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Abstract

In recent years, artificial intelligence tools have democratized and are
more and more often used by people who are not experts in the field.

For instance, systems based on rules or constraints require human
expertise as input to replicate the desired behavior. Despite the explosion
of new devices and new input paradigms, such as tablets and other touch
interfaces, usability of these tools seems not to have taken advantage of
these recent advances.

In this article, we focus on a fuzzy expert system for which users want
to enter rules. We use our industrial partnerships to define with current
users their needs in terms of rule authoring. They expressed their will of
more mobility, more modernism, less mathematics. We present our work
that involves the use of new touch interfaces to capture a fuzzy rule with
only one finger. We end this article by the evaluation of the GUI with a
user panel.

1 Introduction

At the birth of artificial intelligence (AI), AI specialists and specialists of Human-
Computer Interaction (HCI) opposed in their approach: the first worked on
machines which were intended to be equal to Humans and the latter wanted
to increase Humans capabilities [1]. Nowadays, AI tools are democratizing and
are intended to assist humans in their daily work. They affect very different
audiences, which are often not specialists in these algorithms. While AI tech-
niques have developed and improved over the years, it is only recently that
researchers interested in what has been called ”the usability of AI” [2]. Indeed,
if a technology is to be used in a real context by the general public, effective
user interaction is a major aspect of the acceptance of this technology [3]. For
instance, Dadzie and Petrelli [4] indicate that despite powerful recommendation
algorithms, commercial websites such as Amazon had to test several methods
for displaying results before reaching users acceptance.
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In this article, we present our work on a rule-based system. In such systems,
it is necessary to collect the knowledge so that inference engines can reproduce
the reasoning of a human expert. Knowledge authoring is often a tedious step
and as shown in previous work section, input interfaces have only changed a
little. This explains our motivation to propose a rule composition graphical
user interface (GUI) on modern touch devices like tablets and which uses a
widespread mode of interaction, the drag-and-drop. Indeed, drag-and-drop on
touch devices is an interaction technique whose result is directly visible, allow-
ing to apply less attention and fewer cognitive abilities [5]. Moreover, recent
studies show that drag-and-drop is an intuitive gesture that allows great preci-
sion interaction for users with various profiles and various ages, thanks to the
continuous contact with the surface [6]. This mode of interaction thus seems
interesting to study.

Without loss of generality, we illustrate our work on rules authoring in a
fuzzy expert system in the following section. We then interest in previous work
described in the literature. The following sections are devoted to the description
of our GUI and its assessment by a panel of users. Finally, we conclude with an
open conclusion about the prospects of this work.

2 Relative work

In this section, we are interested in the work of GUI that were previously con-
ducted and which are applicable to the authoring of rules in an expert system.
In fuzzy logic, both linguistic variables and rules have to be defined. We con-
sider the inputs and outputs of the system are known and defined in advance in
order to focus on authoring rules.

The methods from the literature can be classified into two main categories
depending on whether they consist of a textual or graphical representation;
speech, to our knowledge, has never been applied to that.

On the one hand, text based methods consist in natural language processing
techniques [7] and directly extract the rules from a text. From a user perspec-
tive, these methods have the advantage of proposing to write rules directly in
his language, with its own vocabulary. Algorithms analyze the text and extract
causal relationships to obtain the rules. These methods have been applied to the
extraction of fuzzy rules for the nursing community [8] and to online texts [9].
The understanding of free text is still a research topic and rules extraction tech-
niques are quite limited, so it is quite possible that the user enters a text devoid
of semantics. To overcome this difficulty, it is possible to constrain the user by
exploiting autocomplete techniques [10]. In an even more compelled style, spe-
cific languages can be introduced, like intermediary languages whose syntax is
more or less constrained, as the work of Acampora and Loia on a representation
language for fuzzy rules based on XML [11]. However, the dexterity of the users
on virtual keyboards is lower compared to physical keyboards [12].

On the other hand, graphical methods offer representations with less text,
which symbolize the logical links between the components of the rules. This is
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Figure 1: Example of the Rule flowchart tool.
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Figure 2: Example of the Rule matrix tool with 6 rules.

the case of flowcharts which represent each part of a rule by different boxes, po-
tentially distinguishable by their shapes and colors. The user just has to connect
each of these boxes to mark the logical link between them. Figure 1 shows an ex-
ample of flowchart used for writing a rule: the rule consists of two propositions,
each connected to an input and a binary operator, etc. The rule is displayed
in the form ”IF proposition1 OPERATOR proposition2 THEN conclusion”. Rule
authoring techniques based on flowcharts are both research topics, like in the
work of Mosconi and Porta [13], and tools that can be found in commercial
rule-based systems (in classical logic) such as IBM ILOG and BOSCH Visual
Rule Modeler. Moreover, flowcharts can be easily adopted on touch devices,
and as the reading is easy and natural, they can handle rules which are more
complex to express textually [14]. However, users are not all equal using the
flowcharts, which require a certain level of abstraction. This level of abstrac-
tion is easily found among graduate users but less among undergraduates (see
section Evaluation).

The association matrices are another way to author rules, but in the form of
a two-dimensional array. These interfaces take two inputs and provide a visually
simple association between the occurrence of the values of the two inputs and
the conclusion of the rule. Figure 2 shows an example of an association matrix:
columns and lines represent the terms of two linguistic variables Presence and
Brightness, whose terms are respectively Y es, No and Low, Average, High,
and cells contain the chosen term of the linguistic variable StateofLight whose
terms are On, Low, Off . Presence and Brightness are input variables and
StateofLight is the output variable. This simple matrix referred to 8 rules:

• IF Presence is Y es AND Brightness is Low THEN StateofLight is On;

• IF Presence is Y es AND Brightness is Average THEN StateofLight is Off ;

• etc...
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Figure 3: Treeview of a rule base [15].

Figure 4: Rule patterns and empty fields [16].

Thus, the association matrices allow to enter a group of related rules very
quickly. Some commercial software like fuzzyTECH use them as rule authoring
software interfaces. The advantage is to force the completeness of the rulebase,
since an empty cell in the association matrix represents a case that will not
be processed by the inference engine. However, matrices are limited by their
visualization in two dimensions which means that they can only handle two
input variables.

Beyond these conventional graphical tools, other interfaces have been intro-
duced to improve the user experience. We found tools based on drag-and-drop
in a patent of IBM [15] in which the rule base is represented as a tree in which
the user can expand or hide the branches (Figure 3) and can move items from
one branch to another using drag-and-drop. Despite this, the rules no longer
read as text which can disrupt users. Another patent of Red Hat [16] suggests
the use of patterns of rules in which the user can select the available values
(Figure 4). In this case, rule authoring reduces to choose a textual pattern and
to fill editable fields, which allows an easy reading of the rule. These patterns
are also the limits of the interface because only certain predefined rules can
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be drawn. The same concept is found in natural language programming, for
example, applied to home automation. In [17,18], interfaces are used to control
the actuators installed in a home with an intuitive interface to build rules and
usage scenarios. Note that the terms used in the rules are strongly linked to the
application and we thus find the same limitations as the work of [16]. However,
as the interface is dedicated to a given application, it is an effective way to
author rules.

The following section outlines our motivations as well as the functionality of
the rule editor that we implemented.

3 Tactile rule editor

3.1 Motivations

In the previous section, we introduced the conventional methods to author rules
and more sophisticated methods that are transposable to the particular case
of fuzzy logic. Those interfaces are generally a compromise between the inter-
pretability of the rules by the system and the freedom given to the user during
the authoring of the rules. A dilemma remains unresolved: moving away from
a textual representation makes the users confused whereas text capture is not
practical on touch devices.

In the two patents cited later, two ideas emerge: the use of drag-and-drop,
with which users seem comfortable, and the selection of items predefined con-
textually.

Our approach was to meet our industrial partners, users of the fuzzy expert
system we have developed, and imagine together what can be a convenient
GUI. Globally, they want a more modern GUI, with a focus on mobility, less
mathematical or logic. Regarding the state of the art, our contribution is about
new devices with capacitive touchscreens. As previously stated, drag-and-drop
on such screens are used to target an audience of different profiles and ages.
This is also why we want to keep a form close to natural language while offering
functionality similar to the interfaces described above.

Another difficulty comes from the nature of expert systems. Expert systems
consist in a generic inference engine, but domain-specific rules. Thus, they can
be applied to different domains and the rules can be authored by different kinds
of users. Contrary to specific interfaces (as in [17,18]), the rule editor has to be
as generic as possible.

3.2 Main features

In this article, we consider capturing rules assuming that the inputs and outputs
of the system have already been created. For greater flexibility, we separated the
concept of linguistic variable into an input and a measured physical quantity.
This will eventually allow to factor definitions and to have multiple sources for
the same measured magnitude.
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Figure 5: Overview of the Rule editor tool.

Our GUI offers to author a rule with a ”filling in the blanks” design so
that all users can easily and quickly produce rules. The blanks form a pattern
that we call a ”ghost”, in reference to the pale color it takes as long as it is
not completed. It is possible to choose a general form of rule, then the types
of propositions that compose the rule. It is also possible to select and move
the different parts of a rule, or insert a new operator. The insertion of a new
operator may lead to the insertion of a ghost that describe the form that should
take the missing part of the current expression. All these operations are done by
drag-and-drop. Figure 5 presents a view of the GUI with a rule being edited, in
which appears the ghost of a proposition, until a proposition pattern is chosen.

At this stage, the GUI would be too permissive allowing to move operators
or expressions anywhere. We have adopted various measures to ensure that the
user is guided while composing rules: feedforwards show possible actions and
feedbacks help to focus on the result of the last action.

3.2.1 Inputs and outputs definition

Once the domain has been chosen, the user can select the shape of the curve to
be inserted (figure 6). The curve is inserted in the middle of the domain. When
the curve is selected, handles appear: the user has just to move the handles to
change the parameters of the curve (figure 7). In the case of a multiline curve,
a click can add a point and break the selected line. Some users asked us to
add a way to precisely parametrize a curve. A click on a handle makes appear
a box to type the value of the parameters or the coordinate of the point for a
trapezoid, triangular or multiline membership function.

3.2.2 Adding a rule

To create a rule, the user has just to click on the button ”Add” materialized by
a ”+” symbol. The rule being edited is highlighted in a box while leaving other
rules visible. The rule is then materialized by a textual pattern containing a
ghost of the premise proposition and of the conclusion. Clicking the premise
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Figure 6: The choice of shapes for a membership function.

Figure 7: Example of membership function. The points are the handles to move.
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Figure 8: Focus on the possible destinations while drag-and-drop of the binary
operator.

Figure 9: Pie menu for binary operator selection.

ghost makes appear a pie menu to select the desired type of proposition, either
in the form magnitude OF input IS adjective or the form input EQUALS

value. Each customizable term (in lower case in the examples above) can be
changed with the help of a list of options. The editor verifies that the selected
magnitude can be measured from the selected input and thus displayed only
relevant choices in the list. Figure 5 shows a rule pattern with its various ghosts
”Proposition”, ”Magnitude”, ”Output” and ”Term”.

3.2.3 Composition of expressions

You can create an expression (unary or binary) by dragging its icon to a portion
of the premise of the rule. Once the icon is dropped in a correct place, a ghost of
operator is placed, eventually followed by a ghost of an expression if the operator
needs more operands. Animated red arrows indicate where the operator may
be dropped during the drag phase (Figure 8).

Clicking the ghost ”Op.” of the operator makes appear a pie menu which
shows the available operators (Figure 9). After the selection, the ghost is re-
placed with the selected operator. To change the operator, the user can simply
click on it again to call back the pie menu, in which all operators are represented
by icons. If a mouse is detected and if it hovers upon the icon, it displays a
context-sensitive help message. If there is no mouse, a long-press on the icon
makes appear the tooltip.

3.2.4 Moving parts of rules

We opted for a classical selection system based on a selection rectangle. To do
this, the editor checks that the selected portion is consistent before permitting
its displacement, that is to say the selection represents a well-formed expression.
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Figure 10: Available actions after the selection of a sub-expression.

Then contextual buttons appear to copy the portion of expression or delete it.
It is also possible to drag-and-drop the selection to another place in the rule.
Possible locations are indicated by animated red arrows (Figure 10).

In the following section, we describe the evaluation of this interface.

4 Evaluation

We first describe the experimental protocol and the panel of users. Then we
discuss the results.

4.1 Protocol

In the literature, certain methods of rule entry have already been compared: we
can mention for example the comparison of flowcharts and association matrices
[19] or the comparison of a structured language based on English language and
flowcharts and matrices [20]. In our case, we naturally confront our tool to other
existing tools. Our choice fell on flowcharts and association matrices since they
are the most used and the most accessible tools. We have thus developed two
tools (Rule matrix and Rule flowchart) in addition to the one described in this
article (Rule editor). We paid attention to their appearance so that they are
as close as possible. The comparison between the three tools was made using
the following criteria: time to adopt the tools, average time for rule authoring
and number of erroneous rules. These quantitative measures are supplemented
by qualitative information from a questionnaire given to the participants at the
end of the test.

Since an expert system is a tool applicable to various fields, we aim to reach
a wide variety of users. Indeed, in the expert system that we developed, rules
can be written by experts in fuzzy logic, by scientists who are not specialists in
expert systems and fuzzy logic, but who want to integrate into a software or a
more complex system. Moreover, our industrial partners may want to formalize
their own knowledge or give the opportunity to their end users to configure their
system.

We tried to have a panel which reflect this variety of users: it consists in
27 varied users (52 % men and 48 % women), age 20-57. Among these users,
we selected six expert users (who use fuzzy expert systems in their business), 8
scientists (who are not familiar with fuzzy expert systems) and 13 non-scientific
users. All these users are not the partners we interviewed before.
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The application domain of the experiment is home automation. Users are in-
vited to author rules to control automatic shutters according to various observed
criteria: the presence of the person in the room, the brightness, the wind and
the indoor and outdoor temperatures. The test was divided into three exercises
that will be resolved by each of three interfaces:

• The first exercise consists in typing rules based on two inputs only. No
help has been given to the user in the use of the three interfaces. The goal
is to master the different tools. The time of completion of this exercise
reflects in part the time of the interface handling.

• Between the first and the second exercise, the user who failed to master at
least one interface receives explanations. Exercise 2 also involves writing
rules based on two inputs. This time, the execution time reflects how
quickly it is possible to write a rule.

• The third exercise consists in writing more complex rules that cannot be
authored with the association matrices. The user is asked to account for
this limitation alone.

In practice, the tests lasted between one and two hours, depending on the
candidate. It explains partially why the panel remains restricted.

In order not to introduce biases in the assessment, two measures were taken.
Firstly, the rules to write were given to the users by playing on the causal
constructions of the natural language: for example, by employing a construction
of the form ”when the wind is strong, the shutters should be raised” instead of ”If
the wind is strong then the position of shutters is raised”. This allows not to take
into account the difficulty of the user to carry out logical reasoning. Secondly,
it was decided to present the GUIs in random order so that no technique is
discriminated.

Participants were asked to complete a very detailed questionnaire in order to
identify factors that may explain their performance, but statistical tests showed
that only the level of education has an impact. For example we asked people if
they had a smartphone with touchscreen (in this case, drag-and-drop on touch
surface would be under control), but 100 % of the panel have such a terminal.

4.2 Results

We performed statistical tests on the results obtained with the different ex-
ercises, both in terms of time and number of errors. However, considering
the population and the amplitude of the results, Wilcoxon tests did not yield
significant results. We then applied ANOVA (analysis of variance). For this
purpose, we conducted tests of homoscedasticity variance (Bartlett’s test) in-
dicating that the variances between our classes are significantly homogeneous.
Finally, ANOVA results indicate a significant difference between the three tools
with a confidence level of 10 %.

Figure 11 indicates the durations of the exercise 1 per level of education
(undergraduate or graduate). The figure shows different statistical elements:
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Figure 11: Duration (in s) of exercise 1 per education level (undergraduate or
graduate).

the average is represented by a thick line contained in the box plot. The box
extends from the first quartile to the third quartile and the whiskers extend to
at least 1.5 times the inter-quartile range. The durations of exercise 1 are longer
than the durations of the others because this exercise includes the discovery of
the tools by the participant who does not receive any outside assistance at this
stage of the experimentation. These graphs show firstly the disparity between
undergraduate participants and graduate ones: the average duration is always
longer. Then, the range of durations for undergraduate people is larger. In
addition, the graphs show that flowchart is the most difficult tool to handle,
especially by undergraduate people, while in contrast, everyone finishes quickly
the exercise with association matrix. To understand these figures, we have to
remember that there are few ways to interact with the matrix: users just have
to choose two inputs and select a value in each cell. It is therefore normal
that the tool is mastered quickly. Finally, the durations with our tool is longer
than for the association matrix, although average durations are comparable.
Undergraduate participants have also found more difficult to overcome Rule
editor than Rule matrix.

The durations of the other exercises are quite similar except that the maxi-
mum durations are lower than those of exercise 1 (see table 1). The duration of
exercise 3 with Rule matrix is just the time to understand it is not possible to
use this GUI for the exercise. The association matrix remains the fastest tool to
create rules, closely followed by our rule editor. The flowcharts are still slower,
especially for undergraduate people (on average, there are more than 2 minutes
between the two populations). In terms of population categories, experts in ar-
tificial intelligence have achieved the fastest all exercises regardless of the tool,
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Exercise GUI Undergraduates Graduates

Exercise 2
Rule Editor 0’58” 0’36”
Rule Flowchart 1’34” 0’40”
Rule matrix 2’44” 0’35”

Exercise 3
Rule Editor 3’09” 2’01”
Rule Flowchart 4’52” 2’09”
Rule matrix 0’48” 0’25”

Table 1: Average durations for exercise 2 and exercise 3 per education level.

followed by scientists and then by the other candidates. These results confirm
the intuition.

In terms of speed of mastering and execution, nothing seems faster than the
association matrix. However, for now we have considered only the execution
time of the exercises without looking at the errors produced by users. Statistical
tests show that the number of errors is independent of the education level.

Figure 12 shows the error rate of the whole panel on each exercise and
for each tool. Errors are mostly logical misunderstanding (e.g. the use of a
disjunction instead of a conjunction). Whereas association matrices are the
fastest way to capture the rules, they get the highest error rate, which increases
with the difficulty of the exercise. Browsing through input pairs to create the
rules seems to make the exercise difficult and requires more concentration. We
also count as error the rules that were created when the user try to write rules
with more than two entries (which, we recall, is impossible). Finally, the rules
are more difficult to read when displayed in a tabular form than a textual form.
This is also the case for flowcharts, which could also explain the error rate of
the Rule flowchart tool. However, with the use of the Rule editor tool, the
users make fewer mistakes: this can be explained by the fact that the rules are
presented in an easily readable form, unlike the other tools. In the case of Rule
editor, only one mistake was committed.

On a more subjective way, we asked the participants what was the tool they
would prefer if they had to use daily at home. All undergraduate participants
answered they preferred Rule editor. This makes sense since our tool is not
based on a mathematical or logical representation that these users are not used
to. However, for graduate participants, the answers are a bit more varied: 43 %
responded Rule editor, 29 % Rule flowchart, 9 % Rule matrix and finally 17 %
would use rule editor for small and medium rules and rule flowchart for building
more complex rules.

We also compared the answers regarding the level of knowledge in fuzzy
expert systems (expert, intermediate, novice): 60 % of the experts prefer Rule
editor, others are distributed equitably between the other two tools. No novice
users have appreciated Rule matrix, despite what the quantitative analysis re-
vealed; however 50 % of them chose Rule editor and 12 % a mix between Rule
editor and Rule flowchart. Finally, 60 % of intermediate users chose Rule editor.
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Figure 12: Error rate of all users, per exercise and per tool (in %).

Experts Intermediate Novices
Rule editor 60% 60% 50%
Rule matrix 20% 10% 0%
Rule flowchart 20% 10% 38%
Rule editor + Rule flowchart 0% 20% 12%

Table 2: User preferences for a tool per skills.

All figures are reported in Table 2.

5 Discussion

According to the experimental results, association matrices are quickly and
easily adopted by graduated people. However, for people less familiar with
mathematics and logic, it seems to be less easy and the mistakes are numerous.
In addition, the tool is very limited because only rules with two inputs and
conjunctions can be drafted.

Similarly, scientific people appreciate flowcharts, especially for complex rules.
However, the reading is not easy and novice users are struggling to reason cor-
rectly and check their rules.

The Rule editor tool seems to suit the majority of users. The adoption of the
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tool and the rule authoring speed are similar to the association matrices. On
one hand, textual form helps to achieve a low error rate. On the other hand, the
time to author a rule is slightly greater than with association matrices (if the
rule can be supported by matrices). Moreover, the questionnaire helped us to
realize that the icons representing operators (see Figure 5) were not explicit for
most of them and had to provide context-sensitive help directly on the graphical
interface for even faster handling.

The principle of interactions proposed in this paper is applied, without loss
of generality, to fuzzy expert systems: in fact, it also applies to the other ex-
pert systems, including business rule management systems, often used in large
companies. Other industrial systems also use knowledge including constraints
solvers, which are used for example for resource scheduling, or optimization
engines, whose constraints are expressed by arithmetic and logical formulas.

6 Conclusion

In this paper, we proposed a new tool for knowledge acquisition. We illustrated
this tool with the authoring of rules for a fuzzy expert system. Our inspiration
comes from the various discussions with our industrial partners. Modern in-
teraction techniques are exploited to provide an enjoyable user experience, and
fast and intuitive mastering: tablets are ideal for use drag-and-drop which is a
popular user interaction, and the majority of users are familiar with it.

We conducted a test campaign on 27 users with different profiles to compare
our tool with the two major tools in the field of fuzzy expert systems. Tests
show that a majority of users appreciate the handling and use of our graphical
interface and that it allows to reduce the error rate.

Confronting the graphical interface to users enabled us to introduce new
features and add context-sensitive help when a drag operation begins or when a
click or a touch is detected. This GUI is now a productivity tool we share with
our partners, and has been used to capture up to 299 rules in a row.
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