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Abstract:

This article concerns the performance of future designers on the specification of supervisory human-
computer interfaces (HCI). This paper reports the results of a case study of a simulated work situa-
tion. Sixty-three groups of 3 to 5 students (Master's program in Electrical Engineering and Industrial
Informatics) were involved. In this article, we first describe the study context and explain how we
ran it. Next, we describe the industrial process to be supervised, composed of five interconnected
stations. We then present our informal analysis of the global study. After our informal analysis, the
article focuses on a second level of analysis, based on the 63 HCI specification reports produced by
the groups. Each report is analyzed according to eight groups of criteria. The results of this second-
level analysis are presented and discussed.

Key words: human-computer interface (HCI), specification, supervisory, design error, simulation,
ergonomic design project.

1. Introduction

1.1. The importance of supervisory HCI in industrial situations

The rapid technological evolution of recent years has resulted in significant changes in human activ-
ity in the control room. Indeed, human operators increasingly have to perform complex mental prob-
lem-solving tasks, using graphical tools in dynamic situations with very specific requirements. Hu-
man-machine interaction plays an essential role in the efficiency and reliability of the complete hu-
man-machine system (Millot 1988; Kolski 1993 and 1997; Moray 1997; Sheridan 1992 and 2002;
Piccini 2002; Lind 2003; Petersen 2004; Liu et al. 2004; Johannsen, 2007). The users of human-
computer interfaces in the control room of complex systems are often physically far from the pro-
cess and must solve problems involving many variables, using tools at their disposal.

Human tasks in complex systems require a high level of knowledge and can be grouped into four
broad classes (Rouse 1983; Klein et al. 2005):

- Transition tasks: These tasks correspond to system regime changes (e.g., stops, start-ups, op-
erating point changes). The human-computer interfaces allow users to perform pre-established



procedures, to assess the impact of these procedures on the system and to monitor the system's
evolution constantly.

- Control and monitoring tasks: The HCI should facilitate system state monitoring, so as to de-
tect and anticipate the occurrence of abnormal events and to optimize the production by fine-
tuning the system.

- Detection and diagnosis tasks: Through alarms and/or observation of an abnormal develop-
ment in certain system variables, the human operators must be able to detect faults and carry
out diagnoses. Human-computer interfaces have to allow operators to understand the cause-
effect relationships between system variables.

- Compensation and/or correction tasks: In order to restore normal system functions, the HCI
must help the human operators to determine the actions that should be performed and visual-
ize the effect of these actions on the system.

In addition to these four classes of human tasks, many authors—for example, De Keyser et al.
(1987), Van Dale and De Keyser (1990), Artman and Waern (1999), Klein (2006), Kontogiannis
(2010), Nonose et al. (2010)—insist specifically on the collective aspect of work, which must be
carefully considered by designers. Indeed, in certain situations inherent to the tasks described above,
human operators must organize a distribution of actions over time. They then must manage and syn-
chronize sequential and/or parallel actions, possibly made by other stakeholders. These tasks must
be based on estimates of time and the duration of the action. To accomplish these complex tasks,
which sometimes involve many variables, the user has human-machine interfaces that graphically
present a set of information. The interfaces can be coupled with assistance modules, sometimes
qualified as "intelligent™ if they use artificial intelligence techniques. These modules may offer, for
example, diagnosis assistance, defect prediction or alarm filtering.

The HCI must synthesize the state of the complex system and assist the human operators in their ac-
tivities. The operators have no direct view of the system and the result of their actions, and must
therefore form a mental representation of the system and its variables at a distance. They thus work
through the mental representation obtained from the HCI (Norman 1986; Rasmussen 1986; Ezzedi-
ne and Kolski 2005). Consequently, the HCI must be centralized on one or more screens. It consists
of sets of views, sometimes several hundred, depending on the complexity of the system. Each view
can display many kinds of information. The development environments currently available on the
market allow HCI to be developed relatively easily, perhaps coupled with assistance modules.

In this context, given the high number of variables to be considered and the complexity of the tasks
involved, it appears that using a badly designed HCI may cause human errors, sometimes with cata-
strophic human, economic and/or ecological consequences (e.g., Three Mile Island, Chernobyl, Se-
veso, Bhopal, Mont Saint Odile). In the literature, there are many human error classifications and
studies, for example, the ones by Reason (1990), Nicolet et al. (1990), Senders and Moray (1991),
Hollnagel (1998), Gertman and Blackman (2001), Cacciabue et al. (2005), Wallace and Ross (2006)
or Dekker (2006). The interested reader can consult these publications.

1.2. Global problem of teaching about Supervisory HCI

Teaching about HCI has become a part of standard engineer training (e.g., software engineering,
mechanical engineering) in addition to training in the cognitive sciences (e.g., ergonomics, cognitive
psychology). However, unfortunately, the number of classroom hours devoted to HCI is too often
limited; HCI is one subject among many others. This article describes how we teach our HCI class
in a Master's degree, with a limited number of classroom hours (18 hours).



For teaching HCI classes, teachers often use their personal experience, drawing on their research if
they come from the university or their practice if they come from industry. They can rely on many
books, journals and conference proceedings about HCI. They can also use the ACM SIGCHI's Cur-
ricula for Human-Computer Interaction, whose first version was published in 1992 and the second
in 2002 (Hewett et al. 2002). There is also a set of HCI educational resources in HCIBib managed
by Gary Perlman (http://hcibib.org/). The documents available for teaching about HCI from a global
perspective are rich in potential. In addition, the languages already taught in other teaching modules
(e.g., Java, Visual C++, Delphi) can be used to illustrate the HCI module, for example, HCI imple-
mentation, programming or mock/prototyping.

However, when the targeted HCI application domain becomes specific, with important security,
ecological or economic stakes (e.g., industrial system supervision, computer-assisted surgery),
teaching about HCI becomes more problematic, requiring particular concepts, methods, models and
architectures. Practical work, under real and/or simulated conditions, also requires special develop-
ment environments that are often expensive, requiring a long apprenticeship. Moreover, the peda-
gogical problems related to HCI teaching are often underestimated or completely ignored. For ex-
ample, there are forms of education focused mainly on norms and standards (e.g., ISO) or style
guides (Gilmore et al. 1989), and where they exist, regulation constraints, particularly related to
physical ergonomics (e.g., lighting, noise, the thermal environment, vibration, ventilation), can be
problematic.

Unfortunately, the trend in the complex industrial systems is still too often confined to applying
normative or regulatory methods, relatively rapid in terms of education (or rather requiring a high
level of personal learning), regardless of underlying theoretical and real pedagogical problems. Con-
sequently, many potential designers/developers often start work for their companies unprepared or
even neutralized in terms of HCI design and, more generally, the direction of ergonomic industrial
projects, despite their fairly strong interest and expertise in key aspects related to supervisory HCI.

1.3. Objectives of this article

In this article, we focus on performance, not from the point of view of the system users, but from the
point of view of the designers. For this reason, we situate ourselves upstream in the design process,
on the level of the designers of supervision systems.

The study context is a situation that simulates the design process for the specifications of a supervi-
sory HCI that is representative of a real industrial application. The subjects (i.e., our students) all
come from a Master's program in Electronic Engineering and Industrial Informatics, training control
engineers and industrial system designers at the University of Valenciennes and Hainaut-Cambrésis
(France). For these future designers, the supervision of industrial systems is one of their most im-
portant objectives. In this simulated roleplay situation, the students work in a group, which com-
petes with other groups of students in their class. Each group must provide the teacher with a de-
tailed report corresponding to a supervisory HCI specification.

This study was conducted over nine consecutive years with various groups of students. All the re-
ports were analyzed according to the same criteria. The performance of the student groups, com-
pared to these criteria, was analyzed and is discussed in this paper.



The rest of this paper is structured as follows. The case study is described in section 2. Section 3
provides qualitative results, and section 4 provides quantitative results. The last section offers our
conclusions and proposes several prospects for future research.

2. Method

The method followed in this research is described in this section. First the objectives of the study
are presented. The study is then described (Study context, organization and population; main phas-
es; data analysis).

2.1. Objectives of the study

This study focuses on the performance of future designers on the specification of supervisory HCI.
The reports produced over a 9-year period have been analyzed.

The case to be handled by these future designers is representative of current industrial projects (su-
pervisory HCI for mixing stations). Its complexity is manageable in the short period of time allocat-
ed to the considered teaching module (a few weeks).

Starting with a theoretical course about the elements judged important for supervisory HCI, we
wanted to discover to what point each work group, made up of future designers, used these elements
in their solution. These elements were assessed using 8 criteria groups, described in 3.2.1.

2.2. Description of the study

The study context, organization and population are first described, and then the main phases of the
study are presented.

2.2.1. Study context, organization and population

The global principle of the study is the following: within an academic context, students (i.e., the
subjects of this study) initially take a formal theoretical course about the design of supervisory HCI.
They are then placed in a design situation representing an industrial setting in order to apply the the-
ory to the practice as soon as possible. This global context was originally described by Kolski et al.
(20044, 2004b). In this article, we describe our teaching approach in the form of a case study. We
also provide feedback from over 9 successive years of practice, insofar as we analyzed the data re-
sulting from these 9 years.

This study was run in three phases, which are described in the sections below (Figure 1). Each year,
the course involved approximately 20 to 25 potential designers (i.e., our students). The course or-
ganization and content are constant and thus the years are globally comparable with one another.

The subjects were the students in the first year of a Master's program in Electronic Engineering and
Industrial Informatics. They had been registered in the same program for at least the previous two
years. The average age was about 23 years old. We consider that these students are representative of

L1t is important to note that the conditions of conduct of the course have not fundamentally changed over these nine
years.



potential designers of supervisory HCI, and that they are likely to find themselves very rapidly in-
volved in supervision projects in various industrial companies.

2.2.2. First phase -- theory
Each year, during a preparatory phase, the subjects take a 10-hour course (2 hours/week) on the de-
sign of supervisory HCI.

The course is structured as follows (Kolski 2001). In week I, the basic concepts about human opera-
tors in control rooms are presented (e.g., control room examples, global tasks, problem-solving
models, human workload, human limits, priority estimation in control rooms, stress, control models,
process representation, knowledge). In week Il, the information presentation methods for control
rooms are explained, as well as the traditional methods (e.g., mimic displays, trends, receipt repre-
sentation, operations and incidents, alarm representation, event representation, specific displays)
and the advanced methods (e.g., pattern representation, fluence models, mass-data-display). In week
I, the possible reactions of the human operators with respect to the HCI at their disposal are stud-
ied (e.g., acceptance, rejection, absence of certain information). In week IV, general ergonomic
knowledge is provided (e.g., information relevance, decision-making aids, abstraction levels; infor-
mation allowing prediction, control of the user inputs, consideration of the human operator's skill
and knowledge, HCI response time, logical-state representation, printer use in control rooms, alarm
management). In week V, knowledge about how to present information on the screen is explained
(e.g., number of screens; commands; information coding, organization and structuring; information
homogeneity and standardization; information perception and interpretation; legibility, the specific
rules for each representation mode).
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Fig. 1. Phases of the study

2.2.3. Second phase -- roleplay



The second phase consists of a roleplay simulation that is very close to a real industrial design situa-
tion. For 8 hours (2 hours per week, during 4 weeks), the students play the role of the design team in
a company. They gather in separate groups of 4 or 5 in a big room. The students in each group
choose the name of their company. The groups compete to win an invitation to tender for the speci-
fication of a control room and a human-computer interface intended for the supervision of five inter-
connected product mixing stations. The system stakes are productivity, economy and safety, for the
personnel as well as the installations. These aspects are explained in more detail below.

2.2.3.1 Project

Each group was given the following project: propose a control room installation and the specifica-
tions for a supervisory HCI for the process shown in Figure 2(a), composed of five mixing stations.
This HCI must be displayed on a single screen in a control room occupied by one operator, called
the supervisor, working in rotating shifts (3 x 8 hours). This operator uses a walkie-talkie to remain
in contact with five experienced roundsmen equipped with mopeds. Orders cannot originate in the
control room, but only the supervisor is authorized to decide what actions can be executed on the
process. Each action (e.g., start cycle, solvent measure) is carried out by the roundsmen on the in-
structions of the supervisor.

A roundsman needs about 5 minutes to move from one station to another. The mixing process at
each of the five stations, called S1, S2, S3, S4 and S5, lasts 10, 10, 20, 20 and 50 minutes, respec-
tively. Starting from the basic products (A1, B1, A2, B2, A4 and B4), the total process, composed
of the mixtures from these five mixing stations, results in the production of a finished product, FP.
The students are provided with a complementary description of a mixing station's global operations,
represented as a GRAFCET model (similar to Petri nets).
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Fig. 2. Extract of the documents provided to each group. These documents describe (in
French) the industrial facilities for which the groups must propose a control room installation

and a supervisory HCI specification
(a) Global diagram of the five interconnected stations (b) Schematic diagram of a station

Several constraints have to be considered:



(1) Each mixer uses less than 100% of its capacity since the supervisor could ask for further
solvents to be added.

(2) The process must run uninterrupted 24/7.

(3) The mixing operations for stations S1 and S2 are toxic, and there is a risk of explosion when
the temperature of the mixture goes over 18 degrees (however, the stations are situated sev-
eral hundred meters apart, so an explosion in one mixing station will not have consequences
for the others).

(4) When the temperature of one of the 5 mixtures goes over 15 degrees, the V1 valve must be
ordered to send additional solvent to the station concerned.

(5) If the temperature is over 13 degrees and under 15 degrees, only a few drops of additional
solvent are sufficient. On the other hand, above 15 degrees, 20 liters per degree may be nec-
essary. If the temperature of the mixture is under 13 degrees, it is necessary to purge a little
bit of the mixture.

(6) When a mixing problem occurs, it is necessary to purge the station and start again. Two
roundsmen are needed to carry out a purge.

(7) Information (e.g., the cycle phase or possible malfunctions) must be exchanged when the
shift changes (after 8 hours of work).

(8) The number of revolutions of the mixing engine must be maintained at 200 RPM. If the for-
ward and reverse operation speed is no longer continuous or if a slight rattling is heard, the
conveyors are likely to jam.

2.2.3.2 Organization

The roleplay master in fact has three roles: teacher (he teaches the theoretical course and "publishes”
the end results), tender caller (he issues the Invitation to Tender and provides the requirements for
the HCI specifications), and supervision operator (he is likely to use the control room and HCI, and
he is available to the groups to answer any questions). In the rest of this paper, this roleplay master,
and his three roles, will be referred to as “the roleplay master".

The "companies"” are seated in a large room, a few meters apart from one another. They must not
communicate with the other "companies”; in fact, the groups work in relative silence so as not to re-
veal information to the other groups responding to the Invitation to Tender (Figure 3).



Fig. 3. Competing groups, working in parallel

During the first three 2-hour meetings, the groups have the opportunity to question the roleplay mas-
ter discreetly in his role as the supervision operator. Except for organizational reasons, the roleplay
master no longer plays the role of teacher until he publishes the end results. During these 3 meet-
ings, he therefore never gives advice about the HCI specification: each solution proposed must
come only from the members of each "company". During the fourth and final 2-hour meeting, each
group hands in a report containing its analysis of the problem in the form of a proposal for a control
room installation and a mock-up of the supervisory HCI (examples of these mock-ups are presented
further on in this paper.) These reports generally run to about fifteen pages.

After handing in the report, each "company” must make a technical/commercial presentation, de-
scribing its proposal. The students can explain only what is in their report; they cannot use the other
presentations as a starting point. Following these presentations, a ranking of the companies is posted
with a comment on the reports presented by each company. The students’ final grades, assigned by
the roleplay master in his role as teacher, depend directly on their company's ranking, and thus on
the quality of the specification. Feedback about the strong and weak points of each proposal is given
orally and in writing; this feedback allows the students to improve their knowledge with respect to
all of the reports.

2.2.4. Third phase - data analysis

The idea of study did not come to us initially with a view to annual assessment. Consequently, there
was no annual data analysis. It is only after nine years that the idea has matured, leading us to as-
semble the elements necessary for this study. Thus, at the end of a 9-year period, we analyzed the
data from this case study. Sixty-three reports were analyzed.

We started with a global and informal analysis of the educational approach followed. This analysis
was based on the impressions of the teacher, gathered throughout the nine years, the observations of
students during the simulation sessions, along with feed-back from them in both oral (in informal
discussions and formal presentations imposed in the approach), and written form (reports). Some re-
sults from this global analysis are described in §3.1.

For purposes of detailed analysis, we then designed a set of criteria (described in §3.2.1, Table 1) to
analyze, mark and compare the reports produced. This detailed analysis is described in §3.2.



3. Results

3.1 Preliminary global analysis

The students, as potential designers, all appreciated the approach. Over these nine years, each group
was motivated to succeed. Absenteeism in the group meetings was quasi-null, and each group pro-
vided a report containing many positive aspects with respect to the evaluation criteria listed in sec-
tion 4.2 (Table 1). Thanks to the roleplay, these student designers felt that they were working on a
project close to the industrial reality; they appreciated the methodology used, especially the spirit of
competition between the groups.

3.1.1 Design errors made by each group

Although the roleplay master in his role as teacher took the time necessary during the first theoreti-
cal phase to highlight the errors to be avoided, each group without exception made many typical and
relatively serious errors, related to information structure, information relevance, the use of the col-
ors, the coherence of the presentation from one slide to another and information overload (e.g., by
including useless details), for example.

Figure 4 shows a screen shot that has many errors and shortcomings: The presentation is not ergo-
nomic. Indeed, it is overloaded and has no logical structure according to its use (it should include
areas specific to the types of information). The key should be in a separate area (and should not be
highlighted so much). The representation does not take the real scales into account. The colors are
not necessarily meaningful and can be used in different ways (for example, red is used to represent
both excessive heat (which makes sense), but also to represent an instrument (such as a valve). The
physicochemical parameters are not represented by numerical values, and do not refer to any curves
or histograms detailing the information in question. Furthermore, no information regarding the flow
of input and output is specified, both in terms of flow and content. Other graphic details are not rel-
evant (such as the product mixing blades; the conveyors are also poorly positioned and oriented)
and load the human operator unnecessarily. The title of the screen page is also poorly positioned
(currently at the bottom right). (Section 4 presents our analysis of the errors made, according to
eight criteria groups).
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Fig. 4. Example of screen page coming from a report, containing several typical errors 2

3.1.2 Influence of software prototyping tools

During the first years, when the students seldom had access to software tools (i.e., personal tools or
tools provided by the program) that facilitated the creation of mock-ups or prototypes, several re-
ports had solutions that can be seen as too similar to the technical data provided at the beginning of
the second phase (see Figure 2). With the availability of office software (e.g., text editors, presenta-
tion editors) and development environments for supervision application at lower costs, such unsatis-
factory solutions began to disappear. Figure 5 shows 2 screen shots that simply copied technical da-
ta given at the beginning of phase 2 to produce a screen shot showing a station: the first mock-up
(top) is made by hand by sticking a photocopy of part of the topic given to the students and the sec-
ond (bottom) uses a software prototyping tool for the structure of the page screen, with a collage of
the same part as used in the first mock-up.

It is important here to specify that in our notation of the different reports (see Detailed Analysis,
83.2), we did not take into account the fact of whether they used prototyping tools or not.

2 The non-optimal quality of Figures 4, 5, 6, 7 and 8 is due to the fact that these figures were scanned from the reports provided by
the student groups.
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Fig. 5. Two examples of solutions that were too directly inspired by the technical data provid-
ed

3.1.3. Generalization of the synthesis view

Although the literature often emphasizes the parcelling out of information on the supervisory HCI
(Lejon 1991), the theoretical course emphasized the need for a synthesis view. This seems to have
been assimilated quite well by the student because, without exception, a synthesis view was pro-
posed by each group. Figure 6 gives two examples of the synthesis views proposed (Kolski et al.
2004b). The first one represents a global view of the five stations from a functional perspective,
while at the same time associating each station to the relevant targeted information. The second ex-
ample provides on the same screen shot the aggregated information concerning the stations and a



table that is supposed to facilitate the management of the roundsmen (knowing where each rounds-
man is can have effects on the strategy adopted to implement certain actions on the stations). A star
display, whose principle was proposed initially by Coekin (1968), also gives a synthesis of a target-
ed set of variables that represents the global functional state of the whole system.
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Fig. 6. Two examples of synthesis views proposed in the reports

3.1.4 Creative potential of the designers
By studying the 63 reports produced during these nine years, it is not possible to say that new pro-
posals have emerged, which could become a standard for the future.



Each year, considering that the subjects are novices (no experience in supervisory HCI design in real
situations, with real human operators), it can be noted that each solution is generally valid, truly en-
abling the supervision of stations. This is very positive.

Moreover, several interesting and/or relatively original ideas emerged from the groups, or more spe-
cifically from the fertile imagination of one or more of their members. Figure 7 shows an example
of an alarm management system, making it easier for the operator to obtain a quick idea of an ab-
normal situation. It was proposed by one of the groups. The screen shot in Figure 7 shows a frame
of reference with a fixed place for each type of alarm that also provides more detailed information,
such as the seriousness of the situation. It is not really innovative, but can be considered as relative-
ly interesting and not commonplace; this system has potential and could be improved by comple-
mentary studies, for example, by looking at the appearance frequency of the alarm.

w ALARMES

Fig. 7. Example of a relatively original screen shot related to an alarm management system
(proposed by one group, scanned from their report)

3.1.5 Diversity of the solutions proposed

While the groups work in the same conditions, have same information and the same documents, it is
sometimes surprising to see the diversity of the solutions that the potential designers in the same
group propose after analysis and dialogue. This goes in the direction of the diversity of design ap-
proaches highlighted by several authors, for example, Theureau and Jeffroy (1992). Figure 8 shows
four very different solutions for the control room installation, in terms of the details required by the
specification and the level of comfort provided. Figure 8(a) shows a solution represented in three
dimensions. Figure 8(b) shows a textual description. Figure 8(c) and Figure 8(d) show schematic
views seen from the top and offer more, or fewer, details.
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des actions effectuées par les rondiers. Ces actions seront ordonnées par le superviseur
par I'intermédiaire du talkie-walkie. Le superviseur devra donc taper son ordre sur le
(a) clavier afin que le systéme puisse en garder une trace dans ses mémoires avant

I'impression. En fin de journée, le superviseur devra indiquer sur le listing son nom.
Ce listing permettra le suivi de poste.

La fiche d’aide permettra au superviseur de retrouver aisément la signification
de la symbolique utilisée pour réaliser 1'imagerie, comme par exemple la signification
des différentes couleurs utilisées. Cette fiche évitera au superviseur non expérimenté
de faire une recherche qui pourrait s'avérer longue notamment pour des problémes
survenant rarement. Cette fiche permettra également de connaitre le niveau des
alarmes pouvant survenir sur le processus.

La documentation concernant le fonctionnement du systéme permettra au
superviseur de connaitre les diverses fonctions qui lui sont proposées, par exemple les

raccourcis clavier.
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Fig. 8. Four very different proposals for the control room installation

3.2. Detailed analysis

First, we will explain the criteria used for the statistical analysis (83.2.1). These criteria were ap-
plied to the reports of each of the 63 student groups. Then, we will describe the statistical analysis
problem (83.2.2). In the next section (83.2.3), we will report the analysis results and discuss them.




3.2.1. Student work assessment criteria

The central idea is to analyze the typical errors (e.g., missing information) made by future designers.
To achieve this aim, 8 criteria groups have been considered important in this specific application
domain: room layout, graphics and representation of the information on screens, the information
available on the screens, alarms, communication, time management, linked options and proposi-
tions, and suggested work approach. As Table 1 shows, each group is broken up into several criteria
for a total of 35 criteria (e.g., 2.1: Is a color code proposed?). Each report is given a grade for each
criterion.® 4

The mass of data collected from the reports is extremely large. A first global analysis was carried
out; from this analysis, several results can already be highlighted (see section 5).

Table 1. Criteria groups and criteria

Criteria Group Criteria (questions)

1.1. Is the room pleasant to work in?
1.2. Has the lighting system been studied?
Room layout 1.3. Has the heating system been studied?
(Group 1) 1.4. Is the work station suitably situated?
1.5. Does the work station meet ergonomic criteria?

2.1. Is a colour code proposed?
2.2. Is the data suitably distributed over the screen?
Graphics and represen- | 2.3. Is the process synthesis view correct?
tation of the information |2.4. Is it easy to navigate between screens?
on screens 2.5.1s it clear when an alarm appears?
(Group 2) 2.6.Is the information suitably represented?
2.7.Does the data make it possible to anticipate future events?

3.1.Is all the essential data shown?
Information available on |3.2.Are all the views represented?
the screens 3.3.1s support provided for dynamic use? (e.g., advice on actions, diag-

3 It is worth noting that the criteria were designed once all the 63 reports had been carefully read (these criteria were not
used for a yearly assessment of the reports).

4 These criteria were defined and proposed based on the experience of the first author (specialized in Human-Computer
Interaction) and the third author (specialized in ergonomics) in the field of supervisory HMI design and evaluation.
They teach in this area at different levels, and have both been doing so for around twenty years. Their courses are en-
riched by a set of field studies; thay have published a set of documents in this area, including (Jeffroy and Sagar, 1991,
2003, 2006; Kolski, 1993, 1997; Ezzeddine et al. 2008; Idoughi et al., 2010), while drawing on a rich literature (see ref-
erences cited in the introduction). These criteria relate mostly to the themes in the module in question (Groups 1 to 7, cf.
Table 1), but it is important to note that those in Group 8 (see Table 1) are taught in other courses (eg : courses in ergo-
nomics, safety).



(Group 3) nostic methods)
3.4.Are support documents provided?

4.1.Are the alarms managed or filtered according to their degree of seri-
Alarms ousness?

(Group 4) 4.2.Are the suggested temperature thresholds appropriate?

4.3.1s an alarm forecast provided?

4.4.1s it possible to cancel the alarms?

4.5.1s the formulation of the alarms understandable?

5.1.1s the management of the roundsman activity dealt with?
Communication 5.2.1s it possible to communicate with the outside?

(Group 5) 5.3.1s the data concerning shift changes ergonomic?
5.4.1s the jargon and language used in the company taken into account?
5.5.1s it possible to print data out?

Time management 6.1.Are the date and time shown on all the views?
(Group 6) 6.2.1s the time remaining per station shown?

7.1.Has the implantation of new sensors been planned for?
Linked options and 7.2.1s a "recipe" view envisaged?
propositions 7.3.1s a "statistical" view envisaged?
(Group 7) 7.4.1s it possible to personalize the views on the screens?
7.5.Are back-ups planned for?

Suggested work ap- 8.1.Is the approach based on safety and reliability?
proach 8.2.1s the approach ergonomic?

(Group 8)

The way that we evaluated these criteria is explained below.

Q1.1. Is the room pleasant to work in?: With this question, we sought to know if the students
took into account the fact that the supervision operator spends eight uninterrupted hours in the
control room. It is thus necessary to put a minimum of conveniences in the room so that the op-
erator can work correctly. In fact, the concept of user-friendliness is rather vast. For us, this con-
cept encompasses all the elements related to the room installation, particularly the room architec-
ture, the space management, the annexes, the physical ergonomics, the temperature and light in
the environment. The expected minimum was thus a WC and a kitchenette. But, on reading vari-
ous reports, we became aware that our expectations were the strict minimum. Thus, we appreci-
ated the proposal of such things as pleasant colors on the walls, tables, a sufficient and well-
arranged space and a comfortable seat.

Q1.2. Has the lighting system been studied?: A good lighting system in work rooms is im-
portant, especially when the work is done on a screen. This is particularly the case in a control
room where the safety stakes are important. Thus, methods are needed to study the lighting and
insure that the light quality is as high as possible for the operator. Therefore, the students had to
be capable of proposing a study of the lighting, which in our opinion is a very important subject
to insure an effective work environment. Some groups only proposed a very brief outline of the
points to be set up; others gave detailed diagrams of the room, with the position of the lights, the
windows and the screen compared to various sources of light, for example. The reports were thus
assigned a grade according to the depth of the study of the light environment.




Q1.3. Has the heating system been studied?: The study of thermal environment was never
dealt with formally in the reports. Nevertheless, some groups thought of the importance of the
right temperature in the control room and proposed either a heating system or air-conditioning,
and/or an automatic temperature control.

Q1.4. Is the work station suitably situated?: Work station design influences work conditions.
To design a work station correctly, the designer needs to think about the activity/ies of those who
will use it. To assign a grade for this criterion, we had to determine whether or not the work sta-
tion location was well positioned in relation to the various light sources. In addition, we wanted
to know if the groups had paid attention to the safety of the work station location (e.g., a fire ex-
tinguisher in the room, a telephone to call for help) or if they had allowed enough space to move
around the room comfortably (e.g., movement limited by the furniture). For example, many peo-
ple in addition to the supervision operator (e.g., foremen, maintenance workers) need to consult
the measurements available in the control room, so it would be a good idea to have enough space
for them move comfortably in the control room.

Q1.5. Does the work station meet ergonomic criteria?: There are specific accessories—for ex-
ample, a desk or table, a comfortable seat, communication devices, a computer and a keyboard—
that are intrinsic to a control room. If the control room furniture is not designed to integrate these
accessories, they sometimes pile up and are then a source of inconvenience, or the furniture has
to be adapted later on. In addition, the work station has to include a command zone, a reading
zone, a writing zone and a communication zone. Evaluating this criterion is thus a question of
verifying whether or not these dimensional aspects of the work station were taken into account.

Q2.1. Is a color code proposed?: The color code (i.e., color chart) has a major importance in the
design of supervisory HCI and must be as coherent as possible with reality. It can be more or less
complex depending on the type of system and sometimes on standards. Certain processes require
a lot of symbols, and it is important to stay as close as possible to reality to avoid confusion. In
the HCI designed by the students, the information that had to be visualized was limited. The
groups had to be careful not to overload the displays with color unnecessarily, in order not to
overload the short-term memory of the operator. We thus evaluated the similarity of the colors
and reality. We also expected the groups to give the meaning of the colors in both the screen
page and the reports. In fact, many groups used a color code, but unfortunately no key was given
either on the screen page or in the report.

Q2.2. 1s the data suitably distributed over the screen?: The goal of this question was to de-
termine if the screen page had been divided into several sections. Given the importance of certain
information, it is necessary for the supervisor to have his/her eye on this information constantly,
especially for safety reasons. It is appreciated if there is at least one fixed window that constantly
displays the significant variables: in the case of the mixing process, these variables are the tem-
peratures S1 and S2, which must not exceed 18°c; at this temperature, there is a great risk of ex-
plosion. In addition to these variables, the student reports proposed windows displaying alarms
or advice about system control, for example. Some elements of information were more relevant
than others.

Q2.3. Is the process synthesis view correct?: The process synthesis view has a central role in
the control of the system. With a single glance, it allows the operator to distinguish the most im-




portant variables, from both the safety and control perspectives. It is thus important that this syn-
thesis view does not display only the global structure of the system. This view must contain the
various temperatures, the remaining processing times and the position of the roundsmen. It is ap-
preciated if the variables are not only displayed in their digital form but, for example, by a histo-
gram that shows the evolution of the variables since such an image can be interpreted more
quickly than a number. It is also necessary for the view to show the system's functional state.
Most of the time, this was accomplished by using colors.

Q2.4. 1s it easy to navigate between screens?: It is of course preferable to click, for example,
on one of the stations in the synthesis view to reach its detailed view rather than use keyboard
short-cuts. Navigation must be really studied in constant co-operation with the user(s). We ex-
pected buttons to reach the various screen pages. In addition, we appreciated the fact that certain
groups proposed a diagram presenting the global architecture of the HCI, with the hierarchy of
the various screen pages.

Q2.5. Is it clear when an alarm appears?: The most obvious function of an alarm system is to
attract the attention of the operator to a modification of the state of the process, even when the
operator is not working on the interface. The alarm must "tell" him/her to refer to more precise
information so that he/she will be able to diagnose the current problem and then make the appro-
priate decisions. The student groups practically always proposed a "beep". Is this really a good
solution? No, not really. In fact, we find the "beep™ solution rather anxiety-producing in the long
term. But, this is the most effective solution available at the moment for grabbing the operator's
attention when he/she is not in front of the screen. The display resulting from an alarm must also
be quickly understandable. To accomplish this, certain groups chose to surround the given station
in red. We think that is not enough. Something much more visible on the screen is needed, such
as coloring in red of all the symbols representing the station in danger. In addition to the stations'
coloring, certain groups proposed a band of text on each screen page, announcing the alarms.

0Q2.6. Is the information suitably represented?: For readability, the information on the screen
must not only be displayed in its numerical value but also, when it is possible, in the form of
small synthetic images, which would better convey the information than a number. Since the sys-
tem is not very dynamic, we expected such images, which would be easy to integrate into the
graphics. We also wanted the system representation to reproduce the process structure in order to
avoid any mental overload on the part of the operator (i.e., views built according to same hierar-

chy).

Q2.7. Does the data make it possible to anticipate future events?: The purpose of this ques-
tion was to make the students think about evaluating and anticipating the alarms to facilitate the
operator's detection of problems. Though the majority of the groups thought of establishing a
temperature history for a certain period, others, a more limited number had the excellent idea of
representing the temperature change tendency, using the differential calculation of the tempera-
ture between the moment (T) and moment (T-1), according to the lapse of time defined by the
system's inertia. They simply had to display this tendency on the screen in the form of an arrow
whose slope indicates the importance of the evolution. In addition to this, certain groups colored




the arrow according to the value of the current temperature. We think that this is a very interest-
ing idea since it is perhaps easier to interpret the temperature in this form, instead of using trends.

Q3.1. Is all the essential data shown?: Among the essential data, we expected to find the tem-
perature of the stations, the time remaining in the process, the position of the roundsmen, the
alarms related to the system dysfunction or the dysfunction of one of its components, as well as
any irregularity in the speed of the conveyors (i.e., the engine speed). The students proposed this
information and other information features as well, for example: the activity of the roundsmen,
the state of the valves, the weight of the products on the scales and the process stage at each sta-
tion.

Q3.2. Are all the views represented?: We expected four main types of views: a synthesis view,
detailed views of each station, views of the temperature tendency and a historical view of the
alarms. Some groups integrated the station's temperature history directly into the detailed view of
the given station. The other views proposed are the subject of the questions in criteria group 7,
dealing with linked options and propositions.

Q3.3. Is support provided for dynamic use? (e.g., advice on actions, diagnostic methods):
The reports mainly proposed control assistance when the alarms went off: either a specific win-
dow appears, mentioning the alarm name, its probable cause and an action to solve the problem,
or the same information is displayed in the temperature history view. In addition, some groups
proposed a pre-alarm, resulting in advice about better production management or time manage-
ment, for example.

Q3.4. Are support documents provided?: The support documents provided related to two
points. First, it was necessary to provide assistance for using the proposed HCI and not only
about the process because some people do not learn to use computer tools easily. Second, certain
groups thought of providing help concerning the equipment used by the system. This was in most
cases provided in the form of a profile sheet for the equipment, which can both better inform the
supervisor about the equipment in order to better guide the roundsmen and help the operator to
continue his/her training.

Q4.1. Are the alarms managed or filtered according to their degree of seriousness?: A sys-
tem can be associated with a large number of alarms. However, some can be much more im-
portant than others, especially in relation to safety. Although a small number of groups actually
filtered the alarms according to the seriousness of the problem or a set of priorities, it is very im-
portant to do this. That is particularly useful when several alarms occur at the same time. An
alarm of secondary importance must not hide or interfere with an alarm of primary importance. It
is also judicious to highlight the connections between alarms because resolving the problems that
lead to the less important alarms may solve the problems that provoke the alarms of greater im-
portance. In our case study, the temperature alarms, the mixing engine speed alarms and the addi-
tional solvent alarms could be linked, for example, and some groups did link these alarms. Other
groups covered the subject a little differently. Instead of filtering alarms in order of priority, they
did it according to their level of importance. Nevertheless, their methods were globally less rele-
vant than showing the connections between the alarms. In addition, they used different colors of




text or background to show the seriousness of the alarm in the alarm history display. In our opin-
ion, this is not sufficient for real alarm management.

Q4.2. Are the suggested temperature thresholds appropriate?: With this question, we wanted
to see if the subjects paid attention to the various temperature thresholds. Although that seems
paramount for control, some groups did not mention anything about this subject. The notation
was fine-tuned in different ways. Sometimes, it was possible for the operators themselves to con-
figure the thresholds according to their operational practices. We were looking for threshold ac-
curacy. For example, a pre-alarm at 17°C to prevent approaching 18°C (i.e., the danger zone)
would potentially allow the operator to anticipate how the system would evolve.

Q4.3. Is an alarm forecast provided?: Mathematical tools based on statistics, automatic control
or artificial intelligence today are able to propose very advanced techniques that make it possible
to anticipate future problems. This anticipation function uses database of process knowledge ac-
cessed with inference mechanisms. Such tools were not known to all the groups; however, since
it is an important aspect for the future of supervised systems, we were pleased to find that some
groups proposed such a solution.

Q4.4. Is it possible to cancel the alarms?: Although essential legitimate, the possibility of can-
celing an alarm is not always recognized by the students as highly important. Not being able to
cancel an alarm is practically equivalent to not taking it into account, since it can be forgotten
under the pressure of the job and/or when other alarms occur. This question is of major im-
portance for correct process execution. Obviously, it is essential that the alarm cancelling proce-
dure is designed so as not to increase the operator's workload.

Q4.5. Is the formulation of the alarms understandable?: The number of alarms possible in a
process can be high, hence the importance of formulating the alarm correctly in order to desig-
nate the problem as explicitly as possible. For this question, we graded the reports according to
the alarm importance and the need for the precise details given about the formulation of the
alarm.

Q5.1. Is the management of the roundsman activity dealt with?: Only five roundsmen are
available. In addition, they are not always assigned to a particular station; in fact, they are sup-
posed to move among the five stations. If there is a danger of explosion, a roundsman may need
the assistance of another roundsman. Thus, it is necessary to know where the roundsmen are and
their availability. For this reason, we expected some information about the roundsmen. The stu-
dents proposed various possibilities in their reports. The simplest was to post only the number of
roundsmen per station. However, with this solution, the supervisor cannot visualize the activity
of the roundsmen. Since the supervisor guides the roundsmen, he/she knows the tasks of these
roundsmen, but he/she may not remember their activities very long. Accordingly, some groups
created pull-down menus containing the various activities that the roundsmen can carry out.
Thus, the supervisor just needs to update these menus at each new activity. The supervisor can
then visualize the activities of all the roundsmen and can thus choose the roundsman available to
help the others when they have difficulties or assign the roundsman differently.




Q5.2. Is it possible to communicate with the outside?: This question complements the ques-
tion 1.4 (“Is the work station suitably situated”). "Communication with outside"” includes several
topics. A telephone should obviously be available to call for help (e.g., to call firefighters) if need
be. But, communication also includes transmitting information about production to the foremen
or the people in charge of production. For this, a fax could be one solution, but another solution
would be a computer network that connects the supervision computer directly to the management
computers located in other rooms.

Q5.3. Is the data concerning shift changes ergonomic?: We mentioned above that the shift
changes three times a day (3 x 8 hours). If a problem begins at the end of a shift, it is important
that this information can be transmitted to the supervisor responsible for the next shift. In addi-
tion, if a problem occurs during a shift but is not completely resolved or a risk still remains, it is
important to be able to transmit this information to the supervisor in the next shift. The various
methods used were a memo pad or a post-it on the desk. This is not really a very ergonomic solu-
tion because a paper can easily be lost. We expected the “memo pad” to be an integral part of the
HCI.

Q5.4. Is the jargon and language used in the company taken into account?: This question re-
lates to the fundamental problems associated to the dialogue between stakeholders at various lev-
els. First of all, there is a language that is specific to each domain and each company, which has
to be taken into account. There are also grammatical and spelling rules that it is absolutely essen-
tial to respect in each message from the help system. In addition, the messages are addressed to
an operator, and this should not be forgotten. One or two groups used some terms in English for a
French operator, but the messages were globally understandable.

Q5.5. Is it possible to print data out?: Printing a hard copy remains one of the most common
means of keeping the important information for data analysis or for archives. This possibility was
found in practically all the reports, even if some groups did not explicitly show it. The groups
were evaluated according to the techniques that they used for printing. Among the possibilities
was the continuous printing of each alarm or important event, made possible by pressing on a
specific button.

0Q6.1. Are the date and time shown on all the views?: The date and time are important ele-
ments of information in process control. This information makes it possible for operators to ori-
ent themselves over time. They can thus note down all the defects that they consider important to
archive, even if in theory the supervision software manages these defects locally. We thus ex-
pected this information, clearly represented on all the views.

0Q6.2. Is the time remaining per station shown?: In time management, it is important to visual-
ize the time remaining in the various processes in order to make the best use of down time. Dis-
playing the remaining time avoids the operator having to calculate time left before reaching the
end of the process. We gave good grades to those groups that displayed the remaining time per
station but also to groups that gave the duration of the process instead of remaining time. Some
groups ignored this subject completely.




Q7.1. Has the implantation of new sensors been planned for?: Since the production system
was only partially automated, in order to have access to all the information mentioned above, it
was necessary to install new sensors: temperature sensors, tachometers for the various engines,
position sensors to determine the position of the valves (i.e., open or closed), flowmeters to
measure the flow of the liquid solvent poured into the mixers, the level sensors for the mixers
and the solvent tank, smoke detectors. We wanted to test the students' innovation and the imagi-
nation on this subject.

Q7.2. Is a "'recipe’ view envisaged?: Factories like this one are not intended to constantly
manufacture the same product. Consequently, the proportions of raw materials are not always the
same. As the objective is to control the process, it would be useful to design a “recipe” view
making it possible to visualize the raw material proportions for all the products manufactured by
the factory. The supervisor, who can visualize the weight of the products poured into the mixer,
will thus be able to better guide the roundsmen in order to have the closest possible proportions
needed to obtain a quality product. A direct connection to the company's network from the su-
pervisor's computer to a computer in the research department responsible for developing new
products could be envisaged. This direct connection would avoid useless movements of the su-
pervisor; the new recipes could be visualized directly in the “recipe” view of the supervision
HCI.

Q7.3. Is a "'statistical’’ view envisaged?: A "statistical" view would be mainly used by the
maintenance department. This view would make it possible to visualize all alarms and defects
that occur during one period, which must be defined. It would be possible to integrate reliability
indicators into this view. The statistical results would make it possible to identify the weak points
of the process and thus would make it possible to supervise certain parts of the system in particu-
lar and to establish action plans for maintenance. These statistics could be coupled to an artificial
intelligence module that would determine the moment to act on the process elements. This mod-
ule would facilitate the physical monitoring of maintenance materials.

Q7.4. Is it possible to personalize the views on the screens?: The personalization of the views
on the screen must be considered with attention. In reality, it is not the designer who will use the
HCI but the supervisor. What is good for the designer is not necessarily good for the supervisor.
The supervisor is probably the person who has the most experience with the system. He/she thus
has already his/her preferences, which should not be changed in order to avoid any risk of confu-
sion. For this reason, it is important that the supervisor has the ability to choose the information
to be visualized and configure the way of visualizing it. The designer has the technical skills to
guide the supervisor to important information and can consequently propose a range of possibili-
ties. Accordingly, the supervisor will formulate his/her choices among the possibilities, in coop-
eration with the designer. In addition, as stated above, work is carried out in three 8-hour shifts,
so there are at least three supervisors likely to use the supervision HCI. This means considering
the preferences of three different people, and thus three different visions of the process. All peo-
ple have their own personal preferences for how things are run, so it is important to be able to
change the HCI to coincide with the preference of each supervisor. This can be accomplished, for
example, by entering the supervisor's name while connecting to the computer.




Q7.5. Are back-ups planned for?: Data back-ups are necessary to store temperature and alarm
information, for example. Since practically all the groups proposed a history of the temperatures
in the form of trends and the histories of various alarms that occurred, we deduced that a data
back-up function existed implicitly. Some groups envisaged an information storage button for
important information that the supervisor considers necessary to access at any moment.

Q8.1. Is the approach based on safety and reliability?: With this question, we sought to verify
whether or not the groups thought that safety and reliability were important.

Q8.2. Is the approach ergonomic?: This question was intended to see whether or not ergonom-
ics was the focus of the design approach. For this to be true, it would be necessary to study the
real activity of the operators (e.g., human tasks, work conditions). In other words, we wanted to
see to what degree the operators had an influence on the design. The answer to this question
would tell us whether or not the groups took into account the competences to be analyzed, the
characteristics of the activity and the "functioning™ of humans in terms of sensory, mental and
physical activities.

Given these criteria, the next problem is the way to yield a specific assessment for each student
group report. To achieve this aim, the following procedure was used: first it was important to know
whether a given topic (e.g. safety and reliability as in Q8.1) was considered, thus involving a no/yes
answer; then in the latter case, a rating could be given. Due to the difficulty to assess the student
group report, an ordinal scale with few levels was used (instead of a 0-20 continuous scale for in-
stance, the latter being very often used in France). Six levels were used, namely bad (0 labeled),
just mentioned but not detailed (1), not enough (2), average (3), good (4), very good (5). Figure 9
shows the assessment procedure and the final scale. Keeping in mind the usual scale models (Ste-
vens, 1974), our scale is rather qualitative, the 1+6 levels yielding 7 ordered modalities.

Topic (assessed using a criteria)

Not considered Comnsidered
Bn‘d e Very good
| / | 1 | 1 - Qualitative
I rating scale
-1 0 1 2 3 4 5
Nominal part of Ordincal part of
the scale the sccaile

Fig. 9. Assessment scale design



3.2.2. Fundamental problems of statistical analysis

Even though the responses are not so numerous and appear simple, it is not very easy to analyze
them. The primary reason is the complexity of rating scale used to grade the reports, figure 9. An-
other difficulty comes from the high number of criteria (each with its own complex scales) com-
pared with the number of reports (i.e., 35 vs. 63). In addition, the number of reports is quite differ-
ent from one year to the next (e.g., 11 reports for the first year and 3 for the eighth year). To begin
the statistical analysis, let us first evoke various ways, i.e., data analysis paths, (DAP) to solve the
stated problems to later select one data analysis path (DAP) that we think provides interesting re-
sults.

The first stage of the DAP concerns data coding. Using the usual mathematical scale models (Ste-
vens 1974; Corroyer and Wolff 2003), one way to consider the data could be to simply consider a
quantitative scale model, e.g., introducing a 0 value when a topic is not considered and a value from
1 to 6 when a topic is considered. Keeping in mind the properties of the mathematical scale (Stevens
1974), such a coding means that the difference between two near values (0 and 1, 1 and 2, ...) has
the same meaning. Of course, the individual who grades the reports can make the decision to use
this method of coding the data, but any other individual may disagree with this choice. From a sta-
tistical perspective, it could be more interesting to consider another method for coding the data.

A second possible method is to choose the ordinal scale model, which is less constraining than the
quantitative scale model. With the ordinal scale model, it is only necessary to state that considering
a criterion is better than not considering a criterion, even though the way that it is considered is bad.
Nevertheless, such a coding method considers the 6 levels of the ordinal scale as having the same
importance.

A third option is to first make a distinction between not considered and considered topics and then
later include the grade (with its 6 levels, figure 9). This third method for data coding uses a nominal
scale model with N modalities, one modality for not considered and N-1 modalities for the grade of
the considered case. The maximal value for N is 7. The choice of the data coding method will main-
ly depend on the histogram of the data (see § 3.2.3).

In addition to this data coding problem, there is the statistical analysis problem. In view of the dif-
ferent ways of looking at data analysis methods (Loslever 2001), there is a choice between perform-
ing 35 monovariate analyses vs. one multivariate analysis of the 35 variables and the choice be-
tween a descriptive approach, using only the 35*63 grades, vs. an inferential approach, using hy-
pothesis tests. Given the lack of room for presenting the results and the suggestions of many statisti-
cians (Corroyer and Wolff 2003; Saporta 1990), we will focus on a monovariate descriptive analy-
sis, using histograms and variable vs. factor visualizations. Given the rather low number of statisti-
cal units (63 reports), the absolute frequencies (from 0 to 63) will be considered instead of relative
frequencies (from 0% to 100%). One of the main reasons is that, since we are using a descriptive
approach, a relative frequency of 5% is not the same if the total number of occurrences is 63 or 630
(The total number of occurrences considered in our calculation will be always given, which will al-
low the reader to calculate the percentages if need be.)

In the next section, only statistical results are given. These results will be associated in the discus-
sion to both ergonomic and pedagogical aspects.



3.2.3. Results and discussion

A first result is the rather high frequency of the modality not considered (Fig. 10). In terms of the
specification, when a point is not considered, this means that this point is not mentioned at all in the
student report. For instance, for the “time management” criteria group n°6, criterion 6.1. (Table 1),
no HCI showed date and time to the human operator, which is curious since these two dynamic
pieces of information have great importance in industrial supervision.

Fig. 10 shows that for topics that have been taken into account (i.e., with a rank from 0 to 5), the
overall assessment is rather good: the cumulated frequency for rates from 3 to 5 is much larger than
the cumulated frequency for rates from 0 to 2. This constitutes an encouraging result and shows that
our future designers were implicated and interested in the project. The overall histogram of Fig. 10
and more local histograms show 1) a high frequency of considered topics (let us remember that our
designers are novices, since they are students) and 2) when a topic is treated, the treatment is per-
formed rather in depth.

From an educational point of view, these results show the necessity to focus on topics considered as
important (in our case those listed in Table 1) in a domain, during the teaching program. In a project
such as this, there is much overall interest from the students in relation to these criteria. It would be
interesting to know or to study how this interest is changes (positively or negatively) once they find
themselves in a real work situation in companies. It would also be interesting to design systems
supporting activities in supervisory HCI design, with an incentive for in-depth consideration of the
various criteria relevant to the project in question.
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Fig. 10. Histogram computed for all the evaluations (35*63=2205 data)
NB: The horizontal axis is drawn in dashed line to emphasize that this axis represents a qualita-
tive variable.

To have an idea of which criteria give the worst and best ratings, the data corresponding to each of
the 35 criteria were averaged. These average values are shown graphically in Figure 11. The main
result is that there are large differences between the criteria groups (e.g., group 1 vs. group 2). Fur-
thermore, differences within the criteria groups can be low (e.g., groups 1, 2, 6 and 8) or large (e.g.,
group 3). If one considers that a well-respected criterion should involve both high values and low
differences from one question to another, criteria groups 2 and 8 show the best compromises.



As teachers, we expected that each criterion would be taken into account (or at least considered) and
thus yield a rating equal or greater than 3. However, as Figure 11 shows, only criteria groups 2 and 8
were globally rather well considered, and criteria groups 3, 4 and 5 were partially considered. None-
theless, criteria groups 1, 6 and 7 should have produced better results. The most positive point is
that, on average, no criteria group had a really bad score (0 or 1).
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(*: Average for the 63 reports)
Fig. 11. Averages for each of the questions of each of the 8 groups

Figure 11 provides interesting results. However, it leaves the not considered modality aside, and it
is rather biased since the vertical axis corresponds to average values, which could convey the wrong
meaning if the 0-5 scale is not quantitative. Figure 12 allows to better maintain the initial structure
of the evaluation scale (due to the high number of variables (35), a shades-of-gray graph is used in-
stead of a histogram.) Although this figure is more complex than Figure 11, it shows that the num-
ber of occurrences for the not considered modality shows large differences from one criteria group
to another; however, within one group, the differences are not so large, except for criteria groups 3,
5 and 7. Like Figure 11, this figure also shows that criteria groups 2 and 8 yield the best evaluations.
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Fig. 12. Frequencies of the modalities, shown using shades-of-gray, for the 35 variables
(total effectives for each variable: 63 values)

The results shown in Figures 11 and 12 can be discussed in relation to each of the 8 criteria groups
(see 4.1). We start with the criteria groups that yielded globally satisfactory results and finish with
the criteria groups that had more important deficiencies:

- Group 2 (Graphics and representation of the information on screens): Figures 11 and 12 show
us that the graphics and representation of information on the screens were a key factor for the
future designers, and so they obtained excellent results. Indeed, the graphics and screen repre-
sentations were dealt with in-depth in the course (see 2.2), both from the theoretical point of
view and the normative one; many good and bad examples were described. Moreover, in an-
other course (Ergonomics module), the teacher had also stressed the importance of graphical
aspects of information representation and information in general.

- Group 8 (Suggested work approach): This criteria group was well handled by most groups,
which can be explained by the fact that several courses (in addition to the one described in
section 2.2; it is the case for instance with the Software Engineering course) in the students'
program emphasize methodological elements. These elements seemed to interest our future
designers very much. If we look closer at the results for both criteria, the same importance was
given on one hand to safety and reliability, and partly to the ergonomic approach, which is
very positive since the students were free to propose the approach to take, from their point of
view.

- Group 3 (Information available on the screens): The essential information, as well as the types
of views used to represent these essentials, was for the most part dealt with adequately. On the



other hand, both the control assistance and the documentary support were treated too lightly.
The results to questions 3.1 and 3.2 show the interest of students in the analysis of important
information to be found on the HCI; on the other hand, they have difficulties in moving be-
yond the supervisory HCI, have not tried to approach different complementary software tools
or support systems (bad results to questions 3.3 and 3.4). This lack of interest should be offset
by the courses covered in the final year of training (where the concept of the support system in
general is presented and discussed).

Group 1 (Room layout): All the questions were dealt with in roughly the same way, although
the theoretical course only mentioned them (see section 2.2). However, the ergonomics course
covered them in-depth, which could explain why the students dealt with them like they did.
Some student groups went much further in the search for information to deal with the five
questions in this criteria group, particularly user-friendliness (1.1), the situation of the work
station (1.4) and its ergonomic criteria (1.5). In fact, in Figure 12, we see basically two catego-
ries of designers: (1) those who attached little or no importance to the development of the con-
trol room (very low marks) and conversely (2) others who, as soon as they started treating this
aspect, did so in depth, since they could rely in this case on the Physical Ergonomics course
(good or very good marks).

Group 4 (Alarms): The groups just proposed the traditional lists of alarms, with a serious
study of only the alarm thresholds (4.2) and their formulation (4.5). On the other hand, crucial
questions about process control were often neglected: management and filtering of alarms
(4.1), fault prediction (4.3) and even canceling of alarms (4.5), which should have been basic
concerns for future designers, were not dealt with seriously, despite the fact that many sugges-
tions had been given about these questions in the theoretical course (see section 2.2). Given
the emphasis on the safety and reliability approach (see Group 8, question 8.2), and the fact
that the concept of the alarm is fundamental in their training, we can consider this outcome to
be disappointing and even ironic, given the dangerousness of the process studied (explosion
risk in certain situations).

Group 5 (Communication): Only the questions related to jargon and language (5.4) were cov-
ered in depth. The results for managing the activity of the roundsmen (5.1) and communica-
tion with the outside (5.2) were fairly mediocre, although these questions are very important
for the specific application in this case study. It is true that these questions were covered only
slightly in the theoretical course (see section 2.2). It is equally true that these kinds of infor-
mation are more visible in real work situations. The results for the problems of shift changes
(5.3) (which is in itself a difficult problem, especially in the context of rotating shifts (3 x 8
hours), for example in terms of information to be transmitted to the following team: instruc-
tions, situation, steps to follow, probable incidents ...) and printing information (5.5) were
much better.

Group 6 (Time management): it is well known that the time management is an essential factor
in process control. Nonetheless, the results obtained for this group were poor, both for the ap-
pearance of the date and time on all the views (6.1), which should have been obvious, and the
time remaining per station (6.2), which is essential information. Concealing that information
is a serious problem of lack of reference with respect to time, while in the process, everything
is managed using temporal references (incident management, mixing time, temporal links of
the production phases ... ); this is also important in relation to the management of the alternat-
ing teams (schedules, transmitting of information, instructions ...).

Group 7 (Linked options and propositions): This group includes complementary aspects use-
ful for control. The results were poor for installation of new sensors (7.1); although these as-
pects had not been covered in the theoretical course (see section 2.2), they had been covered
in another course about sensors. The results were also poor for envisioning a “recipe” view
(7.2) and a "statistical” view (7.3) (it gets the worst mark of all the questions from groups 1-



8), which would have been relevant to this case study. As regards 7.2, this was underestimated
by the student groups, but was covered in the theoretical course in the first phase of our case
study. Regarding 7.3, these future designers underestimated the quantitative aspect of the data,
although it is very important for production management, for the quality service and analysis
laboratory (aspects that the course had not addressed, or just touched upon very briefly and
orally). Another aspect that was covered only slightly in the theoretical course, the personali-
zation of the views (7.4), was also neglected by the future designers (note that it will be ad-
dressed in more detail next year in their training). On the other hand, data storage (7.2) was
dealt with relatively appropriately.

5. Conclusion

In this article, we focus on the performance of student designers in the specification of supervisory
HCI. We describe a simulated work situation in a case study involving an industrial process with
five interconnected mixing stations that needs a supervisory HCI. The student designers had to deal
with productivity, economic and safety issues for people and installations.

The study data in the form of HCI specifications was very rich. A preliminary global analysis pro-
duced several interesting results, for example: many design errors were committed by each of the
student groups; the non-exploitation of software prototyping tools influenced the contents of some
solutions; synthesis views were proposed systematically by all groups; the designers had great crea-
tive potential; and there was great diversity in the solutions proposed.

Following the presentation of this preliminary analysis, we then moved towards a more intensive
analysis. We explained the criterion used to evaluate student performance. Sixty-three groups of
Master's degree students (3 to 5 students/group, though most groups had 4 members) were involved
in this case study. These students can be seen as future designers of supervisory HCI. The results of
our second analysis are interesting. They show clearly that, depending on the criterion studied, these
potential HCI designers committed many errors; most groups did not address some of the important
aspects at all or very little, despite the fact that the importance of these aspects was addressed in the
10-hour theoretical course. Some of these errors are likely to persist in real design situations in
companies.

The two conclusions we draw from the study are:

- by bringing together future designers, we can see that from their common work, there are in-
teresting results in terms of overall performance (quality of the reports produced). As stated
previously, there are positives and negatives in each report (relating to criteria considered), but
an "ideal™ report, that is to say, with a score of 4 or 5 for each criterion, has never been pro-
duced over the period of 9 years. Thus a report getting a good or very good mark for one crite-
rion or set of criteria, can get average or poor marks for other criteria or criteria groups.

- Different types of solutions can be envisaged to improve the performance of these future de-
signers

v Since we can identify shortcomings in relation to a list of criteria, it would be possible
to propose software support systems based on such criteria (which may join the re-
search carried out in the 10 or 15 years after 1990 on model-based development ap-
proaches (Szekely, 1996) and the "Tools for Working With Guidelines” research way
(Vanderdonckt and Farenc, 2000) (including design and evaluation tools dedicated to



supervisory HCI (cf. (Kolski and Millot, 1991; Johannsen, 1995; Moussa et al, 2000)),
very oriented currently towards Web HCI (Bereikdar et al., 2005). In this case, several
categories are possible: they could go from static aids presenting good and bad exam-
ples (see also the next proposition), to dynamic aids with critical capabilities, progres-
sively able to produce proposals for designers, to offer suggestions.

v It would be possible to provide students with reports set in previous years (a set of
PDF files or a dedicated web site). These could be discussed broadly with respect to
their different strengths and weaknesses (or systematically compared to all the criteria
listed, which could increase the teacher’s workload, if the number of reports is high
every year). Thus, every future designer could learn from mistakes made in previous
years. But of course, a problem arises if the cases to study change significantly from
year to year.

v' Itis also possible to provide the project teams in a learning situation, with real human
operators, expressing real needs (this would be possible if new, innovative collabora-
tions between training and production centers,are developed).

v The ideal situation would be to include this type of approach in the conduct of ergo-
nomic industrial projects with a composition of different members in the team of stu-
dents, using simulated skills (project manager, developer, ergonomist, graphic design-
er, production engineer, maintenance manager, roundsman, supervisory operator, etc.).
Thus, each team member in a learning situation would have to play his/her role fully
in the situation, defending his/her position with solid arguments since they refer both
to the role attributed to them and the concern of the service he or she represents in the
working group. In this case, we can truly speak of user centered design even though it
is clear that the real progression of the project will be more complicated since it must
proceed in light of a consensus at decision-making level. That is why a project manag-
er with a strong personality is essential to enforce the decisions with firmness (the
learning situation will be different depending on whether the role assigned to the pro-
ject leader is taken by a teacher or one of the students in the learning process, or even
a professional).

Concerning the possible studies, the research perspectives are numerous. It would be possible to
conduct several studies of this type, varying the experimental conditions: emphasizing one or more
HCI concepts during the theoretical course or changing the subject profile or the complexity of the
industrial process, for example. It would be interesting to work with not only groups of designers
but also individual designers, and then compare their performance. For the groups, it would be pos-
sible to study the aspects related to collaborative work (e.g., communications, contradictory proposi-
tions, HCI specification problem-solving). It would be also relevant to compare the results obtained
by novice designers like the subjects in this case study with the results obtained by relatively experi-
enced designers.

Concerning the possible evolutions of the university lecture course, it is now possible to consider
new developments inherent in new Web technologies, especially Web Services and Service Orient-
ed Architecture (SOA) (Pelz, 2003). It is possible to move towards new concepts of highly distrib-
uted HCI, particularly in new supervisory organizations (concept of e-supervision, with strong con-
nections with other services and concepts: e-maintenance, e-logistics ...) involving stakeholders



both inside and outside the control rooms, even outside the company (Hou and Su, 2006; Idoughi
and Kolski, 2007, Lu et al. 2009; Idoughi et al., 2010). For this reason, the new simulations during
the course will involve new organizations (and in consequence the need for new criteria related to
these highly distributed organizations), involving adapted HCI (on different interaction supports that
can be carried: PDA, smartphone, tablet ...). These new simulations are being studied and imple-
mented.
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