Interface Design

Layer 1—System Image
We chose System Image as the basis of the model because
it strongly influences all the other criteria that build upon
it; also, it is interdependent with the two additional criteria,
depicted as the vertical layers, which will be illustrated in
more detail in the subsequent sections. Basically, we not
only belief that a tailored model or metaphor can greatly
enhance a system’s usability, but also, when inappropri-
ately chosen (for the given context or target user group),
can turn a system nearly worthless. Moreover we consider
the real-world context of a system—as taken into account
also within the first layer—an essential basis for the fol-
lowing criteria. Thus we regard the development of an ad-
equate system image as the most important, foundational
task when striving for a usable knowledge-based system.

Layer 2—Self-Descriptiveness
An appropriate system image then already contributes
greatly to Self-Descriptiveness; the former enables users to
better predict the system’s behaviour, which in turn largely
meets the request, that a system should guide users by its
design and ability to clearly convey necessary informa-
tion. The chosen system model or metaphor also influ-
ences the appropriate affordances and hints that are to be
provided—as useful hints for one context are likely to be

worthless for another context; likewise also necessary ac-
tions and options vary depending on the application con-
text or the appropriate task structure. So in summary, self-
descriptiveness directly depends on the realization of the
system image, which is why we regard it as the second most
important criterion for knowledge-based systems and thus
as the logical second layer of our model.

Layer 3—User Orientation
User Orientation forms the subsequent third layer within
our model. Tailoring a system for its intended target users is
highly dependent on the real-world context (as considered
within the first layer) that already defines the target users
and their specific wants and skills. Also developing and
implementing reasonably constricted user control depends
on the previous layers. On the one hand, the chosen system
image (first layer) often dictates which parts of a system
should be controlled by the users and to what extent; on the
other hand, this criterion also builds on the findings, which
actions and options should be visible at what system state
(outcome of the second layer), as only actions/options that
are actually visible can be discussed to be constrained or
fully controllable at all.

Layer 4—Interface Design
As the three previous layers all influence the final form of
the interface, the Interface Design layer is stacked on top
of the others. First, the chosen system image (first layer)
often specifies quite detailed what an appropriate interface
looks like as a whole; this is also dependent on the group-
ing and structuring of tasks. Influencing findings from the
second layer are the necessay dialogs and messages re-
quired, necessary progress indicators, or the potential need
for providing visual forms of navigation support, system
overviews, or other kinds of information visualizations. Fi-
nally, the analysis of target user groups and their specific
wants and needs from the third layer can also affect the
interface design: in prescribing, which actions and options
should be deactivated for constraining reasons, or if distinct
user groups require specific views of the system.

Examining Figure 1 again, however, the Interface
Design layer builds not only on the lefthand side stacked
layers, but also on the vertical layer Coping with Errors.
This is because we regard it important to first have set
up a stable system before thinking about how to present
that system to the user. In our opinion, it has first—in
the context of the criterion Coping with Errors—to be
decided, which actions to take to assure the best possible
error handling. Based on decisions, as where to display
which kind of confirmation or warning/error messages,
where to present default values, or where to even hide
parts of the interface, an appropriate interface design with
tailored dialogs can be created.

In addition to the four layers on the lefthand side, the
stack also consists of two criteria that do not built on just
exactly one of the other critera but are interrelated with sev-
eral ones:

• Coping with Errors

• Help and Doc

In the overview in Figure1, those two criteria are depicted
as vertical layers, interconnected with several other layers
of the stack. In the following, they are described in more
detail.



Layer 5—Coping with Errors
To begin with Coping with Errors, we already pointed out
above why this layer constitutes an additional foundation
for the fourth stacked layer, interface design. Thus it re-
mains to explain in what ways Coping with Errors is de-
pendent or interconnected with the three remaining layers
on the left. To begin with the first layer, it is coupled with
the fifth criterion as the system model should be designed in
a way that it is easily comprehensible by the users and thus
reduces potential errors; this also includes the way, how
tasks should be broken down (if necessary) and structured.
Next, there exists a connection to the second stacked layer,
as an important aspect of usable systems is to clearly com-
municate occuring problems and suggest solutions in the
case of errors. Also the demand for suggesting/highlighting
the next appropriate actions relates to Coping with Errors,
as the appropriate implementation also can contribute to
error prevention. The third stacked layer finally relates to
Coping with Errors with respect to the decisions which ac-
tions to constrain and to what extent, to prevent severe sys-
tem errors.

Layer 6—Help & Doc
Help and Documentation finally is a criterion, that in
one way or another is related to all of the previously
described criteria; thus it is depicted as a vertical layer
connected with all other layers on the left. To begin with
the system model, yet also the user interface, those should
be introduced and explained in some form of documen-
tation; thereby the system’s general mode of operation
(defined by the system image, first layer) as well as how
to conduct specific tasks by pointing out which parts of
the interface make available the necessary actions and
options (defined by the final interface design, fourth layer)
should be explained. Also, easily accessible help—say, in
form of a context sensitive help system, or automatically
suggesting appropriate actions or problem solutions—can
enhance the self-descriptiveness of a system. With regards
to the third stacked layer, user orientation, as well as to the
criterion coping with errors, a help system documenting
existing constraints within the system is valuable in case
a user starts wondering why certain actions or options are
not always available. Also, help & documentation ideally
enable users to solve tasks or even errors on their own,
thereby providing them a great sense of mastery of the
system.

The final layer, Usable Knowledge-Based Systems,
building on all the other ones, finally depicts the belief that
usable knowledge-based systems can be the outcome of
designing—or evaluating and adapting—systems accord-
ing the Usability Stack.

4 Applying the Usability Stack to the
Semantic Wiki KnowWE

This section presents the results of exemplarily applying
the stack-model to one of the knowledge-based systems
recently developed by the Department of Artificial Intel-
ligence and Applied Informatics, University of Würzburg.
For this purpose we chose KnowWE, a wiki-based system
for collaborative knowledge engineering and knowledge-
based consultation (Baumeister et al. [3]). Figure 5
shows the car diagnosis knowledge-base—supporting users
in detecting car-related malfunctions—as represented in
KnowWE.

4.1 System Image
The system image, provided by KnowWE, is the standard
wiki model. Wiki systems are widely spread today and
thus their general mode of operation should be known to
most people using a computer regularly. This eases get-
ting started with KnowWE at least concerning the standard
tasks for potential users of the system, as such tasks—for
example, creating a wiki-page—basically conform to the
standard wiki way. The use of the built-in consultation fea-
tures as, for example, the embedded dialog or the inplace-
answer lists, are quite intuitive: in the case of the dialog,
the user selects the appropriate answers by just clicking on
them (Figure 6, a), and in the case of the question sheet, a
click on the question category opens a small pop-up con-
taining the answer possibilities (Figure 6, b)—which again
can be selected by a click. Once a user starts answering
the questions, solutions are derived after each input and
displayed in the solutions panel (Figure 5, b). Yet to take
advantage of KnowWE’s data acquisition features, the par-
ticular knowledge markup has to be learned additionally.
As KnowWE aims at supporting different forms of knowl-
edge, the markup language has already grown quite com-
plex, and thus probably poses some problems for novice
users, or such users that cannot use the system regularly.
Some experiments with KnowWE demonstrated that the
knowledge-markup, although it is quite easily learnable,
still leaves room for potential mistakes.

4.2 Self-Descriptiveness
The second criterion, self-descriptiveness, could so far
achieved in parts. First, mostly appropriate feedback con-
cerning the system status is communicated. When using
KnowWE for knowledge acquisition—entering and modi-
fying knowledge in a wiki article (Figure 5, a)—the results
are immediately visible either when the article is saved or
via a preview-feature (Figure 5, d). Concerning the use
of KnowWE as consultation system, the recently derived
solutions (Figure 5, b) are displayed and updated immedi-
ately, according to the latest user input; thus, also interme-
diate results are accessible. Yet, self-descriptiveness of the
system as a whole has to be further improved—basically,
the offered feedback is adequate for users that know how
to achieve certain goals. Regarding novice users, though,
more feedback to get them started—for example, suggest-
ing first actions, or better highlighting the general tasks
that can be accomplished—should be provided. Concern-
ing potential errors, in some critical cases warnings are
provided—one example is, that a user has to confirm a
warning before saving an article, if that page is at the same
time being edited by another user. Additional future im-
provements of self-descriptiveness could be achieved by vi-
sualizing the navigation or an overview of the system and
its linkages to further enhance the understandability of the
system as a whole and thus its usability.

4.3 User Orientation
User orientation is a two-sided issue within KnowWE.
On the one hand, the chosen model of a wiki provides
for a reasonable user control—the user can decide in per-
son whether to use existing knowledge by just browsing
through the pages (consultation), or when and to what ex-
tent to enter or modify knowledge (knowledge acquisition).
Those two main tasks can also be cancelled at any time
(”emergency exits“). To improve this criterion even more,
pause and resume actions regarding the data acquisition



Figure 4: BIOLOG Wiki (a Collaboration System for Researchers on Biological Diversity)—Based on KnowWE

task should be considered; this would enable a user not
only to completely cancel data entry, but also to resume
it from exactly the point he left before and thus not hav-
ing to start from the beginning. Undo and redo options
are currently realized through a version control mechanism
that enables users to restore a previous version of the entire
page. Using undo while editing a page, though, is not yet
implemented so the user has to remember his last edits to
be able to undo them manually; once having left the editing
mode of a page, undoing the last edits is also not yet pos-
sible; still such undo features would be preferable to ease
retracting minor mistakes.

The second main aspect of user orientation, however—
tailoring the system to particular user groups—is not yet
implemented in the basic KnowWE system. The system
has so far been designed on a more general level with the
goal to be applicable in several contexts and for differ-
ent user groups. With certain effort, however, it is pos-
sible to achieve tailoring to some extent, as the example
of the BIOLOG-wiki (see Figure 4)—that is built based on
KnowWE—shows. Yet, some tailoring options—for exam-
ple several kinds of consultation dialogs, or different editor
styles—should be included in the basic system as well to
enhance user orientation already there, and further ease fu-
ture tailoring to distinct user groups.

4.4 Interface Design
Interface Design is one aspect of KnowWE that defi-
nitely has more attention to be paid to in the future. Al-
though a quite consistent color scheme and appropriate
fonts have been applied, the overall aesthetical presenta-
tion of KnowWE still needs improvement. Moreover, some
parts of the interface should be enhanced with regards to a
minimalistic design. The upper right part of the wiki is
such an example—in the case that the history of already
visited wiki sites contains various objects, the popup of the
search-input field partly overlaps the site history and thus
contributes to a quite cluttered impression of this part of
the interface (Figure 5, c). Another example is the pre-
sentation of the actions and options while editing a wiki

page; here, the user is offered the whole palette of edit-
ing options and additional features all at once and in too
many different ways (buttons, checkboxes, tabbed panes).
Another issue with the design of KnowWE is consistency.
First, sometimes actions and options are not yet displayed
in a consistent way. As Figure 6 depicts, the answer pop-
up for question fitness contains an answer-unknown op-
tion (represented by -?-)—within the dialog, this option is
not given, though. Moreover, as KnowWE is a browser-
based application, its appearance could slightly differ from
one operating system to anothe, as as well within differ-
ent browsers. This has to be taken special care of in the
future, when further refining the interface. Implemented
quite well already, however, is the highlighting of important
information—recently derived solutions—in KnowWE by
displaying them in a distinct labeled box underneath the
navigation menu (Figure 5, c).

4.5 Coping with errors
KnowWE in parts already provides for an anticipation of
errors in presenting warnings in the case of critical actions.
As already mentioned, if a user tries to save a page that is
being edited by a second user at the same time, a warning is
displayed to avoid the potentially occuring problems (data
loss for the other user, or system problems due to saving
the same page at the same time). Yet the user still remains
in control—that is, if the user wants to, page saving can
be continued after confirming the warning. For improving
data safety in general, some kind of sophisticated automatic
saving mechanism that takes into account the recent edits
of both users could be considered. Another aspect imple-
mented regarding error prevention is an auto-completion
mechanism when entering knowledge into the wiki. In the
case that, regardless of the auto-completion suggestions,
some input has been entered inaccurately, an automatic dis-
play of suggestions for the correct input format, or at least
an informing message, could be additionally valuable. If an
error occurs, at least there exists the possibility of restoring
the latest, successfully stored version of the page via the
provided version control.
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Figure 6: Consultation Features of KnowWE



4.6 Help and Documentation
KnowWE already provides some exemplary documenta-
tion; there exists an introductory page that explains how to
use the specific kinds of knowledge markup with the help
of actual examples. Yet, this existing documentation should
be further extended. Potential examples are step-by-step
listings of default tasks or of an introductory tutorial, to get
the users started initially, or a searchable index of help and
documentation topics that also contains links to the actual
support sites.

5 Conclusion
In this paper we discussed the need for a more tailored set
of usability criteria regarding the design and evaluation of
knowledge-based systems. We proposed a novel model—
the Usability Stack for knowledge-based systems—for
summarizing and classifying usability criteria that are rele-
vant in the context of knowledge-based systems.

Some preliminary results concerning the usability eval-
uation of knowledge-based systems could be gained from
analyzing several distinct systems according to a set of us-
ability criteria extracted from known, usability-related lit-
erature (described in [6]). This mainly showed the need
of creating a new model of tailored usability criteria for
knowledge-based systems. Based on those experiences,
we reassembled relevant criteria and worked out the model
of the Usability Stack. Applying the Usability Stack to a
recently developed knowledge-system, KnowWE, showed
the general applicability of the model. Yet it also revealed
the need to refine and distinguish aspects of the model with
respect to the two main differing use cases of knowledge-
based systems, knowledge engineering and consultation.
Concerning the particular inspected system, KnowWE, it
turned out that some aspects of the usability criteria have
been implemented intuitively in the past. Yet, many other
aspects that still offer room for improvement could be iden-
tified. Thus future work will include the improvement of
the KnowWE system by means of the insights gained from
this first examination. Thereby, all of the developed criteria
will have to be reconsidered; yet special emphasis will be
put on self-descriptiveness, user orientation, and interface
design, as those have the most deficiencies so far.

Mainly, however, the model will be applied for the eval-
uation and redesign of other knowledge-based systems;
through an ongoing process of applying and refining the
model—thereby working out characteristics of the two
main use cases knowledge engineering and consultation—
we hope to further improve the model, resulting in a de-
tailed catalog of usability criteria and a related process
model of their application. Also we hope to gain insights,
whether the model should rather be kept generally aplica-
ble for different classes of knowledge-based systems with
respect to the underlying inference methods, or whether a
distinction should be made for those cases.

Finally, we also intent to develop and offer some tool to
support and ease the application of the stack-model. Such
a tool should provide the elaborated criteria in an easy-to-
adapt and easy-to-reuse electronic version—for example,
in the form of an electronic checklist. Further it would be
interesting to provide such a tool with the ability to pre-
liminarily assess and evaluate a knowledge-based system’s
level of usability, and provide hints to system developers as
to which parts of the system require the most refinements
with regards to an overall usability enhancement.
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