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Foreword

The 12th International Conference on Human-Computer Interaction, HCI Interna-
tional 2007, was held in Beijing, P.R. China, 22-27 July 2007, jointly with the
Symposium on Human Interface (Japan) 2007, the 7th International Conference on
Engineering Psychology and Cognitive Ergonomics, the 4th International Conference
on Universal Access in Human-Computer Interaction, the 2nd International Confer-
ence on Virtua Redlity, the 2nd International Conference on Usability and Interna-
tionalization, the 2nd International Conference on Online Communities and Social
Computing, the 3rd International Conference on Augmented Cognition, and the 1st
International Conference on Digital Human Modeling.

A total of 3403 individuals from academia, research institutes, industry and
governmental agencies from 76 countries submitted contributions, and 1681 papers,
judged to be of high scientific quality, were included in the program. These papers
address the latest research and development efforts and highlight the human aspects
of design and use of computing systems. The papers accepted for presentation thor-
oughly cover the entire field of Human-Computer Interaction, addressing major ad-
vances in knowledge and effective use of computersin avariety of application aress.

This volume, edited by Don Harris, contains papers in the thematic area of Engi-
neering Psychology and Cognitive Ergonomics, addressing the following major
topics:

Cognitive and Affective Issuesin User Interface Design
Cognitive Workload and Human Performance
Cognitive Modeling and Measuring

Safety Critical Applications and Systems

The remaining volumes of the HCI International 2007 proceedings are;

e Volume 1, LNCS 4550, Interaction Design and Usability, edited by Julie A. Jacko

e Volume 2, LNCS 4551, Interaction Platforms and Techniques, edited by Julie A.
Jacko

e Volume 3, LNCS 4552, HCI Intelligent Multimodal Interaction Environments,
edited by Julie A. Jacko

e Volume 4, LNCS 4553, HCI Applications and Services, edited by Julie A. Jacko

e Volume 5, LNCS 4554, Coping with Diversity in Universal Access, edited by
Constantine Stephanidis

e Volume 6, LNCS 4555, Universal Access to Ambient Interaction, edited by
Constantine Stephanidis

e Volume 7, LNCS 4556, Universal Access to Applications and Services, edited by
Constantine Stephanidis

e Volume 8, LNCS 4557, Methods, Techniques and Tools in Information Design,
edited by Michael J. Smith and Gavriel Salvendy
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Volume 9, LNCS 4558, Interacting in Information Environments, edited by
Michael J. Smith and Gavriel Salvendy

Volume 10, LNCS 4559, HCI and Culture, edited by Nuray Aykin

Volume 11, LNCS 4560, Global and Local User Interfaces, edited by Nuray Aykin
Volume 12, LNCS 4561, Digital Human Modeling, edited by Vincent G. Duffy
Volume 14, LNCS 4563, Virtual Reality, edited by Randall Shumaker

Volume 15, LNCS 4564, Online Communities and Social Computing, edited by
Douglas Schuler

Volume 16, LNAI 4565, Foundations of Augmented Cognition 3rd Edition, edited
by Dylan D. Schmorrow and Leah M. Reeves

Volume 17, LNCS 4566, Ergonomics and Health Aspects of Work with Com-
puters, edited by Marvin J. Dainoff

| would like to thank the Program Chairs and the members of the Program Boards
al Thematic Areas, listed below, for their contribution to the highest scientific

quality and the overall success of the HCI International 2007 Conference.

Ergonomics and Health Aspects of Work with Computers

Program Chair: Marvin J. Dainoff

Arne Aaras, Norway Holger Luczak, Germany
Pascale Carayon, USA AuraC. Matias, Philippines
Barbara G.F. Cohen, USA Kyung (Ken) Park, Korea
Wolfgang Friesdorf, Germany Michelle Robertson, USA
Martin Helander, Singapore Steven L. Sauter, USA
Ben-Tzion Karsh, USA Dominique L. Scapin, France
Waldemar Karwowski, USA Michael J. Smith, USA

Peter Kern, Germany Naomi Swanson, USA
Danuta K oradecka, Poland Peter Vink, The Netherlands
Kari Lindstrom, Finland John Wilson, UK

Human Interface and the Management of Information

Program Chair: Michael J. Smith

Laos Balint, Hungary Robert Proctor, USA
GunillaBradley, Sweden Y oungho Rhee, Korea
Hans-Jorg Bullinger, Germany Anxo Cereijo Roibés, UK
Alan H.S. Chan, Hong Kong Francois Sainfort, USA
Klaus-Peter Féhnrich, Germany Katsunori Shimohara, Japan
Michitaka Hirose, Japan Tsutomu Tabe, Japan

Y oshinori Horie, Japan Alvaro Taveira, USA
Richard Koubek, USA Kim-Phuong L. Vu, USA

Y asufumi Kume, Japan Tomio Watanabe, Japan

Mark Lehto, USA Sakae Y amamoto, Japan
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Jiye Mao, P.R. China Hidekazu Y oshikawa, Japan
Fiona Nah, USA Li Zheng, P.R. China
Shogo Nishida, Japan Bernhard Zimolong, Germany

Leszek Pacholski, Poland

Human-Computer Interaction

Program Chair: Julie A. Jacko

Sebastiano Bagnara, Italy V. Kathlene Leonard, USA
Jianming Dong, USA Chang S. Nam, USA

John Eklund, Australia Anthony F. Norcio, USA
Xiaowen Fang, USA Celestine A. Ntuen, USA
Sheue-Ling Hwang, Taiwan P.L. Patrick Rau, P.R. China
Yong Gu Ji, Korea Andrew Sears, USA

Steven J. Landry, USA Holly Vitense, USA
Jonathan Lazar, USA Wenli Zhu, P.R. China

Engineering Psychology and Cognitive Ergonomics

Program Chair: Don Harris

Kenneth R. Boff, USA Nicolas Marmaras, Greece
Guy Boy, France David Morrison, Australia
Pietro Carlo Cacciabue, Italy Sundaram Narayanan, USA
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Preface

This volume of the proceedings from HCII 2007 contains papers presented at the 7th
International Conference on Engineering Psychology and Cognitive Ergonomics. The
book contains contributions from approaching 250 authors from 18 countries. It is
divided into four sections: Cognitive and Affective Issues in User Interface Design;
Cognitive Workload and Human Performance; Cognitive Modeling and Measuring;
and Safety Critical Applications and Systems. However, the contributions address a
wider range of issues, and it has been a challenge to group them into Parts.

| would like to thank all the authors for their contributions to this book. It almost
goes without saying that without their efforts, neither the conference nor this volume
would have been possible. | would aso like to extend my thanks to al the Program
Board members who contributed their time and effort to the selection and reviewing
of the papers. Findly, | must thank Constantine Stephanidis, Gavriel Salvendy and
the HCII 2007 conference organization team as a whole. Their organization of the
conference has been first rate and the effort that they have put in to produce these
proceedings has been immeasurable. Without them, none of this would have been
possible.

Don Harris, Editor



HCI International 2009

The 13th International Conference on Human-Computer Interaction, HCI Interna-
tional 2009, will be held jointly with the affiliated Conferencesin San Diego, Califor-
nia, USA, in the Town and Country Resort & Convention Center, 19-24 July 2009. It
will cover a broad spectrum of themes related to Human Computer Interaction, in-
cluding theoretical issues, methods, tools, processes and case studies in HCI design,
as well as novel interaction techniques, interfaces and applications. The proceedings
will be published by Springer. For more information, please visit the Conference
website: http://www.hcii2009.org/

Genera Chair

Professor Constantine Stephanidis
ICS-FORTH and University of Crete
Heraklion, Crete, Greece

Email: program@hcii2009.org
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Abstract. This paper will introduce the human factors command and control
test bed developed at Brunel University. The system was devel oped to facilitate
experiments into command and control within a military context. The purpose
of the system is to support experimentation, it is not intended to represent a
product that could be used in the field by the MoD. The test bed developed
represents a controlled environment alowing the manipulation of individual
variables. The manipulation of these variables allows researchers to address
fundamental human factors questions emerging from the transition form an
analogue paper based planning process to a digital network enabled process.
Areas of particular interest for this system include collaborative working,
distributed command centres, the flow of information as well as changes to the
command hierarchy. The system consists of a number of commercial off the
shelf products synthesised by a bespoke planning application.

Keywords: Command and Control; Test Bed; Experimental Environment;
Software Development.

1 Introduction

The system described in this paper has been developed for the Human Factors
Integration Defence Technology Centre (www.HFIDTC.com) at Brunel University.
The system’ sraison d’ étre is to facilitate the manipulation of variables in a controlled
repeatable environment. The system is designed to support other more naturalistic
research currently underway within the consortium to address fundamental questions
on the way forward for the transition to a Network Enabled Capability (NEC) system
for the British military.
Command and Control or C2 is defined by Builder, Bankes and Nordin (1999) as:

“The exercise of authority and direction by a properly designated [individual]
over assigned [resources] in the accomplishment of a [ common goal]. Command and
control functions are performed through an arrangement of personnel, equipment,
communications, facilities, and procedures which are employed by a [designated
individual] in planning, directing, coordinating, and controlling [resources] in the
accomplishment of the [common goal].” (p. 11).

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCII 2007, LNAI 4562, pp. 2007.
© Springer-Verlag Berlin Heidelberg 2007
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In other words command and control is the product of combining command
(authority) with control (the means to assert this authority), these are the emergent
properties of, “unity of effort in the accomplishment of a [common goal]” (Jones,
1993) and, “decision superiority” (DoD, 1999p. 28).

Beyond the descriptive level, command and control is a collection of functional
parts that together form a functioning whole. Command and control is a mixture of
people and technology, typically dispersed geographically. It is a purposeful
intelligently adaptive endeavour representing progress towards a defined outcome.
Intelligent adaptiveness requires responses to externally generated input events within
afinite and specified period (Young, 1982). In possessing these attributes, command
and control can be characterised with reference to, and understood from the following
modelling perspectives, as.

e An (open) system of interacting parts,

e A socio technical system of human and non-human agents and artefacts,
e A distributed system,

e A real time system, and

e Anintelligent system.

The system discussed in this paper has been developed based on the collective
learning gained from extensive observations of command and control systems in the
fields of Army, Navy, Air force, Police Force, Fire service, Air traffic Control,
National Grid and National Rail. (Houghton et a (2006); Stanton & Baber (2006);
Stanton et a (2007); Walker et a (2006))

The system allows investigation into the effects on a team’s command structure
and its ability to achieve its goals. At present the system represents a chain of
command at three levels (Gold, Silver and Bronze). The terms Gold, Silver and
Bronze have been taken from the emergency services to represent three levels of
command. These terms were selected over military specific terms in order to alow
research to be conducted at a number of levels of the command structure. The role of
each of the command levels can be significantly changed by adding and removing
displayed information as well as the level of functionality. This ability of the system
allows experimentation into the optimal display requirements for each level for any
given situation.

Fig. 1. Hierarchicdl Command structureshows an example of a traditional
hierarchal structure here information is passed up from bronze to silver then
aggregated and send to gold. Information is also sent down from gold to silver then
disseminated to bronze. With the new capabilities of NEC it is now possible to send
information in amost any conceivable way as shown in Fig. 2. Hierarchical
Command structure, information can now easily be copied and distributed directly to
gold, or via a peer to peer network.
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Fig. 2. Hierarchical Command structure

2 The System

The system has been developed to be fully mobile, it takes advantage of existing 3G
networks allowing experiments to be conducted globally anywhere a mobile phone
network can be found. A number of experiments have been conducted at Brunel
University’ s Uxbrigdge campus, this environment is a controllable setting it provides
arealistic and, therefore, ecologically valid urban battlespace landscape. The campus
covers an approximately rectangular area of 50 hectares, with an elevation of 7.5
metres and no significant gradient. The campus is laid out with 20 definable
structures (mainly concrete) ranging in height from approximately 3 metres to 20
metres (1 story to 8 stories respectively). The land adjacent to and between the
structures is covered with hard paving and grass. The total battlespace is bounded by
a perimeter road on all boundary faces, beyond which is chain link fencing on the
South and North boundaries, a public road on the West boundary and a small river on
the East boundary. A 3D representation of the total battlespace is provided in Fig. 3.
3D model of campus environment Technically the test bed is made up of a number of
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Fig. 4. Layout of Gold Command Centre

facilities the gold command centre contains three large (3m by 2.25m) Stewart
screens with rear projection for the peripheral screens and a front projector for the
centre screen.  Six Eiki LC-SX4Li projectors are projected onto the screens, the
periphery screens are rotated by 45 degrees from the centre screen creating an
immersive environment. The centre projector is 4.27m from the ground whilst the
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rear projectors are 1.30m. This alows the user to get very close to the screen without
obscuring the projected image (see Fig. 4. Layout of Gold Command Centre). Green
et a (2005) offer amore detailed description of the system and its development.

The information displayed on the screen is completely reconfigurable typically
information will be supplied by a number of field agents (bronze units) and
represented on the map. Typical information will include their position as well as
annotations for the agents and the area around them.

Silver units are presented with completely reconfigurable displays; the information is
presented to the unit on a standard laptop equipped with a 3G data card. Bronze units
are equipped with handheld PDASs (02 XDA Execs) running Windows Mobile 5.

Fig. 5. Brunel Gold Command Centre

In order to expedite the development time of the command software running at the
three levels it was decided to investigate a number of existing “commercial off the
shelf” (COTS) software packages. After some preliminary investigation it was
decided that the most promising option to investigate further was Google Earth.

Google Earth is a free downloadable piece of software that has a number of
benefits for tracking the position of objectsin a 3D streamed data version of the real
world. After a very short investigation it was clear that the software supported many
of the required functions. Like many other internet based programs Google Earth
contains satellite imagery of varying quality for the entire globe. Google Earth
however contains some clever algorithms that link this data together and stream it to
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the user. It is possible to quickly navigate around by a number of methods, viewing
the scene at a number of zoom levels. Additional information and control can be
added by getting the software to read and write very simple text files called .KML.
These are in many ways very similar to HTML. The files can be easily added to a
scene by dragging and dropping or by an automated link allowing information to be
shared between concurrent users.

In order to add in further functionality such as support for the combat estimate
planning process an additional program is required to run along side Google Earth.
This program needs to be able to send and receive as much information as possible to
allow communication between the programs to be complete and seamless.

The first stage of this process is to develop a piece of software as a proof of
concept that demonstrates communication between the two programs. Fig. 5. Brunel
Gold Command Centre shows the two programs working with Google Earth on the
left hand side and the new bespoke software on the right hand side. The icons can be
seen to be positioned in the same location on both maps. When moving from a 2D
static paper based system to a 3D dynamic system there are a lot of considerations to
be made. The C4l environment is very different to the traditional 2D birds eye view
maps used that are marked up with symbols printed on transparencies stored in large
folders. The 3D environment by its very nature can be viewed from any angle and at
various zoom distances. This brings with it many advantages, the commander can
view the battlefield in a traditional birds eye view or can view the battle-space from a
soldiers eye view. The map modelled at Brunel is of a 3D texture mapped
environment that is dynamic, the map is automatically updated with time as units
move and other information is received. The new technology brings with it lots of
additional capabilities that need to be carefully considered before they are
implemented. The ability to model future and past activities as animations how exists
as well as true real time updating of information, careful consideration has to be
placed on how this information is represented and who should receive it. Around the
world there have been a number of developments of military symbology for computer
based command and control applications. (Albinsson & Fransson 2002; Object Raku
Technology 2005; Mouat 2005). The display of warfighting symbology has evolved
from a static, manual operation to include fully automated computer generation. A
representation method is required that can be tranmitted over a number of
communication channels at low bandwidth and rapidly regenerated and understood at
the other end. “The standardisation of warfighting symbology plays an integral role
in achieving interoperability during joint service operations. While the primary focus
of this standardisation is the electronic generation of symbology, this effort must also
support those mission requirements where symbology is hand drawn by the
warfighter.” (US DOD 1999). The fact that the domain modelled is dynamic lends
itself very well to a C4l representation. Albinsson (2005) comments that the system
as a whole will, to a great extent, change states without a particular user's
intervention. Here for the first time the processof updating the map has become
automated, the action of automating this processs brings with it many additional
considerations, for the first time the human is taken out of the loop and the ability to
apply a‘sanity check’ is removed.
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3 Conclusions

This document has outlined the development of the Brunel Command and Control
System.

The requirements have been born out of documents created by observation and
analysis of multiple military, emergency services and civilian command and control
scenarios. The system has and will continue to be developed in an iterative fashion
incorporating new currently unanticipated levels of functionality as they are identified
by future analysis and experimentation.

The paper has introduced a number of areas to be investigated further and raises a
number of issues that need to be addressed in the move from a traditional static paper
based representation of the domain to a dynamic digital representation. Work is
currently ongoing on the development of the system in line with a number of
experimental studied.
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Technology Centre was part-funded by the Human Sciences Domain of the UK
Ministry of Defence Scientific Research Program. Any views expressed are those of
the authors and do not necessarily represent those of MOD or any other UK
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Abstract. Perceived complexity is analyzed in conjunction with cognitive
stability in the context of potential use in human-centered design. These human
factors are useful in the process of understanding co-adaptation of people and
technology, and consequently for the evaluation of the maturity of a product.
Expertise and experience play an important role in the definition and refinement
of these two concepts. This paper presents a first account of such concepts in
the context of aircraft cockpit design.

Keywords: perceived complexity, cognitive stability, maturity, expertise,
experience, co-adaptation, esthetics, natural versus artificial, knowledge, know-
how, skills, redundancy, cognitive support, safety, performance, comfort.

1 Introduction

This paper presents an analysis of cognitive stability and perceived complexity in
human-machine interaction, where the machine is software-intensive. Both concepts
are complementary. Perceived complexity is more related to the “gulf of evaluation”,
and cognitive stability to the “gulf of execution”, in Norman's terminology [19] [20].
Cognitive stability is related to various principles such as simplicity (and its
counterpart complexity), observability and controllability, and redundancy. Even if
adaptation is an asset of human beings, their life is better when technology is adapted
to them. In fact, the real issue in human-centered design is to better understand co-
adaptation of people and technology [4] in the perspective of increasing cognitive
stability. Cognitive stability is defined taking the physical metaphor of passive and
active stability that respectively involves static and dynamic complexity.

Our technological world never stops producing new technology that induces new
practices, therefore people attempt to adapt in order to reach a reasonable level of
cognitive stability. We observe that people may, or may not, have difficulty to learn
and maintain these practices. Such difficulty is directly related to system complexity
and emerging cognitive instability. The main problem arises when we try to
understand what system complexity really is. System complexity will be seen from
the perspective of a user who has to adapt to a new system or technology.
Consequently, the appropriate concept that will be studied is perceived complexity. A
system may be internally complex but very well designed, and provide a very easy

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCII 2007, LNAI 4562, pp. 10{21] 2007.
© Springer-Verlag Berlin Heidelberg 2007
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user experience. Conversely, a technology that is not mature enough may cause an
overload of adaptation that requires extensive training on this technology. Therefore,
maturity of both technology and practices is a concept that deserves to be further
investigated. In the context of life-critical systems, certification of new technology is
required [8]. Certification criteria are built around two main kinds of principles,
design principles that are concerned with system stability and use principles that are
concerned with cognitive stability.

“Errare humanum est” (i.e., making errors is human) is a very old maxim that is
gtill very much verified and used. Its corollary “Perseverare diabolicum” (i.e,
persisting is diabolical) should also be remembered. For the last three decades, we
have studied human errors in the cockpit of commercial aircraft. Well-informed
statistics, such as the ASRS [2], report that about 75% of incidents are caused by
pilots human errors. Several authors proposed various kinds of human error
taxonomies [1] [12] [15] [18] [22]. Hollnagel talks about erroneous actions that can
be initiated or terminated too early, too late under incorrect conditions, for incorrect
reasons, or not at all [13]. The priority assigned to an action can also be a factor of
human error.

But how can a designer or engineer take into account potential human errors at
design time? A designer is a creator or an architect of a novel artifact. An engineer is
a builder. It happens that some people have both of these jobs. Let the term “design”
denote both of them. A designer then needs to understand human reliability in order to
prevent surprises. Even if design is an incremental trial-and-error process, the best
early design islikely to lead to the best product in the end. Thisis why thereis a need
for an underlying theory of both cognitive stability and perceived complexity.

Thefirst part of this paper provides an account of the concept of cognitive stability
using the physica stability background and the latest development in human
reliability and adaptation. The second part is devoted to the analysis of perceived
complexity. The third part shows how human-centered design can be improved by
taking into account cognitive stability and perceived complexity. In the balance of the
paper, adiscussion is started on related issues.

2 Cognitive Stability
2.1 Passive and Active Stability

Stability is a concept that physicists know well. The pendulum is a good example of
passive stability. A pendulum consists of a mass attached by a string to a pivot point.
When the mass is moved aside, it tends to return to its initial state. We talk about
stable balance or equilibrium. The same kind of phenomenon happens when you
through a ball in a bowl, it stabilizes at the bottom of the bowl... and stays in the
bowl. However, if you turn the bowl and put the ball on the top of its convex side,
then the ball falls and is no longer on the bowl. We talk about instable balance or
equilibrium. In the same way, plate spinning consists in maintaining a plate on a pole
without it falling off. Plate spinning relies on the gyroscopic effect that you need to
permanently induce from the basis of the pole. Circus acrobats are able to maintain
severa spinning plates on the top of several poles at the same time. This is active
stability.
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A chair requires three legs that are not aligned to be passively stable. However,
why are human beings able to stay erect on two legs? This is because we constantly
compensate balance errors. We stay erect because we are active, often unconsciously!
We learned this kind of active stability in our very early childhood. Taking this
metaphor seriously, an erroneous action deviates from a stable state either to return to
it or diverge from it. The former defines cognitive stability and the latter cognitive
instability.

There are human-machine systems that provide cognitive stability, at least in a
specific context of use. For example, there are bicycles that are physically stable from
the intrinsic design of their forks, i.e., when you move the handlebars sideways (but
not too much) they tend to re-stabilize on the trgjectory. Others are not. In the same
way, most current spelling checkers tend to automatically correct typos, or at least
suggest appropriate corrections, without disturbing the generation of atext. They tend
to make text processing more comfortable and efficient (i.e., the text is [almost] free
of spelling mistakes). This kind of passive stability is related to the concept of error
tolerance, i.e., users may make errors that are tolerated, in the sense that they can be
either automatically corrected or users have the awareness and means to recover from
them.

Conversely, there are systems that induce cognitive instability. For example, the
carpenter without harness or appropriate equipment who is walking on a beam located
several meters above the ground takes a risk. If he makes an error, is unbalanced and
fals, there is no recovery means. Professional carpenters learn to actively stabilize
their walking on beams. In addition, they may wear appropriate equipment such as
harness. In the same way, current computers have many layers of software that users
cannot and don’'t want to understand. Sometimes, when you push a button, the
computer screen provides a message saying “Processing...”, without anything else.
As aresult, impatient people start to believe that the computer is down. They usually
need to act, and press other keys or buttons to check if the computer is still active.
What they do at this point isfilling a buffer of commands that will be active when the
“Processing...” is finished! They then observe unexpected behavior of the machine,
and they actually may continue to press keys and buttons, and so on. This is a
diverging process induced by abad design. Thisisinduced cognitive instability that is
directly related to the concept of error resistance. Usability engineering has already
provided solutions for this kind of example [17].

Y ou can see that cognitive instability is directly linked to expertise and experience
either from designers or users. Experience strongly contributes to decrease perceived
complexity. Of course, we would like to design cognitively stable machines for
experienced people as well as for novices. Both users and designers should make a
permanent co-adaptation in order to reach an acceptable stability of the overall
human-machine system.

2.2 Intentional Versus Reactive Behavior

Someone may be in an instable situation intentionally or not. For example, a
funambulist walks or rides on a rope intentionally. He or she learns how to keep a
reasonable balance, i.e., how to compensate for his or her unbalance errors. He or she
is an expert. Novices start with long poles in order to create an artificial inertia that
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amost automatically maintains an acceptable balance. As training advances, the size
of the pole may decrease. This physical prosthesis is incrementally replaced by a
cognitive skill through learning and experience. More generally, skills and knowledge
help compensate physical instability, as cognitive instability. Of course, such skills
and knowledge could be transferred to a machine in the form of automation.
Activities such as funambulism are goal-driven in a very well known environment.

Conversely, a population experiencing an earthquake or a tsunami has to react to
them if they can. Reacting in such cases consists in protecting oneself. People’'s
activities in such cases are event-driven in an unknown environment. They are
untrained. Since people do not usually have any skills to react, they either use high-
level cognition (Rasmussen’s knowledge-based behavioral level) or react in a random
way. They may also rely on someone who knows and whom they trust.

It is useful that designers keep in mind this distinction between intentional and
reactive behavior, as well as the distinction between known and unknown
environment, when they are involved in a design task. Users may be either experts or
novices with respect to norma or abnormal situations. In some abnormal or
emergency situations, even experts and experienced people may return to a basic
novice behavior. In other words, design should adapt for both goal-driven and event-
driven activities. | fully admit that these things are not necessarily obviousin the early
stages of the design process. However, they may guide to set up experimental tests
and interpret their resultsin order to incrementally improve theinitial design.

2.3 Human Adaptation and Expertise

As aready said, cognitive stability is a matter of expertise when the machine only
offers unstable possibilities. Flying an airplane requires an expertise that consists in
using skills coming from a long and intense training and experience. On modern
commercial aircraft, automation liberates pilots from alot of compensations that their
predecessors used to perform. However, as stated above “errare humanum est” is still
true, and they make errors using the resulting automated machine. A new adaptation
has always to be done, not on the same issues as before, but on new ones. Automation
has incrementally introduced novel issues such as situation awareness for example.
Why? This is just because the layers of software, introduced between the users and
the “initial” mechanical machine, contributed to remove cues that users were using to
control the machine before. These software agents take care of these cues, sometimes
without reporting to users. Designers then need to understand what new cues users
need. Users have become managers of software agents in the same way someone who
gets a promotion is now responsible for ateam of agents working for him or her.

Cognitive stability then takes another face. Users as managers of machine agents
state the problem of human-machine communication, cooperation and coordination.
We were before in a context of manipulation of tools, we are now in the context of
collaboration with agents. Thisis afundamentally different situation. Adaptation is no
longer sensor-motoric, but rather cognitive. Cognitive stability therefore requires a
better understanding of how agents communicate among each other. Three models of
agent communication were proposed in previous papers [5] [14]: supervision,
mediation and cooperation by mutual understanding. Cognitive stability then becomes
socio-coghitive stability.
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3 Perceived Complexity

3.1 Connectivity, Separ ability and Perceived Complexity

We saw that cognitive stability is related to expertise when a machine is badly
designed, but it might also be the case when this machine is internally complex and
not mature enough. This was the case of carsin the early times when a driver was also
a mechanic. This was the case of computer users until computing power enabled the
construction of easy-to-use graphical interfaces. Using tapes and cards to program
computers was not an easy thing to do, only experts were able to perform this kind of
practice. It took visionaries, such as Douglas Engelbart who invented the mouse and
contributed in the first concrete design of hypertext and internet, to propose and test
new devices and architectures to develop what we know today.

A system is made of partsthat are interlinked with each other, and when these links
cannot be broken without destructing the “life” of the whole, then the system will be
said to be complex. Conversely, when two parts can be dissociated and processed
independently without harming the whole, the system will be said to be separable.
Therefore, we see that system complexity is strongly related to connectivity. A living
system such a human being cannot be easily broken into parts. Parts are
interconnected with several dependencies. Some of these dependencies are vital, and
others are less vital. Living systems are usually stable because of some of their
redundant parts. The respiratory system is redundant for example, i.e., people are able
to live with only one lung. There are obvious consequences on the level of effort that
people with only one lung are able to perform, but the vital oxygenation of the blood
is still working fine.

Attempting to understand system complexity is then a matter of finding out the
salient parts and their interrelations. Designers and users of a system may not see the
same parts and interrelations, just because they do not have the same tasks to perform
with respect to the system. They do not “separate” the system in the same way
because they do not have to understand the logic of the system in the same way.
Complexity is intimately related to separability. When a doctor administrates a
medication to a patient, he or she has to know the secondary effects of this
medication, i.e., acting on a part may have an effect on other parts. When a part, e.g.,
the respiratory system, is failing, medication is usually provided to treat the disease,
but this medication may have an impact on other parts of the body, i.e., the whole
system. Of course, we will always attempt to separate what is separable in order to
simplify! But there will be an end to this separability process. There are “atomic”
parts that are not at all separable. These atomic parts live by themselves as a whole.
The problemis then to figure out how complex they are when we handle them. People
facing “inseparable’” complexity do not usualy react in a logico-mathematical way
but use heuristics. This inseparable complexity mainly results from the use of poorly
integrated automation and multiple unarticulated layers of software. Sometimes,
people may start thinking something is too complex without even trying and end-up
not being able to realize a task simply by the fact that they persuade themselves that
they can't do it. Thisisthe Acquired Incapacity Syndrome (AlS).

Human-machine complexity is a matter of perceived complexity that cannot be
described by an axiomatic approach except when the system can be separated into
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parts that can be worked separately. Complexity perceived by the user was previously
described in comparison with internal complexity of the machine [11]. We need to
make a distinction between perceived complexity and difficulty, e.g., some tasks may
remain difficult even when the user has acquired experience and has been trained.

3.2 Redundancy

Signs that appear to be superfluous in the understanding of a message are said to be
redundant. The following sentence is plural-redundant (three times): “Dolphins are
good swimmers’. If by mistake you drop an “s’ then the reader will still understand
that the sentence is plural. By repeating a word, we increase the effect of this word
such as: “Thisis very very good!” If you delete one of the “very” then the sentence
will still emphasize the same kind of idea. Similarly, the space shuttle has five
computers, three inertial systems and two independent systems that compute its
position according to the stars. If one of the computer/system fails the other(s) will
still manage to keep the shuttle working. Human beings have their own redundancy in
order to survive. More commonly, when you use a computer, you need to be
redundant — you need to make backups of your filesin order to work safely.

People are equipped with several redundancies to insure their stability in their
environment. For example, peripheral vision is a permanent redundancy to central
vision. Periphera vision is useful for spatial orientation and motion cues, while
central vision is useful for detailed imagery and color perception. Central vision
provides the “what” of the scanned target, while peripheral vision provides the
“where”. The “where” can be said to be redundant to the “what”. We have run a series
of experiments during the late 90s with aircraft pilots to better understand how they
use procedures and checklists, and why in some cases they are do not use them [10].
One of the major results was that 65% of the pilots on 245 involved in the experiment,
did not use a procedure item when they did not know why they had to, i.e., they where
provided with the “what” and not the “why”. In this case, redundancy means
complementarity.

More generaly, the supervision of highly automated systems requires redundant
information on the “why the system is doing what it does’, “how to obtain a system
state with respect to an action using control devices’, “with what other display or
device the current input/output should be associated” and “when it will provide the
expected information” in order to increase insight, confidence, and reliability. The
paradox is that by increasing redundancy, and therefore system complexity, perceived
complexity tends to decrease.

3.3 Cognitive Support

Error tolerance and error resistance systems are usually useful redundancy.
Redundancy is cognitive support. Error tolerance is always associated to error
recovery. There are errors that are good to make because they foster awareness,
recovery and learning. However, recovery is often difficult, and sometimes
impossible, when appropriate resources are not available. These appropriate resources
are cognitive support to users. Whenever an action is reversible, the user can
backtrack from an erroneous action, cognitive support should be available to correct
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this error. For example, the UNDO function available on most software applications
today provides a redundancy to users who detect typos and decide to correct them.
Thus, making typos is tolerated, and a recovery resource is available. As we aready
saw, error resistance is, or should be, associated to risk. Error-resistance resources are
useful in safety-critical systems when high risks are possible. They may not be
appropriate in low-risk environments because they usually disturb task execution. In
that case, they are bad cognitive support to users. For example, text processors that
provide permanent automatic semantic grammar checking may disturb the main task
of generating idess.

People have cognitive functions to anticipate action, interact and recover from
errors. These cognitive functions can be enhanced by the use of various categories of
cognitive support. These categories may be related to the physical tool being used, the
capacities of its user, the task being performed, and their organizational environment.
The concurrent use of color, shape and grouping of related states is a classical
example of cognitive support. People perceive both contrasts as well as similarities.
Improbable information should be highlighted in order to anticipate possible
surprises. Redundant feedback to user’'s actions is likely to improve interaction.
Additional assistance to action taking should improve recovery.

People acting usually look for cognitive support consciously or unconscioudly, in
the same way they look for physical support, e.g., we may grab aramp to climb stairs.
When such support is not available, people build it either as good practice or as
external devices supporting their activities. The development of situation patterns and
processing habits such as systematic crosschecking is likely to improve anticipation,
interaction or recovery. Training for error recovery is likely to improve cognitive
stability.

A way to increase cognitive support is to automate the user interface by
introducing some procedural action items into it. In domains where interaction is
required in real-time, we know by experience that the number of commands, displays
and entry fields should be reasonably small at any given point in time. These
interaction devices and instruments just may not be the same at all times. This remark
is crucial, i.e., “Context is important!” You don't need the same interface in two
different contexts. This breaks the consistency rule that is commonly used in static
environments such as text processing, i.e., “Be consistent lexically, syntactically,
semantically!” However, people are pragmatic and they are “consistent
pragmatically” also, i.e., they correlate objects to situations. Procedural interfaces [6]
provide appropriate means to enhance this kind of correlation. They are explicitly
based on the old ideas of the “Art of memory” [27]. Again, perceived complexity is
likely to increase even if the user interface complexity increases.

4 Cognitive Stability and Percelved Complexity in Design

4.1 Incremental Nature of Design

A product in its environment cannot provide cognitive stability and perceived
complexity without an appropriate method used during its design and development.
Design is incremental by nature. Human-centered design involves the gathering of
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various stakeholders including designers, human factors specialists, and end-users.
End-users are not designers, but they should be part of the design process by being
involved in formative evaluations.

The design of a new system, or more generally a technology, should start with a
good ideal This idea has to be processed by an expert and experienced team who
knows the application domain. This is why cognitive engineers should be closely
involved in an application domain, or work closely with domain experts. In addition
to expertise and experience, it must be acknowledge that to get this good idea realized
into a product, it may take a fair amount of time. Why? Because refinement of a first
good design is the most time-consuming part of product development. Refinement
includes a large number of formative evaluations with end-users, and discovering
what kind of new roles or jobs novel technology involves. It takes patience and
continuous efforts!

The design process should then be guided by a modeling/documentation support in
order to incrementally rationalize it. Incremental rationalization tends to improve the
refinement process. This paper clams that, in human-centered design and
development, human modeling is crucial to rationalize cognitive stability and
perceived complexity.

4.2 Thelmportance of Human Modeling in Design

A great amount of work has aready been done in human modeling for complexity
analysis in human-machine interaction (HMI). This work started in human
engineering (HE), human-computer interaction (HCI) and cognitive engineering
(CE). HMI concerns factors induced when a human operator executes a task using a
machine (or a tool). Related studies are on the analysis and assessment of behavioral
and cognitive human factors. We make a distinction here between human-machine
interaction through computers and HCI. HCI was initially developed within the
context of office automation since the mid-1980s". A large community emerged and is
now expanding to other application domains such as car and aircraft automation. At
the same time, other research and engineering communities investigated the
integration of computers in various human-machine interaction situations. In the
aviation domain, human factors specialists were interested in safety issues related to
automation, and in particular in human errors and human reliability. Today, these
various research and engineering communities tend to merge toward the development
of unifying approaches.

Machines are becoming more and more computerized, i.e., computers are interface
devices between the (mechanical) machine and the operator. The computer is a new
tool mediating human-machine interactions. Such a mediating tool is called a deep
interface. The physical interface is only the surface of this deeper interface and what
global and local aspectsthey perceive. A current research topic is to better understand
what operators need to know of this deeper interface. Should they only know the
behavior of the physical interface? Should they understand most of the internal
mechanisms of the deeper interface? How should the deeper interface represent and

1 ACM-SIGCHI, for example, is one of the most well known community of research and
practice in human-computer interaction.
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transfer the behavior and mechanisms of the (mechanical) machine? Answers to these
questions should guide designers to re-focus both the design of operations modes, and
training.

Current work mainly consists in managing highly computerized systems, which
leads to supervisory control, delegation, cooperation and coordination of artificial
agents activities. Consequently, a new discipline has emerged, called cognitive
engineering [7]. Cognitive models have been developed that take into account the
new evolution of human-machine interaction through computers. Cognitive
engineering is evolving at the same time as other sister-disciplines such as control
theories, artificial intelligence, cognitive psychology, anthropology and sociology.

From a philosophical viewpoint, the issue of human-machine systems can be seen
as whether the coupling is between the process and the computer or between the
computer and the user. Current fly-by-wire aircraft, designed in the mid-eighties, are
instances of this human-machine system model. The distinction between
amplification and interpretation is important because it entails two completely
different views of the role of the human in human-machine systems, hence also on the
design principles that are used to develop new systems. In the amplification approach,
the computer is seen as a tool. In the interpretation approach, the computer can be
seen as a set of illusions re-creating relevant process or system functionalities.

The OZ pilot interface for example uses a deep conceptual model based on vision
science, cognition and human-centered computing [23]. The OZ display removes the
burden of scanning among flight instruments. It takes into account the fact that the
human visual system is divided into two channels: the focal channel (central vision)
and the ambient channel (peripheral vision). Conventional cockpits require tedious
scanning mobilizing the focal channel, while the ambient channel is purely unused.
OZ shows luminance discontinuities, i.e.,, moving lines and dots, that are resilient to
one and/or two-dimensional optical and neurological demodulations. The resilience of
conceptua primitives to demodulation allows them to pass information through both
focal and ambient channels’ optical and neurological filters [24] [25] [26]. These
dynamic visual objects seem to improve cognitive stability and tremendously
decrease perceived complexity by disambiguating some complex perceptual cues such
as relative movements. One of the reasons is that OZ exploits continuous movements
of objects meaningful to the pilot and, at the same time, makes clear distinctions
among these objects. OZ affords pilots to use their complementary visual channels,
and therefore promotes the cue of sensory redundancies.

4.3 Categorization of Cognitive Stability and Per ceived Complexity Attributes

“Complexity refers to the internal workings of the system, difficulty to the face
provided to the user -- the factors that affect ease of use. The history of technology
demonstrates that the way to make simpler, less difficult usage often requires more
sophisticated, more intelligent, and more complex insides. Do we need intelligent
interfaces? | don't think so: The intelligence should be inside, internal to the system.
The interface is the visible part of the system, where people need stability,
predictability and a coherent system image that they can understand and thereby
learn.” [21]. This citation from Norman is very important today when we have layers
and layers of software piled on top of each other, sometimes designed and devel oped
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to correct previous flaws of lower layers. We commonly talk about patches. This
transient way of developing artifacts does not show obvious maturity. The maturity of
an artifact can be defined by its robustness, resilience and availability. As already
said, it is always crucial to start with good high-level requirements that of course can
be refined along the way. The problem comes when they are weak!

We have recently run a cycle of interviews and brainstorming with airline pilots on
the way they see perceived complexity and cognitive stability. We have deduced the
following series of attributes. What came first is the concept of mandatory training
when the use of a system to be controlled is perceived as complex. It came out that
adaptation is a necessary attribute of cognitive stability. The second concept
concerned the affordance of displayed information, i.e., get the right information at
the right time in the right format. This is also adaptation, but adaptation of the system
this time, i.e., the design should take care of proper color contrast, adequate colors,
and proper information and symbology. In addition, pilots insisted on the fact that
crosschecking is key, especially using fly-by-wire aircraft, where one pilot needs to
know what the other one is doing. Cognitive stability is based on both an emerging
practice (know-how and procedures) and appropriate displays and controls. Dealing
with the unpredicted in real-time is a matter of disturbance of cognitive stability, in
particular pilots said that perceived complexity increases when they have to manage
automation under time pressure, and in case of failure, it is almost always “hurry up”.
Solutions often involve the execution of aminimal number of actions (vital actions) in
minimal time, and possibility to manage action priorities (anticipation, preparation).
In order to increase cognitive stability, such solutions should be either prepared in
advance using procedural support or integrated in a procedural interface [6]. The same
works for alarm management where cognitive support can be provided through either
visual or auditory channels to facilitate anticipation, and therefore improve cognitive
stability. As far as colors are concerned, the number of color codes cannot be larger
that 7+2 (Miller’s law, [16]) and contrasts must be as strong as possible. Such factors
contribute to decrease perceived complexity because they facilitate user’'s working
memory management.

Conducted interviews and brainstorming with experienced pilots (both test pilots
and airline pilots) enabled the elicitation of the following perceived-complexity
factors: expertise, visibility and affordances, socia-cognition, uncertainty, alarm
management, levels of automation culture, degree of explanation of system internal
complexity, the level of operational assistance, the appropriateness of interaction
cognitive functions involved, error tolerance, clarity and understandability of the
language being used, flexibility of use, display content management, risk of
confusion, assistance in high-workload situations, rapid re-planning, trust, technology
and practice maturity, user-friendliness, ease of forgetting what to do, lack of
knowledge, experience and training, usability, mode management, the another-
function syndrome, multi-agent management, system feedback, the PC screen do-it-
al syndrome, interruptions, information-limited attractors, conflicting information or
diverging information, abnormal situations, extrinsic consistency, lack of flexibility,
lack of design rationale availahility, predictability, redundancy, information modality,
information saturation, and situation awareness. This preliminary list has been
extended and categorized into five classes with respect the AUTOS pyramid, i.e.,
Artifact, User, Task, Organization and Situation [3] [9].
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5 Conclusion and Per spectives

Perceived complexity and cognitive stability are complementary concepts that are
useful to articulate during the whole life cycle of an artifact (system or technology).
The earliest during the design process is the best of course! However, these two
concepts are also useful for later evaluation purposes. Cognitive stability has been
described using the metaphor of stability in physics. Perceived complexity is
incrementally defined from user experience by progressive refinements.

| strongly believe that there is no general human model that can help to solve all
design problems to reach a satisfactory mature product. Concepts such as perceived
complexity and cognitive stability are very useful to figure out what to measure and
what to evaluate, and potentially guide design. They need to be further elaborated on
concrete use cases in order to derive potential human factors measures.
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Abstract. The aim of this study is to investigate the usability and usefulness of
interactive tabletop technologies to support group creativity. We implemented a
tabletop interface enabling groups of 4 participants to build mind-maps (a tool
for associative thinking). With 24 users in a within-group design, we compared
its use to traditional paper-and-pencil mind-mapping sessions. The results
showed no difference in idea production, but the tabletop condition significantly
improved both subjective and collaborative dimensions, especially by leading to
better-balanced contributions from the group members.

Keywords: Creativity, Mind-map, Tabletop device.

1 Creativity in Industrial Applications

Creativity isa high-level cognitive process which has given rise to researchesin various
fields such as Psychology [4, 16], Engineering [7, 9] or Human-Computer Interaction
[3, 6, 14, 15]. Creativity applies to artistic work (e.g. fine arts, literature, architecture,
music), educative domain (e.g. early-learning and playing activities), scientific skills
(e.g. problem resolution, discoveries, epistemologica breakthroughs), and industrial
applications (e.g. creation of product functions, stylistic design of artifacts).

In this paper we consider creativity in industrial applications, for example when
some people design a product with new innovative functions (e.g. a mobile phone
including a positioning system) or search some applications to a new technology (e.g.
portable MP3 players). Understanding and supporting this kind of creativity is not
only an interesting research challenge: it also bears a strong potential for enhancing
industrial innovation and market opportunities.

2 Enhancing Creativity

To improve creativity, a wide-spread practice in companies is the group
brainstorming. Although creativity fundamentally remains an individual capacity, it

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCII 2007, LNAI 4562, pp. 22 2007.
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proves to be influenced by the subject’s environment: in this respect, collective
creativity phenomena are often observed when group emulation improves the
expression of one's own creative potentia. This is especiadly true for industria
creativity which can benefit from multiple, or even multidisciplinary viewpoints.

To further improve these collective creativity sessions, methodological toolkits
[7, 9] have been formalized to structure the reflection and manage groups dynamics.
Consulting services specialized in creative problem solving also appeared to help
companies conduct creativity sessions and apply these methodologies.

Moreover, computer applications have been developed to support industria
creativity. According to Shneiderman [14], the existing software solutions can be
categorized into three approaches: inspirational tools (e.g. favoring visualization, free
association, or sources of inspiration), structural tools (e.g. databases, simulations,
methodical techniques of reasoning), and situational tools (e.g. based on the social
context, enabling peer-consultation, or dissemination). Lubart [8] adopted a
classification grounded on the role played by the computer in the creative process:
systems assisting the user in the management of creative projects (computer as
nanny), those supporting communication and collaboration within a team (computer
as pen-pal), systems implementing creativity enhancement techniques (computer as
coach) and those contributing to the idea production (computer as colleague).

In this context, our goal is to investigate the capacity of a tabletop computer (as a
physical device and as a digital interface) to support collaborative creativity related to
industrial issues.

3 Tabletop Systems

Tabletop systems (see Fig. 1) are multi-user horizontal interfaces for interactive
shared displays. They implement around-the-table interaction metaphors allowing co-
located collaboration and face-to-face conversation in a social setting [12, 13].
Tabletop systems are used in various application contexts such as games, photo
browsing, map exploration, planning tasks, classification tasks, interactive exhibit
medium for museums, drawing, etc. [11]. Such systems being likely to favor
collaboration by providing around-the-table visualization facilities, they could be

Fig. 1. Example of atabletop system using MERL DiamondTouch device [5]

! For example Goldfire Innovator (www.invention-machine.com) or ThoughtOffice (www. |dea
center.com).
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thought of for supporting creativity sessions: in this respect they would fall into both
inspirational and situational creativity tools[14] or play pen-pal and coach roles[8] in
the creative process. Indeed, some tabletop systems were previously considered for
supporting creativity [17, 18] but their actual benefits were not experimentally
measured. To assess the usability and usefulness of tabletops in the context of
creativity sessions, we believe that it is necessary to compare their use with a control
condition relying on traditional paper-and-pencil tools. In the following section, we
introduce a creativity application we have developed for tabletop display in order to
conduct such an experiment.

4 Our Tabletop Mind-Map Application

4.1 Mind-Mapsasa Collective Creativity Tool

In general, creativity methodological framework [7] support a two-step process: first,
diverging by producing a vast number of ideas, then converging by selecting a few of
them to be further developed. Mind-maps [2] are used in the diverging step. The
mind-map principle is based on associative logics and is used for defining the
problem to address. The field to exploreis written in a central box and the participants
express their free associations to this concept. Those ideas are written in new boxes
placed as a crown around the central concept (see Fig. 2). A second association level
isthen built from the primary idesas, etc. Because the second level of association is not
directly related to the initial problem, new-original research directions can appear and
the realms of possibility grow. Mind-mapping can be performed individually or in a
group session. In the latter case, the session has to be managed by an animator whose
role is to coordinate speech turns and ensure that the group agrees on every idea.
Many software solutions’ for desktop computers have been developed to support
mind-mapping, but none is adapted to tabletop interaction. This is why we
implemented our own tool.

Fig. 2. Example mind-map

2 A complete list of mind-mapping software is available at www.mind-mapping.org, the market
leader being MindManager (www.mindjet.com).
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4.2 Implementation

Implementation of Tabletop Mind-Maps (TMM, see Fig. 3) was conducted with the
DiamondSpin toolkit [13]. TMM was also based on our previous experience with a
hierarchy view, namely the Personal Digital Historian (PDH) application [12], which
is dedicated to organizing family pictures according to a hierarchy of people and
concepts present in the pictures.

A TMM session starts with aroot label forced to be in center. The root displays the
field to explore, which is important to keep in mind, so we duplicated the label along
asymmetry axis to have it more readable from every point of view around the table.

The mind-map is then built top-down when users create new nodes with double-
tap-and-drop interaction. This concatenation of double-tap and drag-and-drop
appeared to be natural and easy to perform with direct manipulation. The double-tap
creates a new node in the sub-hierarchy of the tapped node, while the drag-and-drop
specifies the new node position. The background color of the node representsits level
in the hierarchy (green for 1¥ level, blue for 2™ level...).

-
Bl
Fi8
=y
o |-

Fig. 3. Example mind-map created with our tabletop application

TMM nodes are editable. The choice of a label being a collaborative activity in
mind-mapping, this aspect had to be reproduced in TMM: we chose to alow text
input only from a single source, i.e. a physical wireless keyboard with a particular
focus management. Indeed, in a tabletop system there can be more than one focused
or selected element, as the users interact seamlessly together or in parallel. We made
the keyboard focus persistent until the Enter key is pressed. While the text is being
keyed, users can create new nodes or select other ones (e.g. to check for possible
redundant node’s name) without interfering with the edition. The font color of the
node represents the user who created it.
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Nodes of the hierarchy are freely relocatable on the table. The nodes of a sub-
hierarchy will also follow their parent node when the latter is moved on. The
orientation of the nodes is adjusted online while they are being moved on so that the
text is aways oriented outwards to be readable by the nearest user. Moreover, users
can rotate the whole display if they want to change the view without changing the
arrangement of the hierarchy.

Finally, we introduced a means of creating a temporary view of a sub-hierarchy. A
given node becomes the new central root, al the items outside of its sub-hierarchy
being temporarily hidden.

5 Experimental Study

This experiment was designed to evaluate the use of a tabletop interactive
application for mind-mapping by comparing it with a control paper-and-pencil
condition.

5.1 Method

Participants. 6 groups of 4 participants took part in the experiment. Each group
included students, professors and/or employees. We excluded groups only composed
of students in order to avoid too much familiarity among participants and simulate
more realistic conditions of creativity sessions. Overal, users age ranged from 20 to
52 years old (mean = 28.7; SD = 7.9) and each group was composed of 2 male and 2
female participants.

Materials. For the tabletop condition, we used MERL DiamondTouch [5]: the
participants were seated around the table with the experimenter sitting aside on a
highchair. The participants interacted on TMM display with finger-input to create,
edit or move the mind-map items. The experimenter typed down the content of the
nodes using the wireless keyboard.

In the control condition the participants were seated in front of a paperboard
with the experimenter standing beside it. The experimenter used a marker pen to
build the mind-map and write down its content according to the participants’
indications.

Procedure. Each group had to build 2 mind-maps on different topics: 1 in the
tabletop condition and 1 in the control condition. The topics were related to the
sectors of “Media” and “Leisure”: such topics simulate potential reflection for e.g.
companies trying to find a way to diversify, searching an application for a new
technology or trying to find new markets. These 2 topics were chosen so as to be
equivalent in level of abstraction and width of scope. The order of conditions
and the assignment of topics were counterbalanced across the whole sample (see
Table 1).
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Table 1. Counterbalancement of conditions. For each group (A to F), this table defines the
order of the 2 conditions (Tabletop and Control) and the topic addressed in each case (Media
and L eisure sectors)

Group ID First mind-map Second mind-map
A Tabletop: Media Control: Leisure
B Tabletop: Leisure Control: Media

C Tabletop: Media Control: Leisure
D Control: Media Tabletop: Leisure
E Control: Leisure Tabletop: Media
F Control: Media Tabletop: Leisure

To conduct the session, the experimenter first asks the general question “What
does leisure (resp. media) make you think of ?” The participants freely suggest some
ideas and concepts associated to the target sector, and the experimenter writes down
the ideas the group agrees on. Once the first level of the mind-map is completed, the
same process is repeated for the second level by focusing on first-level ideas one by
one (“What does xxx make you think of ?"). In this experiment the mind-maps were
limited to 2 levels and the time to build them to 10 minutes. The differences
between tabletop and control conditions in building the mind-maps are summarized
in Table 2.

Table 2. Differences between tabletop and control conditionsin the process of mind-mapping

Factor Description
Spatial position of participants  Around the table vs. in front of the paperboard
Creation of new boxes By the participants in the tabletop condition vs. by the

experimenter in the control condition
Modification / suppression of a  Allowed in tabletop but not in control condition
box
Spatia arrangement of items Online modifications allowed in tabletop but not in control

condition

Rotation of the mind-map Allowed in tabletop but not in control condition

Focuson afirst-level idea Explicit in tabletop (making the rest of the mind-map
disappear) vs. implicit in control condition (whole map
aways displayed)

The tabletop condition was preceded by a familiarization phase for demonstrating
the table’s functionalities to the participants. Both tabletop and control conditions
were then video-recorded. At the end of the experiment, users had to fill in a
questionnaire to assess the following dimensions: efficiency, usability, usefulness of
the tabletop system, satisfaction, and comparison with the control condition. Users
had to quantify their impressions on 7-point scales and were particularly prompted to
complete with free qualitative comments. The whole experiment lasted about 1 hour
for each group.
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5.2 Data Analysis

Inferential analyses were performed by means of ANOVASs using SPSS software.
Three dimensions were investigated: the performance in mind-mapping, the
subjective experience of users, and the collaborative behaviors.

Performance. We chose to assess the performance dimension from the exhaustiveness
of the outcome. As we lack absolute standards to evaluate a mind-map in itself, we
decided to aggregate the mind-maps of the 6 groups for the same topic and take this
as a reference to be compared to each mind-map. We rated the exhaustiveness of the
mind-maps by considering both the total number of ideas and the number of
categories of ideas in comparison to the reference.

Subjective experience. This dimension was computed from the questionnaire ratings.
The analysis processed on these data also accounted for users' gender and category
(student, professor or employee).

Collaboration. The participants' collaborative behaviors were annotated from the
video-recordings of the sessions. We collected the following behaviors: assertions
(e.g. giving an idea), information requests, action requests, answers to questions,
expression of opinions, communicative gestures related to the task, and off-task talks.
The “communicative gestures” variable includes e.g. pointing to the map, interrupting
s.0. or requesting the speech turn by a gesture, which can be observed in both
conditions. In the tabletop condition, it aso includes gesture-inputs on the table, with
the exclusion of creation / edition / suppression actions which we did not consider as
communicative gestures.

We first analyzed the raw behavioral data for each participant, and then we
converted them into percentages in order to assess the respective contribution of
each participant in the group. Such an index finally enabled us to compute
the difference between the actual collaboration pattern of each group and a
theoretical perfectly-balanced pattern (each one of the 4 participants would
contribute 25%).

5.3 Results

Performance. No significant difference appeared between tabletop and control
conditions on our index of exhaustiveness of mind-maps (F(1/5) = 0.92, NS).

Subjective experience. There was no significant effect of the condition (tabletop
vs. control) on easiness (F(1/20) < 0.1, NS) and efficiency (F(1/20) = 1.02, NS) of
mind-map building. However, the tabletop was rated as significantly more pleasant
to use (F(1/20) = 10.43, p =0.004), enabling a more pleasant communication
between participants (F(1/20) =5.01, p=0.037), more efficient group work
(F(/20) = 3.56, p=0.074) and more pleasant group work (F(1/20)=4.23,
p = 0.053) — see Fig. 4. Users' gender and category had no influence on any of the
previous results.
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Fig. 4. Subjective ratings of participants for the tabletop and control conditions

Collaboration. The variables “expression of opinion” and “off-task talk” comprised
too many missing values to be analyzed. The other raw behavioral data showed no
significant difference in the absolute number of any of the variables, except for the
communicative gestures category: tabletop led to more communicative gestures than
control condition (F(1/22) = 3.59, p = 0.071).

Tabletop condition Control condition

e

Fig. 5. Collaboration patterns in tabletop (left) and control (right) conditions: this graph
represents the average contribution of the 4 participants ranked on a leader / follower scale.
This figure illustrates that the contributions of the participants were significantly better
balanced in the tabletop condition (p = 0.013).

The anaysis of collaboration patterns showed that participants verbal
contributions (sum of all behaviors without communicative gestures) were
significantly better balanced in tabletop than in control condition (F(1/22) =7.35,
p=0.013) — i.e. they were significantly closer to the theoretical perfectly-balanced
pattern. Fig. 5 presents the average collaboration patterns in both conditions: to obtain
this figure, we ranked the participants of each group from the one who contributed the
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most (the leader) to the one who contributed the least (the follower) and averaged the
data for the 6 groups. The same result applies for communicative gestures. the
gestural contributions were significantly better balanced in tabletop than in control
condition (F(1/22) = 8.94, p = 0.007).

6 Conclusion and Future Work

The tabletop condition significantly improved both subjective and collaborative
dimensions of mind-mapping. First of al, the participants found that the tabletop
system was more pleasant to use, improved group communication and collaboration
efficiency. These effects on users' impressions could be explained e.g. by the spatial
position of participants favoring social interaction, the attraction of a new technology,
and/or the more active involvement of participantsin this condition.

Moreover, the behavioral analysis showed that the tabletop system enabled a better
collaboration: while the control condition showed strong leaders and followers, in the
tabletop condition the participants collaborated in a better-balanced way. Some
benefits of a tabletop system compared to a wall display or a desktop computer were
previously observed by Rogers and Lindley [10] but their setting was noticeably
different from ours: their tabletop device supported only single-touch interaction
(with a pen) and a single viewpoint (so that the participants had to sit side by side and
not around the table). They observed more interaction and role changing (swapping
the possession of the input device) in the tabletop condition: it proved easier and more
natural to change roles because of the use of a direct input device (a pen has to be
placed directly on the display whereas a mouse controls the pointer from a distance)
and because of the physical proximity of the participants to this input device (higher
in the tabletop than in the wall display condition). In our experiment the collaborative
benefits cannot be explained by any of these reasons because all 4 participants had the
same role and interaction capacity. We could tentatively explain our results by the
spatial position of people around the table, which can facilitate idea exchange, or by
the attraction of a new technology, which could prompt the participants to interact
with the tabletop interface and thus to give new ideas. The second hypothesis is less
likely because it may have resulted in higher performance in idea generation.
Therefore we hypothesize that the collaborative benefits we observed come from the
around-the-table placement of people. This assumption will be tested with a new
control condition where the participants will have to build a paper-and-pencil mind-
map around a table. This new experiment will also complete the data about the
subjective preferences expressed in the present study.

Finaly, despite al the advantages of our tabletop application (subjective
engagement, better collaboration, active involvement of users, focus on first-level
ideas, flexibility of the mind-map display...), the experimenta results showed no
significant difference in the quality of outcomes between tabletop and control
conditions. In the next steps of the project, we intend to focus more deeply on the
performance dimension and search a way to improve it. We should develop a more
accurate analysis of mind-map process and outcome to better understand the idea
production mechanism. We also plan to test the influence of innovative interaction
styles (see e.g. the paper metaphor [1]) on idea production and organization.
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The global experimental process followed in this study (comparison of tabletop

and traditional paper-and-pencil condition, variables collected...) is currently being
applied to other creativity tools such as brainstorming on sticky notes in order to
investigate whether the present results apply to other situations of group creativity.

Acknowledgements. This study was supported by the ANR-RNTL DigiTable project
(www.digitable.fr).
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Abstract. The objective of this research isto present the symbiosis concept that
integrates creativity and the recent research issues in affective response to
products shapes. The major idea behind this study is systematically using
affective response and design axiomatic in rational way through credtivity
approach that support on creativity stimulation for current highly competitive
market. The practicality of the proposed methodology involved affective
response measurable system that based on Semantic Differential (SD) method
and interrelated computational regulation, creativity approach that based on
Sensuous Association Method (SAM) and Creativity-Based Design Process
(CBDP), and integrated mechanism using Axiomatic Design (AD) method.

Keywords: Affective Response, Crestivity Approach, Axiomatic Design
Method.

1 Introduction

In the highly competitive market, the customer-oriented creativity has become a great
concern of most companies [3, 6, 13, 19] as shown in Fig. 1. How to conduct
customers' affection into the process of product shape manipulation is a new trend
and strategy, which called “Form follows Affection”.

Affection [ P 1 Feedback
— esigner T
Customer Feeling

I P .  Production
[ /l | Eng;uneer_]I . Design Tt
Design Thinking Manstacirieg
| Manager |- 4
|Feedback
I_'_

Customers Ci iwity

Fig. 1. Diagram of the customer-oriented New Product Design (NPD) process concept

Affective response is said to be a common customers' psychological response to
the perceptual design details of the product [7, 15]. When customers contact with a
specific product, the shape can evoke specific affection. A growing number of

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCII 2007, LNAI 4562, pp. 32-@, 2007.
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research studies are now available to shed some light on relationship perception
among affective response and product shape [1, 2, 4, 9, 10, 11, 13, 19]. However, few
studies have been down on the effect of how make the creativity product which
involve affective response. According to above researches, how creativity stimulating
to designers that based on the affective response considered into design thinking field
become the new design issue. The purpose of this paper, therefore, is to present the
symbiosis concept that integrates creativity and the recent research issues in affective
response to products shapes.

In the view of the above research purpose, several major sets of research points to
be addressed in this study are as follows: (1) how affective response can be acquired
and measuring, (2) how affective response can tranglating into creativity thinking, (3)
what approach can encourage creativity, (4) how achieved symbiosis concept that
mechanisms can support each other. To achieve those research points, several tasks
are structured as follows. The second section deals with the theoretical foundations on
affective response and creativity for the development of the research. After that,
research methodology is presented, with affective response measurable system,
creativity approach and integrated mechanism. System architecture and a set of
operating interfaces are described for the research implementation. The mobile phone
as the case study used in the implementation.

2 Background Review

2.1 Affective Response on Product Features

2.1.1 Customers Affective on Product Shapes

Crozier (1994) indicated that the psychological responses to products are influenced
by the product’s appearance and that’s why product appearance plays a significant
role that could convey a designer’s ideas and provide consumer visua references in
affective response. Customers who are inexperienced with a product may focus
primarily on the first impression and the styling of the product; they expect a product
to be a living object that expresses an emotional image via its shape [10, 15].
Therefore, customers’ affective of product shape become an important issue for
designers and highly competitive market strategy.

2.1.2 The Measurement of Customer’s Affective Response

Subjective assessments are commonly used to evaluate affective response; ask
persons and they will answer how they feel and what they like. It is, however,
important to conduct such assessments in a structured manner so that the results are
reliable and valid and can be compared across different products and different
cultures. In order to investigate the customer’s perception, feeling and emotion,
Osgood et al. (1957) propose Semantic Differential (SD) method, which is one of the
most frequently used procedures for getting meaning space from well-prepared
samples by investigation of the qualitative scale using numerical mapping
relationship between the samples and the related words and convert into proper
numerical data [13, 15, 21]. In this method, the subject’s perception of product forms
is quantified on a numerical scale. Many researchers have used this method to study
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specific aspects of product form, including styles, colors, and other attributes in
product design [11].

2.2 Creativity Approach on Design Process

2.2.1 SensuousAssociation M ethod (SAM)

The sensuous association method (SAM) is developed by Chou et al. (2004). This
creativity method is based on the naturally sensuous ability of human being that used
for refreshment of sensuousness and association of inspiration, and it can be regarded
as a creativity tool for encouraging designers’ potential to produce innovative ideas
quickly. The method contains four personal behaviors of human sensuousness and
one extrinsic influence of the environment. They are expressed as follows (Fig. 2):

C nmp aring . .
Thin ;.1,.9_ Stimulation

Looking — 5 %

Describing ¢ J Designer

Fig. 2. Diagram of the Sensuous Association Method (SAM) (from [3])

(1) Looking: information input course, (2) Thinking: inference and re-association
course. (3) Comparing: extraction and restructuring course. (4) Describing: creativity
output course. (5) Simulation: catalysis and outburst course.

2.2.2 Creativity-Based Design Process (CBDP)

Product development is often described as an iterative process to find solutions that
fulfill a given requirement specification [17]. Jones (1992) proposes design process
includes three essential stages: (1) Divergence, (2) Transformation, and (3)
Convergence. As shown in Fig. 3., the divergent stage is an analytic process for
searching the problem space, which can be described as “ breaking the design problem
into pieces’. The transformation stage is a synthetic process for generating the
solution space, characterized as “putting the pieces together in new ways’. The
convergent stage is an integration and evaluation process for finding applicable sub-
solutions and optimal design solutions, described as “testing to discover the results of
putting the new arrangement into practice”

2.3 Axiomatic Design (AD) Method

To design, we have to go from “what” in the functional domain to “how” in the
physica domain, which requires mapping. Axiomatic design is a principle-based
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Fig. 3. Framework of the Creativity-Based Design Process (Re-drawn from [3])

design method focused on the concept of domains guides us to mapping among
design requirement, design solution and decomposition developed by Dr. N.P. Suh at
MIT [16]. The primary goal of axiomatic design is to establish a systematic
foundation for design activity by two fundamental axioms. The basic postulate of the
axiomatic approach to design is that there are fundamental axioms that govern the
design process. The axioms are formally stated as:

Axiom 1: The Independence Axiom - Maintain the independence of Functional
Requirements (FRs).
Axiom 2: The Information Axiom - Minimize the information content in design.

The first axiom is called the independence axiom focuses on the nature of the
mapping between “what is required” (FRS) and “how to achieve it” (DPs). It states
that a good design maintains the independence of the functional requirements, where
FRs are defined as the minimum set of independent requirements that characterize the
design goals. The second axiom is caled the information axiom establishes
information content as a relative measure for evaluating and comparing alternative
solutions that satisfy the independence axiom where the design that has the smallest
information content is the best design [16, 20].

3 Methodology
3.1 Affective Response M easurement

3.1.1 Knowledge Acquisition Using SD M ethod

SD method is frequently used to acquire and evaluate the customers affective
response. The historical data about the customers' affective needs of maobile phones
assorted according to well-known affective words related to mobile phones includes:
Portable, Sturdy, Enjoyable, Dignified, Cheerful, Natural, Delightful, Stimulating,
Comfortable, Dazzling, Mature, Fashionable, Friendly, Cute and Futuristic [13, 15].
The affective words will be store into affective database.
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3.1.2 The Measurement M echanism

Based on SD method, Yang et a. (1999) propose the mathematics equations for SD
method measurement. The sequential scaled numbers provide quantitative
information for each affective word, it define s¢ as SD method scores for subjects,

where 1 is design element number, i is affective word number, and j is item
number. Also can define v/ as average value for each word on each element, shown
in equation (1), where n isthe total number of subjects, which means a representative
value of the target customer group for each affective word on each design element.
These values for each sample are used as criterion variables in estimating the
relationship between affective words and design elements in the regression model.
Equation (2) is to find coefficients a, in order to minimize the deviation between

estimated values and real values.
M=) (1)

Cj

y = Z ajkxfk +é' (2)

=L k=L

Xy =

A {1,where asample A correspondsto item j and category K,

0, otherwise

©)

(] 2
>xi =L
k=1

a, iscalled partial regression coefficients or category score (weight). y2and x;, isthe
criterion variables and explanatory variables, respectively. The estimated values of
a, can be derived by solving a simultaneous equation composed of equation (2). For

example, if there are fifty samples, fifty simultaneous equations can be composed.
Practically, criterion variables y* correspond to v gained from SD evaluation and

explanatory variables x! have 0 or 1 according to the composition of the design
elements on each sample [21].

3.2 Creativity Approach That Integrates SAM and CBDP

According to the foundation theories of creativity on behaviors of SAM and process
of CBDP, the synthetic model for describe creativity approach shown in Fig. 4.

The Divergent can occur among Thinking stage to Describing stage; after
describing, through Comparing and re-Thinking, than re-Describing can be
Transforming stage and stimulation; the recursion from describing stage to comparing
stage can be Divergent.

3.3 Integrating Axiomatic Design (AD) Method to the Creativity Approach

In order to achieve the integration mechanism, the AD method is the way it supports on
combination work. The integration diagram is shown in Fig. 5. Based on AD method
theory, the mapping process between the domains can be expressed mathematicaly in
terms of the characteristic vectors that define the design goas and design solutions

(Fig. 5).
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Fig. 4. Diagram of Creativity Approach

To design goals, dependent on Independence Axiom of axiomatic design theory,
which classifies the design into three A matrix: Uncouple design, Decouple design
and Couple design as shown in equation (4) [12]. Supporting that A matrix into
process of the creativity mechanism. Decouple matrix support on process of the
Divergent to Transforming; Couple matrix support on process of the Transforming
to Convergent; and Uncouple matrix support on process of the Convergent to
Divergent.

x 0 0 0 X X X
0 x O 0 X X X 4
0 0 x X X X
Uncouple Decouple Couple
d

Axiomatic Design Method h

l {Fr}=[4){or}

Creativity Mechanism

(x 00
] {2 DEcoliple) xx0
LVETHENTS : £ xx
ERESEE 3 [x x .\\
B2 Cotple: XX

IranEIsHmng)| H lr =

S SECRCEETEE SRR o

0)
Convergent: H 0 0 x
AEN T
gl ]
4 Z! I=log (1]
- i =
[ enimt e

Fig. 5. Diagram of Symbiosis System
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Equation (5) is a design equation for the design of a product. The set of functional
requirements that defines the specific design goals constitutes the { FR} vector in the
functional domain. The set of parametersin the physical domain that has been chosen
to satisfy the FRs constitutes the {DP} vector. [ A] is the design matrix that relates
FRsto DPs and characterizes the product design.

{FR} =[A}{DP} ®)

According to the Information Content Axiom of axiomatic design theory, |, for a
given FRi is defined in terms of the probability p of satisfying Fri (6). A design's
information content is calculated according to the logarithmic expression equation (7).

The minimum Information Content (1) is optimization solution. When there are n
functional requirements, the total information “content (1, )" is given by equation (8).

L =|OQZ%:—|OQZR (6)
I :Iogz(t)J @)
total = " I (8)

N

4 Prototype System Implementation

Our system is divided into five parts, which include client graphical user interface
(GUI), intra-system GUI for design work stakeholders, affective response measure
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Fig. 6. System Architecture
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mechanism, creativity mechanism and AD method axiomatic based. Fig. 6. shows the
architecture of system of this paper.

When designers want to create a product, they should know the customers
feeling. The affective response measure mechanism provides to evaluate affective
response through semantic query. Customer can see the design elements directly
and answer their response via web browser and evaluative data will be stored into
affective database automatically. Then, when designers need to call the affective
response data, they can directly use intra-system to acquire the information. When
designers operate the intra-system, they can input the design requirement that is
related with affective response and the system will call data from affective database
through affective analysis system and provide the data and statistics into creativity
mechanism. Based on the data, designers not only can know the design information
depending on the customers' affective response, but also can utilize the data to re-
associate, restructure, break or compose, which are supported from axiomatic
design (AD) method. During this process, designer can saw the design elements via
requirement set, looking in such elements, think about that and they will describe
what they think compare with the requirement set. They also can see the description
of each result on message area. Of course they can add some comments inside.
According their thinking and looking, after comparing among each design elements,
they can choose the design element into re-associate area, and then construct the
solution, re-analyze with new requirement or break again they can decide. Such
process can stimulate the creativity thinking via continuously looking, thinking,
describing and comparing. After that, they can using design element to re-associate,
re-construct to encourage design think. Finally, through the AD method can support
designer to find the optimization solution that conform to requirement. The
interface of operating system is shown in Fig. 7.
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Fig. 7. A snapshot prototype interface of the affective response measure system (client) for
customers and creativity stimulation system (intra-system) for design work stakeholders
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5 Conclusion

In this paper, we present symbiosis concept that integrates creativity and affective
response to product shape as the mentioned at the beginning. Based on several
foundational theoretical backgrounds, this paper is systematically using affective
response and design axiomatic in a rational way through creativity approach. The
prototypical computational tool can encourage creativity thinking to design-related
stakeholders through continuous manipulation of convergence-divergence for design
elements based on previous case that was evaluated form customers and AD method.
In the future, we anticipate that the research is needed on the results of effectiveness
of using AD method in creativity process. We are hopeful that future research will
provide more detailed experiments for possibility to practical issues.
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Abstract. Of the objective of this paper is to develop and test a model of the
effects of an embodied virtua agent (EVA) on the user of an online interface. The
tested interface is a brand website—a possible channd of purchase, but aso a
media of information about products or services. The process of relationship
building between website and user is the focus of interest here, a perspective that
is richer than what is often called “acceptability” in the literature. Instead the
paper proposes a construct of “stickiness;” i.e. the capacity of the interface to
retain the user and to create positive behaviora intentions towards it. An
integrative model is proposed. The effects of the presence of an EVA and of its
congruency with the website are measured, and two possible routes of influence to
stickiness investigated. Simple effects (with no route of influence) are observed
on behaviora stickiness, whereas other effects via attitudinal and via affective
routes, are observed, on intentional stickiness.

Keywords: embodied virtual agent, attitude, affect, stickiness, relationship,
congruency.

1 Introduction

Every year, embodied virtual agents are more widely used on eectronic interfaces,
including online platforms. Research shows that virtual agents impact human behavior,
but most research does not relate thisimpact to areal, substantive theoretical framework.
Yet there are many relevant psychological constructs such as attitudes or affective
reactions that may help understand the observed effects. This paper aim to model the
influence of an embodied agent and to measure the possible effects of one important
congtruct: namely the agent’ s perceived congruency with the site and the brand.

2 Theoretical Framework

2.1 From Sdllingto Creating a Relationship Online

The internet has become a major vehicle for trade and commerce. Indeed, a number of
marketing studies justify studying the internet because of the volume of sales realized
online. However, such aview has three limitations.

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCII 2007, LNAI 4562, pp. 42, 2007.
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First the concept of electronic commerce and internet-based commerce is rarely
defined and they do differ. The example of the French internet market and of the
stock exchange markets, are particularly relevant. Second, the concept of “online
purchase” is very reductive: a number of customers do not exactly use internet to
“buy”, rather they use the internet in crucia steps of their information search
sequence before buying offline [27, 37, 49, 56]. The data collected and available on
the FEVAD (French federation of distant sales) also confirms this. Third, it appears
that a crucial step in preparing some possible purchase lies in the capacity of the
brand or outlet to create a positive attitude, and hence, predisposition, in the potential
consumer: a website may therefore be used not only as an informative tool [32, 33,
34, 35], but also as a relationship builder, a service encounter [24]and an experiential
tool [23, 56].

Thus a brand web site may have a socializing capacity, particularly if it displays an
embodied agent [47, 48]. In this view, interface humanization may play acrucial role,
due to the positive or negative emotions it may generate, and to the possible
subsequent effects in term of attitude, intentions and behaviors [41, 51, 52, 53].

2.2 Embodied Virtual Agents

Definition of a virtual agent

A virtual agent is a piece of software that can do some task on behalf of an interface
user, or help such user doing this task more efficiently and/or rapidly. It is called
“agent” because it acts, i.e. it performs some tasks, and it is said “virtual” because it
gives the impression of being “alive’, i.e. it shows some characteristics of a living
objects, abeit in a virtual world. Previous research often does not define such virtual
world, which is a representation of the real world, mediated through an electronic
interface. For example, we do not speak of a virtual world for an interaction on the
phone or through the TV or a cinema screen. Why? It actually seems that we need the
world to be represented on a close-to-us interface, and one that presents various
sensorial modalities. That is, it uses animated images, sound, if possible 3D
representations and so forth. It may even use in some cases odour and tactile senses.
In common situations, animated images and sound are enough; but still, TV or movies
are not considered as “virtual worlds’. It seems that the crucial difference is that a
virtual world must offer some degree of interaction and some physical proximity to
the user. That is what distinguishes between a simple electronic display and a virtual
world. In avirtual world the user feels close-to and immersed in the interface.

Intelligence of an agent

One key characteristics of an agent isits “intelligence”, or capacity to be autonomous
and to react in a number of situations, which may have not be totally imagined and
integrated into a script by its conceivers. Its intelligence makes the agent more likely
to be perceived as credible or natural, precisely because it reacts in a way which
makes the user feel the agent could be aive. Yet, credibility or naturalness are
important drivers of what is caled the acceptability of an agent — even if such
construct of “acceptability” [25, 26] may have not been conceptualized with a strict
enough meaning.
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Embodiment of an agent, definition of an EVA

An agent may be embodied, or not: as a piece of software per se it may not have a
visible interface: such interface makes it possible for the user to actually “see”’ the
agent performing a task or interacting, with other agents or with the user herself. At
this stage we now can adopt the present definition of an embodied, virtual agent: one
proposed by [Burgoon et al, p.554). “Computer interfaces that come in a variety of
guises and that present and process information according to a set of predefined
algorithms. Agents may be designed to appear more anthropomorphic by fitting them
with distinctly human-like (virtual) features such as voice recognition, synthesized
voices, and computer animation that simulates human facial expression and gestures.”

2.3 The Concept of Stickiness

A managerial literature exists on the concept of online stickiness, which generally
expresses the capacity of a website to retain a user [36, 49]. It was somewhat
unquestioned and accepted as a concept of great interest by practitioners, particularly
as the driver of a successful branding or commercial website. Unquestioned that is
until the internet bubble burst and a necessary paradigm shift became necessary (16,
56]. Mere behavioral retention may be the center of early thinking about internet
strategy for a website [13] but it is likely too narrow a view. [23] posits that a more
useful construct of stickiness should be composed of behavioral and attitudinal or
intentional measurement. This would capture a real desire to maintain a relationship
with the interface, and one that could be distinguished from retention driven by
mistakes, by poor site ergonomics or by tricky website retention strategies. A more
useful construct is therefore defined as a “power of retention”, i.e. of creating a
durable relationship with a user [23]. It is operationalised in a single, bi-dimensional
construct, composed of a behavioral dimension measured by navigation duration and
the number of pages visited, and an intentional dimension measured by both intention
to recommend to others and intention to revisit. We posit that the interface stickiness
proposed hereafter is also actually a possible — if not exhaustive — measure of the
agent acceptability in the following way: agent acceptability would be positively
related to the interface (here, the website) acceptability, and interface stickiness is an
operationalisation of this interface acceptability.

2.4 Tryingto Explain the Effects Via Attitudes and Affect

The construct of attitude

Attitude may be defined as a durable disposition into answering in a constant way to
some situation, stimuli, aspects, characteristics, of an object. The referred “object”
may be a person, an environment, and also a brand, a product or service, an outlet [3,
4, 6, 18, 19]. Attitudes would explain intentions and behaviors. The attitudinal
approach has been criticized and enriched in a number or works [5] as being too
rationalistic and not encompassing the affective dimension adequately. Second, the
concepts of attitude and the concept of hierarchy of effects of attitudes have been
extended to the internet context [12, 14, 55]. It could explain the effects of an agent
on variables such as behaviors and intentions.
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The relevance and limitations, of the Environmental psychological approach

A stream of research has integrated the environmental psychology framework [43, 44]
into modeling the effects of ambience and design factors on reactions, intentions,
behaviors, in a behaviorist and then a modified, enriched approach encompassing the
chain stimulus-emotional responses (called “organism”, hence the name SOR)-
behavioral responses. Such approach is adopted in marketing and it partly explains
behaviors when in an outlet [28, 29, 30, 31, 54], in an advertising context [42], in a
service encounter [9, 10] and finally on a website [20, 22]. Important limitations are
nevertheless highlighted in a mere environmental approach [38, 39]. These show the
need to take into account the important role of cognition, even within an
environmental approach. First, there is a need to take into account the perceived
congruency of the studied ambiance factors with its environment [40, in traditional
environments; 20, for an online context]. Second the attitudinal reactions need not be
totally discarded when environmental factors are studied, especially when, as here,
attitudes are viewed as encapsulating not only cognitive but aso affective
components. In spite of these qualifications, a crucia contribution of such an
environmental approach is the idea of approach-avoidance. This expresses the
capacity of a design/ambiance factor to make people escape from, or affiliate towards
an environment. [9, 10] synthesizes it as the will to stay, explore, return and affiliate.
Such concept is related to the relationship building process, and perfectly matches the
concept of stickiness used here. If this concept is transferred into man-machine
interaction, it corresponds to what research in HClI has caled “interface
acceptability.” That is, an interface which generates behaviora stickiness and also
positive, attitudinal on the one hand, and intentional on the other hand, reactions.
Finally the concept of approach-avoidance reactions derived from environmental
psychology, here conceptualized as the interface stickiness and operationalised by two
measures of actual stickiness, and two measures of intentional stickiness, is actually
an operationalisation of what is often called interface acceptability.

Last, an interface user actually socializes with the interface [45, 46] and this is
particularly true when it displays an EVA. Agents have the aim of generating
behaviors of actual stickiness [25, 26] and such positive effects are observed in a
number of situations [11]. Positive effects are also observed, either on attitudes and
intentions [15], in term of behaviors [8] or of persuasion [7].

3 Modeling and Testing Hypothesis

3.1 Model and Hypothesis

The model generally posits positive effects of an EVA on affective reactions, on
attitudes, and through them on online stickiness. An EV A should have positive effects
on affective reactions first, and through them on stickiness. Positive effects of EVASs
are also posited on attitudinal reactions, which should partly explain effects on
behavioral and intentional stickiness. That is, effects on stickiness may appear either
in a stimulus-response approach (Hypothesis H1 to H4), through an attitudinal route
(H5 to H18) or an affective route (H19 to H22), of influence (Figure 1):
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Research model: EVA and interface stickiness

1 Manipulation
Hzap————| AbsnceEVA |  PresenceEVA: I
Hiab
| Non congruent 5 Congruent
H9
N s . 1 | H3ab -
H20t «—Frm0 ——— -
[r2on ] Attitude towards agent Aeva ': Haab
6 8

1 s

‘ Afttitude towards site Aws [ Hiedb

FT5a)
Affectives reactions L
to navigation:

] FL Pleasure (hyp. &) \ Attitude towards Amarg s
F2: Dominance e(hyp. b) Hi7pe
| H2lab,c,d
H22ab,c,d

Interface stickiness &

Behaviors: Navigaion duation + Nb pagesvisite!

INntentions : to Revister + o Recommand

Fig. 1. Research model

3.2 Description of the Experiment

A laboratory experiment has been conducted in 2004 with 300 randomly recruited
subjects, in the France Telecom R&D Center, HCI Division, near Paris (France).
Subjects were exposed to one of two real brand sites and to 4 virtual agents (or no
agent) created ad-hoc, 2 agents being tested on each sites . The log files, which allow
behavioral stickiness measurement though the navigation duration and number of
pages visited, could be collected for one site only. The two tested sites were:
PRIMOLEA, presenting French high quality olive oil, and TRASER, promoting
diving watches.

3.3 Resultsof the Research and Discussion

The constructs measurement and validity

The used measurement scales range from 5 to 21 items per construct: for Attitude
towards the Agent AEV A, Attitude toward the site As, Attitude towards the brand Ab,
Emotional reactions, agent Congruency with the website, and website Stickiness. All
congtructs are related to a relevant literature in psychology, man-man and man-
machine interaction [23]. The measurement scales used here were developed by
standard methods. All attitudes and congruency are unidimensional. Affective
reactions are bidimensional: the dimension of Stimulation disappears in the factor
analysis but Pleasure and Dominance — which has been most often eliminated in
previous research — result in two, weakly correlated, dimensions. The nomological,
convergent and discriminant validity of all here above proposed constructs are
confirmed. Last, behaviora stickiness components are assessed through data extracted
from the log files collected during the navigation.

Smple effects of the agent on stickiness

Effects on behavioral stickiness (only one site): the presence of an agent has a very
significant effect on navigation duration (Hla***) and a significant effect on the
number of pages (H1b*); but the congruence of the agent with the interface (here the
site and the brand) has no significant effects on navigation duration (H3a NS, 5%<p)



Embodied Virtual Agents: An Affective and Attitudinal Approach of the Effects 47

nor on the number of pages (H3b NSk, 5%<p<10%). Effects on intentional stickiness
(two sites): the presence of an agent has no significant effect on both components of
intentional stickiness, the intention to revisit (H2a NS) and the intention to
recommend (H2b NS). The effects of the congruence of the agent are also non-
significant on both components of intentional stickiness in the aggregated navigations,
but non-homogeneous across the sites: effects are not significant and positive on
PRIMOLEA site (H4 NS), negative and significant on TRASER site (non-H4*), and
globally not significant and negative on the aggregated navigation on both sites (H4
NS). Results are similar if we divide intentional stickiness into its two components,
intention to revisit and to recommend.

Effects observed into and through the attitudinal hierarchy of effects

For the attitudinal hierarchy of effects (H 5 to H18, in the right part of the model) the
effects of presence/congruency of the agent on the three attitudes (H5, H9 to H12) are
examined. In case of presence of an agent: the agent congruency has no significant
effect on the attitude towards the agent (H5 NS) and the observed effect of the agent
congruency is negative (even if non significant), which is not expected. That is, users
show a more positive attitude towards a surprising, non-congruent agent. For the two
other attitudes Aws (towards the site) and Ab (towards the brand), the effects of agent
presence are positive and highly significant (effect of presence on Aws. H9**, effect
on Ab: H11***) but non-homogeneous across the sites. Last, the effects of agent
congruency are not significant; and again non-homogeneous across both sites (effect
of congruency on Aws H9 NS, and on Ab: H12 NS). Globally the effects of the
presence of an agent are then confirmed, but not those of congruency. However,
looking more closely into hierarchy of effects of attitudes, among the attitudes and
then from each attitude towards stickiness reveals more subtle effects. The effects of
each of the attitudes on the following one are validated, as well as the effects of each
attitude on the intentional and on the intentional stickiness. But the effects of each
attitude on the behavioral components of stickiness are not validated. When
hypothesis are validated (i.e. among attitudes and from attitudes on intentional
stickiness) close levels of explained variance and of correlations across both sites are
observed, and above al, with high to very high effects. The correlations here range
from 0.40 to 0.80. Since al constructs have adequate discriminant validities, [2], such
high correlations are not problematic. The effects are quite homogeneous, without
being equal, across the two tested sites, as the Chow tests conducted on each step of
the hierarchy demonstrate. That is, the site in itself seems to have little effect on the
validation of such route of influence of the agents. Last, the hierarchy explains quite
well the effects on attitudes and on intentional stickiness, but not on behavioral
stickiness. We had observed effects in a simple approach, on behavioral stickiness
and those do not pass through the attitudinal hierarchy.

Effects observed into and through the affective route of influence

Also tested is the possible affective route of influence (H19 to H22) visible in the left
part of the model. Interestingly, the results are quite similar to those observed in the
attitudinal hierarchy. The first step of the sub-model is not confirmed: the agent
presence and congruency have no significant impact on affect (H19 NS, H20 NS).
That is, the manipulation of agent presence/congruency had very surprisingly no
significant effects on affective reactions. The second step of the route is partly
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validated on intentional stickiness only. Pleasure has a very significant effect on
intentional stickiness (H21c,d***) and Dominance has a significant effect on one
component of intentional stickiness (H22c NS on the intention to revisit, H22d* on
the intention to recommend). But both affective reactions have no significant effects
on behavioral stickiness (H21a,b NS, H22a,b NS). Last, correlations between attitudes
(AEVA, Aws, Abrand) and Pleasure and Dominance are significant (Table 1).

Table 1. Correlations between Affect and Attitudes

Correlations (Pearson) AFFECT/ATTITUDES, aggr egated navigations Sig. level, rq:
Pleasure <+>Agya (**) +0.46

Dominance <+> Agya (*) +0.13

Pleasure <+>Aq (**) +0.66

Dominance <+>Ag (**) +0.28

Pleasure <+> Ap;ang (**) +0.55

Dominance <+> Ay and (**) +0.23

As a conclusion, simple effects of the agent presence/congruency are observed on
behavioral stickiness in the simple-effect approach. But if the approach is refined and
two possible routes of influence are studied instead, significant effects are observed
only on intentional stickiness, via the attitudinal route and via the affective route.
Such routes do not capture all possible sources of influence and the proposed model
may not include enough factors.

4 Limits of the Research and Contributions, Resear ch Avenues

In this paper atheoretical framework is proposed that might help explain the observed
effects of the agent, via an attitudinal route and an affective route. Most prior research
on the effects of embodied agents does not propose a theoretical framework, but
instead asserts that the agent must be “natural” and/or the interface “acceptable,”
leaving the actual process of influence largely a black-box. The framework proposed
here partly explains the observed effects of embodied agents. It relies on previous
research in traditional and online-based communication in marketing and psychology,
in human-to-human communication, and in man-agent interaction, and seeks to go
beyond the black-box approach to suggest routes of influence. A number of
hypotheses are proposed and some effects are not significant on the sites taken
separately, some effects are even significant in a direction opposite to what was
expected. Above all, the two routes of influence do not account for the effects on
behavioral tickiness. They do however, account for the effects on intentional
stickiness. While this is an encouraging start, it does mean that the framework and
model, is as yet incomplete in some areas.

Designing an EVA encompasses many possibly influencing variables: voice (and
its many cues), non-verbal language, colors, the agent size, its functionalities and
level of intrusiveness, its gender, age, personality, et cetera. All of these are
potentially have impact on stickiness. Equally the gender, age, internet expertise-a
construct still to be refined—of the users could also have impact. And all these
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variables could be taken independently from the site, or taken into account through
their congruency with the site. Thus a large field of questions and research is till
open. Last, one limitation is inherent to any experiment: a number of variables, such
as the real navigation on the site and exposition to the agent, gender, age, have been
controlled; but in spite of a large sample (about 392 navigations, among which 344
valid navigations) our ability to generalize these results is limited by the fact that we
cannot know if other non-controlled variables have had an effect, such as for instance
and without being exhaustive: proneness to innovation adoption, attitude towards
internet in general, social and leisure uses of internet with avatars, etc. All these
limitations of our research are research avenues which might help better modeling
man-agent interaction, taking into account more characteristics of the agent and of the
user herself.
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Abstract. Human modeling in design consists of human system integration
(HSI), human factors integrated with systems engineering. That involves
augmenting human capabilities and improving human-in-the-loop systems
global performance, robustness and safety by behavioral technologies. For such
human-in-the-loop systems design, this paper proposes an integrative
physiological approach based on Chauvet’s mathematical theory of integrative
physiology (MTIP). By applying MTIP principles as theoretical framework, the
integrative physiological modeling is used to model HIS and experiment a
gesture-based method for virtua environment (VE) design and human system
integration assessment. To demonstrate the pertinence and practicability of the
developed integrative approach, we apply it to a wearable interactive system
made up of virtual environment technologies for gesture assistance. The design
prototype was evaluated in wei ghtlessness during parabolic flights and confirms
the effectiveness of the integrative physiological modeling.

Keywords: human modeling design, human system integration, augmented
human, virtual environment, gesture assistance, weightlessness.

1 Introduction

1.1 Human Modelingin Design

The major benefits of using human modeling in design include reducing the need for
physical development; reducing design costs by enabling the design team to more
rapidly prototype and test a design; avoiding costly design ‘fixes' later in the program
by considering human factors requirements early in the design process; and improving
customer communications at every step of product development by using compelling
models and simulations.

Thus, designing an artifact consists in organizing a coherent relation between
structures and functions in a culture and context of usage [design=structure/function].
Modeling human consists in taking into account anatomical and physiological
elements in the same model. It is to design functions by organizing a hierarchy of
structural elements and their functions [human modeling=physiology (functions)
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fanatomy (structures)]. Such models should be used to create models of individuals
rather than using aggregated summaries of isolated functional or anthropometric
variables that are more difficult for designers to use. Therefore human modeling in
design requires an integrative approach [1].

1.2 Augmented Human

Augmenting cognition and sensorimotor loops with automation and interactive
artifacts enhances human capabilities and performance. It is extending both the
anatomy of the body and the physiology of the human behavior. Designing
augmented human beings by using virtual environment technologies means to
integrate both artificial and structural elements and their structural interactions with
the anatomy, and artificial multimodal functional interactions with the physiological
functions. Thereby the question is how to couple and integrate in a coherent way, a
biological system with a physical and artifactual system, the less or more immersive
interactive artifact, in a behaviorally coherent way by organizational design.

For training or operational systems design this requires taking into account
technical devices, artificial multimodal patterns of stimuli alltogether, and their
integration into the dynamics of the human sensorimotor behavior. Thus augmenting
human capabilities and enhancing human performance by using virtual environment
technologies needs safe design principles for human system integration (HSI). To be
safe and predictive, HSI models, interaction and integration concepts, methods and
rules have to be well grounded. Just like physical laws and their theoretical principals
ground the mechanics or materials sciences and the engineering rules (e.g. for
airplanes design), HSI needs a theory of integration, a theoretical framework and it's
genera principals.

In this paper, according to our epistemological approach, we propose to use the
mathematical theory of integrative physiology (MTIP) [3] [4] as a fundamental
framework for human system integration and virtual environment design [7]. For
illustrating this new paradigm we present an experimental protocol using graphical
gesture to assess HSI and VE design carried out both in laboratory and in
weightlessness [6]

2 Epistemology

Converging technologies for improving human performances, augmented human,
needs a new epistemological and theoretical approach of the nature of knowledge and
cognition considered as an integrated biological, anatomical, and physiological
process, based on a hierarchical structural and functional organization. Current
models for human - machine interaction or human-machine integration are based on
symbolic or computational cognitive sciences and related disciplines. They even use
experimental and clinical data; they are yet based on logical, linguistic and
computational interpretative conceptual frameworks of human nature where postul ate
s or axioms replace predictive theory. It is essential for the robust modeling and the
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design of future rules of engineering for HIS, to enhance human capabilities and
performance. Augmented human design needs both an integrative theory that takes
into account the specificity of the biological organization of living systems, according
to the principles of physics, and a coherent way to organize and integrate structural
and functional artificial elements. Consequently, virtual environments design for
augmented human involves a shift from a metaphorical, and scenario based design,
grounded on metaphysical models and rules of interaction and cognition, to a
predictive science and engineering of interaction and integration. We propose to
ground HSI and augmented human design on an integrative theory of human being
and its principles.

Structuras :
Space Scales

W

()

W W, i Functions :
L2 Time Scales

Fig. 1. 3D representation of the integrated augmented human design [7]

The human (Q) is represented as the combination of the hierarchical structura (z)
and functional (Y) organizations. The (x) axis corresponds to the ordinary physical or
Cartesian space. Each physiological function v is represented in the xyy plane by a
set of structural units hierarchically organized according space scales. Two
organizational levels are shown: y, and w,. The different time scales are on the y axis,
while space scales, which characterize the structure of the system, are on the z axis.
Therole of space and time clearly appears. ¥y; is the non-local and non-symmetrical
functional interaction. Units at the upper levels of the physiological system represent
the whole or a part of sensorial and motor organs. Augmented human (Q') design
consists in creating an artificially extended sensorimotor loop by coupling two
artifactual structural units |’ and J'. Their integration into the physiological system is
achieved by the functional interactions (i.e. sensorimotor) they generate. From sensors
outputs to effectors inputs, the synchronized computerized process S controls and
adapts the integration of the functional interactions artificially created into the
dynamics of the global and coherent system.
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3 Mathematical Theory of Integrative Physiology (MTIP)

Mathematical theory of integrative physiology [2] [3] [4] examines the hierarchical
organization of structures (i.e., the anatomy), and of functions (i.e. the physiology), of
aliving system and its behavior. It introduces the principles of a functional hierarchy
based on structural organization within space scales, functional organization within
time spaces of the structural unit that are the anatomical elements in the physical
space. It copes with the problem of structural discontinuity by introducing functional
interaction, for physiological function coupling, and structural interaction, for
anatomical structural coupling. Unlike interaction in physics, at each level of
organization, functional interactions are non-symmetrical, leading to directed graph,
non local, leading to non local fields, and augment the system stability of a living
system by coupling two structural elements. It is a new theoretical paradigm for
knowledge-based systems and augmented human design.

MTIP is thus applicable to different space and time levels of integration in the
physical space of the body and the natural or artificial behavioral environment; from
molecular level to socio-technical level; from drug design to wearable robotics, and to
life and safety critical systems design. Thus augmented human design (fig. 1) is
grounding augmented human modeling on the Chauvet’s MTIP.

This kind of model assumes the existence of functiona interactions between the
engineered and the physiological sensorimotor systems|[7].

4 Experience

The gesture based method for virtual environment design and human system
integration assessment is a behavioral tool inspired by Chauvet's theoretical
framework, i.e.: (i) an integrated marker for the dynamical approach of augmented
human design, and the search for interaction primitives and validation of organization
principles, and (ii) an integrated marker for a dynamical organization of VE
integrative design.

By designing a virtual environment, a human in-the-loop system consists in
organizing the linkage of multimodal biological structures, sensorimotor elements at
the hierarchical level of the living body, with the artificial interactive elements of the
system, devices and patterns of stimulation. There exists a “transport” of functional
interaction in the augmented space of both physiological and artifactua units, and
thus a function may be viewed asthe final result of a set of functiona interactions that
are hierarchically and functionally organized between the artificial and biological
systems.

We present results of experiments performed by three subjects on earth and in
hypergravity and weightlessness during parabolic flights (Flight campaign n°8 CNES-
SPACEHAB), using a virtual and augmented reality system for gesture assistance.
Using analysis of three-dimensiona hand movements (drawing of ellipses), we
compare the dynamical sensory-motor integration and motor performance
(orientation, shape, figural and kinematics features) with or without the assistance of
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virtual environments. Using this gesture-based method we evaluate physiological
effects and integration of both change of gravity and artifactual environment on
performance. We demonstrate how artificial visual information dynamically
generated by a wearable virtual environment, may help gesture in the three-
dimensional space parabolic flight, according to the MTIP principles

4.1 Integrative Physiological Design

Neurophysiology - Humans integrate multimodal sensorimotor stimuli in order to
interact with their environment, be it natural or artificial (vision, vestibular
stimulus, proprioception, hearing, touch, olfaction, taste..). When a subject isin a
situation of weightlessness or of hypergravity, his sensorial system is submitted to
an unusual pattern of stimuli. This dynamical pattern may largely influence the
balance, the posture control, the spatial cognition and the spatial motor control of
the subject [9]. If this coherence is absent, perceptual and motor disturbances
appear, as well as illusions. These illusions are solutions built by the brain in
response to the inconsistency between sensorial stimuli and internal processes.
Therefore, the cognitive and sensory-motor abilities of the individua may be
disturbed

Virtual environment as knowledge-based environment: Virtual reality and
augmented reality technologies [12], because they are multimodal and aesthetic,
are obviously the tools for the design and development of the assistance action and
multimodal knowledge based artifactual environments. Knowledge is gathered
from interactions and dynamics of the individual-environment complex and
motivations. It is an evolutional, adaptable and integrative physiological process. It
is fundamentally linked to emotions, mnesic process, perception and action. Then,
designing an artifactual countermeasure system using virtual environment
technology, a sensorimotor knowledge based environment, consists of making
biological individual and artifactual physical system consistent. That needs an
"eco-ethological" approach, both for the knowledge modeling, the interaction
system design and the human system integration. Moreover, the coherence
between artificial information and natural perceptual input is essential for
the perception of space and the action within, especialy during gravitational
changes.

MTIP claims to develop experimental techniques to organize and to assess the
behavioral coherence of the virtua environment design for augmented human
performance. Because gesture is a high-level integrated sensorimotor and cognitive
physiological function, it appears to be a primary expression of this global behavior
and a behavioral tool for HSI and augmented human design[7].

4.2 Experiments

To test our assisting gesture prototype and highlight the dynamical principles of
hierarchical organization of human systems integration and virtual environment
design for assisting gesture in weightlessness, we set up a protocol according to a
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complex and incremental design. The experiments were performed during the 8"
CNES Novespace parabolic flight campaign.

Devices: Head mounted display |-Glasses® immersive or see-trough, Frastrack
Pohlemus® electromagnetic motion tracking system, workstation with a specific
software design for managing and generating the visual virtual environment in real-
time.

Protocol: Our protocol is based on graphical gesture analysis, more specifically of
the drawing of elipses within 3D-spaces. It's inspired by neurophysiology of
movement [11] [9] [10]. Three right-handed trained volunteers were asked to draw
ellipses (major axis 30 cm and minor axis 15cm) in two orientations of the three
anatomical reference planes: vertical sagittal (VS) and transversal horizontal (TH).
These drawing of ellipses were performed continuously and recorded during both the
1.8g ascent and the Og parabola itself, feet in foot-strap (F) or in free-floating (FF), in
two main situations: free gesture and assisted gesture wearing a visual virtual
environment. Visual virtual environment was generated in immersion (RV) or in
augmented reality (RA) (fig.2 and fig.3) .

Data analysis: sixteen gesture-related variables are calculated from data produced
during the parabola and recorded from the sensor worn on the tip of the index finger
of the working hand: kinematics (Number of ellipses), Average velocity , Covariation
Vit/Rt, Amplitude ), position (Global position, Position / x axis, Position / y axis,
Position / z axis), orientation (Global orientation, Orientation / sagittal plane,
Orientation / frontal plane, Orientation / horizontal plane) and shape (Mean area,
Eccentricity, Major axis variation, Minor axis variation ).

Satigtical analysis: We use a method of multidimensional statistical analysis.
Principal component analysis and hierarchical classification are calculated with SPAD
4.0® to show the differential effects of hypergravity and microgravity on graphical
gesture for each subject wearing or not the system. A second goal of this exploratory
statistics is to assess the design of our prototype and the dynamics of the human
virtual environment integration in weightlessness and on earth.

4.3 Results

Hypergravity (1.8g): Exploratory statistics show the effects of a prototype for
assistance to gesture. Without assistance, the drawings of ellipses vary in an
important way , both in shape (mean area, major and minor axis) and in position
(global position and on the y axis). Orientation of gesture also has an influence.
Global position and eccentricity present a larger variation in the TH orientation for
the three operators. Inter-individual differences are a little more important in the
V'S orientation. The use of the gesture assistance improves the drawing of ellipses
for both orientations with a difference between VR and RA, nevertheless.
Graphical gesture is more accurate using immersive environment than augmented
reality. We observe few inter-individuals variations and no orientation influence
with virtual reality.
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Fig. 2. Drawing of SV (A,B) and HT (C, B) ellipses without assistance in hypergravity (1,89 —
A, C) and microgravity (Og — B,D)

Fig. 3. Drawing of SV (A,B) and HT (C, B) dllipses with gesture assistance in hypergravity
(1,8g—A, C) and microgravity (Og — B,D)

While with augmented realty assistance, see-trough helmet, gesture variations
depend on both the individual s and the orientation. Differences are narrow for subject
1 and 2. Subject 3 presents broader variations of the global orientation in TH
orientation regarding horizontal and frontal variations. In hypergravity, immersive
assistance, virtual reality, is more efficient than augmented reality; moreover there are
no differences as far as the foot-strapsis concerned.
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Fig. 4. Example of graphical gesture plotting of SV and HT ellipses drawn without assistance
in hypergravity (1,8g) and microgravity (0g)

Microgravity (0g): Exploratory statistics prove the efficiency of virtud reality for
assistance of graphical gesture in weightlessness. Immersive virtua environment
improves position and orientation of drawn ellipses significatively and operator's
behaviors are quite similar with feet in foot-straps. In free floating, there is aso a
homogeneous behavior in the VS orientation with VR assistance, but there are more
inter-individual differencesin TH orientation. In micro gravity our RA prototype brings
less improvement than VR. RA main efficiency is on spatial orientation of gesture,
especially on VS. For kinematics, position and shape variables, RA efficiency depends
on both gesture orientation and individuals, with no influence of feet strapping.

In microgravity, the main inter-individuals differences depend on gpatia
orientation wearing RA assisting system or without assistance. For these two
situations, subjectl presents fewer differences than the two others. His behavior is
homogenous for both orientations and feet strapped or not. For TH orientation sl
presents a quite similar behavior with both VR and RA. With RA graphical gestureis
closeto s2 and s3in VS orientation of action. Subjects s2 and s3 wearing RA systems
are very sengitive to free floating. Their behavior is similarly dependant on gesture
orientation with RA or without assistance.

Without assistance (Fig.4): Drawing of elipses in hypergravity presents most
changes of shape and position according to orientations and in VS plan of movement
there are more inter-individua variations. Microgravity is mostly effecting orientation
and position.

With assistance (Fig.5): Virtual environment, whether immersive virtual reality or
augmented reality, improve graphical gesture in 3D space during parabolic flights. In
hypergravity their effects are similar. In microgravity, VR is more efficient than RA
especially concerning improvement of spatial orientation of gesture and position.
Furthermore VR reduces inter-individual differences for VS and TH orientation with
feet strapped and only for SV orientation in free floating.
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Fig. 5. Example of graphical gesture plotting of SV and HT ellipses drawn with assistance in
hypergravity (1,8g) and microgravity (0g)

These experiments show (Fig.4 and Fig.5) the pertinence and practicability of the
developed integrative approach of human modeling design for augmented human
design and human system integration by showing improved motor skills and gesture
performance.

5 Conclusionsand Applications

Human modeling in design for the purpose of building human-in-the-loop systems
can be a complex and dynamic endeavour. Augmented human design, i.e. assisting
gesture technologies, needs an integrative approach that takes into consideration the
specificity of biological organization of living systems, according to the principles of
physics, and a coherent way to organize and integrate structural and functional
artificial  elements. Our experiments demonstrate the full potential of virtual
environments for gesture assistance in weightlessness and in hypergravity. They
assess the pertinence and the reliability of human systems integration modeling based
onthe MTIP principles.

Therefore, integrative physiological design is aframework for future developments
of both augmented and cooperative human and environment. As virtual environments
or wearable technologies, integrative artifacts will found the next assisting and
countermeasures tools and smart environments for human space activities. Integrative
physiological design will be necessary to model forthcoming architecture of safety
critical systems or to develop applications to human on earth in the likes of surgeons,
service engineers, physically challenged or elderly people.
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Abstract. Three experiments were designed to investigate the color preference
of User Interface of Chinese youth. Background color and foreground color, as
well as their combinations were examined. The results showed that: 1, Blue,
purple, gray-blue and cyan were the more popular background color. 2, the
foreground color preference was influenced by the background color, but white,
yellow series and green series were al popular foreground colors for the
background color of blue, purple and gray-blue. The discrimination of
participants for graphic was better than that for characters. Some mechanism
and implications were discussed.

Keywords: Color preference; User interface; Background color; Foreground
color.

1 Introduction

Psychol ogists have been taking great interesting on color preference for a long time,
there were some studies on color preferences using printed cards in the past. Zhou &
Zeng (1986) M, Wang (1997) @ investigated color preference of Chinese students in
different years. They found there was some difference in different years, but
something was stable, e.g. white, green and blue were popular colors for Chinese
students all the time. Li (1990) ! found color preferences were different for different
objects; gender and age also influenced preference. Elli (2001)  found significant
gender differencein color preferences of North American college students. Today, the
computer becomes more and more popular in the society, the study on color of
computer user interface also attracts the attention of psychologists, but most of the
studies mainly focused on the visual performance (Zhu & Cao ¥, 1994; Cao & Zhu
81 1995; Kong et al. [, 1999). No research was focused on color preference itself on
computer interface of Chinese people systemically.

In this study, we investigated the color preference of User Interface of Chinese
youth. We intended to use a better way to study thisissue. First, 7~10 colors would be
chose from the basic colors pool, using as materials of background color study.
Second, background color preference was explored in details using forced choice and
subjective evaluation. Third, combining foreground color, we investigated color
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combination preference. Finally, visual performance of color combination was also
tested.

2 Experiment 1

2.1 Purpose

This experiment was designed to choose materials for experiment 2. Participants were
asked to choose 10 favorite colors as background color of user interface.

2.2 Method

Participants. 20 students from Beijing Normal University (N=10 male, N=10 female),
aged 20 to 23. All participants had normal color vision and normal or correct to
normal visual acuity.

Materials. 48 basic colors from the drawing program of windows 98, each color was
showed in 20x13mm rectangle, were arranged in a 8x6 matrix. All of them were
presented on a screen. The background color was light gray.

Apparatus. The materiad was presented on a 17-inch color CRT monitor, 1024x768
pixels , saturation 100% , brightness50% , red 55% , green 55% , blue 55%.

Procedure. We showed the 48 basic colors on the computer screen in one time, the
participants were asked to choose 10 favorite colors from them as the background
color of computer user interface and to order these colors by their preference.

2.3 Data Analyze and Results

42 colors of 48 basic colors were chose as favorite colors in this part. Each color was
scored based on their order. For example, if one person chose blue as first color, it
was scored 10; if one person chose blue as second color, it was scored 9; the rest may
be deduced by analogy. The fina score of each color was the sum of every
participant’s results. The first 10 colors are blue, dark purple, dark blue, gray,
white,gray blue, purple, gray purple, cyan and rose. Their scores are 87, 82, 72, 62,
61, 60, 55, 54, 49 and 39 respectively.

A Chi-square test reveal ed there were significant difference among these 10 colors,

v?=31.254 , df=9 , P<.001. Because the purpose of this study was to explore color

preference of colorful user interface, gray and white were exclude in next experiment.
Finally, blue, dark purple, dark blue, gray blue, purple, gray purple, cyan and rose
color were chosen to be the material of experiment 2.

3 Experiment 2

3.1 Purpose

This experiment, applying forced choice and subjective evaluation, was designed to
investigate the background color preference based on the results of experiment 1.
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3.2 Method

Participants. 44 students from China Agricultural University and Institute of
psychology (N=23 male, N=21 female), aged 19 to 34, joined in this experiment. All
participants had normal color vision and normal or correct to normal visual acuity.

Materials. 8 colors chose in experiment 1 were used to be the materials.

Procedure. Experiment 2 was composed of two parts. Part one: forced choice. In this
part, two colors of 8 colors were presented on a screen each time; each color took up
half of the screen. Participants were asked to choose their favorite background color
in the two colors. If they chose left color, they should press “1” on the number
keypad; if they chose right color, they should press “2” on the number keypad. In
order to exclude location effect, each color compared with other 7 colors both on left
and right. The choice time of each color was recorded. There were four times
practices before the formal experiment. Part two: subjective evaluation. Participants
were asked to rate each color in enjoyable, comfortable and suitable as background
color of a computer interface. 7-point scale were used in this part (1=most
enjoyable/comfortable/suitable, 7= most non- enjoyable/comfortable/suitable). One
color presented randomly on the whole screen each time, three scales were showed on
right of the screen. Participants were asked to use mouse to choose corresponding
score for each color. After evaluated three aspects, participants can press the “NEXT”
button at the bottom of the screen to go to evaluate next color.

3.3 Results

Forced Choice. Each participant’s choice times were transformed to Z score, showed
in table 1. Repeated measures of General Linear Model were used to analyze the

difference among different colors, F ( 7, 301 ) =10.223 , P<0.001.

Table 1. Descriptive results of forced choice

color blue purple cyan gray dark dark gray rose
blue purple blue purple
Z score 052 036 0.30 0.25 -0.18 -0.38 -0.47 -0.48
VA 2.35 2.19 2.13 2.08 1.65 1.45 1.36 1.35

SD 049 0.38 0.90 0.59 0.67 1.13 0.97 0.95

Pairwise comparisons were used to compare the Z score of each color. The results
showed there was significant differece between blue and last 5colors. It was obvious
that blue was the most favorite background color for participants. Purple, cyan and
gray blue were also different with last 4 colors. It showed that they were aso the
favorite color for participants.

Subjective evaluation. The result of subjective evaluation in three aspects was showed
infig.1.



Chinese Color Preference in Software Design 65

In the enjoyable aspect, the order of background color preference was blue, gray
blue, purple, cyan, rose, dark purple, dark blue and gray purple. The results of
repeated measures of General Linear Model showed there was significant difference
among 8 colors, F(7,301) = 8.895, P<0.001. Pairwise comparisons results showed
there was significant difference between blue and other 7 colors, blue was the most
enjoyable background color.

Benjoyable Ocomfortable @ suitable

blue gray purple cyan rose dark dark gray
blue purple blue purple

|ug|

subjective evaluation

o =~ NN w s oo N

Fig. 1. Subjective evaluation of background colors

In the comfortable aspect, the order of background color preference was blue, gray
blue, purple, cyan, gray purple, rose, dark purple and dark blue. The results of
repeated measures of General Linear Model showed there was significant difference
among 8 colors, F(7,301) = 13.960, P<0.001. Pairwise comparisons results showed
there was significant difference between blue,gray blue,purple and other 5 colors.
Blue, gray blue and purple were more comfortable background color.

In the suitable aspect, the order of background color preference was blue, gray
blue, purple, cyan, gray purple, dark purple, rose and dark blue. The results of
repeated measures of General Linear Model showed there was significant difference
among 8 colors, F(7,301) = 16.038, P<0.001. Pairwise comparisons results showed
there was significant difference between blue, gray blue, purple, cyan and other 4
colors. Blue, gray blue, purple and cyan were all more suitable as background
colors.

The results in three aspects were smilar, Spearman correlation coefficient was used to
test the correlation of three aspects, there were significant correlation between each two

EGDGCIS, reﬁjcyablexwitable: 0.932 » Fcomfortablexsitable = 0.959 ’ reriwabl&comfonade =0.875.
It prompted they could impact each other, so they all need to be considered in the interface
design.

Both forced choice and subjective evaluation results showed blue, gray blue,
purple and cyan were more favorite to use as background color, so they were used
as background color in the next experiment, to explore color combination
preference.
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4 Experiment 3

4.1 Purpose

Subj ective eval uation was used to investigate the color combination preference.

4.2 Method

Participants. 43 students from China Agricultural University (N=23 male, N=20
female), aged 19 to 24, joined in this experiment. All participants had normal color
vision and normal or correct to normal visual acuity.

Materials and procedure. Blue, gray blue, purple and cyan were used as background
colors, other basic colors were used as foreground color. The procedure was similar as
subjective evaluation part of experiment 2. One foreground color was showed in
20x13mm rectangle on one background color each time, participants were asked to
rate if this combination was suitable as computer user interface on a 7-point scale
(1=most suitable; 7= very not suitable). They need to evaluate 184 times at all.

4.3 Results

Table 2 showed first 10 color combinations.

Table 2. Descriptive results of first 10 color combinations

Foreground Blue/ Blue/ Blue/ Blue/ Gray Blue/ Purplel Purple/ Blue/ Blue/

Background white light cyan grass blue/ light white light greenyellow
yellow green white green yellow

Mean 295 326 328 337 337 34 347 351 353 353

SD 159 157 171 19 19 168 186 167 191 172

mean Score
—NW RO SN
—
—
—
—

bluc purplec gray bluc cyan

Fig. 2. Subjective evaluation among different background color

It was obvious that blue was the favorite background color, purple was also
popular. Cyan was not chosen into first 10 combinations. Repeated measures of
General Linear Model were used to analyze the difference among four background
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colors, descriptive results showed in fig.2, F (3, 126)=6.971, P<.01, the
combinations in which blue was used as the background color were the favorite
combinations for the participants. It prompted that the color combination preference
was impacted by background color.

For the foreground colors, white series, yellow series and green series were all
popular foreground colors when the background color was blue, purple or gray-blue.
But these results were just observed from descriptive results, more research was
needed in the future.

5 Discussions

Results of background color preferences experiment showed, blue, purple, cyan and
gray blue were chosen as participants’ favorite background colors for computer user
interface. Although the order of these 4 colors in two methods was not all the same,
there were significant difference between them and other 4 colors. Blue was the most
popular background color, results of forced choice and subjective evaluation were
both proved this. This may be related with the characteristic of blue, some research
prompted blue can inspire positive emotion, e.g. comfort, stillness et al. (Wu &
Wang'®, 1986; Huang et al.[¥, 1991). Another reason was participants’ habit, the most
popular computer user interface, which was used in China widely, was using blue as
its main hue (e.g. Windows 98, 2000, XP). Three aspects of subjective evaluation
revealed suitable background color was high related with its comfortable and
enjoyable degree. If a color was suitable as background color of interface, participants
would consider if it was comfortable and if he/she like it. There were some prompts
for interface design. But Zhu and Cao (1994) found there was some discord in
definition and comfort. How to apply these factors properly was a meaningful
question.

Based on the results of color combination preference, foreground color preferences
were influenced by background color, blue was still the most favorite background
color. This was coincident with common computer interface (Microsoft Windowed
series). The foreground color preference was influenced by the background color.
White, yellow series and green series were preferred to be favorite foreground colors.
White with blue, white with gray blue and white with purple were the best
combination in these three background colors. These rules needed to be considered in
interface design.

6 Conclusions

In aword, our works indicated that blue was the best background for young computer
users, and purple, gray-blue and cyan were also good choices. Color combination
preference was influenced by background color. White series, yellow series and green
series were al popular foreground colors for the background color of blue, purple or
gray-blue.
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The Effect of Animation L ocation and Timing on Visual
Sear ch Performance and Memory
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Abstract. The current study investigated the effects of animation location and
timing on visual search speed and accuracy and their effects on memory about
the animated strings. Visual search accuracy was measured using the sensitivity
measurement d' in signal detection theory (SDT) model. Results showed that
black-and-white animations had no significant effect on visual search and color
animations slowed down the search significantly but had no significant effect
on search accuracy. The size of the effect that an animation had on the search
speed did not depend on its location or timing. Nor did the ability to recognize
the animated string or the preference judgment about the animated string
depend on its location and timing. Animated strings were rated more preferable
than new strings even in the absence of explicit memory about the animated
strings.

Keywords: visua search, visua attention, animation, online advertisement,
signal detection theory.

1 Introduction

Online advertising is growing at a fast pace. The Internet advertising revenues for
2005 totaled over 12.5 hillion and increased over 30% from 2004 and accounted for
5% of total U.S. advertising revenues in 2005 [5]. The growth continued in 2006 and
the Internet advertising revenues reached a new record of 7.9 billion for the first 6
months of 2006, a 37% increase over the first half of 2005 [6]. Online advertising can
take many forms: static banners, pop-up cookies, and animations. Animations are
more effective in online advertising because they improve click-through rate by 25%
[7, 8] and might also enhance user’s memory about the advertisement [1].

1.1 Effectsof Animation Location and Timing

Most studies on online advertisement have focused on the effectiveness of the online
advertisement without looking at the effects of online advertisement on user’s task
performance at the website. Zhang [10, 11, 12] conducted several studies on the
effects of animation on information seeking performance measured by a visual search
task where participants searched for a target string among distracter strings. Zhang
found that animations had negative effects on visua search performance and the size
of the negative effect depended on animation location and onset timing. Animations at
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the left side deteriorated performance more than those at the right side. Animations
that appeared in the middle or close to the end of visua search deteriorated
performance more than those at the beginning. Zhang explained these findings with
visua attention theories. Due to the limited nature of visual attention, the more
atention an animation received from a user, the less amount of attention was
available for the visual search task and the more damaging it was to the search task.
Since the left side of printed media or computer screen tends to contain more
important information in English speaking countries, users tend to pay more attention
to animation on the left side and performed worse in the search task when animations
appear on the left side. Since most animations on the Internet appear when the web
page is loaded, users do not expect to see animations in the middle of a search. The
surprise caused by the animations in the middle of a search might be more distracting
to the visual search task.

Zhang's studies examined the effects of animation location and onset timing on
visual search task without measuring the effectiveness of the advertisements. It is
unclear whether the more distracting animations were remembered better. The current
study will answer this question.

A user’s memory about the animations can be measured explicitly with recall and
recognition tests and implicitly with preference judgment. Past studies found that
attention had significant effects on explicit memory but very little or no effects on
implicit memory [4]. Previous research [9] found that frequent exposure increased the
appeal of various initialy unfamiliar stimuli even when subjects were not aware of
the difference in exposure frequency. User preference judgment can change even
without the user paying attention to the advertisement. The amount of attention an
advertisement receives should have no effect on preference judgment. If animation
location and timing affect search performance by changing the amount of the
attention devoted to the animation, they might affect recall and recognition of the
animations but have no effect on preference judgment about the animated strings.

1.2 Visual Search Modeled with Signal Detection Theory (SDT)

Psychophysicists often use signal detection theory to model visual search
performance because the model takes into consideration the external noise in the
visual field and the internal noise in the perceptual system and neura system [2].
Signal detection theory allows psychologists to measure a participant’s sensitivity in a
visual search task without the contamination of his or her decision bias. An example
can easily illustrate the distinction between an individua’s relatively stable sensitivity
and the constantly changing decision bias adapted by the person. Imagine you are the
operator of the security check machine at an airport and has to decide whether to stop
each bag for manual inspection. Dangerous items are the signals and similar looking
harmless items are noises. Y our ability to distinguish between these itemsisrelatively
stable but your criteria in stopping a bag can change instantly. When warned for a
terror threat, you will be extremely cautious and will stop any bag containing items
that look remotely like a dangerous item. By doing so, you not only will stop more
bags containing dangerous items but also will stop more harmless bags. Stopping a
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dangerous bag is called a hit and stopping a harmless bag is called a false dlarm. Two
measurements can be computed from a set of hit rate and false alarm rate to measure
the operator’'s sensitivity and decision criteria separately. The d’ measures the
sengitivity and the p measures the decision criteria.

d =z (hit rate) —z (false dlarm rate) (1)

The z-score is computed from a Gaussian distribution. In a visual search task that
required participants to click targets among distractors, participants can click every
item to achieve a hit rate of 100%. By doing so, they will also have a false alarm rate
of 100%. The sensitivity (d') in this case will be zero.

Zhang calculated search accuracy according to the following formula[12]:

CA = NumberOfClickedTargets * NumberOfClickedTargets/ @
(NumberOfTargets + NumberOfWrongClicks)

Although the formula aims to correct false alarm, it is not a standardized
measurement. The d' is a standardized measurement. The current study measures
search accuracy with d'.

1.3 Speed and Accuracy Tradeoff in Visual Search

In a visual search task, participants can trade speed with accuracy by choosing to
respond fast with lower accuracy or to make an accurate response with long response
time. A complete measure of performance should look at both speed and accuracy.
Zhang measured performance with the following formula [12], where CA referred to
Click Accuracy:

P = 10000 * CA / TimeOnTaskpage ©)]

Although this measure is adjusted for the speed-accuracy trade-off in the task, it
cannot tell us whether animation affects search time and accuracy differently. Past
studies indicate that attention demanding tasks can slow down the information
processing in visual search without reducing the asymptotic accuracy level [3]. The
current study examines search speed and accuracy separately to test whether
animation has different effects on different aspects of the search task.

1.4 Hypothesis

It is predicted that animations will slow down the search process but will not affect
the search accuracy. It is predicted that the size of the damaging effect will depend on
animation location and timing and the more damaging animations will be remembered
better. Animation location and timing will have no effects on the preference judgment
of the animated strings. Since color can increase the salience of an object, it is
predicted that animations in color will be more distracting than animations in black
and white and will be remembered better than animationsin black and white.

Two experiments were conducted to test these hypotheses. Non-sense strings were
used to control the familiarity effects on search and memory performance.
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2 Experiment 1

2.1 Methods

Design. A 2 (location) x 4 (timing) factorial within-subject design was used.
Animation appeared either on the left or the right side of the search screen. All
animations lasted 10 seconds with four possible onset timing: when the search screen
appeared, when participants clicked on any string in the second half of the screen,
when participants clicked on any string in the last quarter of the screen, or on-off-on
where animation started when the search screen appeared and stopped after 5 seconds
and reappeared when the participants reached the last quarter of the screen and lasted
for 5 seconds. A control condition with no animation was added to test whether
animation had any effects on performance. Each participant performed search tasks
under all nine conditions.

Participants. Forty-two students enrolled in psychology courses at a university in the
United States participated in the experiment for course credits.

Materials. Each search screen consisted of 8 rows with 15 strings each in each row.
Strings were generated by a computer program with a random mechanism. A 2-letter
string was generated by picking the first and the second letter independently. A 3-
letter string was generated by picking the first and the last letter from the consonants
and the middle letter from the vowels. A 4-letter string was generated by adding a
consonant to a 3-letter string. A target was aways a 4-letter string. The same target
appeared three times in each row with a total of 24 appearances. The positions of the
target were chosen randomly with the constraint that no two targets would occupy
adjacent locations in a row. Eighteen search screens with different targets were
created independently.

Animation was created by increasing the font size of a 4-letter string from 24 to 72
points in eight steps (24, 28, 32, 36, 42, 48, 56, 64, 72) and cycling between two
strings. The animation would increase the font size of the first string from 24 to 72
and then switch to the second string and increase the font size in a same manner and
then switch back to the first string to start over. Eighteen animations were created.
Animations appeared at the side of the screen near the top. Two sets of animation
strings were created. During the experiment, half of the participants saw Set A as
animation and half of the participants saw Set B as animation.

Both the search strings and the animated strings were black letters on a light gray
background. The rows on the search screen were well-spaced to occupy the whole
screen. The search was conducted in a desktop application instead of web browser.

Procedure. The experiment consisted of 18 trials with two trids for each
experimental condition. Participants performed two practice trials at the beginning of
the experiment. All participants searched the same screens. The order of the
conditions, the search screen used for each condition, and the animation used for each
condition was randomized for each participant.

Participants were shown the target string before each search and were instructed to
click a button to start the search. Upon the click, a screen appeared with the target



The Effect of Animation Location and Timing 73

string at the top center of the screen. Participants were instructed to click on target
strings only and click al instances of the target string and to finish the search quickly.
They were told that clicks on non-target strings and targets missed were counted as
errors.

The time from the appearance of the screen to the click on the “Finish” button was
recorded as search time. After clicking on the “Finish” button, the participant was
given feedbacks on the number of total clicks, the number of correct clicks, and the
number of incorrect clicks.

After finishing all conditions, participants were asked to write down any animated
strings they remembered. They were then given a piece of paper containing 72 strings
from Set A and Set B (32 strings animated during the experiment and 40 unseen
strings) and were asked to circle those strings they saw in the animation during the
experiment. At last, participants were asked to rate how much they liked each of the
72 strings on a 5-point scale (1 = dislike the most, 5 = like the most). The same set of
strings was used in recognition and rating but the strings appeared in different orders.

2.2 Result

Data from nine participants showed extremely low accuracy with a hit rate of 33% or
lower in one or more conditions. Their data were dropped from the data analysis. Data
from 33 participants were used in the following analyses.

Effects of Animation on Visual Search. Paired-sample t-tests were conducted to
compare the grand mean of all animation conditions with the control condition.
Results showed no significant difference in p-measure, t(32) = 0.937, p =0.356, search
time, t(32) = -1.625, p = 0.114, or sensitivity (d'), t(32) = 0.357, p = 0.724. No further
analysis on the effects of animation location and timing was done.

Memory About Animated Strings. Participants performed very poorly on recall and
recognition of the animated string with accuracy close to zero. No further analysis on
the recall or recognition data was done.

The rating of the animated strings was compared with the rating of the new strings
in a paired-sample t-test. The result indicated that animated strings were rated
significantly higher than new strings, t (32) = 2.884, p = 0.007. The mean rating of the
animated strings was 2.943 while the mean rating of the unseen strings was 2.832.

Results from a 2 x 4 repeated measured ANOV A on preference judgment showed
no significant main effects of animation location, F (1, 32) = 0.548, p = 0.465, no
significant main effect of animation timing, F(3,96) = 1.243, p = 0.298, and no
significant interaction between animation location and timing, F (3, 96) = 2.364, p =
0.076.

2.3 Discussion

This experiment showed no detrimental effects on visual search performance from
animations. This lack of animation effects might be because the animation did not
attract substantial attention. The lack of attention to the animated strings also account
for the extremely poor memory about the animated strings in recall and recognition.
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Although the explicit memory about the animated strings was very poor, the implicit
memory test (preference judgment) showed that mere exposure did increase the
likeability of the animated strings. This result is consistent with previous findings that
freguent exposure increased the appeal of unfamiliar stimuli [9].

The failure in replicating the detrimental effects of animation on visual search
performance in Experiment 1 might be due to the fact that the search task was too
difficult and the animation was too dull. Zhang found that the effects of animation
decreased with the increase in task difficulty levels and that dull animation had less
detrimental effects on visual search tasks than brightly colored animations [11]. In
Experiment 2, color animation was used to make the experimental condition similar to
the advertisement animation used on the Internet and to increase the likelihood that
animation will have effects on the primary visual search task.

3 Experiment 2

3.1 Methods

Design. A 2 x 4 within-subject design with a control condition was used as in
Experiment 1.

Participants. Forty-six undergraduate students enrolled in psychology courses at a
university in the United States participated for course credits.

Materials. The materials in Experiment 1 were used in Experiment 2 with a few
modifications. First, the targets were 3-letter strings instead of 4-letter strings. Shorter
target strings were used in Experiment 2 to generate the optimal animation effect [11].
Second, the color instead of the size of an animated string was changed to produce
animation. The size (72 points) of the string stayed the same but its color changed
from blue, to green, to magenta, and then to orange. Third, the animation cycled
among three strings instead of two. Fourth, there was no additional space between
rows on the search screen.

Procedure. The procedure in Experiment 1 was used with one exception. A
recognition test of the animated strings was given immediately after each search.
After clicking on the “Finish” button, participants were shown a new screen with 6
strings and were asked to select strings animated during the search if there were
animations. No feedback on the search or the recognition was given. A new tria
started once the participant finished the recognition test. A blank screen with “New
Search” button was used after a search with no animation.

At the end of the experiment, participants were given 108 strings from Set A and
Set B (48 strings animated during the experiment and 60 unseen strings) and were
asked to rate how much they liked each string on a 5-point scale (1 = dislike the most,
5 = like the most). The same set of strings was used in recognition and rating with
different orders.
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3.2 Results

Data from nine participants showed extremely low accuracy with a hit rate 33% or
lower in one or more searches and one participant had difficult using the mouse
during the experiment. Their data were dropped from data analysis. Data from 36
participants were analyzed.

Effects of Animation on Visual Search. The effects of animation were examined
with paired-sample t-tests. Table 3 shows the results of the t-tests. Animation
increased the time spent on the search and reduced performance significantly but had
no significant effect on sensitivity (d').

Table 1. Effects of Color Animation on Visual Search

Measures Animation Baseline t(df= 35) p
p-measure 5616 6034 3.961 0.000**
Search Time 38.089 35.893 -3.691 0.001**
d 6.44 6.47 0.174 0.863

Results from a 2 x 4 repeated-measure ANOVA on search time showed no
significant main effect of animation location, F (1, 35) = 0.748, p = 0.393, no
significant main effect of animation timing, F (2.374, 83.091) = 1.766, p = 0.171, and
no significant interaction between animation location and timing, F (3, 105) = 1.237,
p = 0.300.

Results from a 2 x 4 repeated-measure ANOVA on p-measure showed no
significant main effect of animation location, F (1, 35) = 0.154, p = 0.697, no
significant main effect of animation timing, F (3, 105) = 2.090, p = 0.106, and no
significant interaction between animation location and timing, F (3, 105) = 1.395, p =
0.248.

Since animation had no significant effects on sensitivity (d'), no further analysis on
sengitivity (d") was done.

Memory About Animated Strings. To analyze the recognition data, a hit rate and a
false alarm rate were calculated for each participant in each animation condition. The
recognition performance was measured by sensitivity (d'). Data from participants who
had negative sensitivity (d') in a condition and participants who had zero sensitivity
(d) in more than one conditions were dropped from analysis. Data from 28
participants were analyzed.

Results from a 2 x 4 repeated measure ANOVA on recognition showed no
significant main effect of animation location, F (1, 27) = 0.154, p =0.698, no
significant interaction effect between animation location and timing, F (3, 81) =
0.745, p = 0.529 and a significant main effect of animation timing, F (3, 81) = 5.522,
p =0.002. Six pairwise comparisons among different animation timing were
conducted with Bonferroni adjustment with a significance level of 0.05. Results
showed that strings animated close to the end of the search were recognized
significantly better those in on-off-on animations. The differences between other
animation timings were not significant.
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Animated strings were rated significantly higher than new strings, t (34) = 3.630, p
= 0.001. The mean rating of the animated strings was 2.675 while the mean rating of
the new strings was 2.543. Results from a 2 x 4 repeated measure ANOVA on
preference judgment showed no significant main effect of animation location, F (1,
34) = 2.170, p = 0.150, no significant main effect of animation timing, F (2.452,
83.363) = 1.344, p = 0.313, and no significant interaction between animation location
and timing, F (3, 102) =2.635, p = 0.054.

3.3 Discussion

The Effects of Animation on Visual Search Perfor mance. Color animations slowed
down visual search and reduce performance (p-measure) but had no effect on
sensitivity (d'). The detrimental animation effect found here is consistent with
Zhang's studies. However, the detrimental effect only manifested on search speed;
search accuracy was not affected by animation. This is consistent with our prediction
and with previous findings that attention can change the time course of a visual search
task without affecting its asymptotic accuracy level [3].

Although color animations made the visual search performance worse when
compared to control condition, the extent of the detrimental effect did not depend on
animation location or timing. This finding is inconsistent with Zhang's finding. This
inconsistency could be explained by the difference in the search screen layout and
animation timing between the two studies. There was more space between lines in
Zhang's studies, which made the search task easier than the current study. Zhang's
studies showed that the detrimental effect of the animation varied with task difficulty.
In addition, Zhang's studies were conducted in a web browser while the current study
was conducted on a desktop application. Once started, animations in Zhang's studies
lasted until the end of the search and different animations had different durations. In
the current study, all animations lasted 10 seconds to control the effect of exposure
duration on the memory about the animated strings.

The Effects of Animation Location and Timing on the Memory about Animated
Strings. Animation location had no significant effect on participants ability to
recognize the animated strings. This is inconsistent with our prediction but consistent
with finding that the detrimental effect of an animation did not depend on its location,
which means that the amount of attention an animation received did not vary with its
location. Animation timing had significant effect on participants’ ability to recognize
the animated strings. When examined closely, only the difference between the strings
animated close to the end of the search and the strings presented in on-off-on
animation was significant and the strings animated close to the end of the search were
recognized significantly better. One possible explanation for the superior sensitivity in
recognizing the strings animated close to the end of search is the relatively shorter
interval between the animation and the recognition test. The strings in on-off-on
animation were only presented for half of the animation duration every time they
appeared. Although the total amount of the time presented was equal to the other
conditions, the short presentation interval at appearance might not give the
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participants enough time to encode the strings, which could lead to the poor
performance in recognition test.

Animations increased the appeal of the animated strings. This is consistent with
previous findings on exposure frequency effect [9].

4 General Discussion and Conclusion

The prediction that animations will slow down the search process but will not affect
the search accuracy and the prediction that animations will damage visual search
performance was supported when the animations were in color. The effects of an
animation on search performance did not vary with animation location and timing,
which is inconsistent with the prediction from previous research. The prediction that
animation location and timing will have no effects on the preference judgment of the
animated strings was supported.

As predicted, animations in color were more distracting and damaged primary
visual search task more than animations in black-and-white and animations in color
were remembered better than animations in black-and-white in recognition test. The
current study found that color animations damaged visual search task while black-
and-white animations had no significant effects on visual search performance. Thisis
consistent with previous study where brightly colored animations damaged visual
search tasks more than dull animations [11]. One reason that color animation is more
damaging to visual search than black-and-white animation is that object in color is
more salient than object in black-and-white in a black-and-white search screen.
Therefore, color animations tend to attract more attention from the participants and
distract them more in the visual search than animationsin black-and-white.

Although Zhang demonstrated in her studies that animations damaged visual
search performance, she did not pinpoint which aspect of the visua search task was
affected. The current study showed that animations slowed down the visual search but
had no effects on search accuracy.

The most important finding in the current study is that animations increased the
likeability of the animated strings even when the primary search task was not affected
by the animations and the explicit memory about the animated strings was very poor
asin Experiment 1. Thisis consistent with our prediction and suggests that advertisers
can reap the benefits of the advertisement without the user having to sacrifice
information seeking performance. This is the ideal win-win situation for the user, the
content provider, and the advertiser.

In summary, the current study investigate the effects of animations on visual search
tasks on a finer scale by examining the search speed and accuracy separately and by
calculating the attentional effects of animation on visual search using signal detection
model. We found that animation in color did slow down the visual search but had no
effect on the accuracy and animation in black-and-white had no effect on visual
search task. Mere exposure to nonsense strings in animation increased the likeability
of the strings significantly even when the strings were not recognized.
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Abstract. The purpose of this paper is to present atechnique, called Knowledge
FMEA, for distilling textual raw data which is useful for requirements
collection and knowledge dlicitation. The authors first give some insights into
the diverse characteristics of textual raw data which can lead to higher
complexity in analysis and may result in some gaps in interpreting the
interviewees' world view. We then outline a Knowledge FMEA procedure as it
applies to qualitative data and its key benefits. Examples from a case study are
presented to illustrate how to use the technique. Proposed Knowledge FMEA
brings many advantages such as forcing the analysts to become deeply
immersed in the raw data, identifying how the information is connected in
causation, classifying the data according to why, what, how formulations and
quantifying the findings for further quantitative analysis.

Keywords: Root Cause Analysis, Failure Modes and Effects Analysis (FMEA),
Thematic Analysis, Qualitative Research.

1 Introduction

Today, user centered design research emphasizes the importance of viewing the world
from the stakeholder's point to better understand user needs and to drive design.
Mature qualitative techniques, such as interview and focus groups, have been widely
used for knowledge and requirements elicitation. Qualitative techniques generate
large quantities of raw data from which researchers distill end users perspectives,
knowledge and world view. The large quantities of raw data, which is usually in the
format of field notes, transcripts of interviews or focus groups, can be very
complicated to analyze due to the nature of the technique utilized and the way
stakeholders view the problem or domain. The raw data of qualitative research can be
a relatively unorganized knowledge base. In order to uncover the mystery of this
unorganized knowledge base, we identify four dimensions of textual raw data that can
simplify analysis and aid in interpreting the interviewees world view: (a) semantic
and thematic classification, (b) explicitness, (c) causation and problem solving path
and (d) significance and salience.

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCII 2007, LNAI 4562, pp. 79188] 2007.
© Springer-Verlag Berlin Heidelberg 2007
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Semantic and thematic classification. Qualitative studies usualy rely on inductive
reasoning processes to interpret and structure the meanings that can be derived from
data [1]. Most analysis methods focus only on classifying the meaning of data
according to semantic and thematic frameworks. Typical examples of these methods
include thematic analysis and content analysis. Semantical content analysis [2] deals
with semantic units (e.g., keywords) of the communication content. Thematic analysis
deals with thematic categories (called themes) which are usually semantic entities that
have been selected as having a special meaning. Though it is often not explicitly
claimed as the method of analysis, Braun and Clarke [3] argued that a great deal of
analyses are essentially thematic but is either claimed as something else or not
identified as any particular method at all. These methods of analysis are indeed useful
but may be limited in extracting more details in tacit knowledge such as
interconnections of why and how events occur.

Explicitness. Knowledge is different in the degree of explicitness. Explicit knowledge
is transmittable in formal, systematic language. However, tacit knowledge is personal,
deeply rooted in a specific context, and hard to formalize and communicate [4, 5, 6,
7]. Commonly claimed notions say, "we know more than we can tell" [4] and "users
do not know how to articulate their real needs and requirements'. For example, the
interviewee may be able to express the information in knowing-that but not in the
form of knowing-how. Therefore, the large amounts of raw data consist of
unstructured explicit knowledge, tacit knowledge and have complex relationship
between data. The difficulty arises because we are trying to trandate the tacit
knowledge into explicit or codified knowledge. The difficulty is magnified because
we attempt to externalize the complex relationship between data.

Causation and problem solving path. Many researchers point out that data analysis
should take into account the interrelationship between the themes as they occur within
the data [8, 9]. Causation, as an important data relationship, is often overlooked in
discussions of qualitative research [10]. Causation is the relationship between cause
and effect that holds association between events, properties, causes, influence,
determination, contribution, effects, and so on. Cause-effect relationship is the
primary aspect that ties into how to prevent the problems from failure again. Baptiste
[10] suggested that the analyst should ask questions to reveal the causation but he did
not provide an effective method to conduct the analysis. Another exception is
pragmatically content analysis, which includes procedures for classifying signs
according to their probable causes and effects and emphasizes said the purpose of
discourse [2]. The causation and its importance in problem solving drive usto analyze
data according to cause-effect relationships and problem solving paths, which
involves identifying problems, evidence, root causes, conseguences, and providing
solutions as corrective and preventive actions.

Sgnificance and salience. Though the usual focus of data analysis of qualitative
research is on the meaning of the information collected, quantitative analysis can be
followed to uncover the significance and salience of the findings. For example, the
quantitative dimension of the content analysis, centers on determining the frequency
of keywords or phrases in context [11, 12]. Another example is to simply count the
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frequency of occurrences of each of the themes determined [13]. Such analyses are
useful for comparing the relative frequency, and arguably the salience, of items of
analysis but do not tell us much about the patterns among the items [14]. Also, such
analyses involve only simple forms of quantification mostly in the format of
frequency but do not consider the severity of the problems which are rooted in the
meaning of the textual raw data. Ultimately, "all qualitative data can be coded
quantitatively since anything that is qualitative can be assigned meaningful numerical
values' as pointed out by Trochim [15].

As summarized by Guest and McLellan [8], during the past few decades,
researchers have developed a host of methods for structuring and analyzing textual
data (for a review of these, see Dey 1993 [16]; Bernard and Ryan 1998 [17];
LeCompte and Schensul 1999 [18]). Most of the methods only focus on analyzing
certain dimensions of knowledge and seldom detail the analysis procedure on how to
address the explicitness and root cause paths of the information. This paper applies
Root Cause Analysis as a method to analyze the interview data and generate a
Knowledge Failure Modes Effects Analysis (FMEA).

2 What IsKnowledge FMEA?

Knowledge FMEA is a FMEA-like data analysis technique designed to decompose
and organize the textual data according to cause-effect relationships, quantify the
findings by Severity, Occurrence, Detection and Risk Priority Number (RPN) ratings,
inform features, functionality and possible solutions ideas. Knowledge FMEA
addresses the four dimensions of textual raw data mentioned earlier. Here, it forces
the analysts to be very clear about how the information is connected (why, what, and
how formulations) and separate the data into root cause and problem solving path.

3 Procedure of Doing Analysiswith Knowledge FMEA
The six stages of doing analysis with Knowledge FMEA are summarized in Table 1.

3.1 Get Familiar with Data

Immerse oneself in the data and get a sense of the data as a whole before breaking it
into parts. Data collected from an interview might be written information (interview
notes, field observational notes) and audio/visual information (audio recordings, video
recordings, pictures) that might need transcribing. The analysis begins with getting
familiar with the data by repetitious reading to search for the underlining meanings
and patterns. Perusing the data allows the analyst to make use of prior knowledge
about the data collected and instill initial analytic thought as a whole before breaking
it into parts. During this familiarization process, major themes begin to emerge.
Making additional notes, color codes and marking initial categorization will be useful
for latter stages of coding and will provide a reference point in the later stages.
Subsequently, the data can be coded into short statements which will be grouped into
the different themes that house them latter.
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Table 1. Procedures of Knowledge FMEA Analysis

Analysis Stage Procedure

State 1: Get familiar withdata | (1) Transcribe data (if necessary). (2) Repetitious reading to get
familiar with the data and get awhole picture. (3) Code data where the
themes start to emerge. (4) Make notes and mark of theinitial idea.
State 2: Fundamental (1) Complete coding process with an iterative process. (2) Structure
Thematic analysis (optional) themes and concept map of themes. (3) Classify and group the
statements. (4) House the statement according to standardized themes.
State 3: Root cause Analysis (1) Tailor fields of root-cause path. (2) Conduct root cause analysis
iteratively. (3) Standardize the analysis results if necessary.

State 4: Quantitative rating Rate Severity, Occurrence, Detection and calculate RPN (Risk
Priority Number).
State 5: Review the analysis (1) Review the analysis by self revision or peer review. (2) Follow up

or verify with participants if necessary.
State 6 : Quantitative analysis | Perform statistical analysis using quantitative RPN data and interpret
& interpretation the analysis.

3.2 Fundamental Thematic Analysis

Optional step to classify the data for further analysis. Thematic analysis begins when
you start coding the raw data, breaking them into parts and grouping them by
proximity. A quick way to describe a phenomenon, identify and verify the patterns
from unorganized data is to classify and group the data. A good method to do thisis
to use thematic analysis as a fundamental step to classify and organize data into
themes.

How to use thematic analysis is widely reported in literature [3, 15]. Thematic
analysis can be done in a deductive or inductive manner. In the deductive (top-down)
method, data analysis is determined by the research objectives and the themes pre-
exist in theory or literature. While in the inductive (bottom-up) method, the themes
are developed from the empirical data or emerging from reading and re-reading the
raw data. Themes should be refined, decomposed and structured so that a concept
map (e.g., hierarchy chart) of themes can be created.

In general, thematic analysis helps to select, focus, abstract and transform the data
collected into manageable information segments to show patterns. This step lets
analysts to familiarize the data further, organize the statement and better prepare
analysts to perform further root cause analysis. House the statement according to
standardized themes.

3.3 Root Cause Analysis

Next, root cause analysis is conducted to further analyze and understand cause-effect
relationship with the statements categorized earlier. A convenient way is adopting
existing mature tools like FMEA. While FMEA can be very complex, not al the
fields of root cause path (e.g., failure modes, causes, consequences and corrective
actions) need to be adopted. These fields shall be tailored to fit the research interest
and the level of detail aresearcher trying to identify.

Generally, in order to elicit more knowledge, researchers actively ask open
questions (e.g. What, When, Where, Why, How) and use probing technique on
participant statements. As a result, researcher notes are a collection of answers that
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are scattered and do not have coherent relationship. To piece this part and parcel
together to tell a story based on cause-effect relationships, researcher continue with
further iteration of active reading and asking what, why and how on the collected
statement. This process is consistent with widely reported root cause analysis method.
By doing so, assumptions might be made on the statements to uncover the
relationship. When statements collected are ambiguous, they can be left unclassified
with additional notes or markings. Both assumed and uncategorized results need
further clarification and verification from participant or peer review to solve the
problematic analysis and at the same time eliminate discrepancies.

3.4 Quantitative Rating

This step involves rating all statements after they are categorized and cause-effect
relationships are identified. In this step, the analyst needs to rate three items adopted
from FMEA analysis tool including 1) Severity (S) — how serious the problem is, 2)
Occurrence (O) — how frequent does it happen and 3) Detection (D) — how easily it can
be detected. By multiplying these three ratings, a Risk Priority Number (RPN) will be
generated that reflects the impact of the happening. These FMEA tool's rating provide
a better representation of the statement in a quantitative manner from different angles.
For example, RPN (9) = S (9) xO (1) xD (1), explains a finding that is serious but
might seldom occur or might be easily detected. Another exampleis, RPN (9) = S(5) x
O (9) xD (5), explains a moderately serious problem that always reoccurs and is
oftentimes detectable. The combination of these three ratings creates a high RPN that
means it brings high risk and big impact that immediate attention is needed.

Effective and well defined standard rating scales should be used; commonly we use
rating scales of O, 1, 3, 5, 7, 9. Different rating scales might be used separately for
Severity, Occurrence and Detection. However, these usually have been standardized
in a mature FMEA tool. These S, O, D and RPN provide additional insight that helps
to interpret data. The rating process can be performed by a few researchers and can
take place at a different time. Results can later be easily shared and combined.

3.5 Review the Analysis

Self review or peer review of the thematic analysis, root cause analysis, and rating
help to identify and eliminate discrepancies that arise. Researcher might want to
reconsider some categorization that seems to be ambiguous, especially on those
results that had been marked with notes or labels. Peer review share more insight of
the respondents’ world view according to the experience during the study. Any
discrepancies found during reviewing process, need be resolve and achieve common
agreement among team member. Researcher might need additional follow up with
participants and verify the problematic results. Having a reviewing process helps to
generate a more reliable (e.g. check and balance by peers) and a more valid data (e.g.
standard rating and eliminate discrepancies).

3.6 Quantitative Analysisand Interpretation

Withthe S, O, D and RPN rating score, further quantitative analysis can be conducted
such as descriptive statistic analysis. For example, a matrix with two theme categories
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can be created to identify the areas with higher/lower scores. Also, a matrix can be
created to analyze the correlation between two themes. Researcher can also compare
topicg/areas within a sub-theme separately. Finally, these analyses can be interpreted
together with qualitative profile and patterns. Refer to examples of Case Study for the
more details.

4 Advantage of Using Knowledge FMEA Analysis

i) Researchers are forced to be explicit about the relations in the data. The root-cause
analysis forces the analysts to deeply immerse themselves in the raw data and to be
very clear about how the information is connected in causation. The method identifies
the information that is explicitly or implicitly expressed by the interviewees and thus
reflects the interviewees world view more accurately and with greater detail.

ii) Facilitates problem solving. The analysts are forced to classify the data according
to why, what, how formulations and problem solving paths, and thus facilitates
problem solving and informs features, functionality, and solutions.

iii) Enables zooming results to areas of interest. The researchers will be aware of the
assumptions that they made during analysis and what needs to be followed-up or
verified.

iv) S, O, D and RPN ratings quantify the findings for further analysis. These numbers
can be further analyzed to achieve greater insight into the meaning of the data; for
instance, ratings can provide further prioritization of information or help to examine
specific hypotheses.

V) Knowledge FMEA analysis is flexible. The fields that need to be analyzed are
customizable and tailor-able depending on the level of detail that the research needs.
Also, knowledge FMEA can work in conjunction with other qualitative analytic
methods, such as thematic analysis. Finally, even if you just analyze part of the
statements stemming from the raw data, the analysis method still provides a deep
level of insight.

5 Examples of Case Study
Below is a case study where we used the Knowledge FMEA process.

5.1 Project Background

This field study was a multiple stakeholder study (15 participants from five different
stakeholder categories were interviewed) and involved multiple sites (3 different sites).
The purpose of the project was to identify the key factors that affect the productivity of
work of a complex collaborative project environment in various areas, such as
activities, environment, tools, communication and coordination process. Semi-
structured contextual inquiry and observation were used to €licit knowledge from
participants. For each interview, two researchers conducted the interview as ateam.
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5.2 Organizing Raw Data and Fundamental Thematic Analysis

As dl dite visits happened in different stages, a preliminary deductive thematic
analysis took place immediately after the interview and produced a report for each
interview. The process decomposition of the life cycle of the work was used as a
theme category to classify the statements. Also, signs were used to mark the
comments (positive, negative, neutral comment) in the reports. This initial
familiarization and categorization helped to further improve the site visit design and
provided preliminary organized data.

Subsequently, statements categorized in the preliminary report were combined and
transferred to a spreadsheet by inserting individual statements into rows. Another new
theme category (in here is 'Productivity Area of from theory [19] for the case study)
was added to extend the level of granularity. For the root cause analysis, interested
fields from an FMEA (e.g. failure mode, root causes, correcting actions) were tailored
into the analysis template. We customized the field names according to the research
interest. For example, the term X-Factors replaced the original term, Failure Mode; X-
Factors are the known and potential factors (include failures) that could increase,
prevent or degrade the productivity, quality and efficiency. Causes of Failures were
renamed to Diagnostic Causes referring to any known and potential causes.
Correcting Actions was changed to Possible Solutions as we more concerned with the
design changes which can correct the failure modes and improve the efficiency of the
tools. Also, rating areas such as S, O, D and RPN, were selected. All these fields were
combined and form an analysis template asin Table 2. All the statements were coded
and analyzed based on this template.

Table 2. Analysis template with two deductive theme criteria and root cause path

Thematic Original

categorization Root cause analysis Statement
Qo >
ds | 5. | 8|2 |gg|2L8 § 5 z
25 | 88 | 5| & (223852 § | E| 5

c =] 3| B5[8%° 5 4 = g
g8 | 8T |2 | & |2S|egpe 8§ & 5=
[ x x a & o ©°© %

5.3 Root Cause Analysis

As mentioned, root cause analysis was conducted to identify or elicit certain root
causes behind a problem and ideas to prevent the problems. In Table 3, an inductive
example (example 1) and a deductive example (example 2) of conducting root cause
analysis are shown by applying the process of asking what, why and how

Satement 1: "There should be no XXX step anymore in HW engineering...This should
be automatic...The biggest challenge is if you make a mistake in XXX step, it's about 3
to 5 times the cost to change the mistake...”

As shown in Row 1, the participant's statement explicitly states that he was
referring to a step in the '"HW Engineering' process and that the step was 'poorly
supported by Tool Features. This problem resulted in ‘about 3 to 5 times the cost' due



86 ZX.Jnetal.

to 'no automation support'. Apparently, this problem can be improved by ‘automating
X stepsin the tool'.

Satement 2: “[We] often go to training and still don't know enough..."

As shown in Row 2, a participant provided feedback of the training they had attended.
By just looking at the transcript, various interpretations and assumptions can be
summarized about the training. Assumptions were made and translated as 1) product
is too complex and difficult to understand, 2) training hours are not sufficient
therefore need longer hours, or 3) poor training quality. Based on the interview
context, assumptions were made that the participants felt that the training was 'poorly
organized', was 'without sufficient information about the product’ and had 'no clear
training objectives. Through brainstorming, two solutions, 'setup well organized
training’ and 'provide sufficient information supported by tool' were provided.
Researchers then verified their assumed statements from the participant and
confirmed that these were the actual causes of their discontent.

Table 3. Examples of analyzing path of root cause anaysis

Process/ Productivity | X-Factors Root cause Potential Solutions
Sub- Area
functions
HW Tools Poor [1] No automation support Automate XXX
Engineering support of | [2] Cost about 3 to 5 timesthe
XXX step | cost to change the XXX
mistake.
General Knowledge & | Poor [1] Insufficient information Setup up well
skills product about the product. organized trainings
training [2] Training poorly set up Provide sufficient
[3] No clear training objective | information
supported by tool

Finaly, an affinity tree was created by simply sorting the spreadsheet file
according to different themes. This helped to bring out the coherent relationship of the
results and tell a story by linking the what, why, how formulation. As well, it
demonstrated the consequences. We aso standardized the X-factors to see patterns
created by X-factors.

5.4 Qualitative Analysisand Data I nter pretation

After al the statements were categorized according to themes and the root cause
analysis was completed, two researchers rated Severity, Priority, and Detection
according to a standardized rating scale to generate RPN ratings. Accumulated
experience in the field and further understanding during the process of familiarization
and categorization helped the researchers rate these statements more accurately. In
peer review session, researchers shared their insight and opinions about the
statements. At times there were debates to resolve discrepancies in their opinions,
particularly when the RPN scores had large inter-rated deviations.
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Table 4. Example of matrix table with two theme categories

EEB' E‘&\'; E% E% EE E'§ EE Ecg E%
© © © ° ° ° ° ° °
Process/Sub-Functions '§ < '§ < '§ < § < § < § < § < § < § <
Productivity Areas f2lE2|E2 (g2l |a2 (g2 |g2 |8 >
Process/Sub-Functions1 | 34 20 65 6 31 33 31 101 28
Process/Sub-Functions 2 13 26 1 23 9

Table 4 illustrates a cross-combination of RPN scores to compare main two
dimensions. One dimension reflected the work process and their sub-functions and the
second dimension reflected key productivity themes or areas). Certain cells were
empty because no data was collected for that theme. These empty fields also created a
check and balance process where the data collected has to correspond to the role and
job responsibilities of the participants.

The S, O, D, and RPN could be easily sorted in the spreadsheet to show the most
serious problems, the problems that most frequently, the problems that were not easily
detected, and the impact of the overall problem.

6 Conclusion and Discussion

The present paper identified four dimensions of textual raw data that contributes to
the complexity of qualitative analysis. These dimensions oftentimes will result in gaps
in interpreting the interviewees world view. The authors focused on the cause-effect
relationship and introduced a root cause analysis technique that can be applied to
qualitative data analysis. As we have shown throughout this paper, Knowledge FMEA
analysis is not a complex method and has many advantages. Used properly,
Knowledge FMEA can be both a useful and a powerful technique, but its use must be
associated with in-depth knowledge of the raw data. A significant drawback is that it
is time-consuming if you try to analyze large amounts of data with this technique.
However, you'll get results are easily interpretable and still rich with details.
Ultimately, one's approach will depend on the type of data, the granularity of coding,
and the research objectives, as Greg Guest [8] pointed out.
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Abstract. Storytelling has been used to dlicit subconscious schemas that were
formed from user experiences. Subjects were required to construct a working
model using external and internal sources of information. Known methods of
performing narrative analysis included Projective Tests, Narrative Andysis, and
Cognitive Tasks Analysis. Three studies using storytelling methods were done
with these methods. One with older adults, two with kins of older adults, and
three with refinery operators. In the case of older adults, users were asked to
make up stories for afictitious person to extract cultural norms and knowledge.
For the refinery study, we can look into real stories for more reliable data
Many types of design information were extracted: (1) emotional and functional
needs, (2) functional dependencies, and (3) expertise. Arguably, these
information will be hard to come by if a direct interview technique is
conducted. Reasons due to the richness of information embedded in stories.

Keywords: Storytelling, Projective Test, Cognitive Task Analysis, Interview
Method.

1 Background of Story Telling for Requirements Elicitation

Narration has been used since ancient times [1]. Despite the amount of work put into
ordering the world into distinct variables and behavior, interestingly, narratives
remains indispensable. An example is the paper you are reading! Some authors
suggest that human thinks in a narrative fashion, in a chain of events in a
chronological order [1, 2]. Arguably, narratives contain richer informationa contents
which variables cannot portray. This paper attempted to review lessons learnt from
three cases of using storytelling method to identify design requirements, and what we
can learn from them.

1.1 Extracting User Needsfrom Stories

Storytelling have been used to extract user needs. User needs may be in a form of
basic needs, motivation, goals, and their relationship with people and artifacts found
within the community.
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A form of studying true stories within a communal settings, known as Narrative
Analysis, has been used in socia ethnographic studies of culture and social issues.
These were frequently done in situation where sample size was too small for
guantitative analyses [2].

Another form of storytelling, of fictitious but socialy valid stories, is the Thematic
Apperception Tests from the family of Projective Techniques. In marketing, it was
used to understand users' needs [3]. In one study, pictures of cheap versus expensive
cosmetic were used. Users subconscioudly see the cheap cosmetics as “greasy and
oily” and the expensive cosmetic as leaving the skin “clear, refreshed and young-
looking.” In another study in 1950s, pictures of “housewife who used instant coffee’
versus “housewife who used ground coffee” were compared. The former was viewed
as “lazy” while the latter as “thrifty.” This impression disappeared in a replicated
study done in 1970s.

Using fictitious stories may imply loosing external validity of the findings.
However, if aproduct istruly innovative, it is difficult to find any users with prior use
experience. What people claim to be needs may merely be false assumption based on
social desirability biases. In addition, some potential users may not be aware of that
they have certain needs.

1.2 Extracting Tacit Knowledge from Stories

Stories may also be used to elicit tacit knowledge through revisiting certain parts of a
story a multiple levels of details. This is known as “Sweeps’ in Critical Decision
Method (CDM) [4]. This was most effectively used to probe expensive or life
threatening incidents that required good judgment from expert users (known as
Subject Matter Experts in CDM). Since incidents cannot be simulated, interviews
were conducted to investigate recent cases of interest. Users were asked to narrate
what happen and important chain of events were revisited in several level of details.

CDM utilizes four “sweeps’ [5]. In Sweep 1, the Subject Matter Expert (SME)
selects a challenging incident that recently occurred. He describes the chronological
sequence of the incident in Sweep 2 and progressively deepens the story in Sweep 3.
Finaly, the SME discusses the expert-novice difference using what-if scenarios in
Sweep 4.

2 Theories Substantiating User Requirements Found Beneath
Stories

Stories contain rich information about users and their environment. The projective
hypotheses state that stimuli from the environment are perceived and organized by the
individual’s specific needs, motives, feelings, perceptual sets, and cognitive
structures, and that in large part this process occurs automatically and outside of
awareness [6]. Users were thus guided unknowingly by a set of rules known as
Schemas. In storytelling, users and their environment were reverse engineered out of
such schemas by consulting external and internal sources of information [7]. In
constructing stories, many subconscious processes were utilized, explaining why
direct interviews cannot be used to elicit the same types of information.
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2.1 Schema Theory

Schema theory predicts that people are aware of what to do next in familiar
circumstances as if these are autonomic reactions. Schema theory has similarities with
RPD (recognition primed decision making) in human factors, decisions for which
action aternatives are derived from recognition of critical information and prior
knowledge. Human uses intuition in what they are doing well [8]. Klein [1] further
explained that intuition allowed experienced firefighters to see a new situation as
typical, thus automatically generating a course of action. This is unlike inexperienced
firefighters, who may be lost when facing new situations. Schemas may be applied to
stereotypical identities associated with groups, such as information about social
positions and stratification statuses, such as gender, race, age, or class [9].

2.2 Dual Theory of Information Processing

Dual theory of information processing claims that human process information using
both rational and experientia systems of thought [10]. The rationa system is
deliberate, effortful, and analytical, while the experientia system is emotional,
autonomous, and subconscious [7]. Dissociation between rational and experiential
thinking is evident in hedonic psychology. Berridge [12] noted that a person find an
object attractive (like) yet denying the desire to own it (want). For example,
recovering drug addicts could, through the experimental system, actively seek drugs
without conscioudy being aware of such tendency. In TAT, it is believed that
narratives can be used to assess implicit needs or “likes’ though indirect reporting [7].

2.3 Information Contents Within Stories

According to Klein [1], stories contain information such as agents, predicaments,
intentions, actions, objects (tools), causality, context, and surprises. In analyzing user
activities, Carroll and Rosson [13] observed that stories contain the following
elements: setting, actors, task goals, plans, evaluation, actions, and events. Similarly,
in Thematic Apperception Test, stories are believed to contain: dilemma, intention,
complications, means, and outcome [7]. Besides information content, mediation
between elements within stories reveal: causal relationships, temporal dimension, and
themes or lessons behind each story, states of the objects, chronological order of
events and actions, actors, causal relationships between pairs of states where each pair
can be consider as events, and actions transforming states[1], [2], [11].

2.3.1 Knowledge Within Stories
One of the key strength of studying narrations isin identifying user knowledge. There
are two types of knowledge: cultured laws and learnt expertise [2].

Cultured Laws. At noon time, most Chinese would inevitably think about lunch. But a
question posed by the author to some Americans asking, “When is lunch time?’ was
returned with the question, “Are you hungry? We can get a sandwich!” Sandwich is
not the author’s concept of lunch. In any socializing situation, dining is the standard
Chinese activity that binds people in a conversation. These is a case of cultured laws
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governing our lives. Narrations can act as a valuable window to understand social
laws and motivations of actors[2].

Learnt Expertise. Stories can uncover learnt expertise but some of which are deeply
hidden away from user consciousness. Such expertise, when uncovered, can be
valuable to training or aiding of newer users, or automation of knowledge. Rasmussen
uncovered three levels of learnt expertise: Rule-based expertise (If/Then), knowledge
—based expertise (analytical), and tacit expertise [14]. Tacit expertise are resistant to
being articulated, and is often used subconsciously due to pattern recognition or
perceptual motor feel [14]. Tacit expertise are the prime candidate of storytelling
technique which differentiate itself from direct interviewing methods.

3 Case Studies

Three separate studies were conducted using storytelling.

3.1 Study 1: Identifying Needs of Older Adults Using Innovations

The objective of this study is to identify the needs driving usage of technologies by
older adults. Identified technologies were either very new or unavailable. Therefore,
the technique has to cater for future scenarios based on socialy valid scenarios. The
researchers were interested in what cultured laws and personal interests will be
involved in technology usage.

Fig. 1. lllustrations of stimuli used in the projective tests

Sixteen older adults were interviewed at their home. Their characteristics varied
widely. Pictures of a person using several home technologies were shown to each
older adult, see figure 1. Care was taken that the picture was sufficiently neutral and
do not lead the users into predetermined conclusion. This was followed by a question
of “how is the man using the device?’ After the users had provided a few examples of
using a tool, it was sometimes possible to probe the circumstances surrounding
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examples. Questions asked included: “Who ishe,” “what kind of personishe,” “what
sickness does he have,” “whereis he going,” “how old ishe,” and “why does he use it
in thisway?’

Altogether sixteen residents were interviewed. Some were staying with their
spouse or children under fifty-five years old. They were mainly middle class. Many
were in touch with their children who might give them allowances periodically. Their
characteristics varied widely.

Two categories of these data were observed: (1) usability concerns and (2)
projected needs. Usability concerns were elements that would enable the products to
be more accessible. These were features such as “to be used by children,” “fear of
using due to lack of knowledge,” “to use without being literate,” “using conversation
to communicate (with sales assistance in teleshopping),” and “to pay (the tools) by
installment.” There were also projected objects, persons, or characteristics of which
users associated with the products in order to come to their conclusions. For example,
“(the teleconferencing system) is costly and not for family,” “person (who uses
teleshopping) is old and uses cane.” For the sixteen users, the total number of
different needs registered were one hundred and eighty-six.

3.2 Study 2: Identifying Relationships Between Functional Needs of Older
Adults

The objective of this study is to identify the causal relationships between smart home
functions. Although seven functions were identified out of a previous card-sorting
exercise, its unknown how, in the context of activities, these functions would become
dependent or overlap with each other in needs satiation. In this case, a third person
interviewing technique was used to tell stories of older adults. Since rea activities
were warranted, stories told were real accounts.

Health (14) Housework
L- 1% !

#

Outdoor Activilies (10)

Y1 [ Mental \
| Activities (11)

J

Communication (19} Mobility {13)

Fig. 2. Causal structure of smart home functions
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Nineteen university undergraduate students, eleven males (58%) and eight females
(42%), were interviewed. They were in touch with their kins, all above 60 years of
age, of which seven were males (37%) and twelve were females (63%). They met
their kins at least once every month for the past three years. The subjects were told to
write about their kin based on their true experiences[7]. The story should comprise of
a series of connected events. The entire story must contain at least one of each seven
functions of smart home, namely mobility, communication, safety, housework, mental
activity, outdoor activity, and health. But there was no limitation of the number of
times each might appear.

A causal structure between functions was identified as shown in figure 2. Each
type of relationship, for example communication function causing outdoor activity,
outdoor activity causing mobility, or health causing mobility needs to arise, was
counted separately. The number beside each arrow shows the number of occurrences
in each pair of causal relationships. Many of the relationships were weak with only
one case.

3.3 Study 3: Identifying Tacit Expertise Required in Solving a Refinery
Incident

The objective of this study is to identify tacit expertise used by a team of refinery
operators in solving a particularly refinery incident. Process operations within a
refinery is highly team work based. A team of operators worked in differing roles as
leader, computer operator, and field operator. A leader is in charge of the entire
operation and make magor decisions. A computer operator monitors the sensor
readings and process conditions. A field operator walks into the plant, monitor the
physical instruments and does manual operations. Eight operators in differing roles
experience were asked to recall the same incident of how they go about solving the
problem.

To explain how things work, the operators tell the story of actions and explained
the rationale of these actions [15]. These stories were expressions of the operator’s
expertise. In order to identify key expertise, the operators were asked to revisit certain
parts of the incident. For example, one of the field operator identified a leaked pipe.
In an attempt to find out how he did that, he was asked to revisit and deepen that part
of the incident. When the operators have difficulties deepening stories, probes were
used. Some of these probes were such as. “What were you seeing, hearing,
smelling....,” “Were you reminded of any previous experience,” and “How long did it
take actually to make this decision?’ [5]. Finaly, the operators were asked if they are
doing things differently from a novice operator. If so, how is it different. Such as a
deepening attempt to elicit critical skills from stories.

4 What Stories Can Tell UsWhile Direct Questioning M ethods
Cannot

In some situations, storytelling technique is superior over direct interviewing
methods. In direct questioning method, users are asked for their comments on certain
issues, such as, “Why do you buy a cellphone?’ This question was asked by one of



What Stories Inform Us About the Users? 95

the master student and he got pretty homogeneous response such as. to make calls, to
call someone, to use in emergencies, and so forth. However, there is a good chance
these are merely what the users ‘believe’ and not their real needs. Following are some
knowledge which stories are found to elicit but not in direct questioning.

4.1 Personasand Social Undesirable Biases

While most direction questioning techniques were directed a the interviewee,
storytelling is especidly useful in identifying social norms and redlities within the
society. In study 1, the response towards a telemedicine device was two widely different
personas. In one, the user was “literate” and had “knowledge of computer.” In another,
he was “old, aching, and walked on cane, and there was no one to help him.” Similarly,
he could also be sick and “could not walk.” Such social realities were inevitably elicited
from real experiences surrounding the subject and cannot be dismissed lightly. They can
be a gtart to identify cultura factors that impact on product usage.

Another advantage of third person approach naturally used in storytelling is that
users will be forced to use some aspects of their tacit knowledge, which are otherwise
difficult to articulate due to reasons such as habituation and social undesirability [1],
[7], [8], [16]. For example, people overestimate their willpower, and underestimate
their desire to spend, vulnerability to social pressure, and sexua desire [17] Social or
personal undesirability means that the respondents reply in a manner that creates
positive impression of themselves [16]. Although not all interviews contain social-
desirability bias but they were known to be present in socially sensitive issues. These
include, but are not limited to: causal factors of charity donation, personal willpower,
desire to spend, vulnerability to social pressure, sexual desire, job satisfaction, and
sales effort [18], [19], [20]. Nonetheless, since the focus of storytelling is on the story
and not on the person, there may be less reporting of personal feelings, especialy
those related to the character of the person.

4.2 Needs, Goals, and Context

Usersinevitably brought up design factors assumed upon the product being discussed.
This is because stories forced the storyteller to piece together a coherent and
chronological sequence of events which will include the contexts of use. In study 1,
usability and projected needs were unintendedly identified. The richness of data that
was uncovered by the method provided an opportunity for its complimentary use of
SBD (scenario-based design). Storytelling as third person could act as an early
endeavor by designers to analyze how products might be used by users, what needs
they satisfy, and consider the various design factors to construct usage scenarios for
development purposes. From the narration of a culturally ingrained individual,
scenarios would be more concrete and realistically bound to real world experiences.

In study 2, one student recalled the scenario where his grandfather had a heart
attack at night, and was admitted into the hospital. Due to boredom in hospital, he
developed the habit of carrying a cellphone. The cellphone also make it possible for
him to assume several of his roles from the hospital bed. From a simple story, we
identified the needs, goals, and contexts surrounding a communication technology
(cellphone).
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4.3 New Themesand Knowledge

Due to the larger degree of freedom for the storytellers, and the challenge of sewing a
coherent picture, the storyteller has to inject new sub-themes from cultural personas,
actions, artifacts, and cognitive themes to complete the story. Unlike in direct
questioning, where the themes are pre-fabricated, interviewees are less likely to bring
up unobvious themes. Also the analyst will tend to follow their preconceived thoughts
and not venture out to other themes.

In study 3, many operators began with very generic story surrounding the refinery
incident. For example, one operator started by saying he heard and saw a leaking pipe
in a large multi-level and noisy plant. Only through detailed probing did the
interviewer found that he first felt an amount of unnatural vibration in one part of the
plant, which prompted him to stop, look and feel around the location. Its only because
of his proximity to the leak that he is able to hear the hissing sound and found the
leakage. If he had not been an experience operator, he would not be accustomed to the
amount of natural vibration within the facility. The location of leakage vibrated more
than normal, which first aroused his suspicion.

In order to encourage the insertion of additional themes, interviewers have to
encourage the storyteller by suitable probes that trigger the deepening of storylines.

4.4 Activity Scenarios

While products are often designed in accordance to functional needs, these functional
needs seldom take into consideration of its relation to the activity it is supporting.
Identifying how artifacts mediate within an activity is important to product design.
Due to the tight progression of events within stories, there are often enough elements
to construct activity scenarios.

In study 2, mobility was found to support most of the current functional needs
within the home. It was an end by itself only in one case. But it was the mean to other
functions in fifteen cases. Thus enabling the mobility of older adults arguable free
them to perform other tasks of daily living. If an older adult has the facility to travel
to the nearby clinic, telemedicine devices are being challenge for their usefulness.
Similarly, communication function was to be the end in only three cases, but the mean
in nine cases. Due to storytelling technique, communication and mobility were found
to be the top two enablers of older adults daily living.

As a storyteller develops a story, the interviewer is free to probe other themes
relevant to her study. For example, other variables important to construct activity
scenarios were personas, artifacts, goals, and cultured laws.

5 Conclusion

Many storytelling methods are still being evolved and we examined only three
different methods and their advantages. In these methods, only the principle of having
the users constructing story remains, but variations were applied to the technique so
that from the stories, the interviewer can achieve her information needs. Some of the
variations include, first versus (3) third person perspective (1/2), high level scan (1/2)
versus deepening stories (3), and fictitious (1) versus actual events (2/3). Each method
has its own strengths and weaknesses and they require further refinement.
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Abstract. This paper proposes a new perspective on the old problem
of function allocation. Instead of analyzing a synchronous interaction
between human and computer, we suggest it could be more helpful to
reconceptualize function allocation as an asynchronous division of labor
between developers/designers and operators/users of human-computer
systems. A study with 31 teams of developers was conducted in order to
determine the effect of various forms of contact with a system and user
participation on the results of a development process. The implications
of lacking expected effects for future research are discussed.

Keywords: Assistance systems, allocation of functions, developers, par-
ticipative design.

1 Introduction

The problem of allocating tasks in human-technology systems seems to be a
never-ending story. Fitts provides one of the oldest propositions to tackle that
problem, dating back to 1951 [I]. Although following this, many and apparently
novel ways of dealing with this problem have been proposed by various authors,
Dekker and Woods [2] claim in an article that even some of today’s research
and literature on function allocation is still pursuing an “Abracadabra dream
of MABA-MABA methods: put your allocation problem into our method, and
the solution will emerge from the other end” [2]. Instead of pursuing the silver
bullet of MABA-MABA, this paper tries to shed a new light on the problem
of functional allocation in human-technology systems. We propose to reconcep-
tualize human-technology interaction as a division of labor between developers
and operators of systems.

2 Theoretical Background

2.1 Function Allocation

The term function allocation is used to describe the question which functions in
a human-computer or human-technology system in general should be assigned to
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humans, e. g. operators or users and which to machines or computer programs.
Fitts wrote a report with one of the first approaches to that question [I]. It in-
cluded a listing of respective abilities of humans and machines, which is referred
to as “Fitts’ list” or “MABA-MABA”-list, a short form for “Men Are Better
At — Machines Are Better At”. The question whether humans or technological
devices are superior in which area was not only addressed by Fitts and other
list accounts. Sheridan and Verplank developed a taxonomy of different levels
of automation [3]. An enhanced version of this taxonomy taking into account
stages of human action was proposed by Parasuraman, Sheridan, and Wickens
[4]. Kaber and Endsley described another way to classify automation [5]. Maybe
a more philanthropic approach to classification of human-technology coopera-
tion consists in categorizing technical assistance to human actions instead of
automation as a substitute for human action [6I7]. Technical assistance can be
conceptualized as a subdivision of technical automation; yet the classifications
for automation mentioned above do not cover all aspects that are relevant for
assistance functions or systems.

In the following paragraph, a short description of Wandke’s taxonomy will be
given [7]. He proposes classifying assistance systems on a total of five dimen-
sions. The central dimension is stage of human action which is supported by an
assistance system. This dimension can be further subdivided into six stages that
constitute one complete action cycle:

motivation, activation, and goal setting

perception

information integration, generating situation awareness
decision making, action selection, and action execution
action execution

processing feedback of action results.

Ot W

A second dimension are adjustment possibilities of an assistance system, span-
ning from fixed systems over adaptable to adaptive systems. The third dimension
describes if an assistance system initiates supporting actions, i.e. proactive as-
sistance, or if the user has to ask for support, i. e. reactive assistance. Dimension
four describes the possibilities the user has to enter data, e.g. mono-, multi-
modal or no explicit input. Finally, dimension five comprehends the output of
the system, e. g. mono-, multimedia or implicit presentation.

Three other approaches to the problem include designing for the user by fol-
lowing principles of user-centered design [8] and designing with the user, i.e.
applying participative design methods [9T0]. Design might also be carried out
by the user in that predefined components of a product can be arranged in a
way suitable to the individual user. These techniques might at first seem quite
distinct from list and various classification approaches, but they try to ensure
optimal system performance and optimal function allocation by taking into ac-
count characteristics of (future) users.
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2.2 Division of Labor Between Developers and Operators

This paper wants to open a new perspective on topics of function allocation
and the cooperation between human and technology. Focus of the aforemen-
tioned theoretical accounts is a synchronous interaction between human and
computer/technology. This view shall be shifted towards an asynchronous divi-
sion of labor between two groups of people, namely

— those anticipating and planning systems, i.e. developers, programmers or
designers, and
— those finally using the implemented systems, e. g. operators or users.

The part of the project described in this paper aims at determining a profile
of resources used and contributions made by developers. In collaboration with
research conducted concerning operators, it will be possible to compare resources
used and special contributions made by each of these two groups.

3 Experimental Paradigm and Research Question

Using the same experimental paradigm throughout all studies, it is possible to
compare performances of these two groups. The paradigm consists of a coop-
erative tracking task with decision situations and takes place in a microworld
[TIUT2T3], cf. Fig. I An operator’s task is to provide on-line assistance and
guidance to two individuals fulfilling a simple motor tracking task cooperatively.
In contrast, a developer’s task is to plan in advance which technical assistance
functions might be useful for the cooperatively tracking subjects (to simplify this
text, those two subjects will from now on be called “microworld inhabitants” as
they are conceptualized as an animate part of the microworld). Implemented
assistance systems will later on assist microworld inhabitants performing the

Fig. 1. The cooperative tracking task
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cooperative tracking task. Thus, it is possible to compare performance under
conditions of real time assistance given by an operator and technical assistance
provided by a developer.

The study reported here deals with the research question how one special re-
source influences process and results of the development of assistance systems.
The resource of interest is contact with the system and its users for whom assis-
tance shall be created. It is hypothesized that a greater amount of contact induces
more knowledge, which in turn results in better development processes and re-
sults. Thus, this study constitutes an experimental check of the tacit agreement
that participative design methods [9I0] lead to systems that are more usable.
This paper only reports effects of different kinds of exposure on the results of
developing. Thus, the effects of the independent factor on one general dependent
variable—Xkind of assistance system created—will be reported.

4 Method

4.1 Participants

62 subjects participated; as they developed assistance systems, the terms de-
velopers, subjects and participants will be used interchangeably. Subjects were
advanced students of technical courses of study, e.g. electrical and mechanical
engineering, information science and transportation science. Reflecting the dis-
tribution in these courses of study, 49 participants were male, 13 were female.
As participants were assigned to teams of two, the relevant sample size is 31
developer teams.

4.2 Design

An experimental design with between-subjects manipulations was chosen. The
manipulated factor was varied according to the three following levels:

1. Developers only read a detailed description of characteristics of the system
for which they had to develop an assistance system (baseline, condition 1).
This description was also given to developers in the other conditions.

2. After reading the description, they performed a cooperative tracking task
themselves (condition 2).

3. They watched a screen recording of a cooperative tracking situation. In this
video, typical problems of cooperative tracking were exemplified. Coopera-
tive tracking in the screen recording was executed on a predefined route. It
was identical to the route on which developers in condition two performed
the tracking task on. Furthermore, teams had the opportunity to ask the
microworld inhabitants questions, which were answered by the experimenter
(condition 3).

Developers’ task was to develop one or more concepts to assist cooperative track-
ing. The dependent variable was kind of assistance system developed.
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4.3 Procedure

Teams were tested individually. After the arrival of both developers, they were in-
formed about data protection guidelines as every session was completely recorded
on video. Following this, the manipulation was introduced. That is, participants
read only the instruction, read the instruction and performed cooperative track-
ing themselves for ca. eight minutes or read the instruction, watched the screen
recording and asked questions. In the main part of each session, teams of devel-
opers created one or more concepts to assist a cooperative tracking task. To this
end, they could use a white board or paper and multi-colored pens to take notes
and draw sketches of their ideas. When teams concluded that they had completed
creating their concept(s), the experimenter asked them to give a short oral sum-
mary of the system developed. This served the purpose of clarifying remaining
questions of the researcher. Participants then filled in a short questionnaire on
demographic variables. Finally, they received payment and were informed about
background and aim of the study. Sessions lasted between one and two hours.

5 Results

5.1 Analysis of Data

Videotapes were transcribed; results of the development processes were inferred
from videos, transcriptions, notes taken by participants and notes taken by the ex-
perimenter. These results were classified using the taxonomy of assistance systems
mentioned before [7]. Some additional categories were inferred from the material
using qualitative content analysis [14] and Grounded Theory techniques [15].

5.2 Inter-rater Reliabilities

The majority of the material was classified by one person, the author of this
paper. Though, a sample (10 out of 31 teams) of the data was also analyzed by
a second independent, trained rater. Inter-rater reliabilities were calculated for
a total of 46 variables; Cohen’s k was used as statistical measure. x ranged from
a minimal value of .5 to a maximum value of 1. The mean &, calculated over all
variables, was .851.

5.3 General Results

First analyses were conducted in order to ensure that the three groups did not
differ on any of the demographic control variables. An o« = .05 was set for
all following statistical tests. No significant differences between groups could
be detected concerning any demographic variable (e.g. age, gender, course of
studies, number of projects participated in).

A descriptive analysis revealed the following general pattern: Some action
stages seem to be “obvious” ones; these stages are supported by almost every
concept and include motivation, activation, and goal setting — warning (30 out of
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39 concepts support that stage) and perception (37 out of 39). On the contrary,
the stage of information integration/situation awareness seems to be “invisible”
as it was supported by no concept at all. Developer teams seemed more inclined
to choose an assistance for the stage of decision making (26 out of 39 concepts)
than not. Finally, there are stages only few developer teams decide to support.
These are action execution (15 out of 39), control of effect (12 out of 39), and
motivation, activation, and goal setting — activation and coaching (6 out of 39).

One hypothesis derived from the general hypothesis mentioned above was
that teams with more contact with system and users might develop more than
one assistance concept. The vast majority of teams created one concept, only
few teams created two or three concepts [M = 1.3, SD = .63]. An analysis of
variance did not show any significant difference in number of developed concepts
across the three groups [F(2,28) = .6, p = .58, n? = .007]. Another effect
could be that more contact might result in systems that support a broader range
of human action stages. Teams in condition two or three might have designed
assistance functions that support more stages of human action. An analysis of
variance was conducted in pursuing an answer to that question. Yet again, no
differences between groups could be detected [F(2,36) = .6, p = .55, n* = .005].

5.4 Classification of Data According to Taxonomy of Assistance

Assistance concepts developer teams had created were classified using the pre-
viously described taxonomy of assistance systems [7]. Data resulting from these
ratings were exclusively nominal. Thus, statistical analyses were based on cross
tabulations. As expected frequencies were smaller than 5 in more than 20% of
all cases, exact tests were used. Tests were executed for each stage in the human
action cycle as well as for every other dimension of the taxonomy. To maximize
the amount of information used in statistical analyses, tests were executed for
all concepts developed by each team. Thus, this section reports results based on
N = 39 assistance concepts. As the pattern in results matches those of N = 31
concepts—each team is represented by one concept—, the bias introduced by
differing numbers per experimental condition was accepted. No significant dif-
ferences were found between groups concerning any stage of the action cycle, cf.
Table[ll Note that no team proposed assistance concepts that could be classified
as supporting processes of information integration, i.e. stage three. Thus, no
analysis could be executed for that particular stage.

In summary, only one single statistically significant difference between the
three experimental conditions occurred concerning the classification of solutions
according to a theoretically based taxonomy of assistance. Due to the large num-
ber of significance tests conducted, this is probably a random significance. Effect
sizes were constantly (very) small, only for two stages (decision making and ac-
tion execution) the estimated effect sizes were medium. Apart from classifying
data according to this taxonomy, other relevant aspects emerging from recorded
sessions were classified using schemes derived from data. One of these will be
reported to complete the results section.
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Table 1. Test statistics (x2,), p-values and effect sizes (ES) for all characteristics of
all assistance concepts, N = 39

Assistance  Action Change- Initiative Medium Modality Kind Parameter

for Action  Stage ability of Input

la) Activation 3.1 2.2 2.2 2.0 2.2 3.9 ng

and .65 1.0 1.0 .94 1.0 .49 P
Coaching .28 .24 .24 .23 .24 .32 ES
5 7.6 5.2 12.8 5.2 4.0 X2

1b) Warning .90 A7 22 b1 22 .10 P
11 44 .36 b7 .36 .32 ES

2.6 7.2 5.8 13.7 3.4 3.4 X2

2 Perception .32 .20 .16 .06 .50 .50 p
.26 43 .39 .59 .30 .29 ES

4 Decision 13.0 8.1 3.3 16.8 2.6 1.5 XZa
Making .06 15 .52 .047* 71 .76 P
.58 .46 .29 .66 .26 .20 ES

5 Action 7.9 10.0 6.2 10.2 6.2 4.0 XZa
Execution 18 .05 14 14 14 .10 P
.45 bl .40 bl .40 .32 ES

4.7 5.2 5.2 6.8 5.2 4.0 X2

6 Feedback .34 .22 .22 .23 .22 .10 p
.35 .36 .36 42 .36 .32 ES

5.5 Assistance for Cooperation

During sessions participants were often observed debating processes of collabora-
tion, cooperation and decision making between the two microworld inhabitants.
To consider these discussions, the concept of assistance for cooperation was in-
troduced. It was divided into two subdivisions: One aspect was the distribution
of tasks, the other aspect was the distribution of decision processes in the team
of microworld inhabitants. Each of these two aspects was further subdivided
according to the topics discussed by developers.

Distribution of Tasks. Two proposals were by far most popular: (1) Many
developers favored an equal distribution of steering between the two microworld
inhabitants; this was the default implemented in the system at the time it was
presented to developers. (2) An alternative idea frequently generated by devel-
opers comprised that one microworld inhabitant should be the pilot and do most
of the steering, the other one should be the copilot and act only when neces-
sary. Statistical analyses did not show any significant differences between groups
concerning this aspect [x2, = 12.9, p = .24, ES = .6].

Decision Making in the Microworld. Decision making processes between
microworld inhabitants could either not be explicitly arranged. Very few devel-
opers opted in favor of letting one of the microworld inhabitants being in com-
mand over decisions all the time. Other alternatives included that microworld
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inhabitants should be informed before a decision situation arises so that they
could decide what to do together; the assistance system generates an advice
what to do; or microworld inhabitants take turns in deciding. This dimension
was the only one in which a significant difference between groups could be de-
tected [x2, = 16.5, p < .05, ES = .7]. Teams who had fulfilled the cooperative
tracking task themselves tended to make no suggestion how to proceed in de-
cision situations, possibly because none of them had experienced difficulties in
decision situations. Contrarily, teams in condition three preferred the solution
with automatically generated advice on how to decide.

6 Discussion

To sum up the prior results section, with the exception of one variable (coop-
erative decision support) analyses did not yield any statistically significant dif-
ferences between the three groups, effect sizes were of small or medium value at
best. Thus, results of developing processes did not differ significantly according
to the manipulation introduced, which was kind of contact with the system.

To interpret these rather devastating results, some remarks should be made.
Although there were no significant differences between groups referring to each
single stage of action, the general pattern described above was observed. Some
action stages seem to be “obvious” ones, other appear to be “invisible”. The
manipulation introduced did obviously not have enough impact to change that
pattern that appears consistently across all groups.

Several other reasons for the lack of expected effects can be given. First, the
study reported here was a balancing act between qualitative and quantitative
research. Due to restraints of time, only 10, respectively 11, teams could be
assigned to each condition. It could be attributed to small size of the sample
that in the rare cases of medium effect sizes no statistical significances resulted.

Second, data coded from empirical observations were exclusively categorical
data, i.e. measured on a nominal level. This limits possibilities for statistical
analyses, only y2-tests were reported here. But also more complex analyses using
log linear models did not yield different results.

Third, a ceiling effect might have occurred. As the written description of
the system and users’ tasks in it was very detailed, even teams in the baseline
condition who only received that instruction had enough knowledge to provide
sufficient solutions. Thus, there was not enough room for the manipulation to
result in any observable effects.

Finally, another reason for lacking effects might be adjustment/anchoring ef-
fects (cf. [16]). Prior knowledge developers brought into the situation and that
was implicitly or explicitly discussed in sessions influenced generation and judg-
ment of solutions. Examples of prior knowledge relevant for this study include
current driver assistance systems in vehicles as well as PC driving simulations
and racing games like “Need for speed””. These known solutions constitute
an initial value/starting point for developers’ judgment of their own assistance
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concepts. Participants might have been unable to make sufficient adjustments,
as such anchors were most likely present.

Generation and judgment processes can also be seen from the point of view of
satisficing [I7U18]. “Satisficing takes the shortcut of setting an adjustable aspi-
ration level and ending the search for alternatives as soon as one is encountered
that exceeds the aspiration level.” ([I8], p. 13). That is, if a concept created
by a developer team reaches the aspiration level—known assistance systems for
similar tasks—the team might have concluded its development process.

7 Concluding Remarks and Further Research Plans

Although no major differences between groups could be detected, this study will
serve as a basis for two more studies. The 39 resulting assistance concepts will be
evaluated in two steps. First, a qualitative expert evaluation of all concepts will
be conducted. A small group of experts for creating and evaluating assistance
systems will evaluate concepts with regard to how well they support a fast and
accurate completion of the task and how they support cooperation and commu-
nication between participants. This study will show if the quality of assistance
concepts differs and which concepts are judged to be the best ones.

Second, assistance concepts judged as the best ones will be implemented. In
a within-subjects design, microworld inhabitants will track cooperatively with
assistance given by technical systems and on their own. Time and error rates will
be recorded to measure performance. This study will constitute a quantitative
evaluation of assistance systems created by developers.

Eventually, performance of teams with assistance given by an operator can be
compared to performance with assistance by a technical assistance system created
by developers. Thus, a profile of contributions of each of these groups can be assem-
bled. It can be used to show which special division of labor between developer and
operator is appropriate for specific situations. If developing and designing activities
proceed according to such a scheme of participation, quality of products and soft-
ware can be improved. Safety for both operators and environment will be enhanced
and operators might not have to fight degrading skills any more, but might be able to
cooperate with developers and technologies making use of enhanced competences.

Acknowledgments. Research reported herein was funded by the Deutsche For-
schungsgemeinschaft (German Research Foundation), as a part of the program
Graduiertenkollegs (Research Training Groups). Grant number: Graduiertenkol-
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Abstract. In user-centered design user research usually produces detailed
description of the users, anaysis of relevant actions and the specifics of the
environment and artefacts thereof. However additiona step of sampling from
different viewpoints is required to more efficiently kick-start user-centered
product concept development. Design perspectives, abstracted cross-category
samples of user research results, are introduced as means to increase the
usefulness of analyzed data during user-centered product concept devel opment.
Defining additiona layer of entities in addition to conventional user research
results helps to migrate from the pedant data-gathering phase to the more
creative concept development phase. This paper describes definitions of entities
involved in constructing design perspectives in a user research method
independent manner with examples from a project developing new concepts for
mobile and distributed team work.

Keywords: User research, user-centered design, concept development, data
analysis, process development.

1 Introduction

User-centered design is based on the idea of developing products and services that
support the user’ s tasks in the context she operatesin. This goa is approached by first
understanding the context of use and the requirements of the users, and then making
the design decisions based on that understanding. User research is the phase in user-
centered design process where the knowledge of the users' tasks and environment is
gathered [1].

1.1 User Research

The aim of user research is to provide sufficient understanding of the users and the
context of use in order to be able to make and justify the design decisions. 1SO 13407
standard describes user research as understanding and specifying the context of use.
The context is defined as the characteristics of the users, tasks and the organizational
and physical environment. The result of user research is typically a description
document. User and organizational requirements for the product are formed based on
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the context of use description. However, the standard does not describe the methods
used in the user research. It only suggests that the whole process should be iterative
and that the description document should evolve during the whole development
project [1].

Aiming for adequate understanding is the key difference between product
development project’s user research and traditional qualitative research, for instance
anthropological studies. The main reason for this difference is the limited amount of
time available for conducting the research [2]. This has lead to development of
specialized research methods to gather specific type of information or to hasten the
traditional qualitative research methods. For instance cultural probes focus on the
personal feelings and experiences of the users [3], while contextua inquiry
emphasizes the context in which work is performed [4]. The basic methodology
described in the literature includes observations, interviews and questionnaires, from
which a myriad of variations have sprung to tackle more specialized needs (for
examples please refer to [4, 5, 6]).

User research methods descriptions usually give accurate and sometimes even
practical step-by-step instructions on how to conduct the data gathering and what are
the strengths of the method compared to the other user research methods. Although
the research methods for gathering user and context of use information are numerous
they rarely include exact instructions or suggestions how to analyze the gathered data.
The authors mostly only provide general examples or rough guidelines for the data
analysis. In the literature it is widely agreed that multidisciplinary processes, highly
visual methods and attending to projects’ special needs produce best results in user
dataanaysis[2, 4, 6].

In qualitative research the data analysis is depicted as continuous and somewhat
iterative process during which the researcher digests vast amount of information and
builds up a deep understanding of the studied phenomena trough scrupulous analysis
of each individual piece of data available [7]. The analysis process begins and ends
with going trough the whole gathered data. At the beginning the motivation is to
understand the amount of the data as well as the main themes, while at the end the
results are eval uated against the original data[7, 8]. Fetterman describes the building
of holistic understanding as crystallization in which the researcher condenses the
information to elegant descriptions[9].

Product development is limited by availability of resources, calendar time and
human resources, also during the data analysis. After the data has been gathered as
efficiently as possible also the analysis must be done in rapid succession. In many
cases the long analysis phase followed by a crystallization of the researchers
understanding is too time-consuming for product development purposes.

Based on the themes of the SO 13407 standard most user research results are
reported with document(s) describing the user (profiles, personas, user group and role
definitions, etc), environment (Environment lists, artefact lists, etc.), users actions
(task models and sequences, scenarios, etc.) and requirements derived from the
preceding descriptions [4,5,6]. The usefulness of having several different
representations and point of views is emphasized as in many cases it is difficult to
predict exactly what sort of information is needed in the following product
development phases.
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Though the aim isto produce a holistic view of the users and their contexts, usually
the deliverables tend to report the results as separate descriptions from predefined
viewpoints (user, environment and actions).

From the viewpoint of concept development i.e. when using the user research data
to create new product concepts, there seems to be a need to take the analysis a step
further or at least restructure the results differently. The following chapter describes
some of the specia characteristics of concept development that suggest that while
requirements drawn from the user research are suitable for developing predefined
products, they tend to restrict the creation of new product innovations.

1.2 Characteristics of Concept Development

User-centered concept development can be described as early phase exploratory
process in product development aiming to create new product innovations [10]. The
motivation for user-centeredness is to introduce information about real users to the
product development cycle as early as possible. Injection of user understanding to the
process enables development of product ideas that respond more accurately to users
needs and comply with the context of use of the studied domain. From the company's
perspective user research can also point out new product potential or new customer
groups for their overall development outside the then current project. The main phases
of user-centered concept development process can be outlined to include: 1) project
commitment, 2) user and technology research, 3) innovation sprint, 4) concept
creation and validation, and 5) project assessment. The final deliverables of this kind
of process are concept descriptions detailed enough to support decision making
whether to start the actual product development project or to discard the concept. [11]

From the perspective of the project team the concept development project includes
three separate modes of working. During the project commitment and user and
technology research one should act objectively and analytically. The idea generation
phase, or innovation sprint, requires the team to be able to produce innovative and
even surprising product ideas. Concept creation and validation and project assessment
are a more concrete phase during which the produced ideas are evaluated and
developed further and finally the whole project is wrapped up for easy adoption in the
actual product development.

After user research the process working mode changes (or more accurately is
brutally rushed away) from analytical and objective research point of view to more
innovative idea generation [11]. The analytica researcher's and the innovative
designer’s points of view are profoundly different even in situations where one and
same team conducts the whole concept development process. The researcher tries to
objectively understand and describe the object of research and the designer
inevitability aims towards changing the world she is designing new products to.

Pre-existing know-how and roles affect on how the world and events around us are
interpreted. Same subjects and events manifest themselves from different point of view
based on the role of the actor (e.g. developer, evaluator, user, customer). The different
points of views and frames of reference can easly lead to conflicts and
misunderstandings between people. Schén claims that one way of solving these
conflictsis to develop new point of view which is shared between the conflict parties or
at least understood by them, hence sometimes referred as problem framing. The shared
frames of reference enable the parties to work towards shared goals together [12].
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In concept development projects conflicts and misunderstandings can be seen
inside the concept development project in the beginning of the idea generation where
in many cases there is a strong need for concrete starting points and the
comprehensive user and environment descriptions seem to offer too little gripping
surface for successful creative leap. The explanatory and objective user research
results can make everything seem equally interesting and important.

After the innovation phase when further developing and defining the concept ideas
the project team faces many decisions, which have to be based on the knowledge of
users and their context of use. In decision-making and evaluation the project team has
to be objective and nonbiased. Too subjective or one-sided information complicates
the decision-making. The user research results have to support the objective
evaluation of the concept candidates.

These above mentioned characteristics of product and concept development are in
some extent noticed by user-centered product development literature. Often suggested
solution to the challenges is to produce multiple models or other presentations of the
findings [4]. This inevitably leads to heavy and time-consuming processes. Another
solution is to start the idea generation phase (design phase) by collecting team’s
shared visions and using them as input for further idea generation [4]. This working
method risks compromising the traceability of the process as the visions are not
aways based on user research findings and can embody team's prejudices.

The above concept development process sets some specific requirements for both
the implementation of user research and especially for the deliverables of the research
phase.

— The user research process should be as transparent as possible. Especially concept
validation would gain if each individual interpretation/decision could be traced to
the original observation or phenomenon.

— The deliverables should be presented in easily adoptable and understandable,
preferably visual, form to minimize the time required to absorb the knowledge and
to avoid false conclusions.

— The deliverables should depict the users and their tasks and contexts truthfully and
comprehensively, thus enabling a solid ground for the following creative process.

— The deliverables should support the product development team while its working
mode changes.

— Both the process and the deliverables should cater the overall goals of the project
and the customer (i.e. maximize the utilization of earlier acquired know-how and
support corporate vision).

In this paper a new abstraction, design perspective, is proposed to increase the
usefulness of the findings of user research and therefore provide better starting point
for concept development than current reporting practices.

Design perspectives and proposed analysis framework steers the analysis and
presentations of the outcomes towards more concise concept development while
balancing the user-centered approach with project and company specific devel opment
driversin an efficient and light-weight manner.
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2 Definitions

Although analyses of different qualitative data sets are different there are common
features [7]. In addition of the general process of proceeding from individua
observations towards more holistic view and verifying the findings with the original
data also the entities evolving during the user research data analysis are similar at an
abstract level.

The analysis framework depicted in figure 1 shows the main entities involved in
user research data analysis from observed phenomena to categories and finally to
design perspectives. The framework can be seen as hierarchical and cross-connected
organization of the collected data. In the following chapters each of these entities are
defined followed by a description of the process leading to design perspectives with
examples.

Design
Perspective 2.

Design
Perspective 1.

Design
Perspective 3.

Design
Perspective 4.

Fig. 1. User research data analysis framework

2.1 Phenomena

The phenomena (shown as ‘P’ in figure 1) are observable facts or events within the
user research data. A phenomenon can be based on a single observation or be a
combination of several supporting observations. Phenomena do not group the
observations arbitrary together, but are more like labels for relevant observations or
surfaced observation groups. However, the phenomena are not standard-sized or
necessary comparable with each other. Usually the concept development project has
one or more focus areas or interests. Thus the information gathered in the user
research is deeper in some areas and more general in others.

2.2 Categories

During the analysis associative methods are used to form groups of phenomena
hereinafter called categories. Unlike the hierarchies in affinity diagrams with all the
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observations built into a single three with a top node, the categories do not need to
have an existing or fabricated uniting higher level parent. Categories group together
deeply linked phenomena and they may nest other categories. In figure 1 categories
are marked out with dash lines.

The goals of user research (and the user-centered process) steers the analyzing
process towards 'standardized' structure of user, environment and context of use
related information. Additionally the projects specia goals usually show up in
categorization. E.g. In a project studying distributed and mobile knowledge work the
analysis of user research data produced separate categories for enablers and disablers
of mobility and distributedness.

Categories and phenomena form the backbone of the analysis process leading to
design perspectives. All the details about the users, environments and observed
actions are included in them. Accurate documentation of the categories and
phenomena enable traceability of the analysis as categories consist of phenomena and
aphenomenon is directly linked to the actual observed facts or events.

2.3 Design Perspectives

Design perspectives are abstracted cross-category samples of user research results
outlining discovered potential contradictions, widely visible tendencies and
interesting possibilities. Design perspectives emphasize the interpretations and
viewpoints of the users and the user research taskforce alowing them to contribute
the tacit knowledge that could otherwise be omitted as it may fall outside the
conventional reporting practices. From the concept development point of view design
perspectives are a tool to kick-start the idea generation phase. They depict the user
research results from different viewpoint augmenting the analyst’s results with the
individual user’sor designer’s point of view.

Creation of design perspectives is an extension of user research data analysis.
Design perspectives tie together different phenomena and categories and portray the
resulting combination based on the implicitly gained holistic view while roaming
through the gathered user research data. Unlike insights or more developed
observations noted down as a byproduct during the analysis design perspectives are
formed afterwards as a separate task, thus allowing to re-examine the whole of the
analyzed data and the analysis process in paralel with the thus far produced
deliverables. They are created by sampling individual phenomenon or dominant
groups of phenomena within a category or combining items from several categories.
The chosen sampling tactics contribute to the nature of the formulated design
perspectives asillustrated in figure 1:

— Design perspectives sampled from categories and singular phenomenon tend to
outline potential contradictions (design perspective 1).

— Design perspectives local to a category emphasize concurring or supporting
tendencies (design perspective 2) or

— When merging two or more categories even potential out-of-scope synergies
(design perspective 4).
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— If the sampled phenomena are local to a user or an event (design perspective 3)
design perspective can emphasize an observation that would otherwise be lost
during the conventional data analysis aiming for generalized consensus opinion.

It is important that the design perspectives are grounded on actual traceable
phenomena or categories, thus it is possible to track down the concept candidates
underlying motives and reasoning in later stages of the overall process.

3 Building the Design Per spectives

This chapter portrays the process of building the design perspectives. The possible
methods and outcomes are illustrated with examples, in italic, from authors current
project in which concepts to support mobile and distributed knowledge work are
developed. The analysis framework depicted in figure 1 and definition of entities
therein steer the process, but leaves fairly free hands for the implementers regarding
the methods and tools used in the analysis. The discussion and suggestions included
in the chapter are based on lessons learnt from current and past research projects.

3.1 Preparation of the Collected Data

Building the design perspectives begins with preparing the gathered data so that it is
‘equally’ and easily available for all the members of the analysis team. Strict
transcripts are not always necessary, but easily understandable notes and summaries
of all the materials are required. Use of highly visual representations can expedite the
adoption process, for instance Graphical User Profiles or GUPs [13] have been found
useful in cases where user research and concept development has been focused on
individual persons. At this point the data should be kept as free as possible of
interviewers/observers own interpretations, precognitions and opinions.

In our current project we used interviews and photograph probes (derived fromthe
photography based artefact analysis [ 14] ) as methods in user research. After the field
work we produced summaries of interviews and made outlines of photograph probes
debriefing interviews. The outlines showed the photographs the users' had taken and
the debriefing conversation related to each photograph.

3.2 Producing Overview of the Collected Data

Next the information is shared among the analysis team. The thoroughly prepared
data is handed out to every member of the analysis team for private reading and
familiarizing followed by a group session where the data is walked through and
explained. If the documented datais just distributed in a document format absorbing it
requires a lot both from the readers and the document, as it is easy to interpret
summaries and descriptions differently from its preparer’ s intentions.

First each researcher read the summaries and outlines by themselves and afterwards
we organized a meeting in which the outlines were talked through and found
misunderstandings were corrected. Special attention was paid on user’s comments and
citations so that the context of the citation or comment would not be lost.
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3.3 Data Analysis

After developing a shared understanding of the whole gathered data the actual
analysis begins. First step is to reorganize and prioritize the observations and other
distinct data entities. Associative information management methods such as affinity
diagrams [4] are useful and efficient way to reorganize the information. Emerging
groups of related observations form phenomena. It is advisable to label phenomena
(groups) with mutually understood names and explanations. The phenomena are then
further organized or regrouped to categories. It is important to remember that the
whole material does not need to be organized under one top category.

We used an applied version of contextual design's affinity diagrams as analysis
tool. As a result of organizing and prioritizing the data, categories for enablers and
disablers of mobility and distributedness emerged in addition of more traditional
categories of user and environment characteristics, different work contexts and work
related tasks of mobile workers.

The correctness of categories and phenomena need to be double-checked. At this
point it is useful to write down the first full versions of the results (e.g. user profiles,
environment descriptions, work flows, etc.). This forces to tie the open ends and
check the validity of the results. The final categories and phenomena and rel ationships
between them expose the full complexity and richness of the studied subject in a
compact form for the researchers.

3.4 Creating the Design Per spectives

At this point it is advisable to take a step backwards and appreciate the effort put into
gaining a full exposure to the user research data and compare the results to the
objectives of the research and the project. Design perspectives allow incorporating
other related information to create more accurate starting points for future product
(concept) development.

Some design perspectives may surface directly from the categories as an extension of
the analysis. Since the design perspectives are to outline the most interesting events and
characteristic of the users and their context of use from the company's and projects point
of view there usually are a couple of candidates already present in the analysts minds.

More illusive (and more useful) cross-category or single phenomenon design
perspectives can be produced by a simple build-and-test method. Examining different
categories and phenomena for supporting or contradicting aspects, selecting
potentially interesting relationships to form a working hypothesis and than testing
what new meanings this sample projects to the earlier gained knowledge. Observing
the so far produced results from the users’ point of views is another useful way to find
interesting and potentially important insight and produce design perspectives.

One design perspective build in our project was a conflict between virtual working

environment and real-world work context. Phenomena leading to this design
per spective were:

— Computer Supported Collaborative Work (CSCW) tools enabled collaboration
between distributed workers via enabling information sharing (e.g. document
databases).
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— Team's object of work, renovating an old office building, set numerous
requirements and restrictions to team members' work.

— Representing a physical object as complex as a building in a concrete and
complete manner was difficult with the available documentation practices.

When creating the design per spectives we realized that the centrality of the object (i.e.
the building) in actual work and invisibility of it in virtual working environment
produced a conflict and caused numerous problems when using the CSCW tools.

Another design perspective described the different ways the users used the same
tools and the different views the users had of the tools. The different point of views
and usage policies resulted in misunderstandings of the other parties’ intentions.

The last phase is to document al findings, raised questions and blind spots found
during the analysis process. These unknown factors need to be reconsidered later
during the development and evaluation of the concepts and during the actual product
development. In some cases there may even be a need to continue the research phasein
order to expose the missing bits and pieces and to understand the findings more deeply.

4 Conclusions

Reporting the results of user research in a complete and easily adoptable manner is
difficult, as competing viewpoints fragment the information into different documents
or different section within a document. This behavior causes problems in a concept
development process, as large quantities of analytical conclusions may remain as tacit
knowledge inside the analysts' minds. If and when there are changes in the lineup of
the development taskforce or the user research is outsourced, these valuable pieces of
information are lost from the continuing development phases.

We have observed that even the most scrutinized user and context reports
sometimes offer insufficient starting point for successful innovation process since the
point of view from which the results are depicted is different from the point of view
they are used from.

We suggest design perspectives as a simple and easily adoptable method to
alleviate above problems. Design perspectives are an added abstract continuation of
conventional user research allowing transition of tacit knowledge from the user
research team to the group of people continuing the development process. Our
experiences have shown them to better support the special requirements set by user-
centered concept development processes, especially the innovation phases.

Design perspectives emphasize the tacit knowledge of the user research team and
the point of views of the actual users. They also reflect the results of user research to
the overall goals of a project, thus connecting separate sections of information and
explicitly stating the otherwise difficult to grasp interconnection within the analyzed
data.

In addition design perspectives support tracking decision making during the
analysis phase by built-in traceability al the way down to an individual phenomenon.
The actual phenomena and even observed events can be traced from the design
perspectives. Thus mapping the design perspectives to user profiles and environment
descriptions and other presentations useful in concept evaluation phase is effortless.
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Abstract. This paper proposes a method which alows user interfaces
practitioners to choose the most suitable software tool for the development of a
Human Machine Interface (HMI) virtual prototype. In the design process of a
User Interface (Ul), the prototyping activity represents an important way to
detect design errors since the beginning of the development process, saving
time and money. The choice has to take care of the technica features,
designers requirements and prototyping characteristics of the tool. The
methodology includes four steps: 1) research on the most diffused virtua
prototyping software employed in the prototyping activity; 2) benchmark on the
technical and virtual prototyping features of each selected tool; 3) creation of a
method to asses and classify each prototyping tool considering their specific
characteristics; 4) application of the method to a case study.

Keywords: user centered design, virtual prototyping, user interface, HMI.

1 Introduction

In paralel with the wide spreading of the User-Centred Design approach (UCD —
Norman, 1998), prototyping has become the key option to actually “user-centre” a
User Interface (Ul).

There are many perspectives from which the benefits of the prototyping can be
outlined. From a financia point of view, for example, along tradition of studies have
revealed how cost-valuable prototyping activities are (Winters et al., 2004;
Hellestrand, 1999; NASSDA, 2003); in fact, the virtual prototyping activity allows
designers to correct design errors in the early stage of the process, in order to reduce
the overall re-design costs.

Several prototyping tools (mainly software tools) can be exploited in all phases of
the design process, from early stages to the engineering one (Dix, 2004).

To easily find design errors, it is necessary to choose the most suitable virtual
prototyping software which fits not only with the requirements of the end user but
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also with the final employment of the virtual model. For instance, whether the virtual
prototype model will be thrown away after an usability or functionality test or if it
will be used as a basis for the development of a part of the final system.

A virtual prototype may be classified (Dix, 2004; Norman, 1998) according to: a)
the prototyping technique used for designing the virtual model, b) the fidelity of the
prototype in relation to the real system, c) the number of functions implemented by
the prototype and d) the structure of the tasks.

A benchmark analysis among virtual prototyping tools was carried out in order to
assess and classify them according to their technical features, designer’s needs and
their potential to create a virtual prototype with specific characteristics.

This classification allowed to create a method for evaluating whether a specific
prototyping tool may be used for developing a prototype starting from the
requirement of the users and the designers. Finally, this method was applied to a use
case experiment.

2 Virtual Prototyping Tools Sample

A benchmarking was conducted in 2005 (Minin, 2005) on academic and industrial
research groups (N = 46) involved in different domains of Human Factors (HF)
studies (automotive, aeronautic, nomadic devices, medical, etc.) in the US and
Europe. The analysis paid particular attention to the virtual prototyping tools adopted
by each group; a selection of the most widespread tools was made in order to carry
out an analysis of their technical and virtual prototyping features.

The selection of the most widespread virtual prototyping tools s listed below:

- AltiaDesign 5.28;

- Macromedia Director Mx 2004;
- Rapid Plus 8.0;

- Gaio Protobuilder;

- MS Power Point 2003.

Subsequently, a benchmark analysis of the selected software was developed
focusing on the following three macro-characteristics: (1) designer needs (2) technical
features and (3) the potential of the software to create a virtual prototype of a user
interface with specific characteristics.

The analysis was carried out by a group of four experts of the University of
Modena and Reggio Emilia (Italy) composed by two virtual prototyping designers and
two Human Factors (HF) experts.

3 Benchmark Analysis

As mentioned above, a benchmark analysis among the selected prototyping tools was
carried out. Starting from previous works (Szekely, 1995; Myers, 1995; Righetti,
2006) the team of designers and HF experts selected several features of the tools
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which affect the development of a prototype. These features were classified into three
groups.

1. designers’ needs,

2. technical features useful for virtual prototyping activity;

3. features related to the ability of the tool to create a virtual prototype with
specific characteristics.

In the following paragraphs a description of the three different groups of features
among the prototyping tools is depicted. In order to compare the prototyping tools,
firstly a method for the evaluation of the featuresis presented.

Finally, the tables regarding the benchmark analysis are presented.

3.1 Method for the Evaluation of the Features

Each feature which belongs to the first and second group above mentioned is
described by only one of the following characteristics:

- Availability/Accessibility: features could be totally available, partially available
or absent in the prototyping tool. For instance, not al the tools alow to create
automatic data logs which record the interaction between the prototype and the
final user;

- Complexity: for available/accessible features is specified whether it is very
complex, on the average complex or simple to be used. For instance, some
prototyping tools allow to program the logic of the prototype only through a
low-level programming language (complex to be used).

The degree of Availability/Accessibility and Complexity defined for each feature
are based on a 3-level color scale, shown in the following table.

Table 1. Threelevel color scale

Colour Availability/Accessibility Complexity
Green Thefeature istotally availablein The complexity of use of
the prototyping tool. the featureis low.
Yelow Thefeatureis partialy availablein The complexity of use of
the prototyping tool. the featureis on the
average.
Red The feature is not available in the The complexity of use of
prototyping tool. the featureis high.

3.2 Designers Needs

In the following table, the most relevant designers needs and the related
characteristics (in brackets) are numbered and described.
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Table 2. Designers' needs

Number Description of the feature

0 Computer knowledge (complexity). Knowledge needed for the prototype
development: graphic editing (green), graphic and high-level programming
(yellow) or graphic and low-level programming (red).

1 Programming language (complexity). The logics of the prototype can be
developed: only through alow-level programming language (red), high level
(green) or the tool offers both programming levels (yellow).

2 Complexity and accuracy of the tutorial (complexity). The use of the tutorial
is: complex (red), on the average complex (yellow) or easy (green).

3 Availability of a tool for development of the graphic interface

(Availability/Accessibility). A tool for the development of &l the prototype’s
graphic interface is. available inside the prototyping software (green), only
simple graphics can be created (yellow) or dl the graphics have to be created
with an external tool (red).

3.3 Technical FeaturesUseful for Virtual Prototyping Activity

In the following table, the most relevant technical features and the related
characteristics (in brackets) are numbered and described.

Table 3. Technical features

Number

Description of the feature

Generation of a stand-alone application (Availability/Accessibility). The tool
allowsto create a stand a one application of the prototype which can be loaded
in acomputer: without licence (green), only with licence (yellow) or astand
alone application can not be created (red).

Generation of programming code (Availability/Accessibility). The tool alows
to generate code of the prototype: in different programming languages (green),
in only one language (yellow) or no code generation is possible (red).

Connection to external applications (Availability/Accessibility). The tool
allows to connect the prototype to other applications able to manage: both the
graphic and the logic through specific API (green), either of the two (yellow)
or the connection is not available (red).

Library of graphical objects with already implemented programming code
(Availability/Accessibility). Thiskind of library is available and the
programming code of the objectsis editable (green), not editable (yellow) or
thelibrary is not available (red).

Data log for usability and functionality tests (Availability/Accessibility). An
automatic log of the interaction between the user and the prototype is provided
(green), only amanua log is provided —that is, the log has to be configured
using programming languages (yellow), or it is not possible to generate adata
log (red).
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Table 3. (continued)

9 Generation of specification documents (Availability/Accessibility).
Specification documents related to the functionality and the components of
the prototype with an high detail can be generated (green), can be generated
with alow detail —that is, only the components but not the functionality
(yellow) or specification documents can not be generated (red).

3.4 Features Related to the Potential of the Softwareto Createa Virtual
Prototype for a Specific Kind of Use Employment

In this section, the features of the tools which allow the designer to create prototypes
with specific characteristics are described. These characteristics, selected from the
literature (Mayhew, 1992; Sommerville, 1995; Dix, 2004; Norman, 1998) are the
following:

A. the prototyping technique (Throw-away, Incremental or Evolutive);
B. thefidelity (High, Medium or Low);

C. horizontal or vertical prototypes,

D. the structure of the tasks.

In the following paragraph each point of the list is described. The team of designers
and HF experts defined a correlation between specific designers' needs and technical
features with the prototyping characteristics listed above. In the following paragraph,
each feature described in Table2 and Table3. Table4 call back the related number (e.g.
feature 4, feature 6, etc.).

3.4.1 Prototyping Technique

The objective of the throw-away prototyping is to understand the system
requirements. Starting from a stand alone application of the prototype, iterative tests
with the end users on the usability and functionality of the final system are carried
out. Finally, the specifications of the final system are defined. Thus, the prototyping
tool should provide features 4 and 8 for the testing activity and feature 9 for the
development of the system’s specifications.

Incremental prototyping aims at developing a virtual prototype for each part of a
modular system (i.e. a system composed by several components). Starting from an
overal architecture of the final system, each prototype is created and tested with users
(features 4 and 8 required); then it is delivered in increments with the related
specification documents (feature 9) and the programming code (feature 5) is used for
the development of a part of the final system.

The objective of evolutionary prototyping is to deliver a working system to end-
users. The technique is similar to the incremental but with an evolving design of the
overall system. Then, the same features of the incremental prototyping should be
provided. However, the specification documents and the generated programming code
are related to the overall system and are delivered at the end of the iterative design
activity.

The following table is a summary of the technical features required for the
development of the three prototyping techniques. The numbers of the columns
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represent the technical features listed in Table2, Table3 and Table4. As may be seen
in Tablel, “G” and “Y” correspond to Green and Y ellow, the colours which identify
that a specific technical feature is available in the prototyping tool. An empty cell
means that the technique does not require the specific technical feature.

Table 4. Prototyping techniques (rows) and required technical features (columns)

4 5 8 9
Throw away GY GY GY
Incremental GY GY GY GY
Evolutive GY GY GY GY

3.4.2 Fidelity of the Prototype
Regarding the fidelity of the prototype, for each level (High, Medium, Low), the
prototyping tool should provide the following features:

- High fidelity: the prototype should be similar to the final system and it should
work in the same way. Feature 4, 5, 6 are required. The tool should have all the
features required to develop a prototype which can also be used as a basis of
the final system.

- Medium Fidelity: useful for testing design concepts early in the design process.
Features 4, 6 are required. The prototype should look like the final system, but
it is not required it will also be the basis for the development of a part of it,
then the prototype does not provide all the interactions and functions of the
final system.

- Low fidelity: it represents a mock-up of a system (or part of a it) used to
support user studies. Feature 4 is required. The prototype should be developed
in arapid way. It represents only a set of functions or interactions of the final
system.

As for Table 4 Table 5, the technical features of the prototyping tool required for
the development of a High, Medium or Low-Fi prototype are depicted below.

Tableb. Leve of fidelity (rows) and required technical features (columns)

4 5 6
High-Fi GY GY GY
Medium-Fi GY GY

L ow-Fi GY
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3.4.3 Horizontal/ Vertical Virtual Prototypes

An horizontal prototype displays “breadth” of functionality, that is, broad but only
top-level functions of the final system. In a vertical prototype full functionality and
performance of a small part of the final system are implemented. Starting from this
definition, the ability of a prototyping tool to allow the development of prototypes
with these characteristics was estimated. For instance, Altia Design has a set of
applications which allows to easily develop multilayered virtual prototypes athough
the levels may only be displayed and managed by the designer one by one and
additionally, the workspace is quite limited in width (i.e. it is difficult to manage a
wide range on functions characterized by different level of deepness). Hence, this tool
is a good solution for the development of a deep vertical prototype but not an
horizontal one.

3.4.4 Structureof the Tasks

When the user has to complete a specific task, he/she has to perform a sequence of
interactions with or without the help coming from the system (e.g. affordances and
feedbacks). Alternatively, a part of the task can be automated (less interactions). The
more the task is automated, the easier the structure of the task will be. The ability of
the tool to alow the designer to develop prototypes with an easy structure of the tasks
is evaluated. If the level of the programming language for the development of the
prototype’s logic is medium-high and a library of graphical objects with already
implemented programming code is available in the tool (point 1 and 7 of Table2,
Table3), then a more simple structure of the task can be implemented easily since
some tasks may be automated rapidly.

Table 6. Structure of the tasks (rows) and technical features/designers needs (columns)

1 7
Easy structure of the task GY GY

3.5 Benchmark Among the Prototyping Tools

Finaly, all the above mentioned features were analyzed among the selected tools in
order to assess the overall characteristics. Three tables for the benchmark analysis
were prepared:

- the first including the comparison of the features related to the designers
needs Fig.1;

- thesecond including the technical features Fig.2;

- the third including the features related to the ability to create prototypes with
specific characteristics Fig.3.

The last table is the result of the combination of the data contained in the first two
tables, as described in the previous paragraph. A “X” symboal in the table means that
the feature is available, otherwise the cell is empty (not available).
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A part of the three tables is depicted in the following figures; in the original tables
al the features of the previous paragraph were reported with a small description.
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Fig. 3. Benchmark on the prototyping characteristics

4 Method to Asses and Classify Each Prototyping Tool Considering
Ther Specific Characteristics

The method to select the best prototyping tool for the development of a HMI
prototype follows the steps:

1. definition of the characteristics of the prototype (see § 3.4);
2. definition of the skills and the requirements of the team which design the
prototype (see § 3.2);
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3. definition of the technical features required for the creation of the prototype
(see §3.3);

4. selection of the prototyping tool which fits with the characteristics defined in
steps 1to 3 (see § 3.5).

Each step of the list is described in the previous paragraphs. At step 4, the method
was applied to a selection of prototyping tools but it can also be enlarged to other
software. An application of the method is described in the following paragraph.

4.1 Use Case Application

The above mentioned method was applied to the development of a virtual prototype
of anin-vehicle display.

The designers and the project owner required that a High-Fi and vertical prototype had
to be created through an Evolutive technique. The team of designers was composed by
three computer scientists and one HF expert. It was required to develop at first a stand
aone application of the system for usability tests. Then, after a re-design of the system
based on the results of the test, the owner required to connect the prototype to the vehicle
network and test the functionalities of the prototype in the real use environment.

By comparing these reguirements with the features of the prototyping tools depicted
inthe figure of § 3.5, the selected tool was Altia Design. In fact, it would alow to create
virtual prototypes with the required characteristics. Moreover, it is possible to connect
Altiato other software, in particular Matlab Simulink, and to create an interface with the
vehicle network. After that, a stand alone application and data-log for usability tests can
be provided. Findly, using Matlab Simulink and Deepscreen (i.e. the code generator
tool of Altia Design), the programming code of the prototype can be generated and used
asabasis for the development of the real in-vehicle interface.

5 Conclusions

This paper proposes a solution to help designers in choosing the most fitting software
tool for the development of a virtual prototype with specific characteristics.
Analyzing the technical features and the designers’ requirements with certain degrees
of availability, accessibility and/or complexity, it is possible to assess whether a
prototyping tool is able to create a horizontal/vertical prototype with a
high/medium/low-fidelity or an easy structure of the task. Moreover, it is possible to
define which prototyping techniques the specific tool allows to use.

Since there are a lot of different prototyping tools with different characteristics, it
is important to find the most suitable solution which fits with the expectations of the
designer.
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Abstract. In this paper we present a general definition of the concept ‘intuitive
use of user interfaces on the basis of our current interdisciplinary work.
‘Intuitive use’ is regarded as a characteristic of human-machine systems. It
refers to a special kind of interaction process between users and technical
systems that use the users intuition. The main part of the paper deals with
central aspects of this definition in detail and discusses pre-conditions and
restrictions of the use of the concept. The main aspects that we discuss are the
design of technical systems, application and non-conscious use of previous
knowledge, intuition as a non-conscious process, interaction, and effectiveness.
We complement this discussion by addressing the relationship between
aesthetics and intuitive use.

Keywords: aesthetics, effectiveness, human-machine interaction, intuition,
knowledge, non-conscious, usability, user interfaces.

1 Introduction

With the increasing number of functions and uses of different technical systems in
daily life, the concepts of 'intuitive' and 'intuitive use' are used more and more often as
an assessment criterion for these technical systems and for User Interface (Ul)
requirements. Frequently, these concepts are attributed to an interface itself,
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e.g. 'Firefox 1.5 has an intuitive interface’ (www.mozilla-europe.org, 2006), without
specifying precise aspects of use or user groups. If one asks users of interactive
systems or usability experts what they think about 'intuitive use’, one most likely gets
answers like: ‘acting by intuition’, ‘'acting on instinct’, ‘'using without
guidance/explanation’, 'acting as a matter of routine', or 'using automatically' [1]. All
of these statements suggest that ‘intuitive use' should not demand high cognitive
resources (anymore), but rather work on a skill based or maybe rule based level [2].

In the scientific literature however the concepts of ‘intuitive' and ‘intuitive use' are
commonly avoided by researchers because they are regarded as vague, ill defined or
non-scientific. Facing this situation the IUUI research group (Intuitive Use of User
Interfaces) has made it its business to explore the usefulness of the term 'intuitive use'
asawell defined scientific concept.

We started our interdisciplinary endeavor as a group of psychologists, computer
scientists, engineers, and designers without knowing whether we ultimately would
be able to come up with a common concept of the term 'intuitive use' which was
shared by the whole group, or whether we would convince ourselves to avoid this
term in the future, or (even worse than that) whether we would neither be able to
agree on the usefulness of the concept nor be able to avoid it completely. After
almost one year of work, we are now not only presenting the second refinement of
our definition of 'intuitive use', but we are also confident that it is possible to further
develop this concept to create guidelines for the design of intuitively usable systems
and devices.

In the following, we start by presenting our current definition of the intuitive use of
user interfaces. In the main part, we explain and discuss central aspects of this
definition in detail. These main aspects are; the design of technical systems, the
application of previous knowledge, intuition as a non-conscious process, interaction
and effectiveness. Though we do not regard aesthetics as an aspect of intuitive use, it
is obvious that, from a design perspective, the relationship between aesthetics and
intuitive use has to be clarified. We address this issue in a separate section. The paper
is rounded off with a summary and an outlook of what has to be done.

2 Intuitive Use of User Interfaces: Definition Version 1.1

‘A technical system is, in the context of a certain task, intuitively usable
while the particular user is able to interact effectively, not-consciously using previous
knowledge.’

The basis of our definition is the conclusion that only human information processes
can be labeled asintuitive. The term 'intuitivity', that has been used more frequently in
recent years as a product feature, should thus be avoided. 'Intuitive use' can only be
used in the context of task, user, environment or technical system. More precisely,
intuitive use can only be attributed to the human-machine interaction in a certain
context, for the achievement of objectives, but not to atechnical system per se.
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2.1 Design of Technical Systems

Intuitive usability can only be attributed to the human-machine interaction in a certain
context. Nevertheless, there are some aspects which should be considered when
designing atechnical system.

The design space for technical systems can be described in terms of the layers
given by Foley and van Dam [3] and modified by Buxton [4] in their human-
computer-interaction model: conceptual, semantic, syntactic, lexical, and pragmatic
(physical) layers. Each layer has its own characteristics in respect of intuitive
interaction. The conceptual layer describes the main concepts (mental model of the
users) of the interactive system, e.g. spreadsheet applications, text editors, graphical
tools. The semantic layer defines the functionality of the system, sequences of user
actions and system responses. The syntactic level defines interaction tokens (words)
and how to use them to create semantics. The lexical layer describes the structure of
these tokens and the pragmatic layer [4] describes how to generate them physically by
means of user actions and 1/0 elements, e.g. displays and input devices.

Designers of technical systems should carefully go through these layers, starting
from the conceptual layer, and carefully provide solutions for each layer and the
mappings between them [5]. This process helps to prevent ‘apples and oranges' types
of solutions and to come up with applicable catal ogues of interface solutions. Also the
type of mapping between the layers is crucia for intuitive interaction. Modifications
made at one level often have strong effects on other layers, e.g. changing the input
device may strongly affect the interaction syntax [4].

There are hardly any guidelines for the development of intuitively usable interfaces.
Blackler, Popovic and Mahar [6] developed three principles for applying intuitive
interaction to interface design: 1. Use familiar symbols (lexical), 2. Make obvious what
less well-known functions will do (semantic), and 3. Increase consistency between
different parts of the design (lexical, syntactic). They found that the appearance (shape,
size and labeling) of features most affects intuitive use (pragmatic, lexical layer).
Based on a survey among HCI experts, Mohs et a. [1] list seven criteria which
influence intuitive interaction. Five of them are (sub-) criteria of the 1SO 9241-110 [7]
usability criteria: suitability for the task, conformity with user expectations, and self-
descriptiveness; others are related to affordances and Gestalt laws. Hornecker and Buur
[8] refer to the vertical design mapping, the perceived coupling between the physical
(here: tangible) and the semantic layer. Hurtienne and Israel [9] suggest the application
of image schemas (pragmatic, lexical, syntactic) and their metaphorical extensions
(semantic) for the design of intuitively usable interfaces. We still see a high demand
for comprehensive catalogues and guidelinesin this field.

Our definition of the intuitive use of technical systems covers primarily the
interaction problem [10] defined by the pragmatic, lexical, syntactic and semantic
layer. We assume that intuitively usable interfaces free more cognitive resources for
the solution of the overall problem[10] in the conceptual layer.

2.2 Continuum of Knowledge

Users can interact with a technical system effectively and intuitively when applying
their previous knowledge to a certain situation. This previous knowledge may stem
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from different sources. These knowledge sources can be classified along a continuum
from innate knowledge, knowledge from embodied interaction with the physical
world (sensorimotor), and culture to professional areas of expertise. On each of the
last three levels there might be specialist knowledge about using the corresponding
tools and technologies (see Figure 1).

Encoding & Retrieval 2 max.

Culture

Sensorimotor

Innate

Fig. 1. Continuum of knowledge in intuitive interaction

The first and lowest level of the continuum consists of innate knowledge -
‘acquired’ through the activation of genes or during the prenatal stage of
development. Generally, this is what reflexes or instinctive behaviour draw upon.
Purists will see this as the only valid level of knowledge when talking about intuitive
interaction, because it assures universal applicability and non-conscious processing.
The next level is sensorimotor. It consists of general knowledge, which is acquired
very early in childhood, and is from then on used continuously through interaction
with the world. Children learn for example to differentiate faces; they learn about
gravitation; they build up concepts for speed and animation. Scientific notions like
affordances [11] and image schemata [12] reside at this level of knowledge. The next
level is about knowledge specific to the culture an individual lives in. What is known
within the western group of cultures is not necessarily equivalent to the knowledge of
people in eastern cultures (e.g. the appropriate colour at funerals). The most specific
level of knowledge is expertise, that is specialist knowledge acquired in ones
profession, for example as a doctor, mechanic, or accounting clerk; and in hobbies
(e.g. riding, surfing, online-gaming). Across the sensorimotor, culture and expertise
levels of knowledge, we also distinguish knowledge about tools. Tool knowledge
seems to be an important reference when designing user interfaces. At the
sensorimotor level there are primitive tools like sticks to extend one's reach and
stones to be used as weights. At the culture level, we find tools commonly used by
people, like ball point pens for writing, pocket lamps for lighting, or cell phones for
communication. At the last stage, there is the knowledge acquired from using tools in
one's area of expertise, for example image editing tools, enterprise resource planning
(ERP) systems, or CNC machines. Even within the same domain of expertise
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(e.g. graphic design) there may be differing knowledge on the tool level of the
continuum, depending on the kind of tools used (e.g. Corel Paint Shop vs. Adobe
Photoshop).

The continuum of knowledge has an inherent dimensionality. The frequency of
encoding and retrieval of knowledge increases from the top to the bottom of the
continuum. Then, the further we rise towards the top level of the continuum, the
higher the degree of specialization of knowledge and the smaller the potential number
of users possessing this knowledge. But still, on each level of the knowledge
continuum we may assign ‘intuitive use’ according to the above definition — as long
asit isnon-consciously applied by users.

2.3 Using Previous K nowledge Non-consciously

The application of knowledge by the user within the interaction with the technica
system may be non-conscious from the beginning (as with reflexes) or may have
become non-conscious due to frequent exposure and reaction to stimuli in the
environment: the more frequent the encoding and retrieval was in the past, the more
likely it is that memorised knowledge is applied without awareness by the user.
Knowledge at the expertise level is acquired relatively late in life and is (over the life
span) not as frequently used as knowledge from the cultural or sensorimotor level. As
learning theory suggests, knowledge from the lower levels of the continuum is
therefore more likely to be applied non-consciously than knowledge from the upper
levels. If the non-unconscious application of knowledge is a precondition for intuitive
use, it will be more common to see intuitive interaction involving knowledge at the
lower levels of the continuum.

Limiting ‘intuitive interaction’ to the lower levels of the knowledge continuum
which are still consciously aware does have further advantages:

e The further down we move on the continuum, the larger and more heterogeneous
the user groups we can reach. While almost everyone will have an understanding
of ‘verticality’ (sensorimotor level), not everyone understands the Corel Paint
Shop software package (tool/expertise level).

e Instead of being required to analyse the previous knowledge and experience of
the specific target user group, designers might simply refer to rules generated
from findings about the general structure of human knowledge (i.e. genera
human knowledge on the sensorimotor level).

o Extremely frequent encoding and retrieval events lead to a higher robustness of
information processing and automatic processes. In situations of high mental
workload and stress, a fall-back on lower stages of the knowledge continuum will
occur. This will be especially important to the design of systems with a high
requirement for security (control of aircraft or of nuclear power plant).

e Non-conscious processing of user interface elements in general means less
workload on the cognitive processing capacity. Thus, more cognitive resources
will be available for solving the working task at hand, instead of wasting time and
mental effort on figuring out how a piece of technology works.
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2.4 Interaction

In the context of intuitive use of a technical system, we understand interaction as a
two-way exchange of energy and information between human and product. From the
human perspective, this exchange is target-oriented.

Looking at the human aspect, the following can be stated: Tasks or activities have
ahierarchical structure [13]. Thisis shown in Figure 2. Tasks consist of an entirety of
actions which are subordinated to sub-goals. These sub-goals can be derived from a
superordinate conjoint goal. The role of this conjoint goal can be taken up by the
motive of the task. Actions, in turn, are self-contained entities of the task, consisting
of sub-actions or operations. These operations are dependent on the task, because
their results are not consciously anticipated as a goal. Also, they are inherently
regulated by triggering mechanisms (e.g., ‘Traffic light red — brake’). Thereby, a
participation of transient sub-goals is possible. Operations include several motions or
single mental processes, for example conclusions, at atime [13].

,:‘.—[ operation b
> operatmn }
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e — .'““—-._-)

Fig. 2. Hierarchical structure of the task in the Action Regulation Theory [14] adopted from
Walliser [15]

In our understanding, intuitive usability of atechnical system, in the first instance,
refers only to the level of operations as a part of more complex actions. On the level
of operations, we think, intuitive use can be made measurable in the simplest way.

2.5 Effectiveness

The rating or assessment of the procedure of intuitive interaction can be done by its
effectiveness. According to the 1SO standard series 9241 the term effectiveness is
mentioned as “the accuracy and completeness of users' tasks while using a system”
(DIN EN ISO 9241-11 [16]). In this sense, it is only possible to call an interaction
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intuitive if it leads the user to adequate, exact and complete interaction results.
However this understanding doesn't necessarily mean that an intuitive procedure
corresponds to something that system developers would call ‘the optimal way’.

Furthermore, we assume that users experience intuitive interactions as efficient.
Whereas it is important to point out the multi-dimensional character of the concept of
efficiency and especially the orthogonality of dimensions like time, cognitive
resources, material resources, energetic resources and financial resources. Under that
premise, it is possible to vary each dimension extensively, independently from the
other. Therefore an operation in human machine systemsis meant to be intuitive if the
demands of cognitive resources are minimal even if it causes a higher investment of
other dimensions like e.g. time.

3 Viewpoint: Aestheticsand Intuitive Use

Though we do not regard aesthetics as an aspect of intuitive use and therefore do not
include it in our definition, we also want to look at the relation between aesthetics and
intuitive use from the design perspective. Do the aesthetic design characteristics of
interactive products have an effect on the intuitive use of products?

Aesthetics is defined as the branch of philosophy “that in its broadest sense, deals
with the general questions of art [...], and that in its narrow sense, with how things
are known via sensory perception [...].” [17]

Aesthetic parameters include form, audio, smell, color, proportion, size, material
and surface qualities. The appearance, composition and characteristics of an
application or product are influenced by many combinations of these design principles
and developed, together with the information architecture and the technical solutions,
in an iterative product development process. Or put more simply, aesthetics concerns
all parameters of interaction and appearance.

The design of intuitively usable interactive information systems and devices takes
into consideration all the human senses involved, as with, for example, the visua
representation of a communication process. In each sensory system an aesthetic
judgment is made. Aesthetic design directly addresses human sensory perception and
triggers sensations and immediate evaluations of the user experience. The higher the
compatibility of the offered interaction with the user’'s personal and cultural habits,
experiences and emotional state, the more intuitive will be the usage.

It thus follows that the aesthetics of an interactive offering is an essential
influencing parameter on the degree of intuitive use. If the user does not perceive
objects and signs as attractive and usable, or at |least familiar, then the application or
product has almost no chance of being used intuitively by the user or indeed of
triggering a positive user-experience. But just what role does aesthetics play in the
discussion on intuitive use? If one assumes — as we do - that the degree of intuitive
use is dependent on how much previous knowledge can be implicitly recalled in the
interaction process, then aesthetics should be considered to be even more important.

Aesthetic qualities trigger previous knowledge as aesthetic judgments are at the
start of individual perception processes: When a user begins an unknown process or
encounters an unknown device, he or she looks at it, maybe touches it, listensto it, or
even smellsit. Without these sensory steps, that ask questions of the device and which
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are answered by its aesthetic qualities, the user cannot get close to the technical
system. If none of the impressions of the device are compatible with the user's
previous experience, he or she will not be able to intuitively get close to the device
and its significance - as a result the user will have to refer to the online help or
manual. The user feels subjectively represented by an aesthetically designed product
that triggers positive memories and associations. Aesthetics is the key to the
technology that lies behind.

4 Summary and Outlook

In our definition of ‘intuitive use’ we state that this term can only be attributed to the
human-machine interaction in a certain context, for the achievement of objectives, but
not to atechnical system per se.

In the present paper, we explained centra aspects of the definition in detail. So, we
assume that intuitively usable interfaces free more cognitive resources for the overal
problem, as part of the interaction problem in human-computer interaction [10]. Also,
we identified several relevant levels of origin of previous knowledge used in intuitive
interaction, whereas knowledge from the lower levels of the continuum is more likely to
be applied non-conscioudly. Regarding the interaction itself, intuitive usability, in the
first instance, refers only to the level of operations as a part of more complex actionsin
the Action Regulation Theory [13]. Furthermore, we refer to interaction as intuitive if it
leads to sufficiently accurate and complete interactions for the user. Concerning
efficiency, an interaction option isintuitive when users' cognitive load is reduced.

We also think there is a relation between aesthetics and intuitive use. Thus, we
took afirst step towards the clarification of this relation from the design perspective.

The definition and its explanation display the current state of work of our 1UUI
research group. The content discussion within the research group and with external
researchers interested in the topic is continuing and will result in a modified version
of the definition (version 2.0).

Based on the development of a concrete definition of ‘intuitive use’, it will be
possible to formulate design principles for intuitive human-machine interaction.
Accordingly, in a next step we will analyze which existing usability concepts support
intuitive use in terms of our definition. Therefore, we will focus more on the central
usability specifications in the ISO standard (DIN EN SO 9241-11 [16]):
effectiveness, efficiency and user satisfaction. In addition, we will look more closely
at the relationship between aesthetics and intuitive use.

Acknowledgments. We would like to thank all members of the l[UUI Research Group
(www.iuui.de) for their contribution to the vivid discussion on intuitive use and
intuitivity.

References

1. Mohs, C., Hurtienne, J., Scholz, D., Rétting, M.: Intuitivitét - definierbar, beeinflussbar,
Uberprifbar [Intuitivity — definable, influenceable, checkable]. In: Useware 2006 - VDI
Berichte Nr. 1946, pp. 215-224. VDI-Verlag, Dusseldorf (2006)

2. Rasmussen, J.: Information processing and human-machine interaction: An approach to
cognitive engineering. North-Holland, Amsterdam, NL (1986)



136

10.

11.

12.

13.

14.

15.

16.

17.

A. Naumann et al.

Foley, JD., van Dam, A.: Fundamentals of Computer Graphics. Addison-Wesley,
Reading, MA (1982)

Buxton, W.: Lexica and Pragmatic Considerations of Input Structures. Computer
Graphics 17(1), 31-37 (1983)

Shneiderman, B.: Designing the user interface. Strategies for effective human-computer
interaction. Addison-Wesley, Reading, Mass (1998)

Blackler, A.L., Popovic, V., Mahar, D.P.: Intuitive Interaction Applied to Interface
Design. In: Proc. International Design Congress - |ASDR 2005, Douliou, Taiwan (2005)
DIN EN 1SO 9241-110. Ergonomics of human-system interaction — part 110: Dialogue
principles. German version. Beuth, Berlin (2006)

Hornecker, E., Buur, J.: Getting a Grip on Tangible Interaction: A Framework on Physical
Space and Socia Interaction. In: Proc. CHI 2006, pp. 437—446. ACM Press, New York
(2006)

Hurtienne, J., Israel, JH.: Image Schemas and Their Metaphorical Extensions — Intuitive
Patterns for Tangible Interaction. In: Proc. Tangible and Embedded Interaction 2007,
ACM Press, New York (2007)

Streitz, N.A.: Cognitive ergonomics. An approach for the design of user-oriented
interactive systems. In: Klix, F., Wandke, H. (eds) MACINTER I, pp. 21-33. North-
Holland, Amsterdam (1986)

Gibson, J.J.: The Ecologica Approach to Visua Perception. Houghton Mifflin, Boston
(1979)

Johnson, M.: The body in the mind. In: The bodily basis of meaning, imagination, and
reason, The University of Chicago Press, Chicago & London (1987)

Hacker, W.: Allgemeine Arbeitspsychologie [General Occupational Psychology]. Hans
Huber, Bern (2005)

Hacker, W.: Action Regulation Theory and Occupationa Psychology. Review of German
empirical research since 1987. The German Journal of Psychology 18(2), 91-120 (1994)
Walliser, F.-S.: Entwicklung und Nachweisfiihrung einer Methodik zur Einfuhrung und
Stabilisierung von verénderten Prozessen in der Produktentwicklung. [Development and
Verification of a method for implementation and stabilization of changed processes in
product development]. Dissertation (1999), http://archiv.tu-chemnitz.de/pub/1999/0020/
DIN EN 1SO 9241-11. Ergonomic Requirements for office with visual display terminals —
Guidance on usability. Beuth, Berlin (1998)

Zwahr, A. (ed.): Meyers Grosses Taschenlexikon [Meyers Big Pocket Encyclopedial, 10th
edn. Bibliographic Institute, Mannheim (2006)



Creation of an Ergonomic Guideline for Supervisory
Control Interface Design

Pere Ponsa and Marta Diaz

4all-L @b Usability Laboratory, GREC Research Group Knowledge Engineering,
UPC, Technical University of Catalonia
Av. Victor Balaguer, §/n, 08800 Vilanovai la Geltrd, Spain
{pedro. ponsa, narta.diaz}@pc.edu

Abstract. In tasks of human supervision in industrial control room they are ap-
plied generic disciplines as the software engineering and the physical ergonom-
ics for the design of the computing interface and the design of the control room
layout. From the point of view of the human computer interaction, to these dis-
ciplines it is necessary to add the usability engineering and the cognitive ergo-
nomics since they contribute rules for the user centered design. The main goal
of this work is the creation of a cognitive ergonomic guideline for supervisory
control interface design in order to improve the efficiency of the human ma-
chine systemsin industrial automation.

Keywords: supervisory control, human-machine interface design.

1 Introduction

In recent years, control systems and the role of control room human operators have
changed dramatically. Human operator activity has evolved from manually perform-
ing the process, to control system supervision. Today, the human operator requires an
in-depth knowledge of the process that he/she is overseeing and the ability to make
effective decisions within demanding constraints. The increased complexity of indus-
trial process control calls for a new methodological approach (for research and design
purposes), which reproduces the essential components of current control systems: the
environment, the task at hand and human operator activity. The complexity of indus-
trial process supervision makes it necessary to supplement the Human Factors
approach and the Human-Computer Interaction approach with a cross-disciplinary
cooperation in order to integrate knowledge and methods from other fields, especially
Cognitive Ergonomics, Automation and Artificial Intelligence [1]. Our view is that
complete control systems engineering must encompass all these approaches.

Ergonomics is concerned with the adaptation of technology to suit human operator
need and ability so as to achieve effectiveness, efficiency and user/worker satisfaction
and comfort.

Supervisory control is the set of activities and techniques developed over a set of
controllers (programmable logic controllers and industrial regulators) which ensures
the fulfilling of control goals. One of the main goals is to prevent possible plant
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malfunctions that can lead to economical lose and/or result in damage. For this rea-
son, other fields of knowledge concerned with manufacturing systems performance —
such as maintenance and industrial security — are complementary in the study of
supervision systems.

In this paper a methodology for the creation of an ergonomic guideline for supervi-
sory control interface design is proposed. In section 2 we present briefly the previous
research on human interface design guidelines. A checklist of indicators of the guide-
line called ‘ergonomic guideline for supervisory control interface design’ (GEDIS
Guia ergonémica para el disefio de interfaz de supervision in Spanish version) is
described in section 3. In section 4, transition from the GEDIS model to industrial
interface in control room is evaluated. Finally, conclusions and future research lines.

2 Previous Research

In this section we will briefly review the research on human interface design guide-
lines studies related to control and supervision tasks.

2.1 180 11064

The SO 11064-7-2006 is a part of 1SO 11064 that establishes ergonomic principles
for the evaluation of control centers [2]. It gives requirements, recommendations and
guidelines on evaluation of the different elements of the control center, i.e. control
suite, control room, workstations, displays and controls, and work environment.

Exist a relationship with other standards like 1SO 13407 human centered design
processes and | SO 9242 ergonomic visual display design.

2.2 Human Factors Design Standards (HFDS)

The Human Factors Design Standard (HFDS) is an exhaustive compilation of human
factors practices and principles integral to the procurement, design, development, and
testing of Federal Aviation Administration (FAA) systems, facilities, and equipment
of the United States [3]. For example, Chapter 9 is related about human-computer in-
terface and a set of general principles of screen design.

2.3 Human Interface Design Review Guidelines (Nureg 0700)

The U.S. Nuclear Regulatory Commission (NRC) staffs reviews the human factors
engineering (HFE) aspects of nuclear power plants in accordance with the Standard
Review Plan (NUREG-0800). Detailed design review procedures are provided in the
HFE Program Review Model (NUREG-0711).

As part of the review process, the interfaces between plant personnel and plant's
systems and components are evaluated for conformance with HFE guidelines [4]. The
document, Human-System Interface Design Review Guidelines (NUREG-0700, Revi-
sion 2), provides the guidelines necessary to perform this evaluation [4].
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The review guidelines address the physical and functional characteristics of hu-
man-system interfaces (HSI). The NRC staff can use the NUREG-0700 guidelines to
evaluate a specific design.

2.4 1-002 Safety and Automation Systems NORSOK

The 1-002 SAS is an example of NORSOK standards from the Norwegian petro-
leum industry [5]. This standard covers functional and technical requirements and
establishes a basis for engineering related to Safety and Automation System
Design.

This standard shall be used together with 1-001 “Field Instrumentation”, 1-005
“System Control Diagrams’, Z-010 “Electrical, Instrumentation & telecommunication
Installation” and S-001 “Technical Safety”. The SAS Life Cycle Cost should be used
as acriterion for the evaluation of the system. Thisincludes engineering, commission-
ing, documentation, spare parts, and production loss during system repair and modifi-
cations/maintenance in the operationa phase.

2.5 Man Systems Integration Standard (NASA-ST D-3000)

This document provides specific user information to ensure proper integration of the
man-system interface requirements with those of other aerospace disciplines [6].
These man-system interface requirements apply to launch, entry, on-orbit, and extra-
terrestrial space environments.

This document is intended for use by design engineers, systems engineers, main-
tainability engineers, operations analysts, human factors speciadists, and others en-
gaged in the definition and development of manned space programs. Concise design
considerations, design requirements and design examples are provided.

3 GEDIS Guiddine

The GEDIS guide is a method that seeks to cover al the aspects of the interface de-
sign [7]. From the initial point of view of strategies for effective human-computer in-
teraction [8] applied to supervision tasksin industrial control room.

3.1 List of Indicators

The GEDIS guide consists of 10 indicators that seek to cover al the aspects of the
interface design in the supervisory control domain [9]. The indicators are: architec-
ture, distribution, navigation, color, text font, status of the devices, process values,
graphs and tables, data-entry commands, and finally alarms (see Table 1 and Table
2). Navigation indicator of Fig. 1 shows a possible layout to locate all the connec-
tions between screens. Distribution indicator of Fig. 2 shows a possible layout to
locate all the objects inside the screen. layout inside the screen for Distribution
indicator.
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SUBAREA_3
LEVEL

Fig. 1. A typical cyclic network menu in supervisory control interface associated to Navigation
indicator

SCHEEN TITLE
ALARMS
SYNOPTIC
PROCESS MIMIC DATA-FNTRY
COMMANDS
[ SUBNAVIGATION [GRAPHS, STATISTICS, DATA-GROUPS) ]
[ GFNFRAI NAVIGATION TOOL ]
[ ("DATE HoUR )

Fig. 2. An example of object’s layout inside the screen for Distribution indicator
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Table 1. GEDIS guide indicators (part one)

Name of indicator Numeric qualitative range
Architecture

Map existence [YES, NOJ [5,0]
Number of levelsle [le<4, le>4] [5,0]
Division: plant, area, subarea, team  [app, med, no app] [5,3,0]
Distribution

Model comparison [app, med, no app] [5,3,0]
Flow process [clear, med, no clear] [5, 3, 0]
Density [app, med, no app] [5,3,0]
Navigation

Relationship with architecture [app, med, no app] [5,3,0]
Navig. Between screens [app, med, no app] [5,3,0]
Color

Absence of non appropiate combina- [YES, NOJ [5,0]
tions

Color number ¢ [4<c<7, c>7] [5, 0]
Blink absence (no alarm situation) [YES, NOJ [5,0]
Contrast screen versus graphical ob- [app, med, no app] [5,3,0]
jects

Relationship with text [app, med, no app] [5,3,0]
Text font [f<4, f>4] [5, 0]
Font number f

Absence of small font (smaller 8) [YES, NOJ [5,0]
Absence of non appropriate combi- [YES, NOJ [5,0]
nations

Abbreviation use [app, med, no app] [5,3,0]

where, app= appropriate, med= medium and no app= no appropiate.

3.2 Evaluation

The evaluation expressed in quantitative numeric form or in qualitative format it
seeks to promote the user's reflection that stuffs the GEDI'S guide by way of question-
naire, so that it picks up the use experience that doesn't end up being verbalized in
many occasions.

Each one of the indicators of the Table 1 and Table 2 can substructure in diverse
subindicators. For example, the indicator Color can be detailed in: absence of non ap-
propriate combinations (5), number of colors (5), blink absence (no alarm situation)
(5), contrast screen versus graphical objects (3), relationship with text (3).

For each subindicator it is recommended it is punctuated numerically in a scale
from 1 to 5. In this example the number of subindicators of the indicator Color isJ=5
(seeformula 1).

The formula necessary to cal culate the numeric value of each indicator isthe formula 1.

J
> w; Subind,
Indicator == €

W,

=i
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where, Subind= subindicator and w = weight.

The mean value that one obtains by the formula 1 with these numeric valuesis 4,2 .
If it is rounded, the value is 4, so that to the indicator Color it is assigned the value 4
in this example, considering that each one of the subindicators has the same weight
(wWl=w2... =wJ=1).

Table 2. GEDIS guide indicators (part two)

Name of indicator Numeric qualitative range
Status of the devices
Uniformicons and symbols [app, med, no app] [5,3,0]

Status team representativeness  [YES, NOJ [5,0]
Process values

Visibility [app, med, no app] [5,3,0]
Location [app, med, no app] [5,3,0]
Graphsand tables

Format [app, med, no app] [5,3,0]
Visibility [app, med, no app] [5,3,0]
Location [app, med, no app] [5,3,0]
Grouping

Data-entry commands

Visiblity [app, med, no app] [5,3,0]
Usahility [app, med, no app] [5,3,0]
Feedback [app, med, no app] [5,3,0]
Alarms

Visibility of alarm window [app, med, no app] [5,3,0]
Location [app, med, no app] [5,3,0]
Situation awareness [YES, NOJ [5,0]
Alarms grouping [app, med, no app] [5,3,0]
Information to the operator [app, med, no app] [5,3,0]
Information to the operator [app, med, no app] [5,3,0]

where, app= appropriate, med= medium and no app= no appropiate.

Each one of the indicators of the Table 1 is measured in a scale from 1 to 5. The
human expert operator prepares in this point of concrete information on the indicator,
so that it can already value the necessities of improvement. The values of the indica-
tors can group so that the GEDIS guide offers the global evaluation of the interface
and it can be compared with othersinterfaces.

The formula necessary to calculate the GEDIS guide global evalutation index isthe

formula 2.
10
Z p.ind,

Global _evaluation = 1=——

0
2P
1

@)

where, ind = indicator and p = weight.
In a first approach it has been considered the mean value among indicators ex-
pressed in the formula 2. That is to say, to each indicator it is assigned an identical
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weight (pl = p2... =p10 = 1) athough it will alow it in future studies to value the
importance of some indicators above others. The global evaluation is expressed in a
scale from 1 to 5. Assisting to the complexity of the systems of industrial supervision
and the fact that an ineffective interface design can cause human error, the global
evaluation of a supervision interface it should be located in an initial value of 3-4 and
with the aid of GEDIS guide it is possible to propose measures of improvement to
come closer at the 5.

4 Study Case

By way of experience pilot the GEDIS guide has been applied to a real environment
of supervision: the supervisory control interface of the Sugar Technology Center. This
caseis an example of Spanish industrial application.

41 CTA Simulator

The Sugar Technology Center (CTA Centro Tecnologia Azucarera in Spanish ver-
sion) uses the simulation for the training of control room personnel.

Sugar production is a complex process. It includes severa production sections and
many production units are involved, both for continuous and bath operation [9]. Hun-
dred of process variables must be monitored and controlled, so a Distributed Control
System DCS must be used and a set of model predictive controllers must be used.

The tasks of the human operators in this control room are: detection of anomalies
in the production process and process operation. In some cases the human operator
does not know enough about the process he is supervising. A way to prevent these
problems: the Sugar Technology Center use expert systems for failure detection and
diagnostics (predictive control algorithms).

The Sugar Technology Center has been developed a training simulator to modeling
and simulating the production process and the human operators supervisory tasks.
The simulator developed in the CTA is an example of full scale simulator, a type of
simulator that reproduces the whole operating environment [10]. This simulator emu-
lates the control room of a sugar mill. A series of object oriented modelling library
tools are used to create each part of the sugar mill: diffusion (see Fig. 3), evaporation,
purification, sugar room, boilers, dryer, and liquor storage.

In this practical case the designer has generated a group of screens of which it has
facilitated a sample. The GEDIS guide has been applied to posteriori in an external
way and without the designer's collaboration. In a generic way by means of the use of
the GEDIS guide has been detected a group of anomalies, they have intended solu-
tions, it has been quantified each one of the indicators numerically and the global
evaluation of the guide has been obtained for the studied interface. All the informa-
tion has been sent to the CTA partners so that they value the possibility of design of
some parts of the interface with the suitable improvements.

Concerning the first three evaluated indicators, an architecture composed by 3 lay-
ersis observed clearly, so that in the supervision interface the navigation prevailsin
not very deep width, aspect that is typical in the context of industrial interfaces de-
sign. As for the navigation ways among screens have been carried out corrections
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Fig. 3. An example of screen of the CTA simulator: diffusion team

since in the step from a screen to the following one the navigation submenus they
change position and of format, disoriented to the user.

Regarding the use of the color the necessity has been commented of standing out
by means of color the state of some components, as the distributed valves, so that it
can be distinguished with clarity and differentiate the states open/close. In some
screens a red and green excessive use of colors is detected in the outlying part. The
GEDI S guide recommends the use of the red color associated to the alarm indicator.

Regarding the graphics of tendencies and tables, although a clear graphic represen-
tation has been observed of each one of the variables and the control action, its throws
in lack a representation of variables contained in an only one historical that allows the
operative to evaluate the future tendency of this variables and to make some decision
(changing the set point, changing the controller's parameters).

The global evaluation that the GEDI'S guide makes of the supervisory control inter-
face of the CTA simulator it islocated in 3,5. By means of the mentioned corrections,
the index can arrive without problems between 4 and 5, that is to say the maximum
values of the numeric scale.

5 Conclusions

In tasks of human supervision in industrial control room is habitual that an externa
designer, - by means of the commercial programs Supervisory Control and Data Ac-
quisition SCADA -, take charge of designing the supervision interfaces in function to
the knowledge on the physical plant and the group of physical-chemical processes
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contributed by the process engineers. Although standards exist about security in the
human machine systems that impact in aspects of physical ergonomics, interface de-
sign by means of rules of style, it is remarkable the absence of the design of interac-
tive systems centered in the user where the engineering usability and the cognitive
ergonomics can contribute significant improvements [11], [12], [13], [14].

The GEDIS guide is an approach that tries to fill a methodological hole that joins
the efforts of the systems engineering and the ergonomics for the improvement of the
effectiveness of the human-machine system in industrial control room.

The application of the GEDIS guide to the study of cases contributes among other
details the measure in form of indicators of aspects of interface design, the recom-
mendation of changes for the improvement of the interface, and a global evaluation
index that allows quantifying the current state of the interface regarding the future
state after applying the correct measures. The studied case presented shows a Spanish
industrial application. With the GEDIS guide approach it's possible to perceive di-
verse anomalies and to propose improvements in the interface design.

In these moments our usability laboratory is analyzing the GEDIS guide to sim-
plify the number of indicators of the guide, to improve the evaluation method, and to
promote the use of the guide inside the cycle of life of the software engineering, in
this case in the early phases of the supervisory control interface design.
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M ethod Dilemmaswith Virtual Work Environments
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Abstract. Today’'s ergonomists and usability engineers need a broad
understanding of the characteristics and demands of complex sociotechnical
systems in order to develop virtual work systems and mobile communication
tools for workers. Familiarity with appropriate ergonomics tests and evaluation
methods is a prerequisite of this understanding. The literature review about
ergonomics methods was performed. Applicable, potential and inapplicable
ergonomics test methods for virtual work systems have been identified, based
on the validity analysis and case example. The large number of available
methods is confusing for ergonomists and therefore a hierarchical top-down
approach is needed for method selection. The issues highlighted in this paper
may be useful for ergonomists and usability practitioners who are participating
design processes in complex virtual work environments.

Keywords: ergonomics, work system design, human-centred design, virtual
work, test methods.

1 Introduction

The capacity of workers to percept and process information is burdened with the
complexity and high demands of working life. Knowledge of the complexity factors
of the overall work system is essential for an in depth understanding of human
working capabilities and limitations [17]. It is also essential for proper test methods
selection during design process. The complexity of work is usually considered as a
factor related to the task. At one end the task is creative and demanding and at the
other end it is simple and routine-like [2].

Working environments are changing from the traditional model. An increasing
amount of work takes place in networked and virtual environments which are not tied
to one place and time. The work is defined ‘ mobile’, if the employee works more than
ten hours per week outside of the primary workplace and uses information and
communication technology (ICT) for communication [9], [29]. The use of ICT tools
generates the virtual work environment. The planning of working conditions becomes
challenging, because there is a lack of proper tools for analysing and testing mobile
working conditions.

Society is becoming more and more dynamic and complexity of work is
increasing, this has several implications that cause new challenges to the ergonomists
and usability engineers. Rapid develop in technologies along with economic demands
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have led to a noticeable increase in the complexity of engineering systems.
Rasmussen [22] emphasises that ergonomic contributions should be rather proactive
than only responding to identified problems, but especially, they should be based on
overall models of complex socio-technical systems [6]. In complex socio-technica
system the increasing number of operation levels requires also that broader
circumstances are considered during the product design process.

This paper presents the ergonomic test method dilemmas related to complex virtual
work environments from the perspective of the design process of ICT devices intend
for use in such an environment. The questions to be studied are; (i) How the complex
virtual work environment can be described as a hierarchical work system, in order to
support human-centred design approach and ergonomics method selection? (ii) What
are the applicable ergonomic methods to use in complex virtual environment?

This article is organised as follows. The first chapter introduces the principles of
the complex system design, the complexity factors of virtua work, the known
dilemmas of method selection and the abstraction hierarchy model applied in this
study. Next the methodological and empirical context of this study is presented.
Thereafter, the article describes the results of the empirical cases illustrating the
complexity of mobile work done in virtual spaces. Finaly, the results of the article
and some suggestions for ergonomic methods selection are summarised and
discussed.

2 Development Methods of Complex Systems

In the 1960s Christopher Alexander and Herbert Simon developed early theories
about how to design complex systems [7]. Since then, severa design frameworks
have been presented in theoretical and applied literature. The fundamental conclusion
of these studies is that the larger work systems have to consider when there is a need
to understand human-technology interaction, capabilities and limitations better [17].

2.1 Design Principles

Human-centred design is a design method for complex systems that addresses such
problems by focusing mainly on the user [21]. There are some principles how the
human-centred design approach can be realised. Norman [21] defines it as a process
which starts with a multidisciplinary team that includes members from marketing,
technology and user of product. The first task is to determine the product. According
to Norman this seems to be obvious, but it is the most commonly ignored or badly
examined task. Based on a thorough task analysis, the design process continues with
the human-centred activities, like usability engineering [20]. The human-centred
design process for interactive systems is formally described in ISO standard 13407
[13]. It formulates that human-centred design as a multidisciplinary activity, which
incorporates human factors and ergonomics knowledge and techniques to enhance
effectiveness and productivity, while improving human working conditions.

Task analysis is the process of analysing the way humans perform their jobs. the
things they do, the things they act on and the things they need to know. This process
will identify and document the user’s tasks and significant user attributes. Overall
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analysis of the user’'s tasks is the foundation of a human-centred design method.
Different task analysis techniques exist, e.g. Hierarchical Task Analysis[5], [23].

It has been emphasised by Ulrich and Eppinger [28] that system-level issues are
critical when developing complex systems including many integrating subsystems and
components. The architecture for the overal system has to be addressed at the
system-level design phase. Ulrich and Eppinger [28] also remind that the experience
of the environment of the product or the context in which the users work or live is
essential. Otherwise irrelevant product features may be developed and solutions for
users real needs may never be discovered.

Macroergonomics is a top-down approach to the design of work system, where the
design characteristics of the overall work system are carried to the design of human
interfaces. There are three criteria what are essential for an effective work system
design: (i) joint design purpose of personnel subsystem and technological subsystem,
which should be developed simultaneously and supported by employee participation
thorough the entire design process; (ii) humanised task approach concerned with
human functions and tasks in the work system, prior to the decision to allocate tasks
to workers or devices; (iii) consideration of the organisation’s sociotechnical
characteristics, which should be evaluated and integrated into the design process of
work system. When the selected development methodology fulfils the above
mentioned three criteria design is human-centred and macroergonomic [10].

2.2 Virtual Work Environment and Its Complexity Factors

Working across organisational, geographical, cultural and tempora boundaries,
increases the complexity of work systems [6], [12]. These demands are met especially
in virtual work environments.

The concept ‘virtual’ is widely used in various frameworks. There is much
discussion of virtual space, virtual groups and virtual organisation. Virtual space is
used for communication and collaboration: it refers to electronic working
environment where documents, messages and images and even avatars are stored,
exchanged, retrieved and worked. Virtual group signifies a number of persons, who
are to a certain extent dispersed in space and sometimes also in time, communicating
through the media[3].

The complexity of work is usualy considered as a factor related to the task [2].
The expanded complexity concept considers also the working environment that can be
adifferent combination of physical, virtual, social and cultural spaces.

Vartiainen [29] has described the complexity of virtual team working contexts by
applying the model of six complexity characteristics. The characteristics are mobility,
geographical dispersion of the workplaces, diversity of actors, asynchronous working
time, temporary structure of the working groups and mediated interaction. These six
dimensions form in addition to task complexity a set of requirements that can aso
considered as ergonomic challenges for constructing virtual working space [19].

According to the previous studies the challenges of virtual work entails many novel
questions for ergonomics discipline. For example working in virtual, geographically
distributed manner has influence on working procedures, coordination and
communication [8], [18]. It has also been proven that virtual, multi-seated work
increases the physical distance of the workers of the main team and hinders face to face
communication of the team. Non-verbal cues are absent in mediated communication
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and this may easily lead to misunderstandings and lack of trust. Especialy the global
groups have members with different backgrounds, which may further create
communication problems. The temporary nature of projects leads to loose socia
engagement due to the limited expectations of working together again. Asynchronous
work time in relation to the main team makes further demands on communication. On
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account of this, the proper functioning of ICT technologiesis compulsory.

2.3 Dilemma of Ergonomics M ethods Selection

Ergonomics methods have been classified by various aspects by authors. They are, for
instance, either evaluative or analytic [4], empirical or non-empirical [14], expert or
non-expert performed, time consuming or fast, expensive or inexpensive and they can
relate to different stages of the design process [24]. The one aim of classification has

been to support the selection of applicable methods in design process.

Table 1. Summary of the ergonomics methods selected for consideration

ergonomics

work activity design

Method Overview/Objective Type of Work system
approach context to
consider
Checklists Design evaluation and finding of evaluative Human-
improvements Device
interactions
Heuristics Design evaluation and finding of evaluative Human-
improvements Device
interactions
Layout analysis Examining of display and control evaluative Human-Task
layouts, device optimisation interactions
Questionnaires Predicts user satisfaction and evaluative Human-Task
perception interactions
Hierarchical task Describes the task in terms of a analytic Human-Task
analysis, HTA hierarchy of operations interactions
Focus groups Participates users and customers in evaluative Work Process
discussion interactions
Observations Expert observes users as they work evaluative Human-Task
in real work context interactions
Error prediction Systematic human error reduction analytic Human-Task
methods and prediction interactions
Repertory grids Predicts user satisfaction and evaluative Human-
perception Device
interactions
Link analysis Examination of the way humans use evaluative Human-Task
displays, device optimisation interactions
Keystroke level Measures speed of performance analytic Human-Task
model, KLM interactions
Interviews Obtains in-depth data about a evaluative Work Process
particular process or tasks interactions
Walkthrough User do and explain demonstration of | evaluative Work Process
a task in realistic environment interactions
Macroergonomic Framework for conducting work analytic Organisational
analysis and design, system improvements interactions
MEAD
Participatory Employee involvement in their own evaluative Organisational

interactions
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Some selection guidelines have been proposed in the literature as well. For
instance, Kjeldskov and Skov [16] state that more realistic test environment and more
experienced subjects discover more problems from the system. Stanton [26] states
that the methods have to be selected by the required output of the test or analysis,
choices are; errors, performance, usability or design characteristics. Hendrick and
Kleiner [10] emphasise that early observation of the system’s complexity is an
increasingly important managerial task in order to design a work system where the
well-being of workers and the overall system performance are in balance.

The fifteen ergonomics methods selected for consideration in this study are listed
in Table 1. For each method the following information is given: an overview with an
indication of objective, type of approach and typical context to use in the work
system. The methods were selected based upon the patterns of usage [27], methods
for macroergonomics applications [11] and our anaysis, so that these are a
representative variety of ergonomics methods to cover the analyses and evaluation
needs of complex work system. Besides of above mentioned sources the details of
these methods are presented in a number of ergonomics text books [15], [26].

2.4 TheAbstraction Hierarchy asa Framework

The Abstraction Hierarchy (AH) is one of the best known representation frameworks
describing complex work environments and adaptive sociotechnical systems[22]. The
AH describes a system at different levels of abstraction using how and why
relationships. Moving down the model levels answers how certain elements in the
system are achieved, whereas moving up reveals why certain elements exist. Elements
at highest level of the model define the purposes, goals and constrains of the system.
Elements at the lowest levels of the model indicate and describe the physical forms
(e.g. ICT device) of the system.

3 Method and Data Collection

The aim of this article is to depict how the well-known methods of ergonomic
assessment function in virtual work sets. The question can be placed in the field of
validity research. Validity refers to the degree to which a study accurately reflects or
assesses the specific concept that the researcher is attempting to measure. While
reliability is concerned with the accuracy of the actual instrument of measurement or
procedure, validity is concerned with the study's success at measuring what the
researchers set out to measure. Especialy this study was directed to first steps of
building an assessment framework for exploring construct and content validity of the
ergonomic evaluation methods [1], [25].

First the assessment tool was constructed by defining the hierarchical model for
complex, virtual work. This was done by using the AH as a theoretical framework for
creating a model of the virtual work structure. Articles concerning the definition of
virtual work environment, ergonomics methods and complex systems were extracted
from databases. After that, expert proceeding was used to analyse articles and to
construct a frame of reference applicable for describing the hierarchical system of
virtual work and it’s environment.

A dingle case study was used for testing the developed framework. The case was
selected in cooperation with a company, operating some 800 service centres in more than
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40 countries, the company’s call centres are linked with the service offices and 13,000
employees. The selected group was one of their mobile maintenance groups (N=8).
Information of this case was gathered by observing the work of theirs and by individual
interviews. The data was coded with the assistance of the developed framework and
classfication. After the framework and classification tool was acceptable the existing and
commonly known ergonomic eval uation methods were set againgt it.

4 Resultsof the Study

The studied virtual work organisation is described as a hierarchical work structure in
Table 2. The abstraction hierarchy levels from the physical form to the functional

Table 2. Abstraction hierarchy of the virtual work system of the mobile workers

Whole/Part Individual, mobile | Functional unit, Sub-system, service | Total system,
worker service team centre corporation
Means/Ends
Functional Keeps up the Accomplish Customer service Worldwide business
purpose machine customer service and maintenance of | operations with
and maintenance on | productsworld wide | industrial products
particular
geographical region
Abstract Service and Service and Plan and sustain Manufacturing,
function maintenance of maintenance of the | availability, marketing and service
specific machines | products performance,
efficiency and safety
of the products
Generalised Planning of the Allocation of work | Worldwide service | Conducting strategy,
functions service operations | force, job execution, customer | running business,
and travel logistics | scheduling, management, control | planning operations,
improving of of safety coordination of units
efficiency and requirements and
quality legislation
Physical Performs service Datatransfer Proactive service Customer relation
function, tasks, utilises between domains, | planning, management,
process and information and decision making, negotiations and financing planning,
activity communication tools, | customer contact agreements with target setting,
travels management customers, invoicing | capacity planning
Physical form | Servicein domain | Joint meetingsin Officefacilities, Office facilities, data
context, machines, | various places, technical network, mainframes,
tools, computers, shared calendar and | documentation, data | databases
documents, reports | tasks, work orders, | network, servers,
reports databases
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purpose interrelate with different sub-systems of organisation (whole/part),
i.e. individual, functional unit, sub-system and total system. The smallest work system
isindividual as a mobile worker in this case. The functional unit represents a service
team, which consist of some individuals. The service centre of the corporation is such
a sub-system. Corporation level stands for the total system of the case organisation.
Vertically moving on the work system levels (means/ends) shows the how and why
relationships between levels. Upper element answers why lower element exists and
lower element tells how upper element is achieved. At the bottom mobile workers
service machines in the domain context. At the next level, managers are planning
operations and supplying resources to the mobile workers. Variety of managerial
plans and functions are needed to maintain operations of sub-systems and, finally, the
purpose of corporation is setting priorities through strategies and company policy.

Whole/Part
Individual, mobile | Functional unit, | Sub-system, Total system,
worker service team service centre | corporation
Means/Ends
Functional Organisational interactions
purpose MEAD
Participatory ergonomics
Abstract Work Process interactions
function Interviews
Focus groups
Walkthrough
Generalised Human-Task interactions
functions Questionnaires
Hierarchical task analysis
Error prediction methods
Physical Observations
function, Link analysis
process and Layout analysis
activity Keystroke level model
Human-Device interactions

Checklists

Heuristics
Physical form | Repertory grids

Layout analysis

Fig. 1. Applicability of known ergonomics methods related to the work system’s abstraction
and organisational levels

Figure 1 depicts the abstraction hierarchy of the virtual work system as described
above completed with the classified ergonomics methods. The upper the hierarchy
level and the larger the system the more complex is the environment. The methods are
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classified to four categories: human-device, human-task, work process and
organisational interaction. The methods are not in certain order inside the category.
The figure emphasises the hierarchy level between categories as indicating
applicability to cover ergonomic development challenges in virtual work
environment. Methods related the human-device and human-task interactions do not
cover the development needs of the total system nor the ergonomic situation of the
corporation. The methods in the work process and organisational categories are more
potential and appropriate in virtual work environment.

5 Discussion

This paper aimed to answer for two questions about ergonomics methods and their
use in complex virtual work environment. First the complex virtual work environment
was analysed as a work system with the reference the case organisation. A frame of
reference applicable to describing the hierarchical work system in virtual work was
constructed with help of the AH —model. This new model supports the human-centred
design approach and ergonomics method selection by the comprehensive approach.

The applicable ergonomic methods for complex virtua work environment
assessment were identified by classifying them according to the extent of work
complexity. They were classified to categories of human-device, human-task, work
process and organisational interaction. The methods in work process and organi sational
categories are more applicable in virtua work environment than the methods
considering human-device or human-task interactions. Methods related the human-
device and human-task sub-systems only do not clarify the ergonomic situation of the
total system nor the ergonomic situation of the corporation. Anyhow, human-device and
human-task type of methods may also be valid in virtual work environment. It requires
that the ergonomic analysisisfirst performed at upper functional levels and the obtained
consequences are further derived to the specific sub-system as source data.

As organisations emerge towards virtual work environments, the need for
advanced design methods will increase. However, analysing, measuring and
developing the ergonomics of virtual environments is a difficult assignment.
Identifying complexity factors of these environments and recognising limitations of
existing design methods is a good start. The existing selection recommendations of
ergonomics methods are mainly based on the concept of traditional organisational
work. This study contributes to the discussion by offering one approach for selecting
the ergonomics methods for virtual work environment.

When the functioning of the entire virtual working environment is under development,
a human-system interaction and the entire work organization and socio-technical system
have to be taken jointly into consideration. Macroergonomics is an approach of work
systems design which attempts to achieve a fully harmonised work system. In the future,
macroergonomics should be more common knowledge among ergonomists and usability
engineers in order to meet the design and development challenges of complex work
environments. This means, for example, that workers should be more involved in the
design and implementation of technology and new information and communication
systems in organisations. Our paper can hopefully highlight this significantly important
issue in the future and encourage researchers for further studies.
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Abstract. This study was concentrated on the effect of different building 's
floor number display modes and multi-speeds of view changing, for a
firefighter recognized the fire scene through the 3D interface display system
using a touch screen .The result showed that : (1) Showing number on floorsis
the worst way. showing numbers on wall, and on two sides of building
whatever fixed, or rotating with the building were better than the way of cube
display.(2) It's found the condition of “automatic rotation at fixed speed” at 30s
was the most helpful for the decision efficiency, “automatic rotation with
optional choice” the least helpful. Some mechanism and implications were
discussed.

Keywords: Fire darm system; 3D interface display system; Floor-numbering
design; 3D display; Rotation.

1 Introduction

Fire alarm system is an essential part of high buildings in modern times, which helps
firefighters' detection more efficiently and reduces the casualty [1]. The challenge,
obvioudly, is not only make information available to people at any time, at any place,
and in any format, but provide “proper” information, at “right” time, in “right” format
[2,3]. In order to help the firemen to detect the origina fire and the current fire spread
in a high rise building as quickly and accurately as possible, 3D interface display
system, as an important cognitive model [4,5] ,is necessary for it's convenience [6].
For the convenience of firefighters decision-making and operation, 3D interface is
easier to get the whole spread of fire, especialy for vertical spread, very useful for
recognizing the features of fire, and diagnosing the cause of fire, aso useful in finding
the way to approach the fire by the experiments we conducted. But it still had many
things need to be improved in some aspects. For example, 1) not very useful to find
the starting point of fire because there was not any information to show the location of
the fire in the building; 2) Can't tell which floor the fire is located. Have to take long
time to count 3) Can't see the details of each floor.

In order to improve 3D display, floor numbering, and more controls were added in
a new prototype. How to show floor numbers and how to show the whole building,
the building shape and details by 3D display were the main issues in this study. For
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the 3D building display, the horizontal rotation ways and rotation speeds, and the
ways of building tilting were tested and discussed.

2 Method

There are many different cognitive model in the interact between man and
environment, different job-domain’s characters and different control mode's
requirements create the different interaction cognitive model [7]. To got the best
mode of the 3D interface to fit the firefighter, we did these two experiment do detect
many 3D display modes.

2.1 Experimental Environment

A new FID prototype (Version 2.0) has been developed as the experimental
environment. All the fire scenarios were supposed to happen in 3 buildings.

Floor numbers were shown in 3D display in 5 different optional ways, and a new
control for building rotation was added. Right now there are three ways to show
building shape and detail by rotating, i.e. 1) rotate continuously at 2 optional speeds,
2) rotate step by step, and 3) rotate continuously and automatically, which means
there was no way to control the rotation speed.

2.2 Experimental Participants

9 Fire firefighters aged from 24 to 28 years participated in our experiment. One of
them has bachelor degree and one-year firefighting experience, and others have more
than 5-year experience.

2.3 Experiment 1

2.3.1 Experimental Design

Five floor-numbering designs were tested in our test, the first way is putting floor
numbers on the building wall; the second is putting numbers on two sides of the high
rise; the third is putting them on building floors; the fourth is putting them on two
sides of the high rise but the location of floor numbers keeps still while the building
display keeps rotating; the fifth is similar as the second, but the floor numbers were
shown in 3D mode. The purpose of this study was to compare the five designs and
find which way is more efficiency and more favorable to firefighters.

2.3.2 Experimental Tasks
The hospital building and the tower building were used as stimulus background.
Participants were asked to tell the floor number.

2.3.3 Procedure

The hospital building and the tower building were used as stimulus background. Each
type of floor numbering was shown on one building. There were two test sequences of
floor numbering shown in the table 1.For each experimental condition, severa
highlighted floor levels would be shown on the PC screen one by one. Participants
were asked to tell the fired floor number as accurate and quickly as possible.
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Table 1. Two test sequences of floor numbering

Stimulus order 1 Stimulus order 2
Wall—Hospital building Fixed—Hospital building
Side—Tower building Side—Tower building
Floor—Hospital building Floor—Hospital building
Fixed—Tower building Wall—Tower building

. - Cube—Hospita building
Cube—Hospital building

From the prototype interface, there were several ways to know which floor was
currently highlighted. In order to avoid participants using other cues to find it, the left
part of PC screen was masked by a piece of paper. And participants were asked to
answer the floor number only by watching the rotating building.

2.3.4 Experiment 1 Results

Table 2 showed the percentage of correct responses and response time. It's found
that showing number on floors was the worst way. It got the most errors, and took
the longest time. (For the reaction time, F(4)=6.899, p=0.00; for the percentage of
correct answer, F(4)=7.939, p=0.00.) Among the other four ways, there was no
significant difference existed. But showing numbers on wall, and on two sides of
building whatever fixed, or rotating with the building were better than the way of
cube display.

Table 2. Percentage of correct responses and response time

wall Side Floor Fixed Cube
Percentage of
95% 93% 52.8% 97.8% 89.6%
correct answers
Reaction time
14125 1555.5 113111 1344.4 2077.8
(ms)

The fig 1 showed firefighters' preference to the five kinds of floor numbering
designs. It implied that firefighters' preference was consistent with the results of
reaction time, and the percentage of correct answer. Showing numbers on floor
got the least favorites. Cube way got the second least, and the other three were
similar.



160 W. Qu and X. Sun

Wall Side Floor Fixed Cube

Fig. 1. Subjective ratings to different ways of floor numbering

From the three indexes we have got above, we would conclude that showing
numbers on wall, or on two sides of building were better ways than showing them
on floors. Going back to the behavior record, we found number shown on the floor
was difficult to recognized. That’'s the reason people took longer time to tell the
floor number. The reason why the first, second, and fourth ways got the similar
performance could be that, because of the unregulated shape of hospital building,
current interface was not able to show number on wall when the floor level was
higher than 3. That made the three ways of showing number almost the same, so
the performance and the subjective ratings under these three conditions were
similar.

2.4 Experiment 2

2.4.1 Experimental Design
Right now the most popular way to show whole building in 3D mode is rotation. With
the building rotating, people can see the building from different point of view.
Nothing can be covered. There are two different rotation styles. one is rotating
smoothly and continuously; the other is rotating step by step at a constant angle.
People like building rotating continuoudly, but when the building structure is complex
the programming costs of 3D rotation becomes much higher. So rotating step by step
for high rise building is an aternative way to show all the structure details of it.

In this experiment, the rotation way was the independent variable including three
levels: rotating continuously at two optional speeds, rotating step by step at two
optional rotation angles, and rotating continuously at a fixed speed. First way allowed
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people choose one rotation speed from 1tol0, which was called rotation
“automatically”; Second way allowed people choose one rotation angle: 150, or
300,and rotate the building by clicking the 150, or 300 button, which was called
rotation “manually”; Third way was similar as the first one, but people were not
alowed to control the rotation speed. It was fixed at 5. The third was called “none” in
the setting menu of current prototype, which meant “automatically rotation at fixed
Speed”.

2.4.2 Experimental Tasks
Each participant were asked to put out 18 fires including 6 single fires spread on
single floor, 6 single fires spread on several floors, and 6 multi-fires (that meant there
were several fire seeds in the building simultaneoudly). Half of the 18 fires were
shown in 3D mode, the others shown in 3D with 2D floor plan.

For the way of rotation, 6 of the 18 fire scenarios were shown randomly in “auto”
mode; 6 of them were shown in “manually” mode; the other 6 were shown in
“autometic rotate at fixed speed” mode.

2.4.3 Procedure

For each fire scenario, participant was asked to accomplish three tasks: 1) find the
starting point of the fire; 2) find the spread way; 3) find the path in the building for
firefighter to put out the fire. Performance was recorded at three time points: 30
seconds, 90 seconds, and 5 minutes from the beginning when the fire was explored
to participant. At each time point, the screen was suddenly black, and al the
information was masked. Participant was asked to answer three questions: where was
the fire? How did it spread? And how did you get to the fire to put it out? We
counted the number of how many tasks were finished. Each of the three tasks was
treated as one score. For example, if the participant only found the starting point of
the fire at 30s time point, then found the spread of fire and the path to the fire at 90s
time point, the participant would get 1 score at 30s, 3 scores at 90s, and also 3 scores
a 5mins.

The reason why we recorded the performance at three time points was that, it's
quite urgent when firefighters made a decision during a fire. Decision was usually
made within one minute. If the interface prototype was good enough, it must be
helpful at the first one, or two minutes. Therefore we set three time points: the first
two time-points were for the measurement of efficiency, the third one was trying to
investigate that, if firefighters had enough time, what kind of information they looked
for to adjust, or confirm their decision.

2.4.4 Experiment 2 Results

2.4.4.1 The Way of Rotation. The way of rotation Table 3 showed how many scenar-
ios, under three kinds of rotations, were finished at each time points. In the volume of
task performance, ‘0" meant none of the three tasks was finished; ‘3’ meant all of the
three tasks were finished.
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Table 3. Number of people who finished the task successfully under different rotating
conditions

Time point Task Rotate Tota

performance  Auto  Manualy  Auto (with fixed speed)

0 5 6 3 14

30s 1 22 12 12 46
2 10 8 4 22

3 17 23 30 70

Total 54 49 49 152
0 2 1 3

90s 1 5 4 4 13
2 9 3 1 13

3 38 41 44 123

Total 54 49 49 152
0 1 1
5min 1 3 1 1 5
2 1 1

3 50 47 48 145

Total 54 49 49 152

Comparing with the people numbers at three time points, it's found that, at 30s,
participants didn’t finish all the tasks; but at 90s, and 5mins, ailmost all the people
finished. It proved that firefighters only took one, or two minutes to make
decision.

Comparing the three rotation conditions at three time points, people finished al
three tasks under situation of automatic rotation at fixed speed were more than people
under the other two conditions at 30s, and 90s. From the chi-square test, it's found the
condition of “automatic rotation at fixed speed” at 30s was the most helpful for the
decision efficiency, “automatic rotation with optional choice” the least helpful
(30s:X2(6) =11.057 , p=.087). There was no difference among the three conditions at
90s, and 5mins (90s:X2(6) =10.026 , p=.124 5min:X2(6) =5.304 , p=.505).

In this experiment, both the first and third conditions were automatic rotation. But
the third one was better than “rotating manually”, and the first worse. It looks strange.
Only difference between the first and third condition was the 3D control. First
condition alowed firefighters control the rotation speed, but third one didn't. It
probably meant that the manual control part slowed down information acquirement
and the process of decision making.
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2.4.4.2 Subjective Ratings to the Three Kinds of Rotations. From Table 4 we found 4
out of nine firefighters preferred automatic rotation with speed choices, another 4 of
nine preferred rotating manually, only one of them like automatic rotation at a fixed
speed. For the rotation speed and rotation angle, the choices were diverse. So,
peopl€e’s preference is not consistent with their performance.

Table 4. Preference to three kinds of rotating

Rotate automatically Rotate automatically

Horizontal rotation (speerul;{i“s1 l(J:;?)t/r)olled Rotate manually (speed i fixed)
Number of people 4 4 1
Speed of rotation 1-5 18 ~ 10 150 300 Both
Number of people 1 2 1 2 1 1 1

3 Conclusion and Discussion

In two experiments, we compare the five designs on floor number and compare
building rotation way about the 3D building. We can make the following conclusions:

(2) Showing number on floorsis the worst way. It got the most errors and took the
longest time. Among the other four ways, there was no significant difference existed.
But showing numbers on wall, and on two sides of building whatever fixed, or
rotating with the building were better than the way of cube display.

(2) It's found the condition of “automatic rotation at fixed speed” at 30s was the
most helpful for the decision efficiency, “automatic rotation with optional choice” the
least helpful. There was no difference among the three conditions at 90s, and 5mins.
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Abstract. Design of Electronic Public Information Systems (e-PIS) can benefit
from the inclusion of guidelines that consider the needs of users. Inclusion of
guidelines and prototyping practices that take into consideration the capabilities
of human users make it possible to avoid errors that would otherwise
significantly reduce efficiencies offered by Information Technology (IT). Design
strategies that include consideration of the Human Factor (HF) within e-PIS are
introduced and discussed. Argued is that without integration of design strategies
that consider human capabilities the efficiencies brought about through the use of
IT are significantly reduced. Through the study of intended user behaviours
during the development of systems loss of efficiency is avoided.

Keywords: Human Factors (HF), Electronic Public Information Systems
(e-P1S), Design and Implementation.

1 Introduction

Human Factors (HF) can be traced to early efforts by industria engineers,
psychologists, and efficiency experts to streamline manufacturing operations and
equipment for better worker efficiency. After the World War 1, Human factors
analyses and tests became routine in the design of military and commercial, a special
focus was cockpit design of aircraft, since bad design of controls and displays often
induced pilot errors. There was a growing recognition that understanding the human
aspect isas critical as|T-based solutions. The concept of Human Computer Interaction
(HCI) came into being as aresult of this recognition.

The early emphasis of HCI on physical aspects such as the improvement of console
button, switch, and display designs predated regulatory requirements for user comfort
and was concerned more with improving efficiency than user comfort/health. As the
design of controls became more sophisticated, HCI specialists begin to recognize that
user cognition is an important design part. Design studies such as how controls were
arranged and information was presented assessed both physical ability and average user
cognition. From this trend, the specialities of cognitive engineering and usability
emerged. Thetwo are generally understood to mean the study of human interaction with
complex interactive devices and systems with the ultimate goal being to ensure that
people can carry out interactive tasks easily, effectively, and in a satisfying manner [1].

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCIl 2007, LNAI 4562, pp. 164 2007.
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With respect to computerised IS, those used in the 1950s by government and the
private sector were primitive in comparison to those in use today [1]. They were
designed by technologists to be used by teams of technologists and their support staff.
A high level of skills and knowledge was needed to operate these IS/IT systems and a
system had to be closely monitored during operation. Today the average users are no
longer technologically oriented; instead, they can be any person who understands how
to manage an actual 1S [2].

2 Purposeand Aim

This article give an introduction to Human Factors relate to Public Information
Systems. The purpose of this article is twofold: Firstly to introduce to the synopsis of
Human Factors and find practical implication in design of Electronic Public
Information Systems (e-PIS).

3 Human Factorsan Interrelated Concept

The fundamental philosophy of HF is that all products, equipment, and systems are
ultimately made for people and should reflect the goals of user satisfaction, safety, and
usability.

The field of Human Factors is the scientific discipline that attempts to find the best
ways to design products, equipment, and systems so that people are maximal
productive, satisfied, and safe, high interrelationship with Human Computer
Interaction.

Human Factors

Human Computer Interaction

Usability

Fig. 1. Interrelationship of concepts in human factors [3]

In frame of citizens/customers use of e-PI Sthe dominant HF in design are frequently
considered the capabilities and limitations of the user from physical, physiological,
sensory to psychological factors, in Table 1.

Perception is the ability to detect, identify and recognise sensory input. Perceptual
characteristics are important in the design and arrangement of displays and information
presentation.
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Table 1. Human factors associated to individual characteristics[3]

HUMAN FACTORS INDIVIDUAL CHARACTERISTICS

Physical Factors Individua physical dimensions, body posture,
repetitive motion, physical interface

Physiological Factors ~ Human reactions to environments, strength (lifts,
grip, carrying, etc.), endurance

Sensory Factors Hearing, vision, touch, balance

Psychological Factors  Human needs, attitudes, expectations, motivations
Mental ability, skills, decision making, training
requirements

Cognition refers to higher level mental phenomena such as memory, information
processing, use of rules and strategies, hypothesis formation, and problem solving.
Therefore, adesigner should devel op easy-to-useretrieval systems, taking advantage of
well-established semantic and symbolic techniques for screen and menu design.
Designs consistent with ingrained habits will facilitate performance and reduce training
time. Designs that conflict with such habits can lead to errors.

Norman [4] was confused to understand why engineers made things difficult to use,
and he suggested applying psychology to engineering to create more useable things. He
found that people should be able to comprehend immediately how to use simple things
such as ATM machines without the need for instructive signs. That is, by building on
the concepts of psychology, things should map to human thought processesin terms of
mental models. Mental models, based on experience, people form abstract concepts
about how complex information systems actually perform. Thisisa multifaceted issue,
because individual s differ in how they mentally integrate and conceptualize the system.

User attitudes tend to be against change when new technology is seen as bringing
desired, particular; acceptance is much more likely when computing is presented as
matching to human skills, enhancing rather than replacing them [5], [6].

3.1 Human-Computer Interaction (HCI)

By definition of HCI is discipline concerned with the design, evauation and
implementation of interactive computing systems for human use and with the study of
major phenomena surrounding them [7]. That's means, HCI is the study of how people
design, implement, and use interactive computer systems, and of how these systems
affect individuals, organizations, and society [8], [9]. Thus, HCI deals with people and
computers and the ways they influence each other:

e The design and use of devices such as a mouse, trackball, touch screen,
hand-held device,

e The impact of a screen design on users efficiency and effectiveness
during application use.

e Techniques for data representation to improve decision making,
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How to design and eval uate applications or systemsthat support groups of
people,

Navigational aids for moving around a system,
Social issuesin computing,
Cognitive modelling of users (mental models).

3.2 Usability

Usability is defined as a high level quality objective: to achieve effectiveness,
efficiency and satisfaction, addresses specific issues of human performance during
computer interactions within a particular context [10], [11], [12].

Usability gives also many benefits that can include "increased productivity,
enhanced quality of work, improved user satisfaction, reductions in support and
training costs and improved user satisfaction” [13].

The role of User Centred Design (UCD) in a development effort is to deal with
usability and user needs in away that highlights current difficulties and ensuring that
products, systems, and services will [14], [15], [13].

Usability laboratories have become an important tool when prototyping new IS.
These laboratories, together with appropriate "field kit" evaluations, enable us to meet
the growing number of requests for usability support, chiefly user based eval uations of
development prototypes and competitors products.

4 |dentification of Human Factors Problem in Public I nfor mation
Systems

A adequate short definition of Public Information Systems (PIS) are information
systems for public use, and the purpose of a PIS is to provide some kind of service or
support to a public process, or process involving "the general public* or "society at
large". In contrast, a "non-public" or private information system provides services to
some rather specific users closely associated with a certain organisation, performing
some specific tasks that are often internal to the organisation [16].

Public information systems are rapidly increasing in variety, size, complexity, and
sophistication. Depending on ones definitions, PIS can range from those running on a
standalone platform, e.g., a terminal device, to those involving world-wide networks,
distributed database, and enterprise-wide interoperability.

Regardless, some common elements among this vast range of systems are that they
have human safety implications and they have interfaces with human users. The "users"
of a given interface can be citizens, customer, clients, or system operators,
administrators, or developers. Of course, e-PISin the further need multiple channel and
interfaces solutions.

Which user characteristics to assess for what tasks are also at issue when
determining the needs of a particular system under development; a data set applicable
to every design problem has yet to be identified [17]. In other words, to the despair of
system design engineers, it is not possible to refer to a table of human tolerancesin the
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same way it is possible to refer to a table of electronic component performance
parameters. On less technical levels the absence of HCI in design is also an important
factor in the development of products that are accepted by typical users. For example,
when evaluated from an HCI perspective, many simple improvementsto a commercial
Internet site can be identified [18].

In addition to performance and preference differences between individuals there are
wider considerations such asthe influence of culture. For example, cultural factors may
cause symbols to have different meanings or interpretations in different parts of the
world (e.g. [19], [20]. An e-PIS that uses Northern European HCI parameters may not
asusablein Asia.

When assessing systems from a human factors perspective, the key difference
between public and private appears to be system accessibility.

In one study of Sandberg and Sundberg [21] identify emergent practices in the
development of public administration and e-services among four Swedish nationwide
government departments. Various governmental Internet sites were analysed to gain a
broad understanding of contents and services available at the time of the study. The
results shown very clearly that human factors are one of the key problems and need to
be solved by system designers of PIS:

e Technology - Unresolved technological problems remain. Software reliability,
hardware and software obsolescence, inter-interface operability, quicker and
simpler access channelsto information, clear transaction requirements, accessto
humans in the event of problems are some of the issues that can make
e-government less than it appears to be.

e Organisational blurring - Organisations change as they implement and depend
more upon new technologies; these changes are internal and external. Internally,
hierarchies are disturbed, boundaries are blurred, learning processes re-allocate
statuses and merits, interactions become more efficient and more complex.
Externally, new avenues for networking are opened but with transactional and
legal statuses which need to be purposefully considered.

e Security - Information security issues have not been solved with existing
technologies and may need yet undevel oped technologies.

e Customer Relation Management (CRM) and new channel strategies to access
customers, market and public administration systems.

e Assessment - Accurate ways to assess e-government performance are not being
routinely built into new systems.

e Cost - Cost assessment of e-governance projects is not comprehensive. Hidden
costs, external costs, transaction costs and reorganisation/learning costs are not
well understood. Government is proceeding with implementation without
having a clear understanding of cost. The advantages that e-government appears
to offer seems to cause administrators to be blind to hidden costs.

e The"Digital Divide" - The problem that a significant percent of the population
is usable to access e-government is not adequately addressed. Changing
technology and systems compound the problem as those marginalized persons
who do learn one system may "lose" access when there is change.
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5 Applying Human Factors on Design of Electronic Public
Information Systems

Including HF factors in the earliest stages of any design process ensures that a product
is defined in terms of user needs [22]. The HF input at these stages also helps project
management to redirect resourcesto approachesthat are most likely to have the greatest
user benefit. The HF specialist involvement throughout design processes results in
catching problems early on; thus helping to reduce overall project costs. Finaly, the
ability to anticipate user responses continues to improve as successive prototypes more
closely approximate the final product and actual field conditions. The HF specialist
must be able to base user interface designs and system requirements on an
understanding of user needs, goals, characteristics, and expectations. The tasks of
systemsinclude transl ating stated needsinto specific technical design requirementsthat
may be implemented within cost targets. The HF specialist can work with public sector
processes to balance usability requirements with user constraints, system requirements,
and development costs [23]. With this approach, the result can be that the final product
functions as desired and in ways that are easily usable; in this instance easy to use by
government employees and the general public who wish to access government through
IT systems.

To understand the basics implicated in HF on design of e-PISs, a theoretical
framework is presented in Figure 2. Its mgjor fundamentals are users (e.g., citizens, and
customer), computers, context or environment, tasks, information, interactions, and
time[3].

Interaction
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Services
Context
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Context I Context
Characteristics . : Characteristics
Behaviors \ Electronic Public ¢ Behaviors
Systems

Context

Characteristics
Actions

Fig. 2. Framework for Human Factors in Electronic Public Information Systems
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Citizen-e-PI S interactions consist of managing and communicating information in a
context. During this information exchange, suppliers, citizen, and computer
performance occur relative to their respective characteristics. For suppliers (e.g.
governments, local authorities), this may be their experience with e-PIS or their formal
education. Interactions occur within a context, even a virtual one, and the interactions
develop as they move across time. The flow of information is as follows.

Humans initiate the process by turning on a system and sending information to the
computer interface. From theinterface, the request for information is processed through
the computer according to its characteristics.

Use of the framework elements and the application of HF concepts to e-PISimply
a deep understanding about the nature of the work of the suppliers; their context or
environment; the way they behave and think about work, context, and tasks; and the
tasks themselves.

5.1 Planning for Human Factors

Electronic Public Information systems planning is a common problem for
organizations, and planning for HF is a particular problem within the overall problem
of design [24]. The traditional approach to planning IT systemsis called the Systems
Development Life Cycle (SDLC) method [25]. This approach can be summarized as a
linear checklist of activities undertaken in a series of phases that begins with planning
and ends with system termination. To put it another way, SDLC is a planning process
that separatesan I T system probleminto its constituent parts, treats each step separately
and then unifies the partsinto a whole at the end [26].

Prototyping in HCI development work isthe process of creating quickly all or part of
asystem in the form of asimulation. The advantage of prototyping isthat it allows user
feedback early enough to accommodate major structural changes before extensive
development investments are committed. Prototyping is seen as a team process
overcoming SDLC. This SDLC model is now seen as being too linear, lacking a group
planning orientation and not an actual reflection real world conditions.

5.2 Implementation | ssues

Although improved technology must always be considered as a strategy it is often the
case that human factors considerations will take up the majority of the time of IT
designers and managers. Much is known about the nature of human error, the
conditions that encourage error and software designs that are error resistant [4], and
much of thisis now well recognized in I T training literature [27].

5.2.1 Cognitive Aspects of Implementation
Overcoming employee resistance is a problem in cognitive change. It was found that
computerization aters the flow and content of information, changes job content, and
affects relationships between organizational members. A key finding was that the
primary issue was not computing itself, but rather perceptions of the method of
implementing it. It is precisely in this area that human factors become important.

InIT implementation there are common cognitive perceptions that overcome among
users: 1) that automation is being mandated arbitrarily, 2) that the new information
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system will be unreliable; 3) that the new system will increase rather than decrease the
work burden; and 4) that userswill neither understand a system nor be ableto operateit.
Free and open communications throughout an e-PIS implementation process is an
important avenue for reducing empl oyee resi stance coming from these i ssues. Negative
perceptions regarding the introduction of e-PIS may be overcome to a significant extent
through the encouragement of employee decision making during an IS/IT introduction
process.

5.2.2 Attitudes

Although user attitudes tend to be against change when new technology is seen as
bringing desired benefits attitudes will adapt. In particular, acceptance is much more
likely when computing is presented as complementary to human skins, enhancing
rather than replacing them [5], [6].

6 Discussion and Conclusion

This article provides an overview of human factors, especially as they relate to Public
Information Systems. A rationaleis given for the utility of these concepts for advanced
design and implementation of future e-PIS.

Further study can provide useful information to scholars and practitioners in the
e-PIS and the traditional HF fields for future research, collaboration, publication, and
practice.

The fast development and pervasive use of ICT prompt a need to re-examine the
broad HF issuesin light of the e-PI'S devel opment, actual use, and impact on all aspects
of our lives. The new framework proposed in this paper emphasizes the entire
interaction cycle between humans and technology, rather than a stage or part of it. It
also brings in the tasks and contextual factors. This view is intended to show the
dynamic as well as the evolutional aspect of issues and concerns regarding the
interactions between humans and technol ogy.

The assessment of alimited collection of HF studies, a wide range of research issues
and topics being studied by PIS researchers over the last years. The dominating issues
fall inthe areaof e-PIS use, evaluation and impact. Pl S researchers are more concerned
with issues that occur alter e-PIS is developed. These concerns are closely related to
humans' perceptions, beliefs, behaviour, attitude, satisfaction, performance and
productivity, and individual differences. Among the small percentage of studies
focusing on the development stage, HF researchers are concerned with user
involvement and participation, user analyst differences and interaction, programmer
cognition studies, and design methods.
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Abstract. This paper introduces a work support and training tool (Autaki)
which was developed to support automation design engineers in sharing knowl-
edge and learning at work. The development of the application was preceded by
an explorative study of automation design engineers work. Common problems,
information needs, learning, and competence factors in the work were studied
with an activity-theoretical approach called core-task analysis. The application
is an interactive learning environment based on web technologies and emerging
standards, such as SCORM (Sharable Content Object Reference Model). Both
the core-task of automation design engineers and the application will be
discussed.

1 Introduction

Automation engineering is an engineering discipline the objective of which is to de-
sign and implement the automated functioning of industrial processes. The output of
automation engineering is an automation system which governs the functioning of an
industrial process on various levels, ranging from basic process control to higher level
processes such as management of production etc. Automation design is carried out in
projects in which a particular automation product is used. The designers gather infor-
mation about the required functionality from different stakeholders. Typicaly in a
large investment project, e.g. construction of a new process plant such as paper mill or
power plant, automation covers about 10% of the overall costs of the project. While
automation might not seem very significant part of the project, also contradictory ar-
guments can be made. The correct functioning of the automation is extremely vital for
the success of the whole investment. Often automation is not only responsible for
reaching production goals but also for the safety of process equipment and plant
personnel. Malfunctions in automation and errors in its design might lead to severe
consequences. Thus, the value of automation design for the success of the whole in-
vestment project can be considered to be more than just its share of the overall costs.
Current trends in the industry include making production processes more flexible,
safe, and e.g. demand-controlled. These changes increase the complexity of the
processes controlled by automation systems and set new kinds of demands for
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e.g. adaptability on the systems. Thus, also new kinds of competencies, knowledge, as
well as work practices and methods, are expected from automation engineers.

The first aim of our study was to find out what these new reguirements on automa-
tion engineering work are. We aso wanted to find out what constitutes competence in
automation design and how professional skills are constructed in actual work when
the formal education is finished. Secondly, the aim was to discover possibilities to
create a work support and training tool to suit the requirements. Thus, the research
work presented in this paper both explores the work of automation designers and in-
troduces the concept of a work support and training tool. The purpose of the tool isto
help designers cope with the demands of the work and to support the development
and sharing of expertise among automation engineers having varying responsibilities
and experience levels.

To our knowledge, automation engineering work as such has not been studied pre-
viously. However, other types of engineering design work and the competencies re-
quired have been studied to some extent. Often the participants in the studies are
engineering students carrying out different design tasks. Using students as participants
might lead to discoveries and conclusions about development of formal engineering
education but the development and construction of professional skills that takes place
in the work calls for studies in which professional designers are participants.

Ahmed and Wallace (2004) have compared the knowledge needs of novice and ex-
perienced designers. They found out that there were differences in the information
needs between the groups. The novices asked alot of questions about e.g. vocabulary:
“what does this mean? How does this or that equipment work?’ whereas the more ex-
perienced designers posed more complicated questions. From our point of view this
means that the work support and training tool should be somehow adjustable to the
experience level of the user. According to the study of Ahmed & Wallace, only in
35% of the cases the novices were able to correctly formulate the question. This indi-
cates that for our work support application a simple question and answer tool is not
enough. It might be the case that the inexperienced automation engineers cannot even
formulate the question to ask from the more experienced engineers when they meet
problemsin their work.

Development of good work practice is what we want to enhance with our work
support and training tool. We share the view of Adams et al. (2003) that good practice
can be characterised as reflective. With reflective work practice we mean that an indi-
vidual is constantly attuned to noticing whether g'he is acting according to the re-
quirements of the work. That means that the person must relate his’her work practice
to the objective of the work. Adams et al. found out that the outcome of engineering
design work is better when the work practice is reflective. Thus, the question is how
we can support the development of reflective practices with an information system.
This should be considered when requirements for the work support and training tool
are created.

Sandberg (2000) has studied the work of automobile engine optimizers with an in-
terpretative approach. He concludes that the optimizers' conceptions of work consti-
tute their competence. The broader the conception of work was, the more competent
the optimizers were. As we also want to know what constitutes competence in modern
automation engineering we decided to study the engineers’ conceptions of their work.
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2 Research Methods

The research approach applied in the study is called core-task analysis (CTA). The
methodology has been developed at VTT (Technical Research Centre of Finland) to
study work in complex, dynamic, and uncertain environments (see e.g. Norros 2004).
Previoudy core-task analysis has been used to explore the works such as nuclear
power plant operation (e.g. Savioja & Norros 2004), clinical anaesthesia (Norros &
Klemola 2005), and ship manoeuvring (Nuutinen & Norros, in press). Thus, in our
study CTA was applied for a quite different type of work. Previoudly al the studies
have been conducted in work environments in which the employees control dynamic
processes. We wanted to know whether the analysis approach could be applied for de-
sign work, and whether valuable information for software development could be elic-
ited with the approach.

The aim of CTA isto identify the core task of a particular work. Core task is the
essence of work which stays the same from one situation to another independent of
e.g. the organisation of the work. The conception of the core task that the different
people possess is interesting, because it portrays what they consider the meaning in
the work. In a well functioning work system the meaning is understood (and the con-
ception of core task shared) by the whole community. In core-task analysistheaim is
to find out the varying conceptions of the core task that people have, and to construct
an “objective” model of the core task. For the model, the activity system approach
developed by Engestrém (see e.g. 1999) is used. By comparing the different concep-
tions of the people, and including in the analysis also the activity system model, it is
possible to notice discrepancies and contradictions that lead to problems in practical
daily work. The problems we hope to be at least partly solved by the work support
and training tool to be developed.

2.1 Collection of Data

Data about automation design work was collected with two main methods: workshops
and semi-structured interviews. In the workshops the participants were management
level personnel and the topics discussed related to automation design work in general,
for example the objectives, organisation, and tools. Altogether three workshops were
organised in which also the researchers participated. The interviewees in the semi-
structured interviews were regular design engineers. Altogether 8, both novice and
experienced designers participated. The interview themes covered the objective of
work, the construction of the activity, the criteria by which the output of work is
evaluated, the factors that influence the success of work such as tools, information,
collaboration, and work practices, the skills and knowledge possessed by a competent
automation engineer, and the possibilities and obstacles for learning.

Two Finnish automation design companies participated in the study. Both compa-
nies can be characterised to fit Petre’s (2004) norm of successful innovative design
companies. They work with multidisciplinary small project teams, are in close contact
with research ingtitutes, and are familiar with the technology front end.
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2.2 Analysesof the Data

The results of the workshops were saved in workshop memos. The interviews were
audio recorded and partly transcribed and turned into interview logs. All the logs were
collected to a single spreadsheet so that the answers from individual interviewees
could be compared and classified. We tried to discover what the automation engineers
considered as the objective in their work, and how they defined a good automation
design engineer works. We approached the issues by analysing the answers to the
guestions concerning content of work, success criteria of work etc. We also looked for
variations in the answers of designers. The activity system model was constructed by
combining the interview data and the workshop memos. The model was validated in
an additional workshop with the participating companies. The understanding of the
work acquired by the researchers during the process was used to derive both func-
tional and non-functional requirements for the work support and training tool.

3 Resultsof the Study

Results of the work conducted are twofold. First of all, there are the results of the in-
terview study. Thisincludes the core task in automation design work, and understand-
ing of how learning and construction of professiona skills takes place within the
work. The other part of the results constitute the work support and training tool, the
Autaki system that has been developed with the knowledge gathered about automa-
tion design work. First, a concept for the tool was developed without taking the tech-
nical constraints into account. Then a prototype was implemented using particular
technologies.

3.1 TheCore Task in Automation Design

The model of the core task is defined by analysing the objective of the work and the
means that the personnel have to fulfil the objectives. The activity system model is
constructed with the knowledge of the afore-mentioned. Central concepts in the
model are the objective of the work, the object of work, and the instruments used to
operate on the object. The objective of the work reflects the relationship between the
object of the work and the outcome of work.

The activity system model of automation engineering work (Fig. 1) portrays the
part of the results of the core-task analysis. We found out that the design engineers do
not fully share the conception of what is the objective in the engineering design.
There are design engineers who see the satisfied customer as successful output. Some
of the other engineers emphasize that also the application must work correctly in all
conditions despite what the customer might consider good enough functioning. In ad-
dition, some engineers extend the objective to cover the development of own work
methods and techniques and also the fact that the code must not only work but also be
legible and understandable by other engineers. There were also different conceptions
of the object of work, as is answers to the question “What happens in automation en-
gineering?’. The answers varied from “automation of individual equipment” and
“changing information from one format to another” to “implementing correct
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functioning of an industrial plant”. This clearly shows that some automation engineers
think of the role of automation as more vital in the whole engineering project than the
others.

The differencesin the conceptions can probably be explained by the following factors:

The educational background

Y ears of experience in the work

Type of work carried out during the career so far
Factors related to work culture

In real world there are often contradictory objectives in the work that create tension
and lay demands on the workers. For example, safety and cost efficiency are often both
considered objectives of process control work (in addition to actual production). This
means that work practices which help people to cope with the demands must be created
and maintained. CTA aims also at recognising what these good work practices are.

As recognising work practices, we mainly concentrated on the design engineers
practices when facing difficulties or problems in the work. Some turn to colleagues to
get help; the others use literal sources to find answers to questions (this was quite rare
though). Often in a project there is a person who is experienced and whom many
other engineers use as an information source in problem situations. Especially the in-
experienced designers claimed that they wanted to carry out some pre-research before
turning to this person for answers as they wanted not to “waste his valuable time”.

When asked to describe their professional learning experiences, many design engi-
neers said that the implementation of the application in the field, at the real plant, was
the most important learning experience. The problem is that often the people who
would need this learning opportunity, such as the inexperienced designers, often
cannot take part in the field work due to financial or schedule reasons. It is aso a
problem from educational point of view, that other people take responsibility of the
application after it is implemented in the plant. This means that the design engineers
do not get direct feedback for their work. They seldom get to know how well their in-
dividual solutions function in the plant, and this way reflection on their own work is
partly inhibited.

Automation engineering as a discipline undergoes relative turmoil because of the
constantly developing information technology. This creates learning requirements for
all the engineersindependently of previous experience.

One of the characteristics of the automation engineering work is that it is carried
out in an engineering middle field. This means that the automation engineers have to
gather information from al the other fields of engineering, e.g. process, chemical,
piping, and electrical; and with this knowledge interpret the intended functioning of
the plant. This calls for good co-operation and communication skills from automation
engineers. They aso have to know the “languages’ of the other disciplinesin addition
to their own to avoid misunderstandings.

Often the automation engineer has to start designing the automation before the
other disciplines are ready with e.g. process design. Sometimes even the customer’s
requirements are not yet complete. This means that the automation engineer must
partly work with uncertain information. When asked about the characteristics of a
good automation design engineer a few of the interviewees answered that one has to
know what can aready be decided about automation — even though the requirements
for automation are not complete.
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Fig. 1. Activity system model of automation design engineering work. The model depicts the
varying conceptions of the interviewees.

Core-task analysis aims at recognising the core content of a particular work. The
core task is something that prevails from one project to another and brings consis-
tency to the job. A core task can be expressed as core-task demands, the coping with
which signifies success in the work. Core-task demands identified in this study to
characterise the work of automation design engineers can be summarised as:

e Adaptation to the technology change, maintaining and gaining technical skills
e Co-operation and communication with different engineering disciplines
e Working with uncertain information

As we were only able to interview eight automation design engineers the results
can only be considered explorative. We are not able to explain the differences in the
conceptions of the engineers by any comparative means. In addition, we can not say
that we have covered the whole field of automation engineering, and thus, found all
the possible varying conceptions. However, we had enough information to start the
requirements definition for the work support and learning tool.

3.2 Concept for the Autaki Application

The starting point for the development of the Autaki concept was the definition of
work demands identified in the core task analysis. It was concluded that the tool
should provide automation engineers means for maintaining and gaining technical
skills and knowledge, support co-operation and communication, and promote sharing
of knowledge related to e.g. good working practices to cope with uncertain informa-
tion and other challenges in work. These general requirements were considered more
thoroughly from the point of view of different groups of users and situations of use.
Descriptions of scenarios depicting how, when, and why particular users would want
to use the tool were written.
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The scenarios depicted e.g. the following usage situations. In the first situation an
inexperienced automation design engineer searches for an answer to atechnical ques-
tion considering process measurements. In another situation the same designer wants
to comment on a design template while g/'he is implementing an automation applica-
tion with programming software. When the engineer has more time in use ’he can go
more deeply into a new subject s/he is not yet familiar with. In a fourth situation an
experienced design engineer wants to share his’her knowledge on project life cycle,
e.g. which tasks can be conducted in a situation when part of source information is
missing. For each scenario required information and functionalities were specified.

When building the concept for the Autaki application it was defined that in order to
serve the diverging information needs of different user groups the tool should provide
information at least of the following topics: examples of good design solutions, de-
scriptions of different industrial processes and process components, information of the
phases and tasks in an engineering project, and latest information of new techniques
and trends in the field. As the number of various information sources is high at the
moment and there are problems in finding information, the application should func-
tion as a unified user interface for various databases and information sources. For
supporting information finding the application should include advanced search tools
and various ways for navigating in the content. Different views to the content should
be provided, i.e. the content should be structured and presented to the users in several
ways, for example as manuals or textbooks. The idea of views is to take into account
different situations of usage in which the way of using information varies.

To promote individual learning the contents of the application should be arranged
to courses which the users can take whenever they have time for studying. Also, to
support managing the contents, the tool should provide means for making personal
notes and bookmarks. According to the interviews, development of expertise often
takes place through guidance by more experienced design engineers. Therefore col-
laborative features promoting sharing of knowledge in the community should be in-
cluded in the application, for instance, question and answer forums and possibility to
send email to experts on the field. The users should be able to add comments to all
contents accessible through the tool, including project documents, design templates,
etc. To bring the information easily available while working with other tools, the ap-
plication should be integrated to designing software. The main requirements elicited
for the work support and training tool are summarised below:

e The application should support daily work of engineers by providing useful infor-
mation taking into account the diverging information needs of different user groups

e The application should support both collaborative and independent learning at
work as well as knowledge sharing by providing means for e.g. commenting, ask-
ing and answering questions, etc.

e The application should provide different views to the content e.g. manuals and
courses as well as advanced search tools and multiple ways of navigation

e The application should provide means for editing, adding, and removing materia
to keep the contents up-to-date

e The application should provide as means for creating persona bookmarks and
notes

e The application should be integrated into existing tools and practices
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From the technical point of view, the Autaki prototype developed during this re-
search project fulfils essential parts of the Autaki concept described above. Prototype
consists of two core parts (see Figure 2).
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Fig. 2. Autaki architecture and the structure of the content

The content server can be split into a content repository and content services. All
Autaki materias are located in the content repository which is an open source Java
Content Repository (JCR) implementation: Apache Jackrabbit (see e.g. Sommers
2005). The content consists of material modules, and the modules consist of severa
material components. These modules and components are built up according to
SCORM (Sharable Content Object Reference Model) specification (see eg. ADL,
2004) using IMS Global Learning Consortium specification for Learning Object Meta-
data (LOM). Industry specific terminology improves the accessibility of the informa-
tion Autaki contains. The idea of the industry specific terminology is introduced in
Figure 2 in the Division of Content. Three dimensions are used to structure the content:

o Lifecycle (definition stage, design stage, implementation stage...)
e Automation hierarchy level (production management, process control, process |/O)
¢ |Industry (general, forest, power...)

The content server includes all content services it needs to execute the requests sent
by a client. Services are implemented as web services (see e.g. Alonso et. al., 2004).
The concept of Autaki defines three kinds of services: Content Service deals with re-
quests related to data handling (e.g. search), Annotation Service deals with annotation
related requests (for commenting content, asking questions etc.), and Maintenance
Service handles all tasks of maintaining content in the content repository. In the
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prototype only two of the former services were implemented. Each web service offers
WSDL-based (Web Services Description Language, see e.g. Alonso et. al. 2004)
interface, which makes the services easier to access via the Internet. Communication
between the content server and clientsis based on SOAP (see e.g. Alonso et. al. 2004)
which respectively is based on XML messages (Extensible Markup Language, see
e.g. W3C 2004).

Services introduced above can be used by various clients. For instance, in the pro-
totype of Autaki the client is either a web client application or a tool client applica-
tion. The web client is the main user interface of Autaki, and it includes all needed
functions. The designer uses the web client from his own workstation using a web
browser. The tool client, on the other hand, is an optional client type of Autaki appli-
cation. The idea behind the tool client is to bring the work support and training tool as
close to designers as possible by integrating it into engineering software tools. During
this development project a tool client was implemented as a demonstration of the
possibility.

The whole Autaki prototype isimplemented utilising open source technologies and
tools. For instance, the open source web server software Axis2 (see e.g. Perera 2005)
used in the content server and the web-client application is based on the Moodle
course management system (see Moodle). Moodle is a broadly used and rapidly pro-
gressing web based course management system (CMS). The web client of Autaki is
basically an independent extension module for Moodle. The client utilises some fea-
tures of Moodle such as user authentication and management of sessions but all Au-
taki specific features are implemented as autonomous applications.

4 Conclusions

In the study described above, the concept of a work support and training tool for
automation engineers conducting automation design work was developed based on
work analysis. In the work analysis a specific method, the core-task analysis, was
used to understand the demands of the job, and thus the needs for work support and
training tool.

We were able to identify variation in automation engineers' conceptions of what is
important in their job. We also discovered demands that the engineers have to cope
within their daily work.

The developed application is an interactive learning environment based on web
technology. The users can enter the Autaki application either through a web client or a
tool client which is embedded in the design software.

In the next phases of the research the use of the prototype tool will be examined in
more detail.
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Abstract. The supervisory control of ground-based mobile multirobot systems
requires to perform multiple concurrent tasks under high levels of time pressure
resulting in heavy workload. In this paper we present the design and evaluation
of multimodal displays for a particular problem associated with the supervisory
control of ground-based multirobot systems: the coordination between the
platform specific robot control task, e.g. navigation and obstacle avoidance, and
the mission specific payload task. The coordination requires the operator to
concurrently monitor and switch attention between the robot control and the
payload control tasks depending on the mission requirements. Multimodal
human-robot interfaces can significantly support human information processing
by communicating information across multiple channels and can therefore
improve concurrent task processing. An experiment was designed and carried
out with 14 participants which compares four human-robot interface
configurations with a simulated two-robot ground-based multirobot system. The
results show that the multimodal interfaces perform significantly better across
multiple variables and have the lowest workload. Based on our gaze tracking
results we can conclude that our multimodal interface has an effect on the visual
scanning behaviour in the periphera regions of the camera display.

K eywor ds: Human-Robot-Interface, Multirobot, Multimodal.

1 Introduction

Human-multirobot systems are a promising approach to tightly integrate human and
artificial intelligence in complex missions. The user interface is an important
component of such a flexible system. In order to maintain situation awareness the
operator must continuously perform the mental fusion of displayed information. Due
to the well-known human limitations in concurrent information processing [15] it is
important to strive for novel human-multirobot interface designs. The innovative
approach of this paper is to design a true multimodal, single screen interface using
interface components that allow the shifting of state information of the robots from
the visual to the auditory or tactile channel of the operator. Wickens multiple
resource theory [15] predicts that the division of attention across different modalities
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supports concurrent human information processing and therefore should significantly
support operators’ mental fusion of information.

Supervisory control of mobile robots can be regarded as a dual task problem: The
primary task is the robot control task covering the basic aspects of platform control,
e.g. maintaining operational effectiveness, obstacle avoidance, etc. The secondary
task isthe payload control task which is related to the mission objectives, e.g. to apply
sensors for surveillance or search and rescue. However, if one wants to empower a
single operator to manage one or two mobile robots, careful consideration of all levels
of the human-robot system is necessary. While technological problems of mabile
multirobot systems are likely to be solved in the future, the cognitive performance of
human operators to effectively control such complex concurrent systems will remain
constant. When comparing the technologically feasible levels of concurrency in future
multirobot systems and human cognitive performance in “multitasking” there is a
strong incompatibility [11].

On the robotic level a sufficient degree of autonomy is a prerequisite for reducing
the workload of the operator. Autonomy enables robots to be productive without
operator intervention for certain, albeit hardly predictable amounts of time. This
particular aspect of autonomy and human-robot interaction is described as neglect
tolerance and was extensively studied [3, 10]. For instance, Olsen investigated the
relationship between neglect tolerance and effectiveness of human-robot interaction
[10]. The interplay between robot autonomy and human-robot interaction was further
studied in [5, 9].

A variety of factors for designing effective and efficient human-robot interfaces are
introduced by Adams and Goodrich [2, 6]. Although a human-multirobot interface
can share and reuse many elements from single robot user interfaces, special attention
must be paid to two problems. First, each robot operates within an arbitrary complex
context (task, environment etc.) and the contexts are coordinated or independent. In
order to effectively supervise the multirobot system the user interface must support
the operator in smooth switching between different contexts. Second, a complex set of
concurrent tasks must be planned, monitored and modified in order to maintain the
system’s operational effectiveness.

The problem of how to concurrently work on multiple tasks is a common research
question in today’s highly automated systems and is investigated in various domains
[1, 8]. For instance, findings of Wickens [13, 15] indicate that the visual and auditory
system of the human can be regarded as separate information processing resources.
This multiple resource approach is particularly interesting for human-robot
interaction. Wickens asserts, “... in a heavy visua environment, auditory displays
will improve time-sharing performance.” and cited 18 studies on dua task
performance. The cross-modal and intra-modal approaches were also investigated in a
simulation study of the concurrent control of two UAVs [4, 14]. The results revealed
positive effects of simultaneous visual and auditory information presentation in
subtasks requiring many gaze movements. Helleberg [7] presents a cockpit display
study about the compatibility of different types of information with respect to
auditory delivery. He found that the auditory-only condition was the least disruptive
of ongoing visual tasks.
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2 Methodology

2.1 Dual Task Design

The primary goal of this study is to investigate the coordination between the human
operator and the autonomous subsystems. To empower the operator when
coordinating activities — he or she must decide to either proceed with the mission task
or to assist the autonomous subsystems — it is necessary to ergonomically present the
required information and to minimize the workload due to attention shifts.
Multimodal interfaces allow attention to be divided between, for example, the visual
and the auditory channel, and therefore often improve concurrent information
processing. In our evaluation we model this situation using a generic dual task design
— robot control task and payload control task — as already pointed out in the
introduction. The robot control task was an obstacle classification task. In the case of
an obstacle that can not be classified by the autonomous navigation system human
operator as a supervisory controller has to intervene and interactively assist the
autopilot by notifying the autopilot that a water-filled negative obstacle lies in the
driving path. The payload control task design is derived from observation and
surveillance scenarios which are typical applications of mobile single and multirobot
systems. The subjects were informed that both robots of the multirobot system would
follow a preprogrammed patrol path. Along this path a number of depressions were
placed randomly in parallel to the left or right of the path. These depressions can
contain up to two visualy hard to detect targets which have to be marked upon
detection on screen using the same point-and-click method as in the robot control
task. Figure 1 shows an in-simulation screen capture of the experimental setting.

Fig. 1. Screen capture from third-person perspective with superimposed corresponding partial
wireframe capture illustrating the task setting. A depression containing two targets can be
identified in the wireframe section. Ahead of the robot a water-filled obstacle can be seen.

2.2 User Interface Design

The visua layout of the human-robot interface was inspired by the windscreen-
dashboard layout of a car. Since the payload control task in this study is an
observation task the upper two thirds of the display space are used for the camera
view. The lower third contains the two consoles for two mobile robots (see Figure 2).
The design decision to limit the interface to systems with just two robots is based on
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previous studies concerning the supervisory control of a multirobot system [12]. A
characteristic design feature of the user interface is the mutually exclusive access to
the camera view. Therefore, the operator has to actively switch between the robot
cameras with a keyboard key in order to get access to the current view. The bottom
dashboard contains two consoles for the simulated robots. The graphical layout is
guided by horizontal symmetry with respect to the console placement (see figure 2 for
example).

Fig. 2. Screen capture from multirobot user interface as used in this study. The upper section
displays the camera view of the supervised robot. The lower section contains two robot
consoles; on the left for robot one and on the right for robot two.

2.3 Mono- and Multimodal Display Configurations

This study compares four distinct display configurations, two monomodal and two
multimodal, for rendering the information about the remaining time until the obstacle
is reached. The graphical design of the first monomodal (that is only visual) user
interface was already described in the previous section and simply is a general
purpose dynamic priority list. On the contrary, the second mondomodal user interface
is a task specific head-up-display allowing the operator to identify its state without
interrupting the use of the camera view. The multimodal display configurations are
differentiated by their respective channel, auditory or tactile, used to offload
information. Figure 3 shows both screen captures and photos of the used interfaces.

Fig. 3. From left to right: The dynamic priority list, the head-up-display, headphone based
binaural auditory display and awrist-watch attached tactile element
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Common to al the interface elements is the rigorous left-right structure of
information displays following the graphical user interface as shown in Fig. 2. The
left priority list belongs to the left robot while the right priority list belongs to the
right one. The same is valid for the head-up-display which is rendering the remaining
distance to the obstacle by a proportional semi-transparent bar. The head-up-display is
positioned in the central region of the camera view below the crosshair.

An important aspect of the auditory display isits binaural design. Humans are well
capable of concurrently listening to multiple sound sources and quickly separating the
relevant from the irrelevant ones. This effect is used in the context of the design of the
human-multirobot interface by delivering the auditory information of each of the two
robots exclusively to the left or right ear of the operator. This design allows the
operator to concurrently listen to the auditory channels of both robots. Again the same
is valid for the tactile interface which is mounted on the left and right wrist of the
operator. The signal used for both auditory and tactile information transmission is an
interval and pitch modulated beep tone, or vibration, which dynamically encodes the
obstacle's temporal distance. The silence intervals between subsequent beep tones are
synchronized to play at the same point in time if their interval length isequal.

In order to compare the monomoda and multimodal interfaces the two interface
dternatives were parameterized to communicate the same information. Both the
auditory, tactile and the visual elements are activated at a temporal obstacle distance
of 15 seconds. The vertical movement of the visual element in the pending interaction
list is encoded by three easily distinguishable silence interval lengths of the
corresponding auditory obstacle signal. When the visual element moves up the
pending request list, the silence interval is set to the corresponding obstacle temporal
distance level. The temporal distance is the estimated time until the robot hits the
obstacle given the current heading and velocity. The three levels were set at 15, 10
and 5 seconds. The corresponding silence interval lengths for the auditiory and tactile
interface were 1000 ms, 500 ms and 125 ms (1Hz, 2Hz and 8Hz). The numeric
display containing the temporal distance to the obstacle was encoded into the beep
tone's, respectively the vibration's, pitch level.

2.4 Design of Experiment

Fourteen subjects with a mean age of 27 years participated in the laboratory study. A
written instruction manual containing information about the trials was handed out to
the participants several days before the trials. An introductory training session was
conducted at least one day before to familiarize the participants with the user
interface, the robot and payload control task, and the visual, tactile and auditory
displays. Following this training the users conducted four thirteen minute trials using
each of the user interfaces. Finally, a post trial subjective workload assessment using
the NASA Task Load Index (TLX) was carried out.

The hypothesis for the robot control task is that the multimodal interface improves
operator’s performance due to the offloading of the task related information to the
auditory channel. This should enable operators to improve their coordination between
the two concurrent tasks as well as between two robots due to the binaura
information presentation.
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The hypothesis for the payload control task is that the performance will also
increase when using the multimodal interface due to the reduction of visua load,
thereby enabling the operator to use more time for the target search in the camera
view. Finally, the hypothesis for the workload section is that workload will be lower
when working with the multimodal interface due to its capabilities of supporting the
coordination between concurrent tasks. We tested the associated null hypotheses
using ageneral linear model (GLM) with repeated measures. The level of significance
was o v = 0.05. The results are shown as error bars with two times the standard
error. Variables are named LIS for the priority list, HUD for the head-up-display,
AUD for the auditory and TAC for the tactile display.

3 Resaults and Discussion

Robot control task: Obstacle classification

The variable “obstacle classification” accounts for the correctly classified obstacles.
Figure 4 shows the means and error bars of the normalized results for the interface
aternatives investigated.
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Fig. 4. Mean normalized obstacle classification performance. A total of 55 obstacles were
passed by the two robots. The performance of the multimodal interfaces was almost perfect
with between zero and two failures.

According to Figure 4 the priority list scores significantly lower than any other
interface, especially compared to the head-up-display (p < 0.01) representing the best
monomodal interface. Both multimodal interfaces outperform both monomodal ones
(AUD vs. HUD p<0.01 and TAC vs. HUD p < 0.01). Theresult for the priority list is
not unexpected as this interface requires the operator to switch his visual attention
frequently between the camera view and the console. The result of the head-up-
display (HUD) however is surprising as it is scores significantly better than the
priority list but till is aso significantly lower than the multimodal interfaces. This
indicates that even an optimized interface such as the head-up-display suffers from
the conflict with the target search task. The multimodal interfaces show no significant
differences.
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Payload task: Target detection

The secondary task in this experiment was to detect and mark as many targets as
possible while till classifying al incoming obstacles. Figure 5 shows the results for
the target detection performance. The priority list again scores significantly lower
than any other interface (p < 0.05 vs. TAC, p < 0.01 vs. AUD, p < 0.001 vs. HUD).
Given the high potential for conflicts between the visual search task and the necessity
to frequently check the list elements this is not unexpected. It is however unexpected
that the head-up-display appears to provide the highest mean scores, or the lowest
impairment, in respect to the target detection. Thisis surprising as the target detection
task should benefit from the visual offloading provided by the multimodal interfaces.
Based on the present data, the performance difference between the head-up-display
and the tactile display is significant (p < 0.05).
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Fig. 5. Mean normalized target detection performance. A total of 59 targets were detectable by
the operator.

Gaze Analysis

We used a video based remote eye tracking system (Tobii x50, measuring at 50Hz) to
record the visual scanning paths of the participants. As the payload control task is
based on a difficult continuous visual search task, we expected to find differences in
the eye movements in respect to the modality of the displays. The genera visua
scanning is focused aong the horizon level of the camera view (see Fig. 6 left). Our
hypothesis is that the scanning patterns will change especialy in the peripheral
regions when conflicts with visual perception occur. This means, that the operator can
expand the search area. To analyze this we used a set of regions of interest to filter the
measured gaze positions along the horizon (see Fig. 6 right).

Figure 6 shows the results of the measured gaze positionsin the L1 and R1 region.
A clear trend can be identified between the monomodal and multimodal interfaces.
The use of the priority list resulted in significantly lower visual activity than with any
other interface. The head-up-display requires the operator to often focus the central
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crosshair region of the camera view and thus results in a narrower visual scan pattern.
Both multimodal interfaces enable significantly higher visual scanning in the
peripheral regions than the monomodal ones (AUD vs. HUD p < 0.01, TAC vs. HUD
p < 0.05). This is especially valuable as this can reduce the problem of tunnel vision
under high workload. Unexpectedly, the head-up-display shows no significant
difference compared to the priority list (HUD vs. LISp <0.1).

L2 L1 Lo CH RO R1 R2

Fig. 6. Gaze anadysis design. The left image shows an exemplary hotspot visuaization of the
gaze activity (fixations). The right figure shows the corresponding regions of interest used as
filters.
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Fig. 7. Number of measured gaze positionsin L1 and R1 region (see Figure 6 | eft)

Workload

Finally, the subjective workload was sampled using the NASA-TLX workload rating
technique. Figure 8 depicts the results. Similar to the variables investigated before the
priority list based interface does not only provide the lowest performance but requires
also significantly higher workload than the other three interfaces (LIS vs. HUD p <
0.01). The multimodal interfaces are rated almost identical but do not achieve a
significantly lower workload than the head-up-display (HUD vs. TAC p < 0.25, HUD
vs. AUD p < 0.25, HUD vs. AUD p < 0.95).
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Fig. 8. Results of the NASA-TLX workload sampling. The scale ranges from 0 to 100 where a
lower score means lower workload.

4 Conclusion and Future Work

In this paper a study was presented to compare two monomodal and two multimodal
aternatives of our experimental multirobot user interface. The results clearly show
that the human operator can benefit from our multimodal interface design because the
performance of the robot control task is significantly higher when using the
multimodal interface (see figure 4). Surprisingly, this performance increase does not
have a positive or negative impact on the performance of the payload control task.
This is a clear indication that the multimodal user interface adequately supported
human multi-tasking. It is even more important that the subjective workload of the
operators being measured with the NASA TLX method is significantly reduced in
comparison to the priority list interface while the performance increased (see figure 8,
4). It is interesting to see that the results for both the auditory and the tactile
multimodal interface perform equally well and therefore can be substituted for each
other without reducing performance.

In summary, the initial claim that a multimodal interface is fruitful when striving
for significant performance improvements of human supervisory control of multirobot
systems is supported by the experimental data of the study. However, the good
performance of the monomodal head-up-display demonstrates that multimodal
interfaces are not per se superior to monomodal ones.

In future experiments, we will investigate more closely the effect of the modality
on the performance of the target search task by improving our gaze analysis. We will
further combine the auditory and tactile interface to design multirobot interfaces for
systems with up to four robots.
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Abstract. The job demands and contents of knowledge workers were explored.
The data was collected in three phases: first, each member filled a self-
observation diary for seven days, second, each employee was interviewed
individually, and, third, a workshop was organized to validate the observations
and to create ideas for the development of work. The study shows that around
40 per cent of total work time is used in solitude doing tasks requiring
concentration. The socia network of employees is still wide, consisting of tens
of people. They are contacted virtually and face-to-face. The work is pretty
virtual and mobile. The study also found that the work itself is blurred. People
work both in solitude, asynchronously with others, virtually online and in face-
to-face collaboration with others.

Keywords: Mobile work, multilocality, knowledge work, quasi-privacy.

1 Purpose and Resear ch Questions

This case study is aimed at deepening the understanding of mobile and distributed
work. The main precondition of a distributed team’s work is collaborative
communication. Therefore, it is critical to find out to what degree physical, virtual
and mental/social spaces support full communication and collaboration in a network
of people doing project work that requires problem-defining and -solving abilities, as
well as creativity. The research questions of the study are:

- For what purpose (task), how (mode of communication and collaboration) and
where (place) and with whom (network) do mobile employees act and communicate?

- How do physical, virtual and mental/socia spaces support, or how should they
support, the team in its work?

2 Framesto Analyze and Describe Multi-locational Work

A specific system theory, the activity system approach is used as the methodological
guideline for the analysis and description [9, 10, 11]. In the approach, work is studied
as a system consisting of a subject using tools to process objects of work in aworking

D. Harris (Ed.): Engin. Psychol. and Cog. Ergonomics, HCII 2007, LNAI 4562, pp. 19, 2007.
© Springer-Verlag Berlin Heidelberg 2007
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context. Activity systems in working contexts are goal- and interest-driven entities,
which aim at fulfilling given or self-set tasks and assignments. Work is realised
through purposeful object-oriented and/or communicative actions often in
collaboration with others. Subjects, as actors, are socia and cultura entities such as
individuals, pairs, groups, organisations, and networks. They use both concrete and
mental tools to work on their objects in their respective environment, which can be
characterised by its degree of complexity. The objects of work are manifested as self-
set and given assignments, tasks, and goals related to them. In addition to goals, a
driving force can be an interest without any exact goal, but one, which does, however,
create joint actions. Because of the systemic nature of work and working, the concepts
like “virtuality” and “mobility” arejust aspects of activity systems.

The working contexts can be outlined both from the individual and collective
perspectives. From the individual point of view, each individual exists in a
psychological field of forces that determines and limits his or her behavior. This
implies and underlines the meaning of personal perceptions and interpretations of the
contexts-in-use. Lewin [6] called this psychological field the “life space’. It is a
highly subjective “space” dealing with the world as the individual sees it. “Life
space” is, however, imbedded in the objective elements of physical and social fields.
As “life space” describes individual contexts, the concept of “ba’ [8]' focuses on
shared contexts, which is useful for differentiating various spaces in collaborative
work. Ba refers to a shared context in which knowledge is created, shared and utilized
by those who interact and communicate there as often happens in knowledge work.
Ba unifies the physical space, such as an office space, the virtual space, such as e-
mail, and the mental or social space, such as common experiences, ideas, values, and
ideals shared by people with common goals as a working context. The workplaces
that virtual mobile employees use are analyzed in the following sections by using
these shared space-categories (Figure 1).

Physical spaces The physical environments that employees use for working are
divided into five categories: (1) home, (2) the main workplace (“Main office”), (3)
moving places, such as cars, trains, planes, and ships, (4) a customer’s and partner’s
premises or own company’s other premises (“other workplaces’), and (5) hotels and
cafés etc. (“third workplaces’). The use of physical places can be described by
different indicators, such as their distance from each other (near — far), their number
(one — many), and the frequency with which they change (seldom — often). The
indicators are then used in modeling various types of distributed and mobile work
units. A physical place itself can move, for example, acar, atrain, or an airplane. This
type of working in many placesis called multilocational work [7].

A virtual space refers to an dectronic working environment or virtual workspace or
collaborative working environments. The internet and intranet provide a platform for
working places for both simple communication tools, such as e-mail, and complex ones,
such as collaborative working environments, which integrate different tools like e-mail,
voice, videoconferencing, group calendar, chat, document management and presence
awareness tools. The use of virtual workspaces can be analyzed and described by focusing
on connections, devices and services and on their purposes, functionality and usahility.

1'Ba roughly means’place’. The concept was originally proposed by the Japanese philosopher
Kitaro Nishida (Nishida, K. An Inquiry into the Good, 1921) and further developed by
Shimizu (Shimizu, H. 1995, Ba-principle: new logic for real-time emergence of information,
Holonics, 5, 1, 67-79.) (See Nonaka et ., 2000, 14).
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Fig. 1. Types of workspaces in multi-locational and virtual work [12]

The combination of physical work settings and virtual space has been called a
“workscape”’ [4]. The term “workscape” refers to the “layers of where we work”, i.e.
the constellation of (1) real and virtual work settings, i.e. furniture + IT, within (2)
particular spaces, i.e. meeting rooms, project areas, cafés etc., that are, again, (3)
located in a specific environment, i.e. office building, city district, street, home,
airport, bus etc. They together form a hybrid work environment.

A mental/social space refers to cognitive constructs, thoughts, beliefs, ideas, and
mental states that employees share. Creating and forming joint mental spaces requires
communication and collaboration, such as exchanging ideas in face-to-face or virtual
dialogues. Mental/social spaces are usualy studied by collecting individual
perceptions, attitudes and conceptions, and then analyzing their contents. Network
analysisis also used to show the relationships of individual members like “liking” and
“not liking” or “helping” or “not helping”.

3 Methods and Data

Object of Analysis The core group (MO) of mobile employees consists of people
employed to promote the mobilization of a company businesses [5, 12]. MO has its
extended group, people with whom they are working for their clients (Figure 2).
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Fig. 2. The MO Team and a sketch of its network
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Collection of Data. The data was collected in three phases: first, each member filled a
self-observation diary for seven days, second, each employee was interviewed
individually, and, third, a workshop was organized to validate the observations and to
create ideas for the development of work. In addition, each participant was asked to
save the messages sent and received by the different media.

Analysis of Data. First, the overall view of a working day and a week was formed by
analysing the diary data at the individual and day levels. Second, the task contents and
the forms of asynchronous communication while working in solitude were analyzed.
The task contents were grouped following the generic knowledge task categories
presented by Harrison et al. [4]. In addition, the complexity of tasks, i.e. their
cognitive requirements, was described by categorizing them from “routine tasks’ to
“creative tasks’ based on Hacker [3]. The frequencies of different forms of
asynchronous work-related communication, i.e. emals, SMS, MMS and
communication chains, 