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1 Introduction

The Department of Artificial Intelligence and Applied Informatics has been developing knowledge-
based consultation systems for several years—for a history on the development of the D3 shell-kit
until 1996 see Puppe [12], appendix B; since then, the d3web system family (Baumeister [2]) has
succeeded D3, consisting of separate components for knowledge engineering and knowledge uti-
lization. Concerning the latter system category, several web-based systems for knowledge-based
consultation (dialogs or dialog systems) have been developed until today. Our usability assess-
ment has been focussed exclusively on dialog systems as they are the ’products’ actually applied
by end-users and thus require an especially high degree of usability. Despite operating quite well
and having been applied in various contexts, the consultation systems still lack usability on many
points. The interface design of some of the systems, for example, still provides room for improve-
ment; other exemplary issues are the systems’ consistency—concerning functional consistency and
presentational consistency as well—, the lack of help and documentation features in most of the
systems, or missing ’safety’ mechanisms that support the users in the case of errors.

Our consultation systems are most often applied by domain experts that are at the same time
not familiar with knowledge-based dialog systems from the beginning. That makes usability en-
hancement one of the most important goals concerning the upcoming redesign and redevelopment
of the consultation system concept. Thereby, we considered the analysis of the existing systems a
promising way as it enables us to learn usability issues straight from concrete examples (i.e. which
issues have been solved adequately so far and which are the issues requiring the most attention in
the future). For the present only consultation systems developed directly by our department have
been assessed—one reason is, that those systems are readily available to us; as more, we did not
want to criticize other people’s systems while developing a basis for our future implementations.

The rest of this chapter describes the systems that were evaluated (section 1.1) as well as the
applied usability evaluation method (section 1.2) and the associated usability criteria (section 1.3).
Section 2 then depicts the results of the evaluation on the basis of representative examples. Finally,
section 3 provides an aggregate overview of the insights resulting from the analysis.

1.1 The Systems

First, the analyzed consultation systems are introduced; they are all web-based dialog interfaces
for know-ledge-based consultation, yet each one is slightly adapted and modified depending on its
context and subject area of use. The common goal of the systems is to support users in decision-
making concerning a given problem in a defined application domain. To give an impression of the
systems, each one is explained by means of a representative screenshot and a summary of its usage,
the targeted application domain and the underlying knowledge-base.
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Figure 1: d3web.Dialog

1. d3web.Dialog
The d3web.Dialog is our standard consultation dialog, that can be applied in different

contexts, as, for example, medical diagnosis or plant classification—the latter is depicted
in Figure 1. The dialog interface consists of three main parts: a navigation pane on the
left (Figure 1, a), the questionnaire section (Figure 1, b) and a separate panel to the right
for displaying derived solutions (Figure 1, c). Characteristically of the d3web.Dialog is the
background coloring of the questions that follows a certain color scheme that indicates their
processing status (gray—question already answered, yellow—next suggested question, green—
still open question), and thus suggests the most reasonable workflow.

The system basically implements a questionnaire metaphor; thus the user has to answer ques-
tions presented by the system in the questionnaire section in order to initiate the calculation
of potential solutions. Such a calculation takes place either when the user has completed
a questionnaire and clicks on the weiter (next) button (Figure 1, d), or when the OK but-
ton next to each question (Figure 1, e) is pushed. The latter can be done even when the
questionnaire has been answered only in parts so far. Furthermore, there exists a button
for automatically answering all questions of a questionnaire with option unknown (Figure 1,
f). As long as the user still works with the system, the results are displayed in the solution
panel; after having processed all questions, the system presents a separate summary of the
results in the former questionnaire section of the interface. This page can also be reached by
clicking the Ergebnis (result)-button (Figure 1, g) at any time.

Even though the dialog leads the user through a reasonable question sequence, it is also pos-
sible to deviate from that given path: on the one hand, questionnaires—most often consisting

2



Figure 2: UCCS System

of several questions as shown in Figure 1)—can be answered in any desired order; on the
other hand, it is also possible to use the navigation panel, more precisely the Frageklassen
(question categories) tab, to switch to other questionnaires and answer some questions there.

2. UCCS System
The UCCS system mainly integrates the standard d3web.Dialog, yet extends it on some

points. Like the d3web.Dialog it can be used in different application domains, (for example,
mobile phone- , or tavern consultation). Figure 2 depicts the system when used for tavern
consultation (i.e. recommending the user which tavern to visit depending on various criteria).

Concerning the general workflow there exists a slight difference between the UCCS system and
the d3web.Dialog: when starting the UCCS system, a separate navigation window (Figure
2, a) is opened and the user is provided with two choices: consultation concerning a chosen
criterion from the tab Auswahlkriterien (criteria), or clarifying a specific solution chosen
from the tab Kneipen (taverns). Once the user has made his choice, the main dialog window
is opened. In the consultation case, this dialog resembles the d3web.Dialog window, also
consisting of the three interface parts navigation, questionnaire section and solution panel
(Figure 2, b); also the same kind of question status indication through background coloring
is implemented, and the general workflow of answering questions and deriving solutions is
retained. In the clarifying case, a specific clarifying dialog is opened (Figure 2, c); this dialog
is intended to support users in inspecting exclusively one chosen solution and presents all
relevant questions and answer options at the same time as shown in the figure. When the
user selects the answer options according to his preferences the system calculates and displays
the status of the current solution (that is, whether the inspected solution can be established
based on the user’s preferences) at the top of the page (Figure 2, d).
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Figure 3: Legal Consultation Dialog

3. Legal Consultation
Also basically similar to the d3web.Dialog, the legal consultation dialog is designed specifi-

cally for the legal domain concerning subject-matters as, for example, inheritance or tenancy
law. Figure 3 shows the system in action with a knowledge base concerning tenancy law
consultation.

The legal consultation also implements the questionnaire metaphor, and the interface again
consists of the three parts navigation (Figure 3, a), questionnaire section (Figure 3, b) and
solution panel (Figure 3, c). The general workflow for using this dialog is similar to the
d3web.Dialog, that is, the user answers the questions as provided by the dialog in a reasonable
order for deriving solutions. In contrast to most of the other systems, it is not possible to
deviate from this prescribed question sequence.

The legal consultation additionaly differs from the standard d3web.Dialog in the presentation
of the questions. First, there exists no background coloring of the questions in the questionaire
section for indicating their status—nevertheless, status indication was retained within the
navigation panel (cf. Figure 3, a). There, the currently selected question is presented in a
red frame, the questions that are to be answered afterwards are background-colored green,
and the questions already processed are displayed with a gray background. As a further
difference only one question is presented per questionnaire page, whereas in most other
similar dialogs questionnaires consist of several questions. In exchange the legal consultation
presents additional information right underneath the question (Figure 3, d) intended to clarify
the question, its context, or the answer options.
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Figure 4: Dental Consultation

4. Dental Consultation
The dental consultation dialog—used as a case study in Atzmüller et al. [1]—is a system

tailored for the dental medical consultation domain. This dialog provides the possibility to
enter medical data concerning the properties of teeth and, based on these entries, recommends
a diagnosis for each tooth (e.g. extract the tooth or the like).

In this case, not the standard questionnaire metaphor is implemented, but the model of a
tooth diagnosis sheet from the professional dental work context is transferred into the web-
interface. As shown in Figure 4, the dialog is subdivided into 4 quadrants (I–IV) similar to
the dental model and subdivision of the mouth and a results section at the bottom of the
dialog. Each column above and underneath the numbered rows in the middle of the interface
represents the input fields for one tooth (e.g. Figure 4, a, shows the entry fields for tooth
# 27); order and numbering of the columns (Figure 4, b) are borrowed from the applied
numbering model dental medical professionals are used to due to their daily work.

The workflow of this dialog is as follows: first, the user has to click on the field in the first
row of any desired tooth and set its state, that is, whether the tooth is existing or not. In the
former case, further input fields of the column become editable (Figure 4, c) and, depending
on the provided answers, the remaining column fields can be edited bit by bit. When a
tooth is specified to be not existing, or the status has not been set yet (Figure 4, d), the
column remains non-editable. Based on the user input the system calculates and displays the
current solution states in the results section at the bottom (Figure 4, e). There, the dialog
also provides the possibility to enter the solution states according to the user’s rating in the
row tatsächliches Ergebnis (actual result). Thereby the results of the system and the user
can be directly compared—if they vary, this might indicate that either the calculation of the
system contains some flaws, or the user has made a mistake himself.
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Figure 5: Folding Dialog

5. Folding Dialog
The folding dialog is another system that does not implement the questionnaire metaphor

of the d3web.Dialog system; it is based on a decision tree metaphor where the user navigates
through a hierarchy of statements, always following the statement that best matches his
context until a solution (a leaf / dead end within the decision tree) is reached. The hierarchy
is navigated in clicking on the folder icons; the closed folder icon implies that there exist
additional items hierarchically underneath the current one and can be revealed by clicking
on the folder.

Figure 5 presents the system when used with a knowledge base from the statistical domain,
supporting the user in finding the appropriately applicable statistical calculation method for
given contexts. As the figure shows, the first step of the user is to decide, which of the
refining statements—here, whether quantitative or categorical data (Figure 12, a) should be
compared—matches his context best. A click on the matching item presents appropriate
follow-up refining statements (Figure 12, b). This process is repeated until the user reaches
a solution (for example, Figure 12, c).

One characteristic of this dialog is the complete user control while descending through the
hierarchy of items; thus it is always possible to leave a chosen path and try any other one.
Thereby it is also up to the user whether he wants to close previously chosen paths (by clicking
on open folder pictograms which results in dissolving the sub-tree underneath the clicked
item) or whether he wants the dialog to display several derivation paths simultaneously.

Where required, the system also provides additional information concerning the statements
or solutions—these can be accessed by clicking on the icons depicted in Figure 5 d. More-
over, where appropriate the dialog also provides links to external information sources as, for
example, Wikipedia concerning the solutions (i.e. the statistical methods in this case).
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Figure 6: d3web.Dialog2

6. d3web.Dialog2
The d3web.Dialog2 system is the successor of the d3web.Dialog system (Krawczyk [7]).

Thus, the questionnaire metaphor of the d3web.Dialog has been retained for this dialog.
Basic design aspects, as e.g. the separation of the interface into the three parts navigation,
questionnaire section and solution section, as well as the background coloring scheme, have
been inherited from the antecessor system, too—yet the overall arrangement of the interface
has been improved. Also the general workflow of answering questions presented by the system
has been adopted. Figure 6 shows the d3web.Dialog2 when used with a knowledge base for
plant classification.

The probably most important difference to previous systems is the implementation of AJAX
technologies to provide more immediate feedback. In contrast to the standard dialog the
current solutions are calculated and displayed immediately when the user answers a question
without requiring the user to hit the OK button next to the questions. Yet, the option to
answer all questions with the unknown option by clicking on a certain button (Figure 6,
a), as well as the possibility to evoke a preliminary results page (Figure 6, b) have been
inherited from the predecessor system. Also the possibility to deviate from the provided
question sequence and jump to other questionnaires, or to answer the questions within a
questionnaire in any desired order, has been implemented here again.
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Figure 7: KnowWE

7. KnowWE
KnowWE is a wiki-based system for collaborative knowledge engineering and knowledge-

based consultation (Baumeister et al. [4]). That means, users can—according to the basic
wiki concept—add knowledge quite easily to the system using a specific knowledge markup;
yet, existing knowledge can additionally be used to derive solutions through specific built-in
wiki features. As we are focussing our usability assessment on knowledge-based consultation
systems in this paper, the knowledge engineering components and the knowledge engineering
process will not be described any further; an introduction to knowledge acquisition with the
KnowWE system can be found in Baumeister & Puppe [3].

The wiki interface as well as the specific components that enable knowledge-based consul-
tation are shown in Figure 7; the underlying knowledge-base concerns leisure time activity
consultation. Basically, the left panel consists of navigation links and—in this case—of a box
displaying the currently derived solutions (Figure 7, a). This box, however, is generated by
using a specific wiki markup tag and thus can be placed anywhere else within a wiki page,
too. The better part of the interface, though, displays the actual wiki page, which, in gen-
eral, contains information concerning one specific solution at a time. Within the wiki, there
exist several ways of deriving solutions: the embedded dialog (Figure 7, b), inline answering
(Figure 7, c), and the question sheet (Figure 7, d). Moreover, the user can also initiate an
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external consultation dialog by clicking on a specific icon (Figure 7, e). In the case of the
embedded dialog, the user can select the appropriate answer options by simply clicking on
them. Concerning the question sheet and the inline text-based answering, the system presents
pop-up windows containing the answer options that can be selected by mouseclick. Once the
user makes a choice either within the dialog or via the question sheet or inline answering, the
solution-states are re-calculated and displayed in the solution box. The generated external
dialog is an instance of the d3web.Dialog2 system, thus the workflow for deriving solutions
there is exactly as described above in the corresponding section about the d3web.Dialog2.

1.2 Method

Usability has been a growing topic of interest for the last years, thus many guidelines for usability-
based design and evaluation exist. A heuristic evaluation was applied to gain an overview of
the current usability state of the systems. Thereby the following different sets of heuristics were
reviewed as to gain an impression of the commonalities and differences of those sets:

• 10 heuristics, Nielsen [10, p. 30]

• 15 heuristics for participatory heuristic evaluation, Muller et al. [9]

• 11 heuristics, Constantine & Lockwood [5, pp. 45 ff.]

• 15 heuristics, Kamper [6]

• 10 heuristics of Sarodnick & Brau [13, pp. 140 f.]

• 8 design principles as described by Norman [11] in ’The design of everyday things’

• 8 principles of Shneiderman [15, pp. 74 f.]

• 16 interaction design principles of Tognazzini [16]

• 7 Design Principles of DIN EN ISO 9241-110 [14]

• Selected Design Principles from the book ’Universal Principles of Design’ of Lidwell et al. [8]

Afterwards, the most relevant criteria—for our specific context—were extracted from the derived
sets; based on these criteria (described in the following section 1.3) a heuristic evaluation of the
systems was performed. This was the preferred evaluation method at that time, as the basic
usability state of existing systems should be assessed as ’cheap’ as possible (in terms of time, effort
and cost) to serve as a basis for the upcoming redesign / redevelopment of the consultation software
concept.

1.3 Usability Criteria

This section describes the usability criteria that we found essential for our application context. For
each criterion the references of its original appearance (author and number of heuristic(s) within
that original set) and an explanation of its basic meaning and included aspects are provided. Some
additional criteria existing within the reviewed sets of heuristics were not included intentionally as
we did not regard them as key criteria for our context.
It has to be noted that the diverse sets of heuristics often contained similar criteria that were
termed differently or consisted of slightly varying aspects. We tried to select the most general term
for each criterion and grouped all related aspects occuring within the different, reviewed heuristics
into those resulting categories.
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1. Capability of Self-Description

Constantine [5] (No. 9), ISO9241-110 [14] (No. 2), Kamper [6] (No. 4, 7, 8, 10), Lid-

well [8] (’Visibility’), Muller [9] (No. 1, 5), Nielsen [10] (No. 1, 2), Norman [11] (No. 3, 5),

Sarodnick [13] (No. 3), Shneiderman [15] (No. 3, 4), Tognazzini [16] (No. 2)

This criterion—often also termed system status or feedback—basically implies, that the
current system status should be clearly communicated to the user within reasonable time.
That is, the user should be made aware of his recent actions, all further possible actions
at the current state, and the results that have been achieved so far. Whenever the system
provides messages for the user—e.g. in case of errors, warnings, or advice—it is crucial to
use the user’s language, not system-specific or cryptical terms. Concerning lenghty actions
or complex tasks, it might be advisable to provide progress indicators.

2. Adequate System Model

Constantine [5] (No. 1, 6), ISO9241-110 [14] (No. 7), Kamper [6] (No. 6), Lidwell [8] (’Mental

Model’), Muller [9] (No. 5), Nielsen [10] (No. 2), Norman [11] (No. 1), Sarodnick [13] (No.

11), Shneiderman [15] (No. 4), Tognazzini [16] (No. 9, 12)

Any software should be based on an easily understandable system model to enable the user to
pre-estimate the system’s general mode of operation and the results of his actions and input.
This also addresses the aspect, that tasks and actions should be ordered and/or grouped
in a natural and logical way (in terms of the system model or the user’s expectations).
Thus the user should be guided by the design of the interface and ideally be able to use
the system without (extensive) instructions. System models can be represented through
adequate metaphors from the users’ real life or work context—yet where appropriate also
completely novel representations can be useful as long as they are easily explicable to and
understandable by the user.

3. Minimalistic and Aesthetic Interface Design

Constantine [5] (No. 8), Kamper [6] (No. 16), Lidwell [8] (’Aesthetic-Usability Effect’),

Muller [9] (No. 8, 13), Nielsen [10] (No. 8), Sarodnick [13] (No. 10), Tognazzini [16] (No. 13,

14)

One aspect of this criterion—minimalistic design—implies that an interface should always
contain only the relevant information at the current system state and for the task at hand.
That further means, redundancy should be avoided wherever possible and an interface should
not appear to be cluttered. Another aspect is the aesthetical design of an interface. Even
though aesthetically designed interfaces aren’t literally more usable, the design in fact can
influence the user’s perception of the interface and thus its handling and judgement. Further-
more it is important to highlight the relevant information within an interface, depending on
the current system state and context. Thus, important results, messages, or actions should
be clearly distinguishable from the rest of the interface. Finally, the choice of colors and
fonts/font-sizes should in general provide for a good readability and distinguishability of the
presented information.

4. User Control

ISO9241-110 [14] (No. 3), Kamper [6] (No. 15), Muller [9] (No. 2, 3), Nielsen [10] (No. 3),

Sarodnick [13] (No. 4), Shneiderman [15] (No. 6, 7), Tognazzini [16] (No. 2, 7, 15)

Basically, users should always feel in control of the system, thus surprising system behaviour
should be prevented. The user should decide which task(s) to carry out in which order to
achieve his goal(s). Also the system should provide the possibility to pause or to cancel the
task at hand. This also implies that the user never gets stuck within the interface (e.g. by
modal dialogs or wizards) but always has the option to leave that state—if this implies data
loss to some extent, the user should be informed about that fact, but still retain control. To
further encourage the user to explore possible actions, undo and redo functionalities should
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be provided. In some situations, though, it might add value to hide specific options (see also
criterion 5).

5. Reasonable Constraints

Lidwell [8] (’Constraint’), Muller [9] (No. 7), Nielsen [10] (No. 6), Norman [11] (No. 5, 7),

Sarodnick [13] (No. 3), Tognazzini [16] (No. 2)

This criterion implies that wherever necessary the system should hide or hinder inappropriate,
unnecessary, or critical/dangerous actions. This eases system usage as it frees the user of
unnecessary decisions and also prevents awkward system behaviour or even data loss due to
inaccurate input or actions. It is important, though, to apply the constraints in a natural
and unobstrusive manner, to allow the user to still feel in control of the system (see criterion
4).

6. Consistency

Constantine [5] (No. 11), ISO9241-110 [14] (No. 4), Kamper [6] (No. 3, 14), Lidwell [8] (’Con-

sistency’), Muller [9] (No. 6), Nielsen [10] (No. 4), Norman [11] (No. 2), Sarodnick [13] (No.

5, 11), Shneiderman [15] (No. 1), Tognazzini [16] (No. 4)

Another important criterion is a consistent system representation as inconsistencies of any
kind could distract or irritate users. This incorporates consistency in appearance and place-
ment of elements (design-based consistency) as well as in system behaviour. Conversely it
means that each word, phrase or image should only have one single meaning and represent
one functionality at a time. Another important aspect is the consistency with user expecta-
tions; for example, most users would expect an ’x’-button within an interface to close the
application. As more, platform conventions should be followed (sticking to the ’x’-button
example, the upper left corner for Mac, and the upper right for Windows/Linux would be
appropriate).

7. Minimize Users’ Memory Load

Constantine [5] (No. 7), Kamper [6] (No. 5, 13), Lidwell [8] (’Performance Load’), Muller [9] (No.

7), Nielsen [10] (No. 6), Norman [11] (No. 1, 4), Sarodnick [13] (No. 1), Shneiderman [15] (No.

8), Tognazzini [16] (No. 1)

Basically, not only the interface, but also the possible actions and tasks—especially frequently
used ones—should be kept as simple as possible—complex tasks should be eased in breaking
them down into several sub-tasks or restructuring the whole procedure. Moreover, users
should not have to remember information or possible functions from one part of the interface
to another—limitations of short-term memory, long-term memory and attention should be
considered. Everything that is important or required at a given state or to solve the task
at hand should be present and visible within the interface. Yet avoid the so-called ’creeping
featurism’ (that is adding feature by feature regardless if these are actually needed).

8. Error Handling

Constantine [5] (No. 10), ISO9241-110 [14] (No. 5), Kamper [6] (No. 2, 9), Lidwell [8] (’Er-

rors’, ’Forgiveness’), Muller [9] (No. 10, 11), Nielsen [10] (No. 5, 9), Norman [11] (No. 8),

Sarodnick [13] (No. 6, 7), Shneiderman [15] (No. 5), Tognazzini [16] (No. 13)

Also a critical aspect when designing an interface is the prevention of errors. Basically,
critical conditions should be removed as far as possible. Furthermore it is important, that
in the case of system errors the error messages should clearly communicate the problem to
the user, that is, indicate, why the error occured and suggest a solution to prevent any
negative consequences. If defective system states are unavoidable (e.g. due to flawed user
input/action, higher load, sudden power loss, or an unstable network connection), the system
should at any rate prevent data loss (e.g. automated saving mechanism). As a matter of
course, the user should never be blamed for any errors.
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9. Help and Documentation

Kamper [6] (No. 12), Muller [9] (No. 9), Nielsen [10] (No. 10), Norman [11] (No. 1),

Sarodnick [13] (No. 9), Shneiderman [15] (No. 8), Tognazzini [16] (No. 7)

Although a user should ideally be able to use a system without any documentation or help,
these should nevertheless be provided by the system. Thereby it is important, that docu-
mentation and/or help are easily retrievable at any time and state. This can be achieved, for
example, by a clearly recognizable help-button/-link within the interface, but also by pro-
viding directly accessible hints via tooltips or rollovers. Basically, help and documentation
should always refer to and support the user tasks, list concrete steps to be carried out or pro-
vide solutions/step-by-step instructions for more complex tasks. According to the complexity
of the interface, appropriate help can range from some introductory operation instructions
to an indexed and searchable, extensive help system.

10. Flexibility

Constantine [5] (No. 2, 3), ISO9241-110 [14] (No. 6, 7), Kamper [6] (No. 11, 17, 18),

Lidwell [8] (’Control’), Muller [9] (No. 4, 12), Nielsen [10] (No. 7), Sarodnick [13] (No. 2, 4,

8, 12), Shneiderman [15] (No. 2), Tognazzini [16] (No. 7, 11)

Often also addressed as learnability or adjustability this criterion relates to several equally
important aspects. On the one hand flexibility refers to the actions and options presented to
the users. There should in general exist several options of how to solve tasks—e.g. different
possibilities of input (purely mouse-clickable interface vs. mainly keyboard-based navigation
and input); where appropriate, facilities for tailoring frequent actions, e.g. macro recording,
should be provided. Another important aspect relates to the different types of users that
could potentially use the system. Thus extra help and instructions should be available for
novice users, whereas accelerators, for example shortcuts, should be provided for expert
users. Moreover it could be useful to hide certain advanced options and tasks for beginners.
Learnability often encompasses another aspect: that the system should explicitly help the
users make the transition from novice to expert users, for example in providing stepwise
instructions first that can be hidden later. Finally, where appropriate, a system should be
adjustable to each user’s individual preferences. That means, users should, where appropriate,
be able to chose between different views of the system, to customize certain elements (e.g.
toolbars or menus) to a reasonable extent, or to switch between different system languages.

These 10 usability criteria were implemented well in some cases, inappropriately in other cases,
and sometimes even not at all yet within the reviewed consultation systems. This is described in
more detail in the following sections.

2 Evaluation Results by Examples

This section describes the most important results gained from the heuristic evaluation of the con-
sultation systems. For each usability criterion relevant examples for either its good or inappropriate
implementation (highlighted through a ⊕ or a 	 within the text respectively) are provided through
representative screenshots and a description.

2.1 Capability of Self-Description

This criterion has basically been implemented quite well. The dental consultation dialog, for
example, directly reacts ⊕ to the user’s actions in immediately adapting the current diagnosis
state of a tooth depending on the most recent input. If the user, for example, first choses option
nein (no) this results in a positive score and green coloring (Figure 8, a); if he next choses option
bedenklich (critical) (Figure 8, b), score and coloring are updated immediately (Figure 8, c).

Also the d3web.Dialog2 system implements this criterion adequately. Figure 9 shows, that the
suggested solutions are immediately refreshed ⊕ based on the current user input (Figure 9, a).
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Figure 8: Dental Consultation: Immediate Feedback

Figure 9: d3web.Dialog: Immediate Feedback
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Figure 10: UCCS System: Insufficient Feedback

Whenever the user performs any action, the dialog displays a noticeable ’please wait...’-message
in the upper left part of the interface as an additional indication that the system is actually
responding to the user’s action. In presenting the currently derived solutions and the notification
message, the system indicates its actual status ⊕. Further feedback is provided through the
background-coloring of the questions, indicating their current processing status, which is adapted
once the user has answered a question (see Figure 9, b—coloring is updated from yellow to gray for
question Fruchttyp (fruit type)); thus, the system additionally recommends the next actions
to perform ⊕ (i.e. the questions to answer next).

The UCCS system is an example, where the capability of self-description has not been im-
plemented ideally so far. Basically, feedback is also provided in the sense that solutions are
recalculated and refreshed ⊕ when an answer is submitted via an OK button (Figure 10, a)
and that the background-coloring of the question is updated. Sometimes, however, the system
response takes a rather long time 	. If, for example, the user tries to switch from one ques-
tionnaire to another (here: from Atmosphäre und Musik (ambiance and music) to Preis (price),
sometimes nothing happens at first; yet, no concrete feedback 	 about what is going on is pro-
vided. Sometimes the dialog window even goes blank (Figure 10, b), again without any feedback.
Although there is a small notification at the bottom of the page suggesting that the browser is
waiting for a server response (Figure 10, c), no further information is given how long this might
last; this could make the user wonder, if the system still works properly, or—when taking too
long—might even cause the user to lose patience and quit/restart the system. This same issue also
occurs within the legal consultation system.

14



2.2 Adequate System Model

One representative example that implements an adequate and easily understandable system
model ⊕ is the dental consultation system. As already described in section 1.1 and shown in
Figure 4, this dialog transfers the model of a tooth diagnosis sheet from the professional dental
work context into the web-interface. Thus for the targeted user group, i.e. users from the dental
medical domain, this dialog should be quite easily usable. In contrast, the aspect logical ordering
or grouping of tasks 	 is not yet implemented ideally here (as presented in Figure 11). There
exists the possibility to save the current case the user is working on directly from the dialog interface
(Figure 11, a). However, if the user wants to load an existing or previously saved case, he first has
to leave the main dialog, chose Fall laden (load case) in an in-between menu (Figure 11, b), then
reaches a listing of stored cases (Figure 11, c), and finally, after chosing a case, is returned to the
main dialog interface (Figure 11, d). Separating case-loading and -saving functionalities and the
long-winded process of loading cases per se are unhandy as the user would probably expect to find
such related functionalities within the same part of the interface.

The folding dialog, as shown in Figure 12, again implements an easily understandable system
model ⊕. The example shows the system when used with a statistical knowledge-base. As already
described in section 1.1, the user only has to iteratively chose appropriate statements until a
solution is reached (e.g. Figure 12, c), which makes for a pretty easy workflow.

A good example for logical task order ⊕ can be found within the d3web.Dialog2 in terms
of always displaying appropriate follow-up questions. Figure 13, for example, demonstrates that
follow-up questions differ slightly, depending on the answers provided for previous questions. As
an example, question Bitte ordnen Sie die Blüten der Pflanzen...zu (please categorize the plant
blossoms...) (Figure 13, a) was chosen here; if the answer is strahlig (actinomorphic), then the
system presents the adequate follow-up question for this context (Figure 13, b), whereas, if the
answer is gespornt (spurred), a different follow-up question is provided (Figure 13, c). On the
other hand, again an example for inappropriate grouping of tasks 	 can also be found within
this system, concerning the handling of knowledge bases. There exists a separate interface part
for administration functionalities (Figure 14, a), consisting of three tabbed panes (Figure 14,
b). Within the Wissensbasen (knowledge-bases)-tab, the user can chose among knowledge bases
already existent in the system and use them by clicking on Wissensbasis laden (load knowledge-base
(Figure 14, c). However, there is no possibility to load new knowledge bases into the system in
this tab—this option exists in another tab, Einstellungen (preferences) (Figure 14, d). This might
confuse users, as they would probably expect to find all functionalities concerning the handling of
knowledge bases within one part of the interface.

2.3 Minimalistic and Aesthetic Interface Design

Concerning a minimalistic and aesthetic interface design there is still room for improvement for
the reviewed systems. One problem of the UCCS system, for example, is redundancy 	. On
the one hand, there are two variants of the navigation panel: first, the persistent outer navigation
panel (Figure 15, a), second the navigation panel within the dialog window (Figure 15, b) that
is opened once the user choses an item from the outer navigation. Those two navigation panels
are identical concerning their funtionalities and thus redundant—their inconsistent presentation
is another issue. On the other hand, solutions are displayed twice in the end (Figure 15, c) and
thus contribute to an overall confusing presentation. Other issues occur in the clarifying dialog of
the UCCS system (Figure 16, a). This dialog type gives a quite cluttered impression 	 at first
sight. This is probably mostly due to the fact, that all possible clarifying options are presented
all at once and thus are kind of overwhelming the user. Also, the items in one clarifying group
(e.g. Figure 16, b, Auswahl (assortment)) are not uniformly vertically aligned 	 (e.g. Figure
16, c); which can impact the aesthetic stability—and thus the perceived usability—in a negative
way (cf. Lidwell et al. [8, p. 22]). Furthermore, the important information is not highlighted
sufficiently 	: the solution state is updated at the top of the page as the user makes his choices
in the dialog, yet the result is not highlighted (Figure 16, d), thus the user might easily miss the
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Figure 11: Dental Consultation: Inappropriate Task Grouping/Ordering

Figure 12: Folding Dialog: Easily Understandable System Model
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Figure 13: d3web.Dialog2: Logical Task Order

Figure 14: d3web.Dialog2: Inappropriate Task Grouping
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Figure 15: UCCS System: Suboptimal Design

Figure 16: UCCS System: Cluttered design
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Figure 17: KnowWE: Design Issues

Figure 18: Folding Dialog: Design Issues

information. Finally, the UCCS system consists of too many separate windows 	. During
normal usage the system consists of 3 windows (Figure 16, I to III)—if the user additionally
requests information about the results of previous solutions (Hergeleitete und gemerkte Elemente
(derived and stored elements)), a 4th window opens up, producing kind of a window clutter that
could irritate the user.

In KnowWE, some interface design aspects have been implemented quite well so far. One
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example is a quite harmonious overall color scheme ⊕; also, important information is
highlighted ⊕ adequately through a separate framing (Figure 17, a, derived solutions are clearly
highlighted). Yet, the upper right part of the wiki (Figure 17, b), gives a rather cluttered
impression 	 due to the alignment and closeness of the elements, and the search-popup that
partly overlaps other information (e.g. the history of visited sites).

Also within the folding dialog some interface design issues can be observed. First, the important
information, i.e. the recently derived solution (Figure 18, a), is not highlighted sufficiently
	. Thus, due to the steadily alternating background-coloring, the solution does not stand out.
Moreover, it would be valuable to better indicate the way, the solution was actually derived. The
currently used open folder pictograms are not easily distinguishable from the standard pictograms
(Figure 18, b), which makes it difficult to locate the way the user clicked through the dialog at
one glance—especially when the user had ’tried out’ several other paths before without closing
them. Another issue is the alignment of the items 	 that is in some cases not uniform; this is
due to the sometimes occuring additional icons in front of the textual description (e.g. solutions,
or items that provide additional information). Two exemplary items are z-test (z-test) and Daten
normalverteilt (normally distributed data) (Figure 18, c).

Figure 19: Dental Consultation: Coloring

The dental consultation dialog is basically de-
signed quite well, implementing distinguishable
color-coding of editable and non-editable fields or an
clear overall alignment. Yet, concerning the color-
coding of the solutions, the choice of colors is not
ideal 	 in all cases. The colors applied—among
others red and a dark green (Figure 19)—are prob-
lematic in several ways. First, as can be seen in the
figure, those colors make it rather hard to read what
is actually written in the field—especially in the case
of the green coloring—and thus violate the legibility
principle (Lidwell et al. [8, p. 124]). Furthermore,
more and more people (and thus potential system
users) suffer from forms of color blindness today,
thus color should not be used as the only or the main means for conveying information (see also
Lidwell et al. [8, p. 38]).

2.4 User Control

The wiki system KnowWE (e.g. Figure 17) as well as the folding dialog (e.g. Figure 18) are two
interfaces that completely yield the system control to the users ⊕. Within the folding
dialog, the user can freely chose which branch to follow and also leave a chosen path at any time
and switch to another. The wiki system too does not provide any restrictions—the users can decide,
whether they just want to read some pages, whether they want to add knowledge into the wiki,
or whether they want to derive additional knowledge via the built-in question sheets and dialogs
or the external dialog feature; yet, the complete lack of guidance 	 could pose a problem here
as the the user might not know what to do to achieve a certain goal due to the many different
possible tasks (in contrast to the folding dialog that provides only one main task).

The dental consultation dialog (e.g. Figure 8) provides quite appropriate user control ⊕.
The user is not restricted to a prescribed order for entering data for the teeth, but can work in any
desired order (all teeth of a quadrant one after another vs. any other teeth in-between). There
is a slight restriction concerning the data entry for each tooth per se, as not all entry fields are
editable right from the start. Yet this is not so much an annoying restriction than rather support
for the user (see also section 2.5).

In contrast there exists the quite irritating restriction 	 within the legal consultation that
it is not possible to skip questions or to jump to other questionnaires during the workflow. If
the user, for example tries to click on Weiter (next) to get to the next questionnaire before hav-
ing provided an answer for the current question (here: Wusste der Fahrer dass er nicht mehr...
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Figure 20: Legal Consultation: User Control Issues

Figure 21: d3web.Dialog: Irritating Results Page
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Figure 22: d3web.Dialog2: User Control Issues

(was the driver aware of...)), the system just keeps displaying the same question (Figure 20, a)
unaltered, providing no feedback on what has happened; the same occurs when the user tries to
jump to another question, e.g. Lagen Ausfallerscheinungen vor?... (were symptoms of deficiency
existent?...) (Figure 20, b). This might make the user feel trapped in a dead end, as he probably
might not even notice he has not provided an answer for the current question due to the lack of
feedback.

Another problem occurs within the d3web.Dialog system: after having answered all questions,
the user is presented a quite irritating final screen (Figure 21); this screen, obviously tailored for
a medical consultation context, is always displayed as final screen, regardless of the actual context
(in the example: plant consultation). This not only probably irritates the user, even worse, the
user has no control 	 over the system at this point anymore as it is impossible to jump back to
previous questions, nor is it possible to reach any reasonable overviewing results-page.

Those consultation systems based on the d3web.Dialog2 interface basically implement good
user control ⊕: the system leads the user through a reasonable sequence of questions required
for solving the given problem—yet if the user changes his mind or notices a mistake he can always
jump back to answered or even completely other questions via the navigation tree and adapt the
answers. Still, also a slight control problem 	 occurs within this system once the user finished
one flow path and is presented with the resulting solutions. In the example, questions within the
questionnaire Stamm (stem) (Figure 22, a) should be adapted. Yet, immediately after the user
answers one question, the system jumps back to the results-page (Figure 22, b) which displays the
updated solutions (Figure 22, c). If more than one item should be adjusted (e.g. the complete
questionnaire consisting of several questions) this immediate display of the solutions might be
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annoying, as the user has to go back to the questionnaire for each item separately.

2.5 Reasonable Constraints

One example for the implementation of reasonable constraints ⊕ can be found within the dental
consultation system. Here, data for a tooth can basically only be entered, if the tooth status is
set to tooth exists (+) in the first row (Figure 23, a). When another status is entered (e.g. for
missing teeth), the corresponding fields are not editable (Figure 23, b). Furthermore, not all fields
per column are set editable immediately, but only those, where reasonable data entry is possible
based on the already provided input (Figure 23, a & c). This disburdens the user to some extent
from thinking about, which data to provide for gaining reasonable results or from having to edit
every data field for every tooth.

The d3web.Dialog also implements a form of restriction concerning the presentation of
questions ⊕. As shown in Figure 24, some of the questions are grayed-out, namely those questions
that are no appropriate follow-up questions at that point in time depending on previously provided
user input. This enables the user to view all possible questions if he is interested, but at the
same time frees him from deciding which questions to answer next. Furthermore it is possible to
completely hide inappropriate follow-up question; this was already described for the d3web.Dialog2
system in section 2.2 and depicted in Figure 13, and is implemented in the d3web.Dialog system
in the same way. This in turn implies that also the d3web.Dialog2 provides some reasonable
constraints concerning the question presentation ⊕.

Also the KnowWE system has implemented a reasonable semi-constraint ⊕. Here, when
editing a wiki page, the user is notified if the site is already being edited by another user. This
prevents the user from unintentionally overwriting contents created by other users at the same
time. Yet this is only a semi-constraint, as editing the page is not strictly prevented—the user can
still decide to dismiss the warning and go on editing at his own risk. This is a good example of
a helpful coexistence of constraints on the one hand and remaining reasonable user control on the
other hand.

2.6 Consistency

One aspect of this usability feature—the consistent application of color ⊕—has been imple-
mented appropriately so far. This can, for example, be observed within the UCCS system, as
depicted in Figure 25, upper part. Not only do all questionnaires keep with the standard color
scheme for background coloring of the questions (Figure 25, a), but it is also applied for the
navigation pane on the left (Figure 25, b). The d3web.Dialog as well as the more recently devel-
oped d3web.Dialog2 interfaces also follow this coloring scheme (Figure 25, c & d). Moreover, the
solutions (Figure 25, e) are displayed in a uniform, blue color scheme in those systems.

Yet, other aspects of consistency have not been implemented well so far. An example for in-
consistent coloring 	 and the resulting, potentially irritating effect can be found in the folding
dialog. Basically, each item (i.e. each row) is colored alternately in white or gray so the user can
differentiate the items. The example shows that item Gruppe hat kleinen Umfang (small sized
group) (Figure 26, a) is background-colored gray one time (back layer) and white the second time
(front layer). This is due to the fact, that in the first case a possible solution, z-test (z-test), was
unfolded further up in the hierarchy; at the same time, parent/sibling items above the unfolded
item (Figure 26, b) are still colored as before. This inconsistency might irritate a user and make
him wonder about the meaning of the coloring.

Within KnowWE, an example for an inconsistent presentation of possible actions 	 can
be found. The upper part of Figure 27 shows an embedded dialog, the lower part a question sheet;
as depicted, there exists an ’answer unknown’ option within the answer options popup of the
question sheet—represented by -?- (Figure 27, a)—whereas such an option is not existent within
the embedded dialogs (Figure 27, b). Also, a language-based inconsistency 	 can be observed
within KnowWE: actions within the solutions-box as well as its heading are described by english
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terms (e.g. “update”, “clear” ...), whereas the headings or actions presented within the wiki page
are described by german terms (e.g. “Fragebogen”, “Bearbeiten”... in Figure 27, c).

Another example for inconsistency 	 can be observed within the dental consultation dialog.
Basically, data entry fields for a specific tooth are set editable only if the tooth exists (Figure 28,
a); in consequence, entry fields for teeth with other states are not editable (Figure 28, b). When
the user has unintentionally edited the wrong tooth and adapts the tooth state to not existing

Figure 23: Dental Consultation: Constrained User Input

Figure 24: d3web.Dialog: Constrained Question Display/Choice
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Figure 25: UCCS System and d3web.Dialog 2: Consistent Coloring

Figure 26: Folding Dialog: Irritating Background-Coloring
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Figure 27: KnowWE: Inconsistencies

Figure 28: Dental Consultation: Inconsistent Representation
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Figure 29: Legal Consultation: Inconsistency Presentation of Questions

the interface should correctly react with erasing data entries for this column and deactivating
the input fields; yet, some fields remain editable (Figure 28, c) and not all entries are removed.

Some cases of inconsistency with user expectations 	 have already been described in
section 2.2, concerning the grouping of tasks/actions. Normally, a user would expect to find tasks
/ actions that belong together within the same part of an interface; yet, in the case of the dental
consultation the actions possible for saving or loading cases are not grouped togeher; also within
the d3web.Dialog2 interface, the actions concerning knowledge bases are separated.

Within the legal consultation, sometimes an inconsistent presentation 	 of the questionnaires
can be observed; in the example, the user tried to adapt question Welchen Kündigungsgrund...
(what termination reason...) (Figure 29, a) after having completed the flow path, but slightly
misses the appropriate item in the navigation tree and clicks on the item hierarchically higher up
(Figure 29, b). In such cases, the presentation of questionnaires changes from the blue color and
alignment scheme to the standard dialog presentation scheme (Figure 29, c).

A similar inconsistency concerning the presentation of the questions 	 can be found
within the d3web.Dialog interface. Typically, the questions are presented in a partly column layout
(Figure 30, a) and also the answer options per se are most often aligned in several columns (Figure
30, b). However, if the user utilizes the search function to locate a specific question, the system
suddenly only displays one question per row and furthermore presents all answer options within
one single column (Figure 30, c).

2.7 Minimize User’s Memory Load

The assessed systems already implement this usability criterion quite well—the main task, decision-
making concerning given circumstances, is kept quite simple ⊕ as it is broken down into smaller
subtasks (i.e. single questions) within the dialog systems, where just one question after another
has to be answered. Also, key elements needed to solve the decision-making task ⊕ (i.e.
all required questions or statements / answer options to derive solutions for a given problem) are
included within the interface.

With respect to this criterion, the legal consultation provides additional information for further
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Figure 30: d3web.Dialog: Inconsistent Presentation of Questions

Figure 31: Legal Consultation: Additional Information and Support
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Figure 32: Evaluation Results: Overview

clarifying the question ⊕ at hand (Figure 31, a). This is of great value especially for this system,
as there exist many abstract and technical terms in the legal context—the additional explanations
in easier understandable language support the user in chosing the appropriate answer and thus
relieve the user of agonizing about the question too long. Apart from the legal consultation also
the d3web.Dialog and d3web.Dialog2 systems provide additional information that can be accessed
through clicking on an icon next to the question (see for example Figure 24, the purple icon below
the first question).

2.8 Rarely considered Criteria

Apart from the previous criteria, 3 other criteria have only rarley been considered 	 within
our systems so far: Error Handling, Help and Documentation, and Flexibility & Learnability. The
only system providing error handling in some parts is KnowWE. Here, the user is notified of the
potential error of overwriting someone else’s content when two users edit the same page at the
same time. Help & Documentation is at least rudimentary implemented within the UCCS-system
as well as within KnowWE—the former provides some short instructions on the starting page
of the system, the latter offers an own page, containing some examples of the system’s usage.
This lack of help/documentation might not be overly problematic, though, as most systems are
quite self-explanatory concerning the main tasks. In terms of Flexibility, at least some of the
systems—legal consultation, d3web.Dialog and d3web.Dialog2—have implemented adjustability to
user preferences in terms of possible system languages (german and english).

3 Summary of Results and Conclusion

Figure 32 presents an overall summary of the heuristic evaluation’s results. Thereby, the values
good=G, medium=M, and bad=B are not to be seen as ’hard’ classifications, but more as average
ratings. Thus, if a criterion falls into category good for a system, this does not necessarily imply
that this criterion was perfectly implemented in all aspects, but rather, that it was on average
implemented well.

Basically most criteria have been implemented at least at an intermediate level, yet it is noticeable
that three criteria have barely been considered at all so far: Error Handling, Help & Documentation,
and Flexibility. Concerning error handling, at least the data-saving aspect should be considered
more intensely. All the consultation systems are server-based applications, so there always exists
the possibility of data loss due to server errors; thus, some kind of autosaving mechanism could be of
great value. Help and Documentation on the other hand is certainly not the most relevant feature,
an application should implement, as an interface should always aim at being as self-explanatory
as possible; yet—similar to a good interface design—it can help to additionally enhance the user’s
perception of the system in the (hopefully rarely occuring) situations when help is required. Thus,
concerning future systems, despite aiming at the highest possible capability of self-description, some
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basic instructions or an explanation of the most important functionalities should additionally be
existent and easily accessible inside the system. Flexibility, finally, has to be carefully considered
in the future. Thereby it has to be minded, that there exists a tradeoff between usability and
flexibility, that is, flexible designs are generally more complex and thus often more difficult to use
than specialized designs (see also Lidwell et al. [8, p. 86]). Thus, where possible, the targeted
user group and context of usage of future systems should be specified as precisely as possible and
systems should accordingly be designed rather specialized whenever appropriate.

Reasonable Constraints have been considered quite well in most of the cases; indeed this is a
criterion required only in specific cases, so when developing follow-up systems it has to be reflected
thoroughly whether its applicance is appropriate.

Interface Design and Consistency have already been met in part within some interfaces, but
both aspects still offer room for improvement. Thereby, the latter should be treated with a high
priority, as inconsistencies often are perceived as nonprofessional and moreover could irritate users,
thus hindering their successful usage of the system. In contrast, interface design is surely not a
top priority criterion, as an inapropriate design doesn’t make a useless piece of software alone.
Nevertheless, design can be used to additionally enhance the interface experience for the users and
thus should not be ignored altogether.

The remaining criteria—Appropriate System Model, Capability of Self-Description, User Control
and Minimize User’s Memory Load—have so far been implemented quite well. As the examples
showed, an appropriate, tailored system model (e.g. the dental consultation) can be of great value
if the potential users and context of usage had previously been analyzed thoroughly. Also realized
quite well was criterion minimizing memory load. Within future systems, those two criteria should
be considered again in detail. Concerning self-description and user control, some good approaches
could be identified within existing systems, yet those criteria need to be implemented somewhat
more consistently in the future.

Summing up, though probably not explicitly considered, some usability criteria have already been
implemented in existing systems. Future work will include the refinement of the list of heuristics
relevant for knowledge-based consultation systems and their acutal implementation within new
concepts for consultation systems.
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