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Abstract—In this paper, a new approach for interactive sysm
evaluation is presented. It is based on the ergonamnguidelines
integration within Graphical User Interface (GUI) controls.
These controls provide assistance to the evaluatofor the
interfaces design according to a set of ergonomiaiglelines. The
controls use is proposed for both the evaluators ah the
developers. The proposed approach is based on thacf that
when creating a graphical component (when adding ito the
interface), it inspects a set of ergonomic criteriand verifies the
GUI compliance with these criteria. The advantage fo the
suggested proposal consists essentially on its e®ss to provide
ergonomic guidelines validation when designing a GU To

validate our approach, we propose in this paper, ampplication
on a transport network supervision system and mor@articularly

to an Information Assistance System for passenger.
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l. INTRODUCTION

The evaluation process is extremely important ttaiob
good ergonomic quality interactive system [8] [18B] [25]
[29]. It is important in the case of failures naterant
interactive system such as monitoring system. lddeethese
systems, information must be presented in the pessible
way for the user to protect him from errors and mgo
manipulation. In this context, evaluation methods \aarious.
They vary according to the interactive system difele phase
(specification, design, development, testing, \ality...). They
also vary according to their cost (in material tgses and
evaluation time) [36]. There are different qualictors over

its task and if he is able to achieve what is rem®sto meet
the user expectation from the system. It correspdidthe
functional capabilities, system performance and tdehnical
assistance quality given to the user by the sy$#if22] [27].
According to ISO 9241-18, an interactive systersdgl to be
usable if it enables the user to perform its taskhw
effectiveness, efficiency and satisfaction in acdps use
context [13].

Moreover, each Human-Computer Interaction (HCI)
evaluation method operates on a given principlen&are
based on user actions analysis such is the cabe efectronic
informer: MESIA [32], EMA [4], Sherlock [12], UsinE8] ...
Other consist on conversing with users or withdheigners in
order to identify usability problems, for instanee found
dedicated questionnaires, usability focused ingsvsi and the
Cognitive Walkthrough method [21] . There are athtols
that are based on traces to conduct an early di@iuzased on
oriented use traces [9] [31]. Another category @zigason
validating ergonomic guidelines in the HCI: ERGOVALO],
Sierra [35], EvalAccess [1], Destine [6]... In thalowing
section, we will focus especially on this set oftinogls.

Il.  THE INTERACTIVE SYSTEMS EVALUATION BASED ON
ERGONOMIC GUIDELINES VALIDATION

The Human-Computer
implemented as ergonomic guidelines validation, in
conjunction with the interactive system to evaludte this
case, it is to ensure compliance of the user mtes with the
ergonomic guidelines and recommendations issueu fitte
software usability [1] [6] [10]. This evaluation maake into
account the static presentation, but not considerihe

which the evaluation process can be based. The motteraction between the user and the interface iffstance:

commonly used one for the transportation systeniuatian
are essentially the utility and the usability [1ZP] [25] [29].
The utility determines if the system allows theruseperform

user performed actions sequence, action duratiomeaessary
actions, and repetitive actions [4] [12] [33]). Tadvantage of
such evaluation is that it can be easily implenetritedeed, its

interfaces evaluation can be



principle is simple. It is based on Boolean andharetic
operators in the comparison between the
parameters by software usability and the userfaxtercontrols
attributes values [24] [30] [37]. Moreover, it dosst require a
large participant number. Generally the ergonomiitigl/ines
validation tools require only the presence of aml@ator
during the evaluation process.

In the ergonomic guidelines validation process,haee to
dispose of all graphical controls attributes valeesh as
writing color, graphical component dimensions, siaed
content... There are various methods for collecémgluation
data. Some of them parse the application source tmdetect
these values. For instance, the web service “A-ptoparses
the HTML page code to verify its compliance withset of
ergonomic guidelines [3]. So the web pages evalnateems
to be very simple to evaluate but once the systeavaluate is
software, the evaluation data acquisition is mafécdlt to
perform. This is due to the following facts:

The source code is not accessible from the apjaitat
It must be provided to the evaluator to identife th
attributes of the interface.

Each programming language codes its attributes in
very specific format, so even if it has the sourode
of the application, the determination of the diffietr

required data for evaluation is a tedious task.r Fo

instance, Borland C++ save the interface graphic
controls attributes in a “dfm” file and Visual Stad
code the controls attributes in a file called
“Designer.cs”.

Other tools are based on the
established by the evaluator. These descriptioas fiare
realized manually. For example, the Sherlock tedldased on a
client-server solution. The client machine sends ititerface
description to the server machine. This server ansatthe
various ergonomic guidelines inspection algorithMereover,
the description generation requires a fairly imaorttime to
generate this description such as IMAGINE for Syfig] and
UIMS for Kri / AG [20].

Ergonomic guidelines validation tools in a GUI @dgo be
differentiated according to the services that theyide to the
user. Indeed, it is easier to check compliancéhefimterfaces
with ergonomic guidelines then generating criticisar
recommendations for assistance in the interactiygems
evaluation. Generally the majority of existing ®ateport
ergonomic guidelines violations related to the eatdd
interfaces. But they don’t offer any assistanceltain good
ergonomic quality interface: Ergoval [10], Sherlo¢k2],
Magenta [19], Waex [7] ...

Note that Ivory and Hearst distinguish tools dejremaebn
their automation level in the evaluation processlekd, we
find the automation through three design procesasgst
capture, analysis and criticism. Each step may uienaatic,
semi-automatic or manual [14]. Most existing HChlexating
tools provide automatic capture and analysis. Buy dew
tools provide automatically criticism. Generally tinis phase,
the evaluator has to draw conclusions from the yaisl

interface descriptions

performed by the evaluation system. Thus, we p®poghe

recommendédllowing section the integration of ergonomic gelides

within graphical controls.

1.  ERGONOMIC GUIDELINES INTEGRATION WITHINGUI

CONTROLS

As mentioned previously, the interactive systenaeation
can be seen as ergonomic guidelines validation HCa We
propose to validate the guidelines through custechimontrols
dedicated to the HCI evaluation. Indeed, the corapbn
evaluates itself. The proposed controls inherinftbe controls
supplied by the design environment. Then they ddeato the
toolbar to create interfaces with “drag and dropicls an
operation is possible with the environments thappsut
WYSIWYG! interfaces. Note that custom controls provide the
same functions and methods as those supplied wiikt m
development environments.

A. General architecture

As shown in Figure 1, the component, once created,
initialized on the interface. It inherits from timeother class.
Then it consults the ergonomic guidelines set fisr dbject
class (button, text field, label, checkbox ...). c®nthe
Qrgonomic guidelines are inspected, a window ipldied at
the screen right side to illustrate the inconsigts with the
involved guidelines (see IV.B). Once the desigr@nieves the

Ul design, he can consult a comprehensive reporthe
rgonomic inconsistency of the interface.
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Figure 1. Based evaluation controls general architecture

The ergonomic guidelines vary depending on thedoisal
component. Some rules are inspected only for afsatntrols.
The evaluated aspects are shown later in [l1l.A.3.

1) Advantages of the presented approach
The originality of this work is show in the follomg points:

YAcronym for What You See Is What You Get: visually
composed interfaces. Every time the designer adusalifies

a graphical component, the result is shown immebjiain the
interface.



- The proposed controls are easy to use in the - Text_Length: it's preferable to have clear and tsc
evaluation process. Indeed it is easy to design text fields.

interfaces with available controls. The interface - Image_Density: the interface must not be overloaded

designer does not have to manually check the 9 . . e
compliance of controls to the ergonomic with images. Only few images and icons to fackitat
the GUI use are appreciated.

guidelines.

- The proposed approach can be applied in the TABLEI EXAMPLES OF ASPECTS COVERED BY THE EVALUATION
interface design at early stages: the applicatfon o ORIENTED CONTROLS

this method is possible in life cycle early stages [ Examples of aspects
when the system is not yet fully finalized. A covered by the
simple idea on the system interface is sufficient t evaluatiotn ?fiented gl 5| 2
apply this approach. contro’s. ol 5| E 2 g | 8] &
- Improvement suggestions are proposed to the o 8| L) .'Dé -‘55 3 3l 3 §I §
evaluator and the designer in an automated way: b= = = P = _&o” =
for each rule is associated a set of ergonomic SRR g 8l g g ¢
recommendations to improve the interface = £l 3] £ ° o =
ergonomic quality. These recommendations are ol =
derived essentially from Vanderdonckt Ergonomic
Guide [34], Bastien and Scapin ergonomic criteria Component
[5] and the ISO norms [13]. My_Button x| x| x X X
My_RadioButton X| X | X X X
- Assistance i_s provided in pa_rallel with _the My_CheckBox XX | X X X X
interface design phase: every time the designer —yy <exmox XX X X TX X X
adds a new component or mod|f|ss one qf its My_Label <X T XTXTX
attributes, the component checks its compliance
- - Sy My_ComboBox X X | X X
with the ergonomic guidelines rules and
immediately notifies the designer of all non- | My_TabControl X
conforming aspects and suggestions to address| My_ListBoxSelection| X X | X XXX XX
ergonomic inconsistencies, (see Fig.4.c). If the | My_PictureBox X XX
component is consistent with the ergonomic | My_Form X| X X X X
guidelines, a message is displayed to the evaluator
indicating the absence of ergonomic inconsistency. . Global_Density: the GUI should not be overloaded

with controls, the user can navigate easily.

- Baground_Color: The use of dark background may
The proposed graphical controls inherit from thesigle cause problems of legibility in the interface
environment basic controls (see Fig. 2). The tabéows the information.
basic controls used in the interface design. Foln eamponent . .
a set of ergonomic guidelines is checked. CanceI_BL_lt_ton. in each window, _the user must have
the possibility to return to the previous step aadcel
3) Ergonomic Guidelines set the performed action. Thus, we must find buttorat th
make this possible.

2) Thegraphical controls

The main ergonomic recommendations to be checked by _
the controls in a graphical interface are showiab.1. These
recommendations are mainly derived from [5], [18H434].

Forinstance, we cite: Fig. 2 illustrates a snippet of the class My_Buttblote
- Writing_Font: font with which the text is mentioned that since its creation, the component checks afssgonomic
the component (Button name, TextBox text fieldguidelines. This class inherits from the mothesglarovided
content ...). by Dot Net framework (System.Windows.Forms.Butt@jce
- o . . o the Button is created, it creates an array ligaee ergonomic

- Whiting_Size: the interval that includes the wigiaize errors captured in the ergonomicguidelines val@agphase.

(Label, Button text....). Then, for each guideline saved in the databaseesmonds a
- Writing_Color: the writing color to ensure clarignd ~ method to inspect it. In this case, we find “Widfirsize” and
readability while information displaying. “Writing_font” methods that inspect the size wrgiand font.

- Components_Dimension: the graphical controls and At the ergonomic guideline inspection phase, if theated

the image must be clearly visible, and do not ogcup Arrays are empty, the control is coherent accordimghe
much space in the GUI; they should be neither todnspected guidelines. If not that case, it showh@lergonomic

large nor too small. They must meet the GuUIlerrors and recommendation.
proportion.



public class My_Button : System.Windows.Forms.Butto
{

ArrayListError_List = new ArrayList ();

struct Evaluation

{string error; string recommendation;}

public int density = 0;

public Boutton(): base ()

{

writing_size (Errors_List, this.Controls[0].Size Swing());
writing_font (Errors_List, this.Controls[0].Font. Btring());
gloabl_density(Errors_list, density);

if (Errors_List.Count>0)
{ string errors="";
string recommendation = ";
for (int i=0; i<Errors_List.Count;i++)
{ errors +=Errors_List[i].error + \n’;
recommendation+=Errors_List[i].recommendation+\n";

Evaluation_Form EF= new Evaluation_For(errors, netendations);
EF.show();
}

}

Figure 2. A snippet from the source code of an evaluatiort@®mponent

4) Provided services by based evaluation controls

Every time a component is created or modified, itthe

immediately notifies the designer of its compliamecenot with
ergonomic guidelines. If non-compliance is detected

message is displayed to the designer to suggesictions to
obtain interface of a good ergonomic quality, Big, Fig 4-b.

B. Evaluation process

One advantage of the proposed approach is thaeg dot
require a lot of participants. It requires only esidner for
ergonomic guidelines validation process and anuewat. The
evaluator implication in the evaluation process sists on
explaining and interpreting the analyses and thggestion
made by the system to the designer. The evalugtioness
consists of several iterative steps. First the giesi or the
evaluator specifies ergonomic guidelines to bededdid for
each component. Then, these guidelines are exdroben
ergonomic guides (see llIlLA.). They will be inspttin the
GUI. Finally, a final report of recommendations posed by
the various interface controls can be viewed.

IV. APPLICATION TO TRANSPORT NETWORKNFORMATION
SUPPORTSYSTEM (ISS)

A. ISSpresentation

The ISS is a support system for information to faigus in
control room of the public transportation natwtm enable
them to perform their tasks optimally either in mat or
degraded network mode.

@ Information Station
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—— Infoemation
J
: -- Passage 1 | Passage 2 Eta
eVt e
— Ligne Tiam Haut Parleur
[ g . O teasted et
Asmver & 1057 Alficheu
T . . Retard 0
- v
-3 ¢ . Messages
e Messages Voypageus

Figure 3. ISS interfaces snippets under design.

In addition, it informs passengers at stationsiangehicles
(see Fig.3). The ISS looks to minimize the passesngeiting
time. It also enables to ensure, wherever possiblajnuity of
displacements in multimodal networks. It is therefao
improve the provided service quality to passeng28$ [32]
[33].

B. Design and evaluation of the ISSwith the proposed
controls

In order to validate our proposal and to ensure IB®
design, we design it with proposed controls. Evime the
designer adds a component to the interface, criticsthe
ergonomic quality will be displayed. Once he firdshthe
interface design, he can view a report on non-campé with
the ergonomic guidelines and suggested improvemkrised,
during the ISS design, the designer is notified ebget of
recommendations proposed by the various interfanerals.



Fig. 4 shows two recommendations samples propoged lagreeing to work done in [33], we find that 3 sulge
the controls. In the first sample, it is the “Stati interface that understood slowly how to use the ISS. This is fiestiby the
can indicates on the network stations status, Big. The lack of information in the interface. The majoritf the
second sample shows the Message interface throbgihthe  evaluated interfaces have an important informatioimber.
user sends messages to vehicles, Fig. 4.b. Figareshéws a The overall density decrease may facilitate the uS& by the
window displayed by the proposed controls in otdemention  network supervisor. We note another aspect relatéde used
the “Station” interface various ergonomic incormigties and font number. Indeed, in most cases, the designerelyne
recommendations. In this figure, we can see thairtterface is choosing a single font and one color for the wgtiwhich may
too dense and that the used font is too smalldditian to that, present a problem for the user at differentiatietwieen the
there are too many items in the list of choices. various disclosures made by the ISS.

C. Results & Discussion After viewing the generated final report by the gwsed
During the ISS design, some ergonomic guidelinesewe cONtrols, we can recommend to the designer to eedhe

validated by the user-interface controls itself. Wgice that Number of objects in the ISS and to increase tkiefitelds for

there is a lack of incentive (software ergonomitassical USer guidance. We also recommend adapt larger wmdo

criterion) in the interface. In addition to thataak of guidance Make the interface less condensed.

in the information on how to use the ISS is memthnBy

o) Components Con| (Sl S

Components

Alerts

1- The GUI is dense : there's is much
components in the interface.

A |2- The writing size is too small

|3- There's many items in the listbox.
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1- The data density must not be high. The
global density have to have under 30%
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2- Long and detailled text shall be avoided. You
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seen. -

-
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i
i

— | A (c) Examples of proposed ergonomic
- [ recommendations when adding the MyListBox1 controls

(b) Message interface design and evaluation

Figure 4. Use examples of using custom controls for an ictera system evaluation

validation of ergonomic guidelines in graphicakirfiaces. This
proposal is easy to apply. In addition, the evahmaprocess is

We have briefly presented the interactive systeyor@mic  fy|ly automated during the 3 steps: capture, aielysd
quality evaluation. Then we presented our propdsalthe

V. CONCLUSION& PERSPECTIVES



criticism. Our proposal is built on graphical cahér that
inspect their own validity in relation to ergonongaidelines.
This proposal was technically validated by an eixpental
evaluation of a passenger Information Support &ysfEhis
evaluation allowed us to detect ergonomic incoasiges in
the system.

guidelines external of the controls in order tegrate easily
new guidelines without modifying the proposed colsticode.
For this we propose to develop an ergonomic guidsli
modeling tool by using an ergonomic guidelines rdtfin
language. We also propose to implement controlsveduate
web applications. We also aim in future work tegrate other
controls offered by graphics development envirorsien the
other hand, we propose to couple this approach wfiter
approaches that incorporate HCI dynamic evalugtommore
detailed results.
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