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Abstract
The method proposed in this article aims to facilitate the re-engineering of
existing interactive software by proposing a common framework for
Software Engineers and Human Factors specialists. The method explicitly
combines Petri Nets and ergonomic criteria. A case study of medication
ordering in healthcareis used to illustrate the method.
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1 Introduction

Ergonomics plays an increasingly important role in interactive software projects.
Human factors specialists intervene mainly in humancentred projects, particularly in
the requirement analysis, design and evaluation (before and/or after software
realization) phases (Mayhew 1999). The goa of such specidists is to help computer
scientists develop interactive applications that are adapted to users and their various
work gituations. To that end, they must communicate results clearly and pertinently.
Unfortunately, these different actors—human factors specialistss and computer
scientists—employ different languages, which can lead to misunderstandings and
misinterpretations. To avoid such problems, we propose ErgoPNets, a method that
associates Petri Nets (PN) and ergonomic criteriaas a means of creating a common
framework for computer scientists and human factors specialists.

Petri Nets have aready been used in HumanComputer Interaction (HCI) in severa
application domains to reach a variety of objectives. They have been used to model
human tasks and activities (Abed et al., 1992) and to describe interactive system
dynamics (cf. ICO: Interactive Cooperative Objects) (Palanque et al., 1997). They have
been employed in modeling tools and methods, such as the TOOD (Task Oriented
Object Design) method (Tabary, 2002). PN have been used to model norma and
abnormal situations involving users (Ezzedine & Kolski, 2005) and to formally compare
prescribed tasks and real activities (Abed, 2001). Palanque et al. have proposed
interesting rule-based mechanisms for the automatic evauation of PN-based models of
interactive systems (Palanque et al., 1999). PN seem to offer interesting possibilities for



HCI, which is why we chose to adapt them for use by human factors specialists and
computer scientists.

Like Petri Nets, ergonomic criteria are currently used in the design and evaluation of
interactive software (Nielsen & Molich, 1990). The structure proposed by Bastien &
Scapin, with groups of 8 criteria and 13 sub-criteria, has become amost standard
practice. Based on a synthesis of experimental results and numerous recommendations,
(Bastien & Scapin 1993, 1994) designed this structure so that could be used by both
designers and evaluators (whether HCI experts or novices).

In the second part of this paper, we explain the overal needs of human factors
specialists and computer scientists in terms of communication. The third part describes
our ErgoPNets method. The fourth part presents a case study, followed by our
conclusion and prospectives for future research.

2 Thenecessity of better communicating ergonomic data to computer
scientists

Cooperation includes communication, coordination and collaboration of a group of
actors working to achieve a common objective (Schael, 1997). In such a cooperative
context, communication becomes essential. In the situation examined in this paper, the
problem is that human factors specialists have difficulties communicating with
computer scientists. Indeed, the work methods and the vocabulary used by these two
groups are quite different (Bernonville et al., 2005). Ideally, human factors specialists
should use paradigms that are understood by computer scientists.

Human factors specialists often have to communicate many different kinds of
information (problems, data, concepts or ideas), including evaluation methodologies,
scant preliminary or detailed fina results, the interpretation of those results, and
recommendations for improving the interactive software. Choosing the form for that
information can be complicated when the teams are heterogeneous, when the project
managers do not have the same needs as the design engineers or the technical writers.
As Nayak et al. (1995) have observed, "Fitting the content of the communication to the
appropriate audience without having to write severa flavours of the report is a
challenge."

3 ErgoPNetsMethod

3.1 Basicprinciples

Petri Nets' were chosen in order to describe the dynamic aspect of the task graphically,
specifically to model the software procedures provided by designer and the procedures
that integrate the recommendations proposed by the human factors speciaists. Our

1 Among other factors, Petri Nets allow interactive systems to be specified and designed graphically and
dynamically. Other existing software engineering methods, such as UML (Unified Modelling Language),
are too general and do not allow the details of interactive system procedures to be model easily. Although
the extension Umli (Da Silva and Paton, 2000) seems to provide a support method for Ul design, thereis
no model for describing the links between the interactive actions executed within the system. In the HCI
domain, GOMS (Goa Operators Selection rules; Card et al., 1983) allows chains of actions to be
modeled; however this method uses text to describe the actions and thus is more difficult to read and
interpret than a graphic model.



method takes ergonomic criteria into account, which alows the problems to be
categorized ergonomically. Software can then be specified or evaluated according this
categorization (Bastien & Scapin, 1994).

Our method has five steps: (1) define the user’s objective, (2) describe the procedure
provided by the existing software that corresponds to the objective, (3) identify and
explain the problems detected by ergonomic analysis, (4) describe the procedure that
integrate the human factors specialists recommendations, which are then illustrated
with mock-ups, and (5) identify and explain the recommendations.

Steps two and four call for an adapted formalization of the Petri Nets. System states or
places (little circles) can be either actions taken by the user or by the computer
application, and transitions (little rectangles) are the events that allow passage from a
state to another. Each place and each transition is described in words, with «and »,
«or » and «then» allowing several actions or several events to be represented. These
words are used differently. For example, using the word «and » doesn’t impose a
specific order or actions/events; however, the word «then » does. Steps three and five
apply the ergonomics criteria, which are represented by icons and text describing the
problems and the recommendations. Each criterion, as in the work of Bastien & Scapin,
corresponds to an icon (table 1). To indicate the result of a recommendation a validation
sign is added to the icon. The text that identifies the problems is located in a text zone
between two procedures and includes the name of the criteria and, maybe, sub-criteria

| ® | @ | @] e | ® | O ® e

Significance
of codes

Explicit

Criteria guidance workload
control

adaptability Error management | consistency compatibility

Table 1. Icons that represent the ergonomic criteria.

The amount of detail of the procedures has been adapted to each situation. For example,
some events were simplified because they are not necessary to understand the
ergonomic problems. However, these simplifications are portrayed so as to represent a
complete and logical procedure that fulfils the initial objective.

Models of the procedure provided by the software and the procedure illustrated by the
mock-ups provide a good support that could facilitate software design and re-
engineering. Human factors specialists can use them to represent their recommendations
in a manner that can be more easily exploited by development team.

3.2 Tool supporting ErgoPNets

ErgoPNets Models are realised with VISIO© software. This software allows the
creation of organizationa diagrams and technical and IT support tools. We have created
a library of graphic modelling elements for ErgoPNets. This library includes the icons
presented in table 1, forms allowing the creation of Petri Nets, and elements, such as
text zones and validation signs. Figure 1 depicts an example application of our method
in the VISIO software. To the left of the screen is the library and to the right, the
modeling framework.
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Figure 1.Ex5mp|e of an ErgoPNets model (extracted from Visio).

4 Casestudy

Ergonomics studies are sometimes incorporated into re-engineering projects,
particularly for Web applications and the IT applications used by medical personnel,
including physicians, nurses, and pharmacists (Pelayo et al., 2004; Beuscart et al.,
2005). Our method was designed in this double context. Figure 2 shows an example of
the ErgoPNets modelling support for a medical-related Website. The website proposes a
system of physician-patient communication based on secure electronic messaging.

The following lines present the five steps of ErgoPNets method as applied to this
specific context, highlighting one of the problems detected by ergonomics specialistsin
terms of website use.

(1) Description of the user’s objective Here, the objective is to read a message and
respond to it.

(2) Modeling of the procedure used by the existing software: the procedure that allows
the user to read and respond to a message is modelled with the Petri Nets located at the
left of figure 2. Places (little circles) are used to describe the actions of the users or the
IT application (e.g.,“display the home page’). Transitions (little rectangles) are used to
describe the events (e.g.,” click on my electronic messages’)

(3) Ergonomic analysis of the procedure: the ergonomic problems found during the
usability assessment of the software are modelled. In the example shown in Figure 2,
the problem identified has been categorized as being related to the ergonomic criteria
classification, “workload”. In the Petri Net, the problems corresponding to the set of
transitions and states have been identified. This set is encircled and associated to the
icon, “workload”. A text zone within the criteria classification (the sub-criteria
“minimal action”) proposes an explanation of the problem.

(4) Modeling the integration of the egonomic specialist’'s recommendations: After
identifying the problems, ergonomic specialists propose a solution. A second Petri Net
with the same objective as the first one, but integrating the recommendation in then
constructed (Petri Net at the right of figure 2).

To highlight the correspondence between the two Petri Nets and the changes stemming
from the recommendations, the Petri Nets are formalized in a table (to the left, the
procedure envisaged by the software and at the right, the procedure integrating
recommendation).
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Figure 2. ErgoPNets modeling: assistance for modeling ergonomic problems and

extracting solution recommendations.



Each line of this table corresponds to different parts of the procedures. Comparing the
Petri Nets, particularly the last line, shows that the right side is shorter than the left side.
(5) Identification of the recommendations in the procedure: To identify the
recommendation in the Petri Net at the right, we have circled the modifications. The
"workload" icon used in the step 3 (Petri Net at the left) is employed again, and a
validation sign (v') is added to the icon. Finally, a text explaining the proposed solution
is added in the text zone corresponding to the problem.

5 Conclusion and per spectives

ErgoPNets is the result of associating Petri Nets and ergonomic criteria. This method
allows a detailed though less ambiguous modelling of ergonomics problems and
recommendations, through the use of procedures. Indeed, it situates the detected
problems precisely in the first Petri Net and proposes a solution proposed by human
factors specialists in the second Petri Net. Moreover, these specialists can verify their
recommendations by constructing mock-ups since the Petri Nets allow the logica
running of the solution to be described and highlights the possible inconsistencies in the
procedures. In addition, ErgoPNets are entirely appropriate when the problem detected
requires a detailed description.

This method has aready been validated during the re-engineering of a medical IT
application. However, the underlying research continues. The tool could be improved to
better help users and to document projects. In addition, we envisage an activity analysis
of human factor specialists and computer specidists, usng ErgoPNets to study how the
method can be integrated into their activities and to identify the method's strengths and
weaknesses. Finally, we hope to integrate this method in well-known general software
engineering methods, such as UML, or at least to provide a way to associate ErgoPNets
with such general methods.
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