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Foreword

The 19th International Conference on Human—Computer Interaction, HCI International
2017, was held in Vancouver, Canada, during July 9-14, 2017. The event incorporated
the 15 conferences/thematic areas listed on the following page.

A total of 4,340 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 70 countries submitted contributions, and 1,228 papers have
been included in the proceedings. These papers address the latest research and
development efforts and highlight the human aspects of design and use of computing
systems. The papers thoroughly cover the entire field of human—computer interaction,
addressing major advances in knowledge and effective use of computers in a variety of
application areas. The volumes constituting the full set of the conference proceedings
are listed on the following pages.

I would like to thank the program board chairs and the members of the program
boards of all thematic areas and affiliated conferences for their contribution to the
highest scientific quality and the overall success of the HCI International 2017
conference.

This conference would not have been possible without the continuous and unwa-
vering support and advice of the founder, Conference General Chair Emeritus and
Conference Scientific Advisor Prof. Gavriel Salvendy. For his outstanding efforts,
I would like to express my appreciation to the communications chair and editor of HCI
International News, Dr. Abbas Moallem.

April 2017 Constantine Stephanidis



HCI International 2017 Thematic Areas
and Affiliated Conferences

Thematic areas:

Human—Computer Interaction (HCI 2017)
Human Interface and the Management of Information (HIMI 2017)

Affiliated conferences:

17th International Conference on Engineering Psychology and Cognitive Ergo-
nomics (EPCE 2017)

11th International Conference on Universal Access in Human—Computer Interac-
tion (UAHCI 2017)

9th International Conference on Virtual, Augmented and Mixed Reality (VAMR
2017)

9th International Conference on Cross-Cultural Design (CCD 2017)

9th International Conference on Social Computing and Social Media (SCSM 2017)
11th International Conference on Augmented Cognition (AC 2017)

8th International Conference on Digital Human Modeling and Applications in
Health, Safety, Ergonomics and Risk Management (DHM 2017)

6th International Conference on Design, User Experience and Usability (DUXU
2017)

5Sth International Conference on Distributed, Ambient and Pervasive Interactions
(DAPI 2017)

5th International Conference on Human Aspects of Information Security, Privacy
and Trust (HAS 2017)

4th International Conference on HCI in Business, Government and Organizations
(HCIBGO 2017)

4th International Conference on Learning and Collaboration Technologies (LCT
2017)

Third International Conference on Human Aspects of IT for the Aged Population
(ITAP 2017)
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Conference Proceedings Volumes Full List

. LNCS 10271, Human—Computer Interaction: User Interface Design, Development

and Multimodality (Part I), edited by Masaaki Kurosu

LNCS 10272 Human—Computer Interaction: Interaction Contexts (Part II), edited
by Masaaki Kurosu

LNCS 10273, Human Interface and the Management of Information: Information,
Knowledge and Interaction Design (Part I), edited by Sakae Yamamoto

LNCS 10274, Human Interface and the Management of Information: Supporting
Learning, Decision-Making and Collaboration (Part II), edited by Sakae
Yamamoto

LNAI 10275, Engineering Psychology and Cognitive Ergonomics: Performance,
Emotion and Situation Awareness (Part 1), edited by Don Harris

LNAI 10276, Engineering Psychology and Cognitive Ergonomics: Cognition and
Design (Part 1), edited by Don Harris

. LNCS 10277, Universal Access in Human—Computer Interaction: Design and

Development Approaches and Methods (Part I), edited by Margherita Antona and
Constantine Stephanidis

LNCS 10278, Universal Access in Human—Computer Interaction: Designing
Novel Interactions (Part II), edited by Margherita Antona and Constantine
Stephanidis

LNCS 10279, Universal Access in Human—Computer Interaction: Human and
Technological Environments (Part III), edited by Margherita Antona and
Constantine Stephanidis

LNCS 10280, Virtual, Augmented and Mixed Reality, edited by Stephanie Lackey
and Jessie Y.C. Chen

LNCS 10281, Cross-Cultural Design, edited by Pei-Luen Patrick Rau

LNCS 10282, Social Computing and Social Media: Human Behavior (Part I),
edited by Gabriele Meiselwitz

LNCS 10283, Social Computing and Social Media: Applications and Analytics
(Part II), edited by Gabriele Meiselwitz

LNAI 10284, Augmented Cognition: Neurocognition and Machine Learning
(Part I), edited by Dylan D. Schmorrow and Cali M. Fidopiastis

LNAI 10285, Augmented Cognition: Enhancing Cognition and Behavior in
Complex Human Environments (Part II), edited by Dylan D. Schmorrow and
Cali M. Fidopiastis

LNCS 10286, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Ergonomics and Design (Part I), edited by
Vincent G. Duffy

LNCS 10287, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Health and Safety (Part II), edited by
Vincent G. Duffy

LNCS 10288, Design, User Experience, and Usability: Theory, Methodology and
Management (Part I), edited by Aaron Marcus and Wentao Wang
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20.

21.

22.

23.
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25.

26.

27.

28.

29.

30.

Conference Proceedings Volumes Full List

LNCS 10289, Design, User Experience, and Usability: Designing Pleasurable
Experiences (Part II), edited by Aaron Marcus and Wentao Wang

LNCS 10290, Design, User Experience, and Usability: Understanding Users and
Contexts (Part III), edited by Aaron Marcus and Wentao Wang

LNCS 10291, Distributed, Ambient and Pervasive Interactions, edited by Norbert
Streitz and Panos Markopoulos

LNCS 10292, Human Aspects of Information Security, Privacy and Trust, edited
by Theo Tryfonas

LNCS 10293, HCI in Business, Government and Organizations: Interacting with
Information Systems (Part I), edited by Fiona Fui-Hoon Nah and Chuan-Hoo Tan
LNCS 10294, HCI in Business, Government and Organizations: Supporting
Business (Part II), edited by Fiona Fui-Hoon Nah and Chuan-Hoo Tan

LNCS 10295, Learning and Collaboration Technologies: Novel Learning
Ecosystems (Part I), edited by Panayiotis Zaphiris and Andri loannou

LNCS 10296, Learning and Collaboration Technologies: Technology in Education
(Part II), edited by Panayiotis Zaphiris and Andri Ioannou

LNCS 10297, Human Aspects of IT for the Aged Population: Aging, Design and
User Experience (Part 1), edited by Jia Zhou and Gavriel Salvendy

LNCS 10298, Human Aspects of IT for the Aged Population: Applications, Ser-
vices and Contexts (Part II), edited by Jia Zhou and Gavriel Salvendy

CCIS 713, HCI International 2017 Posters Proceedings (Part I), edited by
Constantine Stephanidis

CCIS 714, HCI International 2017 Posters Proceedings (Part II), edited by
Constantine Stephanidis
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HCI International 2018

The 20th International Conference on Human—Computer Interaction, HCI International
2018, will be held jointly with the affiliated conferences in Las Vegas, NV, USA, at
Caesars Palace, July 15-20, 2018. It will cover a broad spectrum of themes related to
human—computer interaction, including 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. More information is
available on the conference website: http://2018.hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH

Heraklion, Crete, Greece
E-mail: general_chair@hcii2018.org

http://2018.hci.international/
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Abstract. In this paper, we review the development of the Advanced Nuclear
Interface Modeling Environment (ANIME). ANIME was developed over the
course of four years to support prototyping of distributed control system (DCS)
interfaces for the Human System Simulation Laboratory (HSSL), a full-scale
control room simulator at Idaho National Laboratory. Originally, ANIME
consisted of software code developed to facilitate formative design of replace-
ment control systems for legacy control rooms at nuclear power plants. ANIME
was found to be an effective tool to test design concepts prior to formal system
specification and deployment. ANIME, which is based on Microsoft Windows
Presentation Foundation (WPF) libraries, allowed rapid application development
that could be evaluated using operator-in-the-loop studies in the HSSL. These
software tools for modernizing control room interfaces were also used to develop
the novel Computerized Operator Support System (COSS) interface, which
allows advanced prognostics and visualization. Over time, additional opportuni-
ties led to the development of a more extensive library of tools, including support
for microworld simulation.

Keywords: Process control - Distributed control system - Control room -
Microworld - Prototype

1 Introduction

In 2011, researchers at Idaho National Laboratory (INL) undertook a project to support
commercial nuclear utilities on control room modernization. This work was sponsored
by the U.S. Department of Energy’s Light Water Reactor Sustainability (LWRS)
Program. The then U.S. commercial fleet of nuclear power plants (NPPs), consisting of
105 reactors, was facing obsolescence issues in its main control rooms. NPPs are histor-
ically licensed by the U.S. Nuclear Regulatory Commission for 40 years of operation,
after which the utility licensee must shut down if it has not applied for and received a
plant life extension. A byproduct of these original 40-year licenses was that the plants
had stockpiled suitable spare parts to allow the original control room design—with minor
modifications—to be maintained over this period of time. In the ensuing years, however,
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the dominant technology shifted from analog to digital. Other process control industries
outside the nuclear industry began the process of digitizing control rooms, and few
vendors now remain who build or service legacy analog technologies.! The prospect of
life extensions brings the reality that the stockpiles of legacy instrumentation and control
(I&C) devices cannot feasibly be prolonged into the next generation of operation. More-
over, despite the high reliability of analog I1&C, the lack of vendors to maintain these
devices—Ilet alone to build new replacements—will prove a considerable challenge
toward the long-term sustainability of legacy control rooms.

The LWRS Control Room Modernization project therefore sought to identify suit-
able replacement technologies for legacy I1&C. This research led in 2012 to the building
of the Human System Simulation Laboratory (HSSL; see Fig. 1), a full-scope and full-
scale research simulator consisting of plant training simulators paired with touchscreen,
glasstop mimics of analog control boards [1]. Since the HSSL provided a virtual repre-
sentation of the main control room, it was not limited to a single plant, and it was possible
to reconfigure the simulator to represent a wide variety of the main control rooms of
NPPs in the U.S. At the time of the writing of this paper, the HSSL includes six plant
models for boiling and pressurized water reactors by vendors such as General Electric,
Westinghouse, and Combustion Engineering.

TR
oo

Fig. 1. The human system simulation laboratory at Idaho national laboratory.

A key element of the reconfigurability of the HSSL is the ability not only to switch
between different plants but also to develop and evaluate replacement technologies for
analog I&C on the control boards [2]. In some cases, the replacement technology is
simply like-for-like technology—such as replacing an analog gauge with an equivalent
digital meter. Such upgrades may be seen as extending the life of the control boards, but
they do not represent significant modernization, which involves redesigning the layout
and functionality of the boards to reflect the capabilities of digital control systems. The
standard of modern control systems is the distributed control system (DCS), which

! Analog is a term used broadly here to denote a physical control or indicator that is directly
wired to a physical system or sensor. In practice, the system may be electric, pneumatic,
hydraulic, or mechanical. Many legacy plants now feature a data bus that intercepts analog
signals and digitizes them for the plant computer and plant data historian. These digital piggy-
backs do not affect the primary analog signal used to control or monitor the plant systems.
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features one or more displays with embedded indicator values and soft controls. An
emerging upgrade scenario for NPPs features the addition of DCS displays on the control
boards. The upgrades are typically accomplished system by system, resulting in hybrid
legacy-new, analog-digital control boards. DCS displays are mounted to the boards and
surrounded by legacy analog 1&C. Although the term hybrid might in some contexts be
seen as pejorative or incomplete, it represents a realistic, systematic way to upgrade the
plant systems during regular refueling outages without requiring extensive plant down-
time simply to modify the main control room.

A DCS platform represents a complex software development environment. In many
cases, the DCS foregoes ease of development and software industry-standard rapid
application and agile development processes in order to meet stringent quality assurance
requirements. Additionally, a DCS introduces added complexity to the training simu-
lator. The DCS must either be emulated within or interfaced to the simulator as a stand-
alone system. Certain functionality required in simulators, such as the ability to freeze
the system for crew debriefs, is not necessarily present in a system designed for real-
time plant operations in which a freeze function is not a possibility.

In order to address these two shortcomings common to many DCS platforms—the
slow development cycle and the complexity of interfacing with the simulator—INL
researchers teamed with researchers from University of Idaho in 2012 to develop a
simplified prototyping environment for DCS design. This project, which has come to be
called Advanced Nuclear Interface Modeling Environment (ANIME), began as a small
piece of code written in the C# programming environment. ANIME began as a mimic
of a DCS by serving as a human-computer interface (HCI) skin on the simulator [3]. By
recasting existing I&C objects from the simulator glasstop displays as DCS elements in
a picture-in-picture display on the HSSL bays, it was possible to imitate DCS function-
ality without actually implementing the DCS.

ANIME quickly became a prototyping tool for testing modernized hybrid control
boards. Using the DCS-like functionality, it was possible to evaluate early design
concepts for control boards using operator-in-the-loop studies. Licensed reactor opera-
tors from commercial NPPs in the U.S. traveled to the HSSL, where they benchmarked
legacy board configurations with analog 1&C against modernized design concepts [4].
In this manner, it was possible to test the HCI formatively—early in the design of a
modernization—Ilong before the DCS was finalized. It was possible to determine design
issues prior to implementation—a good case study for user centered design principles.
The basic prototypes of ANIME served to develop key usability evaluation concepts
like As Low As Reasonable Assessment (ALARA) [5] and the overall usability method
known as the Guideline for Operational Nuclear Usability and Knowledge Elicitation
(GONUKE) [6]. From this initial implementation as DCS-like prototypes and operator-
in-the-loop studies, additional features and functions have been added to the ANIME
library of prototyping code. These features are described in the remainder of this paper.
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2 Current ANIME Implementation

ANIME is based on Windows Presentation Foundation (WPF), a platform for creating
user interfaces in Microsoft Windows [7]. WPF integrates disparate aspects of the inter-
face, from multimedia to on-screen graphical objects. By allowing the development of
user interface content as a type of skin or style sheet, it becomes possible to harmonize
the interface. For example, it is possible to change common visual attributes of graphical
objects, thus creating a customizable look and feel for the interface. WPF may be
accessed from multiple means as part of the .NET library in Microsoft Windows. In the
implementation of ANIME, it serves as a library of common and advanced indicators
and controls featured in a DCS. ANIME currently consists of multiple parts, including:

Prebuilt WPF libraries and C# sample code of common components that are featured
in a DCS. For example, valve components come predefined with a look and feel
suitable to the DCS and with functionality for interfacing with a software simulator.
It is possible to change the parameters of the WPF library to change the look and feel
of the DCS. For example, it is possible to change the appearance of the user interface
from a Westinghouse Ovation to a Honeywell Experion DCS with minimal parameter
adjustment. The components also feature predefined behaviors, e.g., a valve may
draw its status from a value in the linked simulator database, and it may feature control
action behavior such as open and close that map their state back to the simulator
database and effectively change the state of that component.

Prebuilt WPF libraries of advanced visualization and human factors design concepts.
For example, there are advanced features for trending and alarms, including proper-
ties to highlight components in displays to represent alarm states.

Prebuilt libraries for interfacing with full-scope simulators from GSE Systems,
Western Services Corporation, and L3 MAPPS. These libraries are available as
standard protocol libraries (e.g., OLE for Process Control) and as .NET custom
advanced programming interfaces (APIs). These libraries also allow interfacing with
additional DCS platforms.

Prebuilt libraries to allow limited remote access via a custom virtual private network
(VPN) interface. These libraries allow remote, secure access between simulator plat-
forms and external systems. The VPN acts as a codec for communicating between
two disparate systems, which may be locally or remotely linked. The codec ensures
only predefined information may pass between systems.

Prebuilt libraries of simplified process modules suitable for microworld implemen-
tation. An example is the COSSplay system described in Sect. 3.3 below, in which
ANIME is put into a standalone program without connections to a larger simulator.
COSSplay is, among other applications, used for evaluating first-of-a-kind control
room interfaces using student operators.



Advanced Nuclear Interface Modeling Environment 7

3 Current ANIME Applications

3.1 Background

In the four years since its conception, ANIME has been applied to a number of appli-
cations, ranging from prototypes of conventional and advanced DCS prototypes to
standalone process control systems for psychological research. Three of these applica-
tions are described below.

3.2 Prototypes for Commercial Distributed Control Systems

ANIME has been used to support control room modernization efforts at existing NPPs
by mimicking the functionality of commercial DCS platforms [8]. To use a genericized
example, an electric utility decided it would upgrade its NPP main control room in a
stepwise fashion, focusing first on systems where it would see improvement in electricity
production or decreased maintenance costs due to aging components. The utility
reviewed plant systems and created a modernization plan by which it would gradually
upgrade systems and their corresponding footprint on the control boards system by
system. The utility decided that it would purchase a digital turbine control system (TCS)
from a DCS vendor. The DCS vendor prepared a detailed product specification and
provided an HCI style guide to indicate the look and feel of the interface. The TCS
specification covered all essential control functions such as latch, speed control, and
load control; operational overviews like general turbine overviews, valve and trip tests,
and diagnostics; required bypass functions; and system maintenance.
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Fig. 2. An example of the legacy control boards (left) and an upgraded TCS (right).
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Using the HCI style guide, previously developed TCS DCS screenshots, and the
specification, the ANIME development team created DCS screen mockups that matched
the TCS. These mockups were then overlaid on the existing glasstop control boards
using the Microsoft Windows topmost picture-on-picture functionality, hiding the
existing analog TCS. The net result was a mimic of an LCD touchscreen placed on the
control boards (see Fig. 2).

The prototype indicators and controls in ANIME were paired to their equivalent
components in the simulator, thus keeping the existing TCS model intact on the simu-
lator. Where there was new functionality added, C# code was incorporated in ANIME
to bridge the simulator TCS control logic with the proposed digital TCS. Thus, new code
was developed only where essential to model new functionality, but the underlying
simulator model was not modified. The focus on difference modeling ensured rapid
development times and a high level of prototype functionality without the need for plant
model redevelopment. In this manner, the prototype TCS could be developed substan-
tially faster than the actual DCS, because the prototype TCS did not need to create new
control logic nor meet stringent quality assurance requirements that would be required
of the actual DCS.

The ANIME-based prototype was tested through a series of scenarios representative
of TCS use. Licensed reactor operators were brought into the HSSL for operator-in-the-
loop evaluation. The testing followed an early stage evaluation [9], thereby allowing
operators to get hands-on experience with a close approximation of the proposed TCS
and provide feedback to the design and functionality of the TCS early in the design stage.
Initial skepticism by the TCS vendor of the value of a third-party prototype that
mimicked the TCS was replaced by appreciation that issues in the design of the TCS
were identified and corrected long before deployment, thereby preventing costly reworks
of the TCS.

TCS prototypes have been developed for five different plants that mimic two
commercial DCS platforms. Additional systems like chemical and volume control have
also been developed into DCS prototypes [10]. The same method has been used for early
digital to modern digital upgrades in the form of plant process computer displays.

3.3 Computerized Operator Support System

INL and University of Idaho researchers worked with researchers from Argonne
National Laboratory to develop the Computerized Operator Support System (COSS)
[11]. The premise of COSS is twofold:

e To provide a prognostics system for fault detection to assist operators, and
e To provide a unified HCI for advanced DCS concepts.

In this configuration, COSS consists of an ANIME-based multifunction DCS [12]
coupled with the standalone PRO-AID (formerly PRODIAG) intelligent fault detection
system [13]. PRO-AID achieves fault detection by monitoring key parameters like pres-
sure, flow rate, and temperature for changes that may be anomalous. The monitoring
approach is generalized—not concerned with the physical type of measurement. Rather,
when detected, faults are mapped on a system or component specific basis. When faults
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are identified, e.g., there is a descending value corresponding to a slow leak, PRO-AID
passes that fault to ANIME for operator notification. The power of PRO-AID is its ability
to pick up a wide range of anomalies and to detect faults prior to them triggering setpoint
alarms. Setpoint alarms typically occur when the fault impacts the ability of the system
to function properly. In contrast, PRO-AID detected anomalies may serve as early
warning, allowing operators to mitigate the fault without loss of critical systems or
components.

In terms of the HCI of COSS, while the idea of software assistants for operators is
not novel, the combination of multiple assistants within a single DCS represents a unique
application. COSS features an interactive piping and instrumentation diagram (PID)
view; a computer based procedure system; a fault highlighting method; trend and priori-
tized alarms; a notification engine; and the PRO-AID prognostics fault detection engine
(see Fig. 3). A few of these features are worth noting, because they individually represent
state-of-the-art practice in DCS development.

Alarm o2 | Dteonosts

1 | 5. Verify charging has been restored ) Trip Reactor. -
s 0 sams
a. Verlfy CSIP B current between 25-50 amps. Ko b o
Status:
CSIP drawing 45 amps,

b. Verify Charging header pressure between
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Status:

Charging header pressure is 2703 PSIG. * o

=
<. Verify Charging header flow 15 between
90 - 105 GPM
Status: M oo

Charging header flow is 90 GPM

d. Verify RCP seal injection flows are between
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Fig. 3. COSS displaying fault highlight (green), computer based procedure system (light grey),
and alarm system (red and yellow). (Color figure online)

The computer-based procedure system, for example, might be considered a Type 4
system. IEEE-1786, IEEE Guide for Human Factors Applications of Computerized
Operating Procedure Systems (COPS) at Nuclear Power Generating Stations and Other
Nuclear Facilities [14], distinguishes three types of computer-based procedures: Type
1 procedures feature digital views of the text of the procedures, Type 2 procedures
additionally incorporate embedded indicators, and Type 3 procedures further allow soft
controls directly from the procedure. The ANIME implementation of computer-based
procedures in COSS includes Type 3 functionality. In addition, it allows the automation
of procedure execution, minimizing the interactions required by the operator to control
that system. We propose that this functionality represents a Type 4 computer-based
procedure, an additional layer of functionality beyond the three categories in IEEE-1786.

The alarm display is also worth noting. There are three alarm cues represented on
the displays. The primary alarm indicator is modeled dimensionally on the annunciator
tiles found in conventional control rooms. Within the same footprint, the alarm provides
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not just a binary status but also a trend display, the boundary conditions for alarm entry,
a color-coded prioritized alarm scheme, and information on sensor parity, in case there
is a drift in one or more sensor values. A secondary cue is embedded in the PID, in which
alarmed components are imbued with a shadowed outline. This outline—colloquially
known as the green aura—highlights affected systems. Finally, when appropriate, the
PRO-AID notification will appear in the faceplate area within COSS. This notification
will direct the operator’s attention to the fault, cause, and solution, along with a shot
clock to count down until the required point of action, e.g., if there’s a slow leak, this
might indicate the point at which the leak causes a fault.

COSS has been developed with an eye toward optimizing the HCI elements. Using
feedback and performance measures obtained from operator-in-the-loop studies, the
ANIME graphical front end of COSS has evolved the presentation of information.
Below, we present three cases where the design of the HCI has been improved through
iterative evaluation using operators:

o [Initial efforts at representing the PID centered on simplified views, but operator
feedback revealed a distinct preference for greater detail, resulting in more complex
views. While a preference for more complex graphics may seem counterintuitive to
the philosophy of design simplicity, the ability of experts to use complex represen-
tations to achieve situational overviews is an important finding.

e Another example of the evolution of the COSS HCI involves the number of displays
used to represent the information. COSS was initially designed to fit on a single
display embedded on the control boards. This design philosophy represented a dash-
board view, with all functions of the system integrated into a single viewing area.
More recent implementations have seen the shift to multiple displays, with a wider
dispersal of information across the control boards. This allows a harmonized system
replacement while also allowing greater detail for each function. For example, a
dedicated alarm display ensures that a greater number of systems can be included in
the COSS alarm system.

o Finally, early versions of the COSS HClI relied heavily on the dullscreen design philos-
ophy to minimize color as much as possible [15]. While dullscreen is maintained in
newer versions of COSS, the allowable items that are deemed important enough to
colorize have been increased. Original designs tended to use color only for alarm states.
Recent iterations have also included color for a broader spectrum of meaningful infor-
mation. Valve positions, e.g., open vs. closed, were previously depicted in mono-
chrome. However, the salience of such indicators across the control room was small.
By adding color to indicate the valve position, it is considerably easier for operators to
determine this key status at a glance, even across the control room.

3.4 COSSplay

The previously described implementations of ANIME consist of WPF code as a front
end paired with an underlying full-scope simulator. The same HCI approach can also
be applied equally well without the underlying simulator. When a simplified process
control model is used instead of the full-scope simulator, the resulting environment is
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knows as a microworld [16]. Because the microworld adaptation of ANIME was first
used to evaluate new features of COSS, the microworlds within ANIME have broadly
been called COSSplay [17]. COSSplay is word play on cosplay, the popular activity of
dressing in costumes after popular anime, video game, and comic book characters.
However, because microworlds are a form of simulation much like a video game, the
idea of gamification also playfully permeates COSSplay.

A chief advantage of this microworld approach is that the process control can be
simplified considerably. This approach allows testing of HCI concepts without the
confounds of a highly complex and disparate control interface for multiple systems. The
simplified nature of the COSSplay control system therefore allows evaluation of very
specific aspects of the HCI.

Additionally, because the microworld represents a simplified interface, it is possible
to train and test non-professional operators, thereby enabling studies with larger sample
sizes than would be possible with actual control room operators. For many plants, for
example, there are fewer than 30 total operators—a number that is unachievable in most
studies and yet is a necessity in many experimental designs to achieve sufficient statis-
tical power for significance testing. By using less experienced operators—even students
—it becomes possible to draw strong inferences about study findings. Of course, there
are limits to the external validity or generalizability of some studies using this approach.
Reactor operators using conventional analog control systems may actually exhibit much
of the functionality of the system as a mental model, since no operational model exists
independent of manual control [18]. Still, many facets of the HCI are generalizable even
with different test participants from the target population. For example, perceptual char-
acteristics will remain largely invariant across levels of operator expertise, such that the
microworld may prove an ideal place to test the visual salience of particular interface
elements. The microworld may also be used as pilot testing or screening for features
that are later evaluated with actual professional operators.

A final advantage of microworlds is that no high fidelity simulation is required. Many
industries do not have the full-scope simulators commonly employed in nuclear power,
or many novel systems have not yet been fully modeled and deployed as simulation
codes. In the absence of such robust simulators, it is quite possible to use the microworld
as a low fidelity prototyping engine to drive dynamic mockups of planned systems. The
microworld is an ideal early stage prototyping tool for enlisting operator-in-the-loop
feedback in interfacing with an emerging DCS.

A good example of the uses of COSSplay is the recent work to develop a microworld
simulator (see Fig. 4) to evaluate a novel method of assessing situation awareness [19].
By embedding animated visual markers in a gamified NPP HCI, it is possible to compare
visual attention to eye tracking. The disadvantage of eye tracking is that the analysis can
be laborious, while some eye trackers may require frequent recalibration for accurate
data collection. By testing student operators’ ability to detect moving visual markers in
areas of interest that feature key parameters, it is possible to duplicate functionally much
of the data that are collected by eye tracking yet in a more robust and less laborious
manner. ANIME libraries were used to create the simplified process control. Addition-
ally, new basic elements including control logic models of particular systems were added
to the ANIME library in the process. The graphical functions for displaying the visual
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markers were also built in WPF and have now become part of the ANIME library. The
study illustrates that the ANIME library is extensible—adding new visual elements or
underlying functions as required and thereby expanding the code library.
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Fig. 4. A simplified nuclear power plant microworld interface developed in ANIME.

Planned ANIME Applications

Although ANIME already represents a mature product for DCS prototype development,
there remain important research and deployment activities ahead. These include:

Advanced HCI development. Currently, the features of ANIME are linked to common
DCS functionality. While the transition from analog to digital control rooms is revolu-
tionary within the nuclear industry, there remains opportunity to improve the state of the
art for process control. RevealFlow [20], a design philosophy that centers not on current
status but change in status—from trend data to predictive displays—remains a prom-
ising expansion of ANIME, both in terms of novel ways of graphically representing
control information and incorporation of intelligent controls.

Advanced control system platform. Currently, ANIME is being integrated into a suite
of tools that can be used for prototype development and evaluation in process control,
particularly as experimental control software. There exists a need for software
between research tools like LabView and full-blown DCS applications. As national
scientific user facilities such as experimental reactors increasingly become a reality
at the U.S. national laboratories, it is crucial to have software that is capable of
meeting experimental rigor, human factors standards, and extensive security require-
ments. ANIME is positioned as a tool to be made more widely available to support
such user research communities.

Risk monitoring and modeling. Features in COSS hint at new directions that are
possible with ANIME to support risk. In particular, the PRO-AID prognostics system
offers a template for how a DCS may be used to monitor critical parameters and detect
faults. Additionally, the computer-based procedure system affords the opportunity to
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model human actions in the face of a full plant model. Current efforts in computation-
based human reliability analysis like the Human Unimodel for Nuclear Technology
to Enhance Reliability (HUNTER) [21] create a virtual plant operator that interfaces
with thermo-hydraulic (TH) models. These TH models are often simplified versions
of plants and may not represent the full spectrum of plant behavior, especially the
interactions of redundant safety systems. To allow a more realistic risk model of
emergent plant performance, it is necessary to enlist high fidelity models such as full-
scope simulators. ANIME can serve as a scheduling tool for Monte Carlo simulation
of possible outcomes in response to a variety of operator performance. This interface
may also be represented as a look-ahead real-time monitoring system to assist oper-
ator decision-making in the face of plant upsets [22].

Table 1 identifies current and future solutions in the ANIME toolset. This table is
not exhaustive, but it positions ANIME as a tool that may be used immediately to proto-
type new HCI and DCS concepts for control rooms, to a point in the future when it may
help realize and implement these concepts as a production DCS system. ANIME began
out of necessity to prototype conventional DCS interfaces and has evolved to be a tool
for advanced HCI. As ANIME continues to evolve, it is anticipated that it may very well
find equally useful application outside the control room.

Table 1. Current and proposed applications of ANIME.

Current applications Potential applications
Low fidelity simulation Microworld Microworld design mockups
High fidelity simulation DCS prototype Intelligent and advanced HCI
systems (e.g., Risk Monitors)
Deployment Experimental prototyping Distributed control system for
environment process control
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Abstract. How can different types of emails be perceived by readers as different
leadership styles? Is email content understood as a part of leadership? How can
emails develop or destroy the e-leadership? This research tries to answer these
questions. It studies the influence on what work and their involvement in their job
represents for employees through the different kinds of e-communications used
by supervisors. Three scenarios that represent three different kinds of e-commu-
nications sent by email from a direct supervisor were designed to relate to Trans-
formational, Transactional and Laissez-Faire leadership styles. A questionnaire
measuring (a) motivation to succeed on a project, (b) emotional commitment to
superior, (c) perceived performance and (d) perceived interpersonal justice were
associated with the three scenarios. Scenarios and questionnaires were submitted
to 51 employees. They had to put in the state of mind of the employee who receives
the three kinds of e-communication, then they had to answer the questionnaire.
The results show that there are real differences in the perception of leadership.
Emails sketching characteristics of transactional and transformational leaderships
had significantly higher scores than emails drawing on a “Laissez-faire” type
leadership; i.e. (a) motivation to achieve and succeed in a project, (b) emotional
commitment, (c) perceived performance of the employee, and (d) perceived inter-
personal justice become higher when the emails seem to be more related to trans-
actional and transformational e-leaderships. Hence, this paper underlines the
important effect of leaders’ e-communication on the subordinates’ perceptions
about their own work through the measurement of perceived performance and
motivation, but also their hierarchical relationship through their perceived inter-
personal justice and their emotional commitment.

Keywords: e-leadership - Organizational communication - Email work’s
perceptions - Hierarchical relationship

1 Introduction

More than one hundred billion business emails are sent each day! How are they perceived
by employees, including those written by managers, asking them to work within the
constraints of time, quality, money, market, and customers...? Several studies have
highlighted the importance of electronic communications in managing emotions at work
and the psychosocial risks attached [19]. They have sought to characterize such emails
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[71, to define the effects of dispersion and confusion on users [8], to regulate the uses of
emails [18] or to understand the intensive uses of emails by managers. But few studies
have apprehended emails in the form of hierarchical communications to measure the
effects of emails on the perception of leadership by employees.

Nowadays, some employees receive only emails from their managers, without
having face-to-face contact with them. The aim of this paper is to sum up a research on
the influence of emails written by supervisors on the representations that employees
have for their work, their involvement and their leader: How and why emails develop
or destroy e-leadership?

2 Theoretical Background

Professional communication plays a central role in leadership efficiency as well as
promoting a good working environment when it is of good quality as it motivates and
engages employee commitment. An essential aspect of the quality of the supervisor’s
communication is the information content conveyed [4, 5]. The language used by the
supervisors when communicating with subordinates will guide their performance [15].
Bad communication from the supervisors will lead to employees misunderstanding the
goals required by the organization. With time it will result in lower performance levels.
However, when leaders give clearly indicated goals, in a motivating, enthusiastic
language with an appropriate choice of words this could result in increased performance.
This is what this article seeks to illustrate.

2.1 The Different Types of Leadership Styles

There are many different approaches to studying leadership. We will focus on three
leadership styles which have been frequently studied over the last few years [15, 26].

Transformational Leadership. It encourages employees to become committed
members of their work group and to devote themselves to the company’s success. Four
dimensions have been related to this leadership style [10]:

e Idealized influence which refers to the ability of the leader to motivate employees
through his/her charisma, making him a role model;

e Inspirational motivation, the ability of the leader to inspire the employees with a
sense of challenge.

o Intellectual stimulation which consists in the leader’s ability to boost his/her
employees to be innovative and creative in their projects and to challenge their routine
work practices.

o Finally, individualized consideration which relates to the attention given to each
employee by the leader enabling employees’ self-fulfillment.

Transactional Leadership. Here the action to motivate is concentrated more on the
individual’s interest than on collective interest. Rewards or punishments will depend on
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the achievement or not of goals targeted. Three dimensions are often related to this type
of leadership [10]:

e Contingent reward is the ability to set goals to be reached and then reward the
employee according to goal achievement [17];

e Active management by exception where the manager supervises the employee’s work
and corrects it to keep it in line with the company’s targeted aims.

e Passive management by exception, here the leader intervenes when standards are not
met.

Laissez Faire Leadership. Here professional conduct has only one dimension, i.e. the
absence of leadership behaviour. The leader abdicates responsibilities and avoids
making decisions.

In short, leadership can be understood through 8 dimensions (4 for transformational,
3 for transactional and 1 for laissez-faire). The 8 leadership dimensions have been
reduced to 6 in the “Full range leadership theory” [1]. Inspirational motivation and
idealized influence are grouped under ‘charisma’ and passive management by exception
and laissez-faire are grouped under ‘passive avoidant’ (Table 1).

Table 1. Dimensions of the “Full range leadership theory”.

Leadership Transformational Transactional Laissez-faire

Full range — Charisma (idealized — Contingent reward

leadership theory | influence + inspirational — Active management

(reduced from 8 | motivation) by exception

to 6 dimensions) — Intellectual stimulation Passive avoidant (passive management by
— Individual consideration exception + not invested in relations)

2.2 Leadership and Electronic Communication

Few studies have focused on leaders’ electronic communication. Initial research studies
have indicated a positive link between the transformational leader and communication
skills, hence revealing the relationship between styles of leadership and communication.
More recently, an important link has been shown between communication and certain
types of leadership [24] highlighting the fact that the type of leadership style practiced
would produce a particular style of communication.

2.3 The Effect of Different Leadership Styles on Work

Lots of effects of leadership are well known. Leadership styles influence employee
performances and results, but also how employees perceive their work. Illustrating this,
transformational leadership is a good predictor of job satisfaction whereas transactional
leadership is a good predictor of job performance [10]. But what about the leadership
which is expressed through emails? When receiving an email what does the employee
perceive about the leadership of his/her supervisor? Is he/she motivated by it or not? Do
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they think that their leader’s reaction is fair or unfair? Does the email encourage them
to commit themselves to their company’s goals or remain indifferent?

In order to understand these questions, we must broaden our understanding of the
dimensions related to leadership, also taking into account: motivation, perceived
performance, emotional commitment to superiors and perceived interactional justice.

e Motivation represents the energy of our behaviors. It describes the inner and outer
forces which produce the spark, the direction, the intensity and persistence of
behavior. There is an undeniably positive link between transformational leadership
and motivation in the workplace [10]. Employees who work with a transformational
leader have better job satisfaction and are more motivated to achieve better perform-
ance in their work [3]. Transformational leadership is able to motivate its employees
to achieve better performance [11]. Transactional leadership can bring about greater
employee motivation. [25] Both transformational and transactional leaderships seem
to increase motivation through interaction with their co-workers.

e Perceived performance is a good indicator of the effective performance of employees
[14, 16]. For the company it relates to the total value of behaviors carried out by one
person at a given period. Several meta-analyses [9, 10, 22] have found an important
positive link between transformational and transactional leadership styles, and
different indicators of objective and subjective performance, whereas the laissez-faire
leadership style is negatively correlated with these indicators.

e Emotional commitment corresponds to a sort of emotional force which connects a
person to a process of professional action [2, 13]. Emotional commitment reflects a
person’s attachment to his/her company. It is both a good indicator of job satisfaction,
but also a predictor of an intention to leave a company [23].

e Organizational justice [12] renders the person’s reaction to decisions made about
them by the organization as well as the procedures used to make these decisions.
Perceived justice has a positive effect on commitment and job satisfaction within the
organization. Perceived justice is also a predictor of the quality of the relationship
between the leader and his/her employee, particularly of interactional justice.

For these four variables, the laissez-faire leadership style has not been widely
researched upon, namely because it is a style of leadership where the leader’s role is
avoided and is passive. Subsequently, communication means being poor, we expect a
negative impact on the employee’s representation of work.

3 Problem and Method

Many studies have investigated the impact of the amount of emails on work intensifi-
cation and its effects. However, very few studies have focused on the impact of the
content of supervisors’ emails on the representations of employees. None has sought to
experimentally measure the impact of e-leadership types on the perceptions that
employees have of their work and their relationship to the supervisor. In this research,
we aim to evaluate the effects of three e-leadership forms (Transformational, Transac-
tional and Laissez-Faire leaderships).
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3.1 Problem and Hypothesis

Our main problem is to understand, on the one hand, if the different types of leadership
are identified in the emails and on the other if the four variables measured in this study,
i.e. —motivation, perceived performance, emotional commitment, and perceived justice,
vary significantly according to the type of email received.

Our main assumption is therefore: the difference in leader’s emails leads to signifi-
cantly different results in employees’ perception of work. More specifically, we postu-
late that receiving a transformational style email will lead to scores for “Perceived inter-
personal justice”, ‘“Perceived performance”, “Perceived emotional commitment” and
“Motivation to succeed in a project” being higher than scores for emails received with
a transactional leadership type, the latter getting a higher score than an email with a
“laissez-faire” leadership type.

As a consequence, we postulate that the “Laissez-faire” type leadership results in
much lower scores than the transactional and transformational types of communication
on the four variables studied.

3.2 Method

Building the Scenarios and Defining the Instructions. 51 employees were faced with
three types of email using expressions extracted from professional emails of 5 employees
over three months.

The instructions for the experiment were the following: ‘You have to deal with Mr.
Smith’s case. Whatever the content of this file, put yourself in the situation in which you
receive emails of type “A, B and C from your superior in the firm’s hierarchy asking
you to carry out your work... Read these emails carefully, putting yourself in the state
of mind of an employee who receives them” (Table 2).

These three types of emails were divided into four parts: an informative part; a
complaint by the customer reported by the superior; monitoring of the work carried out,
an email at the end of the task and congratulations. However, there are also differences:

e Email A renders a weak leadership of the ‘laisser-faire’ type. The sentence “I am not
concerned” is an example of avoidance of the role of leader.

e Email B includes sentences such as: “I’d like you to take up the challenge” in order
to reflect the inspirational motivation dimension. Or the sentence “If ever you find a
new angle, don’t hesitate to submit it to me” reflects intellectual stimulation. Finally,
the sentence “I’'m always available in case of a problem” reflects both individual
consideration and the personal sacrifice which a charismatic leader will always be
prepared to make.

e Email C is based on the principles of transactional leadership. For example, the
sentences “I’d like you to sort this out to avoid any repercussions on the company’s
image”; “We’ll have to meet our deadline soon” reflects active management by
exception, the sentences “You have achieved the goal expected for this file, I'll keep
this in mind”; “I’1l take your performance on this file into account” reflects contingent
reward.
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Descriptions and contents of the emails.

Email A “Laisser-faire”

Email B ‘transformational’

Email C “transactional”

Hello, Please find attached Mr.
Smith’s file which is a
sensitive one. I have been
instructed to give it to you to
handle

Hello, Please find attached Mr.
Smith’s file which is a
sensitive one. I know it’s a
tricky file and will be
challenging for you, but I
know that you are capable of
dealing with it. You can work
on it with John, try a new
approach and don’t hesitate to
contact me if you have any
problems, I'll be available

Hello, Please find attached Mr.
Smith’s file which is the
sensitive one we talked about
and which I think you can
handle. Try to get it sorted
rapidly, I’ll take your
performance on this file into
account during assessment

Then the following day a new e

mail, with usual polite forms, and the following elements:

I have received a complaint
from Mr. Smith about you. I
am not concerned so I’'m
sending it to you to deal with

I have received a complaint
from Mr. Smith. According to
him the solutions offered are
not satisfactory. I know he’s a
difficult customer but I'd like
you to take up the challenge. I
know you are capable of
convincing him and sorting
things out. Let me know how
things go

I have received a complaint
from Mr. Smith. According to
him the solutions offered are
not satisfactory. I'd like you to
sort this out to avoid any
repercussions on the
company’s image

The day after a new email with

usual polite forms and the following elements:

I'have received your reminders
on the Smith file, I’ll send you
my conclusions later

For the Smith file, if you find a
new angle don’t hesitate to
submit it to me, I’d like to see
your report soon

I’m expecting your report on
the Smith file. Our deadlines
will have to be met soon

Finally, a new email with usual polite forms and the following elements:

Thank you for dealing with the
Smith file. Good Day

I’d like to congratulate you on
the Smith file, the customer is
delighted you’ve done a great
job with the team! Good Day

You have achieved the goal
expected for the Smith file.
Congratulations. I won’t
forget, I will keep it in mind.
Good Day

Characteristics of the Sample. The final sample was made up of 51 people (27/51
men and 24/51 women) executives (21/51) employees (30/51). The average age was
33 years old and varied between 20 and 57 years old. The average time spent on
messaging for their job is approximately four hours a day. The employees receive an
average of 20.6 emails every day in their job, of which 4.6 emails come from their
superior. 62.7% of the people in the sample live with partners and 37.3% are single.
Finally, their professional experience averaged at around 9.8 years.

Procedure and Measures. In this study, four variables particularly interest us:
emotional commitment to the supervisor, employee’s perceived performance, motiva-
tion to succeed in the project entrusted and employee’s perceived interpersonal justice.
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These four measures were evaluated in the questionnaire with items taken from several
scales.

o Emotional commitment to the supervisor: 6 items from Vandenberghe [23]. The
items from the initial research were not changed. Here is an example of an item: “I
admire my supervisor’.

e Perceived performance: 3 items from Sanchez, Truxillo and Bauer [20]. The initial
items were changed in order to adapt them to our questionnaire, for example: “I think
I have passed the test I have just taken” was changed to “I think I have succeeded in
the project assigned to me”.

e Motivation to succeed in the project: 7 items from Sanchez, Truxillo and Bauer [20].
The initial items were changed in order to adapt them to our study for example, the
item: “If I concentrate and work hard I can get a high score” was changed to “If I
concentrate and work hard on this file I can successfully deal with it”.

e Perceived interpersonal justice: 4 items, Colquitt [6]. The items from the initial study
were not changed. Here’s an example of an item: “My superior treats me with
dignity”.

4 Results

How did the 51 people respond to the scales — Emotional commitment to supervisor;
Perceived performance; Motivation to succeed in the project; Perceived interpersonal
justice — according to the emails they were reading? What do their answers teach us?

Our main assumption is that different emails generate a significant difference in the
psychological impacts on the scores of the variables studied. To this end, a variance
analysis with repeated measures was carried out between the different types of commu-
nication and each dimension of the questionnaire. Table 3 indicates the averages of the
scores obtained for each type of communication according to the four variables.

Table 3. Score averages for each scale according to the type of communication.

Types of emails Perceived Perceived Perceived Motivation to
received interpersonal performance | emotional succeed in the
justice commitment project
A-Laisser-faire 1,70 1,46 0,78 1,32
B-Transformational | 5.20 5.22 4.86 4.80
C-Transactional 4.21 4.68 2.92 5.00

The results of the Student test validate most of the assumptions: the laissez—faire
leadership communication obtained much lower scores than the two other forms of
communication on the four variables studied (always p < .05).

Concerning the emails of the transactional and transformational type, the results
merit a more detailed analysis:

e For the variable “perceived interpersonal justice”, we note a higher average score for
the transformational email (5.20), the transactional email has a score of 4.21 and
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finally the laissez-faire communication has a weaker score, of about 1.7. The variance
analysis shows significant differences for each type of communication (p < .02).

e Perceived performance indicated different scores depending on the type of commu-
nication received: the transformational email obtained the highest average with about
5.22. This is followed by the communication inspired by a transactional leader which
obtained an average score of about 4,68, finally the laissez-faire type of communi-
cation with a score of about 1.46. For each pair the differences are significant (using
Bonferroni’s method, p < .02).

o Emotional commitment is strongest in the transformational situation (4.86), weaker
in the transactional situation (2.92), and very weak (0.78) in the laissez-faire type
communication. The Student tests revealed significant differences for each pair (p < .
02), i.e. between “transformational — transactional emails”, “transactional - laissez-
faire” and “transformational - laisser-faire”.

e Motivation to succeed in the project introduced a slight difference. In fact, the average
score for transactional communication is higher than for transformational commu-
nication. However, there isn’t a significant difference between transactional and
transformational communications for motivation to succeed in a project. (p > .05).

5 Discussion and Conclusion

The four variables measured in this study vary significantly depending on the type of
communication received. Even if the electronic communications do not contain non-
verbal pointers which could support leadership [21]; our study confirms that electronic
communications generate similar results to oral communications.

But this research also highlights another major phenomenon: the important impact
of the language used on the employees’ perceptions of their relationship with the super-
visor, their perception of justice, their performance and their motivation. Each type of
communication has resulted in noticeably different scores. The employees receiving
specific information concerning a project entrusted to them are extremely sensitive to
the wording and the content. Our research confirms the fact that communication is a
fundamental factor for the successful of organization and employees’ performance [22].
The wording chosen in the emails impacts directly on employees’ perceived perform-
ance and their perception in general, as suggested in Murphy and Clark’s study [15].

Since the direct supervisors spend between a third and two thirds of their time inter-
acting with their subordinates [27] it is important to take into account the way in which
information is communicated in order to motivate co-workers, enabling them to increase
their commitment to their organization and to their supervisor and consequently improve
their overall performance to the benefit of their company. It is therefore an important
issue, the wording in a sentence can completely change the vision that a person has of
his/her project goals, performance and relationship with his/her contact person. This
vision will directly affect results of the work done such as satisfaction and the employees
objective performance.

The transformational leader possesses specific characteristics which enables him/her
to establish a good working relationship with his/her employees. His/her way of
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communicating motivates employees to exceed the levels of performance initially
planned [11].

As for transactional leadership, it obtained much higher scores than the laissez-faire
leadership communication but lower than transformational, except for the variable-
motivation to succeed in a project. Quite often this type of communication is more
focused on economic or material exchange. It focuses its communication on rewards,
which motivate employees and is consistent with several studies according to which
transactional leadership can bring about high levels of employee motivation [25].

Finally, the “laissez-faire” leadership communication reveals an avoidance of the
role of leader, there is very little communication as he/she withdraws from situations in
which he/she could be involved. This lack of communication has a negative impact on
the employees’ representations. It obtains much lower scores than the two other types
of communication, and for each of the variables tested. Thus illustrating that badly
constructed communication weakens organizational performance.

This study reveals the importance of electronic communication in organization
psychology and information systems management, and more precisely its effect on the
employee representations concerning their work and their relationship to their direct
supervisor. The content and quality of the information conveyed in an email from a
direct supervisor affects motivation, perceived performance, perceived interpersonal
justice and emotional commitment to the supervisor. The three types of emails based on
the different leaderships styles were simulated through three scenarios. The results are
unmistakable: minimal communication and avoidance behavior from the laissez-faire
leadership will lead to much lower scores than richer communications from the trans-
formational and transactional leaderships. However, a type of behavior and communi-
cation based on the relationship that transformational leadership is likely to produce
leads to much higher scores than communication based mainly on goal achievement
likely to be produced by transactional leadership.

Even if the obvious limitation of this study is its experimental methodology (but also
its strength!), it nevertheless raises the very topical question of electronic leadership, of
the relational quality of emails, and the harmful repercussions for both the employees
and the organizations. Our study proves that the emails received correlate to the employ-
ee’s perceptions. It also draws a management line: writing emails using transformational
leadership characteristics is profitable for the professional perceptions of the employees
and no doubt for the employees themselves!
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Abstract. Along with the industrial progress and the improvement of life quality,
the product functionality and usability have become the basic demands. The
modern users lay more emphasis on pleasure, special use experience and memory
empathy brought by the products. Miryoku engineering is a research which helps
designers better understand customers’ specific perceptual cognition and then
catch a relatively accurate preference of customers. Miryoku engineering advo-
cators suggested a new perspective on human emotions, i.e. the use of adjectives
to represent various emotions. In this study, firstly using the Evaluation Grid Chart
of Miryoku Engineering, the author interviewed participants who were over
30 years old and had studied industrial design for more than five years, to catch
the personal cognition of attractiveness of E-scooter. In order to make the attrac-
tive factors more representative, the author used the KJ Method to simplify the
items. These evaluation items were selected to form the questionnaire in the next
step. Attractive factors of E-scooter appearance were led into “Fuzzy Kano
Model”(FKM) and entitled with particular “quality attributes” to explore the
relationship between attractive factors and customer satisfaction. 10 attractive
factors were selected as evaluation index items, participant feelings were inves-
tigated with bidirectional questionnaire, influences of attractive factors on
consumer satisfaction were verified through calculating.

Keywords: Fuzzy Kano Model - Attractiveness - Miryoku engineering -
Appearance design - E-scooter

1 Introduction

Along with the industrial progress and the improvement of life quality, the product
functionality and usability have become the basic demands. The modern users lay more
emphasis on pleasure, special use experience and memory empathy brought by the
products. social values gradually become open and diverse, people transit from material
to spiritual enjoyments, pursuing fashion and beautifying oneself have become a signif-
icant aesthetic tendency in modern time. Under such circumstances, consumer emotions
are stronger, consumer demand level and contents are various. Particularly, consumer
demand level rises from low to high, consumers pay attention not only on qualities and
functions, but also on art, culture, symbol, individual satisfaction and joyful spirit of
products. Emotional shopping tendency of consumers determines that emotional
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elements will be emphasized by more and more designers in future. Design directed by
emotional content can be regarded as the heart of current design practices, research, and
education (Demirbilek and Sener 2003). In another word, emotions are “felt” and can
play significant roles during product interactions, such as impacting the decision of
whether or not to buy (Jordan 2000; Norman 2004). Khalid (2001) pointed out, “the
decision to buy can be momentary, so consumer demands can then be created very
quickly, while other demands are long established.” Relying on individual judgment and
preference, consumers buy products which can fulfill their subjective consciousness.
Products which not only have cool appearances, satisfying functions and high qualities,
but also can bring consumers psychological satisfaction are demanded in market. What
consumers actually want are high-quality products which symbolize individual char-
acter, taste, identity and position. Under such situation, exploring consumer demands,
expectations and preferences is necessary and significant. However, it can be chal-
lenging to measure consumer preferences and emotions on products and risky to develop
new products. It has been estimated that up to one third of new products fail at the launch
stage (Cooper and Kleinschmidt 1987). So it can be told that it is crucial to capture their
emotional feedback on the products, because consumers tend to make buying decisions
increasingly emotionally, avoiding the rational processing of large quantities of infor-
mation (Katicic et al. 2006). Thus, more and more companies are willing to invest on
researching the relationship between consumer emotions, references and new products;
in order to design more attractive products and satisfy consumer expectations, consumer
preferences and emotions on new products shall be learned. Moreover, it is important
that product designers are sufficient for designing attractive new products, because
attractiveness of new products themselves plays a key element impacting consumers’
purchasing decisions (Masato 2000). However, it is absolutely not easy to scale
consumer references and emotions on products.

2 Related Work

Kansei Engineering and relevant researches have been largely promoted and consumers’
subjective emotional demands are valued in product design. As a customer-emotion-
oriented new product developing technology, Kansei Engineering is defined as “a tech-
nology which materializes consumer emotions and images on products into design
elements” (Nagamachi 1995), it is successfully applied in actual product design and has
already been widely used in product design to explore the relationship between consumer
emotions and product design elements. Owing to the fact that human emotions are
extremely subjective, circumstance-related and individual, an accurate measurement of
consumer emotions is generally impractical. In this regard, to consolidate consumer’s
emotional requirements, Kansei engineering advocators suggested a new perspective on
human emotions, i.e. the use of Kansei words or adjectives to represent various emotions
(Ota and Aoyama 2001). Relation between product design elements and product kansei
images are explored in Kansei Engineering. The general idea is: firstly, define consumer
emotional demand space and product design space; secondly, select proper adjectives
for products among numerous adjectives and match them with test samples; thirdly,



Discuss Attractive Factor of E-Scooter 29

inquire consumer emotions through Semantic Differential Method and establish the
relationship between consumer demand space and product design elements. But after
all, only consumer emotions rather than preferences on products can be found with such
evaluating method, so the products designed in such process may only have limited
power to impact consumer satisfaction.

Researching consumer satisfaction plays an important role in early stage of product
development, consumer subjective feelings about product are key affecting elements to
consumer satisfaction, therefore, it is significant to find out affecting elements to
consumer satisfaction and categorize consumer demands. Kano et al. (1984a, b) made
a two-dimensional diagram to present the relationship between consumer satisfaction
and fulfilling demand degree as shown in Fig. 1. On basis of consumer reactions, indexes
are categorized with Kano Model as: must-be quality, one-dimensional quality and
attractive quality. According to this theory, products with attractive qualities can make
consumers satisfied while products without attractive quality can not (Kano et al. 1984a,
b). Generally, attractive qualities are not expected and not expressed by consumers. They
can bring “surprise” to consumers sometimes. If one-dimensional qualities are realized,
consumer will feel satisfied, otherwise, customers will not (Lee and Newcomb 1997).
Investigating consumer demands with Kano Model is an important part in new product
development and innovation process. consumer comments are meaningful for new
product development because consumer demands evaluation affects the success of new
product development for target consumers. Rashid et al. (2010), Hwang et al. (2014)
used Kano Model and Kano Regression Method, verified consumer preferences, satis-
faction and emotional experiences inspired by social and cultural products. The results
of their researches offered designers with a better cognitive approach about how to
design better products to meet consumer demands.

Delight (satisfaction)

4 ;
‘ Attractive

One-dimensional

»
>

Dysfunctional Functional
Must-be

absence presence

Reverse

Disgust (dissatisfaction)

Fig. 1. An illustration of the Kano model



30 J. Cheng et al.

Same like material demands, emotional demands on style design are also human
demands in essence, it is not difficult to understand that Kano Model can be applied in
emotional area of style design. Yao Xiang et al. based on Kano Model Categorization
Method and categorized emotional demands of style design as must-be quality, one-
dimensional quality and attractive quality. Design emotion is represented and expressed
with adjectives. Design emotional qualities correlate closely with design characteristics,
about product style design, through investigating the relationship between style design
characteristics and emotional demands, it can be judged that which design characteristic
leads to what emotion and which emotion belong to which quality level. Yao and Hu
(2014) evaluated beauty elements of vehicle appearance in their researches, during
evaluation process, participants were asked to evaluate 12 beauty elements of vehicle
appearance in Kano Bidirectional Questionnaire. According to evaluation results, it was
found that consumer demands could be captured more accurately with Fuzzy Kano
Model (FKM), and that importing FKM in dealing with consumer emotions was more
objective and fairer than importing Kano Model. Their researches were beneficial for
designers in recognizing these beauty elements of vehicle appearance and putting their
efforts in improving attractive qualities and increasing consumer satisfaction, influential
for customers in accepting vehicle appearance.

Markus Hartono and Tan Kay Chuan (2011) described how Kano Model was helpful
to Kansei Engineering in services, they also introduced a comprehensive framework
consisted of Kano Model and Kansei Engineering. Kano Model was applied and inserted
in Kansei Engineering to reveal the relationship between service qualities and consumer
reactions. In case studying, Kansei Engineering is applied to capture and transfer
consumer emotional demands, Kano Model is used to assist Kansei Engineering and
deeply explore the relationship between service elements and consumer emotions.
Kansei Engineering promotes emotion elements to merge with product design elements,
butit can not tell influences of different emotion elements on purchasing decisions. Tama
et al. (2015) combined Kansei Engineering and Kano Model in their study to improve
design of ceramic souvenirs and better meet consumer expectations. During study, they
categorized or sorted emotion adjectives in accordance with Kano Model, then they
calculated and analyzed the emotion adjectives which affected consumer satisfaction the
most and developed such adjectives as key for further design.

Miryoku engineering was a research developed by Masao Inui and Japanese scholar
Junichiro Sanui in referring to the book The Psychology of Personal Constructs written
by clinical psychologist Kelly, which provides the designers a method to make the
customers’ fuzzy perceptual cognition become specific when executing product devel-
opment. It was understood that some ways to choose products by customers and the
experience of successful product design can catch the products’ charm essence, thus a
design full of charm would be created. The method clearly discussed the similarity or
difference relationship in the comparison between object A and B mainly by individual
interviews, thus the individual qualities of target objects were sorted out. The charm
factors will be the key points to successful products if they can be obtained in the prod-
ucts design and development as well as applied and transformed to actual product
aspects, so the extraction of charm has been worked on finding by many designers in
the design process. The product evaluation construction method provides an analytic
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approach to product charm factors with theory basis among the related researches in
miryoku engineering, providing stimulation according to the category of the theme and
in the form of depth interviews to know the customers’ feeling about the products’
charm, making the participants have obvious feeling difference after the comparison of
preference degree among participants, so the participants’ original concept to the subject
will be known, thus leading to the participants’ more definite analyzing the original
evaluation concept and connecting its upper abstract concept with lower specific descrip-
tion, and then a network diagram of participants’ evaluation structure of products will
be sorted out.

3 Research Method and Process

“Miryoku” is a Japanese word, means “strong attraction”. So-called miryoku is a kind
of power which appeals public feeling and make people puzzling, i.e. power which
causes people confused, it can induce people to take certain actions, for example,
consumer decision-making behavior. It is the subjective preference of consumers and
has direct and close relationship with consumers’ values. From a design perspective, the
extraction of miryoku is the element which a lot of designers are committed to look for
in design process. Miryoku, can be regarded as a generic term of power to conquer public
feeling such as allure, attraction, induced force, appeal and inspiring power, etc. Miryoku
engineering is a research which helps designers better understand customers’ specific
perceptual cognition and then catch a relatively accurate preference of customers.
Miryoku engineering advocators suggested a new perspective on human emotions, i.e.
the use of adjectives to represent various emotions. In this study, “kansei images” of
E-scooter’s Front Face were led into Fuzzy Kano Model and entitled with particular
“quality attributes” to explore the relationship between kansei images and customer
satisfaction. In this study, using the Evaluation Grid Chart of Miryoku Engineering, the
author interviewed participants who were over 30 years old and had studied industrial
design for more than five years, to catch the personal cognition of attractiveness of
E-scooter’s Front Face.

Now people is paying more and more attention to living environment quality and
physical health. Green travel is one of social hot topics. E-scooter is naturally the first
choice, especially a equipment suitable for mid-short distance traffic, according to the
survey, the main reason which citizens select light electric vehicle as transportation
means instead of walk is: car is expensive, bicycle requires human power to drive, bus
system is not perfect enough, the driving of motorcycle is relatively dangerous and
meanwhile prohibited in many cities, however, E-scooter avoids training, cumbersome
registration procedure and expensive insurance cost. As a personal traffic carrier, with
the characteristics of low carbon and environmental protection, electric vehicles will
become one of mainstream traffic tools in the future. researchers and designers engaged
in this field need to study user’s preferences based on miryoku engineering.

In order to analyze the attractive factors of E-scooter’s front face, an interview is
conducted by using EMG method. Interview time is 1 h and interview place is in a
separate room which has no external interruption. The number of people who
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Table 1. Preference of a participant to E - scooter’s Front Face

Upper level Original Lower level
evaluation item | (specific description)
(middle level)
Headlight, its Headlight shape Headlight is

e

overall shape has
edges and
corners, is very

sharp

is prismatic, just
like two eyes
Wild (upper level
attractive factor)

located in front
panel, its shape is
prismatic have
edges and
corners, just like
eagle’s eyes

The profile of
front panel is
smooth and sleek

The profile of
front panel is
sleek and
graceful

Sleek (upper
level attractive
factor)

The profile of
front panel is
smooth and sleek

The shape of
wind deflector
bottom is
inverted U,
contracts outside-
in, line is sleek
and graceful

The shape of
wind deflector
bottom is
inverted U
Sleek (upper
level attractive
factor)

The shape of
wind deflector
bottom is
inverted U,
contracts outside-
in, line is smooth

The profile of
wind deflector
bottom is lower
convex, line is

The profile of
wind deflector
bottom is lower
convex

The profile of
wind deflector
bottom is lower
convex

o« a

smooth and Soft (upper level

graceful charm factor)

The intake grille | Intake grille of V The intake grille

of decorationisin | shape of decoration is in

shape of V Tangible (upper shape of V, and
level charm composed of
factor) multi-V

participated in investigation and survey is 30. They are made up of 18-38 years’ old
men and women, some of them have 2 years’ experience of driving E-scooter, some are
designers who study E-scooter. These experts and scholars as well as experienced E-
scooter drivers will be asked the attractive factors they think with regard to E-scooter’s
front face, thus explore the key factors E-scooter’s front face design generates attraction.
Specific method is as follows: 1. Prepare 20 sample drawing cards, card size is half of
A4 paper size and every sample card size has the same specification, each sample card
is selected from a variety of E-scooter’s front face, among which are made by several
major manufacturers in market, interview will be conducted based on the classification
of 20 sample cards. 2. The cards which are partial to E-scooter’s front face are grouped
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by their preferences. 3. The original evaluation item, which is established by different
preferences and reasons, original evaluation item will be asked by comparing groups.
4. Each original evaluation item is processed into “upper” and “lower” levels. The upper
level is asked the reason of original evaluation item and the lower level is asked the
specific features of evaluation item. According to above said process, the structure of
evaluation item of each participant can be displayed. Table 1 shows the preference of a
participant to E-scooter’s Front Face.

In order to make the attractive factors more representative, the author used the KJ
Method to simplify the items. These evaluation items were selected to form the ques-
tionnaire in the next step. KJ Method to simplify the headlight of E-scooter’s front face
is shown in Table 2.

Table 2. KJ Method to simplify the headlight of E-scooter ’s Front Face

1. Polygon diamond shape (14) - Diamond shape appearance 10, jewel type 2,
hexagon 2

2. Like diamond and like eyes (17) « Eagle eye shape 10, like eyes 1, rhombus 3,
like a pair of big wings 3

3. Smiling face of V shape (13) — Headlight of V shape 10, smiling face type 3

4. Roundness (11) - Round headlight 9, ring shape 2

5. Outer convex big eye lamp (5) — Like big eye 1, big elliptic headlight 1, outer

convex round headlight 3

6. Combination form of two circles (13) | « Calabash shape headlight 4, curve eight
shape 5, two round lights 3

7. Nearly square (10) — Square headlight 2, square 7, rectangle 1

8. Nearly trapezoidal (12) « Inverted trapezoidal 5, trapezoidal 3, nearly
inverted trapezoidal 4

9. Goose egg shape (15) — Goose egg shape 3, egg shape 4, elliptic 3,
semi-elliptic shape 3, like water drop 2

Attractive factors of E-scooter’s front face were led into “Fuzzy Kano Model” and
entitled with particular “quality attributes” to explore the relationship between attractive
factors and customer satisfaction. In traditional Kano model survey, participants give
only one answer to positive and negative questions, this ignores the uncertainty of
participant’s thought. When the answer which a customer gives to a product attribute is
uncertain, the survey data to this part of the customer by traditional Kano model is not
accurate. Considering the uncertainty of customer satisfaction, a demand classification
method of fuzzy Kano model is put forward.

Both fuzzy Kano model and traditional Kano model conduct survey of customer
satisfaction in the form of positive and negative questionnaire, the biggest difference
lies in the design of the questionnaire. Traditional Kano questionnaire only allows you
to select a most satisfied answer for positive and negative questions, however, fuzzy
Kano questionnaire allows clients to give fuzzy satisfaction values to multiple survey
items (in the form of percentage, their values are between [0, 1], the sum of row elements
is equal to 1). The questionnaires of traditional Kano model and fuzzy Kano model are
shown in Tables 3 and 4 respectively.
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Table 3. Traditional Kano questionnaire

Function of product | Like So shall is be | Not to matter | Can tolerate | Dislike
Realizable v
Irrealizable v

Table 4. Fuzzy Kano questionnaire

Function of product | Like So shall is be | Not to matter | Can tolerate | Dislike
Realizable 0.6 0.2 0.2
Realizable 0.6 0.3 0.1

4 Discussion and Analysis of Results

First of all, take the above simplified 10 upper level attractive factors as evaluation items,
and ask participants’ ideas respectively with a group of bidirectional questionnaires
(sufficient and unsufficient quality). The influence of every perceptual image vocabulary
on satisfaction degree of customers can be known by calculation, thus, we deduce which
words belong to attractive quality from the 10 perceptual image words. Table 5 shows
the result analysis of FKM analysis.

Table 5. Attribute priorities of upper level attractive factor

Attractive factor | FKM
M A O I R Category

Lovely 0 14 2 12 0 A
Wild 0 6 0 22 2 1
Retro 0 4 0 26 0 1
Glaring 1 4 0 24 1 1
Rounded 0 10 0 20 0 1
Rational 0 8 0 18 2 1
Delicate 7 9 8 4 0 A
Rational 0 0 0 26 0 I
Minimalistic 0 16 1 14 0 A
Flexible 1 6 2 18 0 1

Note: M: Must-be O: One-dimensional A: Attractive I: Indifferent R: Reverse

Take the fuzzy Kano questionnaire of a participant as example, assume that the
function matrix X = [0.7 0.3 0 0 O] can realize, the function matrix Y = [0 0 0.5 0.5 0]
cannot realize, they generate fuzzy interactive matrix. The generated fuzzy interactive
matrix is made positional correspondence of Kano quality attributes decision matrix,
the membership degree vector of A, M, O, I can be known, ta = 0.7, tm = 0, to = 0,
ti = 0.3. Because the same evaluation factor generally belongs to multiple Kano attribute
category at the same time, in order to obtain more accurate and reliable data, threshold
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a is introduced for filtering. For the choice of o values, it is found by Meng and He
(2013), (through setting different values of «), that a = 0.4 is the optimal value, it can
guarantee information not only distortionless, but also less cross. If the membership
degree vector t of Kano attribute category is greater than «, it is set that the attribute
vector of this attribute category is expressed by 1, otherwise expressed by 0. Above steps
are repeated, tendency categories of demand for products of each participant are statis-
tically analyzed, the highest frequency tendency of demand for the product of partici-
pants is the attribute category of demand.

According to FKM classification results, there are 10 charm quality attributes, among
which minimalistic, delicate and lovely are three types of charismatic quality, other 7
types are indifferent quality, then designers can firstly integrate charismatic quality
attributes with the design of E-scooter’s Front Face.

For example, emotional vocabulary minimalistic, at present, in the fierce competition
and fast pace modern city life, the mental and psychological pressure of people increase
gradually, they hope they can relax their tense nerve, make body and mind get stretch.
The concise and straightforward style can provide real psychological support. Specifi-
cally, minimalistic style is characterized by rejecting delicate and intricate decoration
form, seeking a combination of simple geometric shape and fluent lively line/plane.
When consumers find E-scooter’s Front Face has minimalistic characteristic, they
psychologically feel fresh and clear, thus are attracted by the appearance of E-scooter’s
front face. That is to say, it takes a key role in the design form of E-scooter’s front face
to strengthen the research of minimalistic style. The author thinks that its style design
can be summarized into abstract geometrical body, and carry on combination permuta-
tion arrangement by making full use of three forming rules-dot, line, face, can increase
modelling change in local place, thus design minimalistic modelling so as to make E-
scooter’s front face attractive.

From the point of delicate view, delicate refers to product modelling is relatively
fine, the design of main structure style is more reasonable, the treatment of a length of
circular arc, a raised modeling as well as local modelling scale, quantity relationship in
product shape is more harmonious, lead to the exquisite overall visual effect of products.
With the development of social economy, people begin to pursue the high level of life
quality, reflected in pursuit of quality and class when purchase E-scooter. In the choice
of E-scooter, when consumers find E-scooter’s front face with fine quality, will psycho-
logically feel delicate and elegant, can produce a kind of slap-up feeling, thus are
attracted by E-scooter’s front face.

Once more, from the point of lovely view, lovely is a psychological natural reaction
to some characteristics of product modeling, such as cartoon, novel and fun. Lovely
products are usually designed by using bionic technique, realistically reproduce the form
of natural things, let people have a unique taste after observation, as a result, the psycho-
logical distance between people and products becomes short. As the life rhythm of
modern people speeds up, the life pressure of people increases, people expect to pursue
the happy relaxed way of life, therefore, tend to pursuit a product with fun and friendly
feeling to entertain their life. Based on this, when consumers find E-scooter’s front face
has lovely feature, will psychologically feel affinity, be associated with a kind of fun
and joy, and have a unique taste experience, thus be attracted by E-scooter’s front face.
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The Relevance of Failure to Ensure Safety in Human-Robot
Cooperation in Work Environments
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Abstract. The paper is focusing on human-robot cooperation in work environ-
ments from the perspective of genuine sociological insights regarding human—robot
interaction. Due to the typical range of application of robots, aspects of work safety
were so far mainly emphasized as an issue of avoiding somatic harm. However,
when it comes to social robots and to the design of settings of straight human-robot
cooperation cognitive aspects should be taken into consideration. A crucial aspect
for human-robot interaction (HRI) in work environments is avoiding strong routin-
ization and a strong reduction in the human’s attention. Especially if the robot is
assuming a large workload the stated problem could arise and pose danger to
safety. Systematically induced crisis in terms of confronting the humans with
credible contingency in the form of small amounts of unexpected behavior could
be a very effective solution. The humans cooperating with robots are not involved
in a behavioral crisis in an everyday sense; the term “crisis” is used in a ethnome-
thodological meaning to describe a robot behavior that slightly surprises the human
user. To achieve this goal and the intended benefit, the robot simply must act in
such a way that is somewhat different from the human’s expectations. When
expectations do not meet with such surprise after a fair amount of interaction expe-
rience, humans automatically tend toward routinization.

Keywords: Social robotics - Human-robot interaction - Work safety - Sociology -
Breaching experiments - Ethnomethodology

1 Introduction

The paper is focusing on human-robot cooperation in work environments from the
perspective of human—robot interaction, and the sociological insights that were gathered
so far in experiments conducted in the Fabrication Laboratory “MTI-engAge” at the
Technical University of Berlin [1]. Due to the typical range of application of robots,
aspects of work safety were so far mainly emphasized as an issue of avoiding somatic
harm. However, when it comes to social robots and to the design of settings of straight
human-robot cooperation cognitive aspects should be taken into consideration. Until
now, the issues discussed in this paper were not relevant since most of the robots used
in work environments are industrial robots that are used in production processes. In these
typical industrial settings safety is ensured by separating the robots from the workers
through security spaces or even fences. A new application area for robots is becoming
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increasingly important as the development of service robots are gaining relevance in
terms of reliability and versatility. However, to take part in collaborative actions with
human workers clearly raises completely new challenges and demands new approaches
for addressing safety issues.

This paper is emphasizing the fact that even if the interaction with the robot is intui-
tive and therefore unproblematic, it will pose a danger to safety due to an increased
reduction of cognitive tasks as the robots assume the workload for the involved humans.
If the robot fulfills the collaboration task with the human in a routinized way (unlike
humans would), the human will adapt to the robot’s predictable behavior very quickly
and in doing so reduce his or her attention to a quite dangerous level. To address these
new challenges and develop strategies to avoid them, I argue that the construction of
interactive working robots can benefit from a sociological insights and basic assump-
tions about interaction among humans. From a sociological point of view interaction
among humans is always endangered of failing. The probability of failing is usually
assumed higher than succeeding. Therefore, one intriguing question is to ask how
humans ensure a smoothly course of interaction. Sociological insights may help through
the evaluation of human—human interaction to deduce relevant issues regarding human-
robot interactions how to ensure safety in upcoming human-robot collaboration settings.
A main aspect lies in the use of a conceptual instrument in the form of what we coined
in our research group as a “behavioral crisis pattern”. The term “crisis” is a conceptual
term taken from a very circumscribed approach within sociological theories mainly
known as “Ethnomethodology.” Especially the approach of Ethnomethodology is high-
lighting the constant state of failure within interaction and the permanent repair strategies
that are adopted by the interacting humans to coop with potentially unexpected behavior
respectively with the slight overall contingency of the situation.

A crucial aspect for HRI in work environments is avoiding strong routinization and
a strong reduction in the human’s attention. Especially if the robot is assuming a large
workload the stated problem could arise and pose danger to safety. Systematically
induced crisis in terms of confronting the humans with credible contingency in the form
of small amounts of unexpected behavior could be a very effective solution. The humans
cooperating with robots are not involved in a behavioral crisis in an everyday sense; the
term “crisis” is used in a ethnomethodological meaning to describe a robot behavior that
slightly surprises the human user. To achieve this goal and the intended benefit, the robot
simply must act in such a way that is somewhat different from the human’s expectations.
When expectations do not meet with such surprise after a fair amount of interaction
experience, humans automatically tend toward routinization.

2 The Peculiar Relationship of Failure and Safety in Human-Robot
Cooperation

Designing a safe human-robot interaction for collaborative work settings is a compara-
tively new challenge. From a sociological point of view, it is crucial to analyze basic
elements and patterns of human-human interaction (HHI). A common theory regarding
HHI on the micro level is to emphasize the use of symbols and the performative use of
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them in a constructivist way. Especially in collaborative work environments the inter-
action between a human and a robot is basically carried out through actions and gestures,
less through communication in a strict sense, e.g. using words, talking with each other
etc. The interaction is therefore based upon the understanding of gestures and actions
as social cues and the ability to read them right, but also to anticipate the expectations
of the collaborating partner. The situation is becoming increasingly social when it is
built upon expected expectations, or at least when the human could describe it that way.
Even if the robot is following a deterministic path, we can assume that if the human is
ascribing expectations towards the robot and acting towards them (either way: fulfilling
or willfully disappointing them) the situation can count as social. The described “as if”
situation is typical for artificial intelligent research and can be followed back to one of
the most influential and paradigmatic approaches within the field, the so called “Turing
Test” by Alain Turing [2, 3].

Intriguing is the notion of Turing to design a test based on genuinely sociological
assumptions [34]. The main underlying assumption of the so-called Turing Test is the
ascription of intentionality and contingency undertaken by the human towards the arti-
ficial intelligence (A.L.). This concept is very familiar with most of the major sociological
theories concerning the micro level of society, i.e. an interaction system. Alter and ego
are relating to each other assuming that they are interested in exchanging whatever could
be of interest. Furthermore, both are ascribing the other capabilities without having any
proof of their existence. Especially the capability of being intentional and acting on the
basis of expected expectations and even more on the presupposition to know that the
other is also acting on this basis and is therefore expecting that Ego is acting orientated
by expected expectations. It is of course quite hard to believe that a human can really
assume a robot or a A L. is consciously, intentionally expecting expectations and further-
more also assuming that the human is expecting that. However, the ingenious concept
of Turing was to change the game by pointing out that the only thing that matters is not
what is really going on in the mind (respectively the operations and input to output
relations of the machine) but the mere assumptions that one — the human — will have or
will develop towards the machine, i.e. the robot or the A.L. and that will be used as
guidelines for the own future acting as well as thinking. This way of putting the challenge
was — and for many reasons still is — a completely new and different approach to the
riddle how to put the interaction between a human and a machine. Most of the approaches
in HRI are still operating upon the implicitly acknowledged assumption that the relation
between a human and a robot has to be modeled by taking into consideration the way
how the human mind is functioning and processing information. By doing so the solip-
sistic mind is the cornerstone of the (most probably unmanageable) solution. In oppo-
sition to this viewpoint the Turing Test is putting the emphasis on the sole ascription of
qualities, even if they do not really exist, if the human is acting toward the machine
assuming that it is capable of expecting expectations, intentionality, taking always
contingency as the outcome of the interaction into consideration, etc. the human’s action
will define the machine as assumed. According to the theorem of Thomas “If men define
situations as real, they are real in their consequences” [35-37]: If the human is assuming
that the robot is acting towards him or her in a very similar or even the precise same
way how a human would do it, he or she will act towards the robot in a way that will
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establish the robot as human-like as possible — at least within the situational context of
the interaction they are involved.

Accordingly, to an orientation towards expected expectations a basic assumption is
that humans engaged in typical HHI situations also expect that the interaction could fail
and they also are familiar with slightly breaches of their expected expectations respec-
tively their assumed course of the interaction. These general theoretical propositions
regarding HHI are put in the foreground by the approach developed by Harold Garfinkel,
first coined as “Ethnomethodology” in the 1950’s. Ethnomethodology follows the basic
assumption that social reality is not predetermined by fix structures but created in situ
between the interacting actors who act on behalf of methods. It is ‘‘the investigation of
the rational properties of indexical expressions and other practical actions as contingent
ongoing accomplishments of organized artful practices of everyday life’’ [4]. In other
words: Each action needs an interpretation to be understandable and suitable for follow-
up actions between two individuals (interaction). Therefore, ethnomethodology assumes
that the meaning of an action as a symbol cannot be deduced from the symbol itself, as
it is always vague and preliminary and pervaded by indexical expressions (e.g. ‘this’,
‘here’), but emerges in the social context between the humans interacting with each
other. To be accountable the involved humans use “methods” to understand how the
action should be understood. These “ethnomethods” are reflexive by nature: “the activ-
ities, whereby members produce and manage settings of organized everyday affairs are
identical with members’ procedures for making those settings ‘accountable’” [5].

Another important concept in Ethnomethodology and for the here presented
approach to design HRI in collaborative work environments is sequentiality. Sequen-
tiality is describing the fact that it is anything but random when, i.e. at what point in the
interaction something happens. The sequential order is to be taken seriously and actions
can be interpreted by formulating hypotheses and taking the following action as a veri-
fication or falsification (sequential interpretation).

As we already stated in recent published paper [6-8], a useful instrument to work
out the quality of HRI is the ethnomethodological instrument of “Breaching Experi-
ments” which was developed by Harold Garfinkel [9, 27, 28] to estimate the strategies
(ethnomethods) that are adopted by humans to achieve a successful interaction between
humans. We adopted this approach to work out new insights related to several studies
in the field of HRI that were already leading to the assumption that the gaze of the robot
is crucial for the assessment of the interaction. Especially for the successful and safe
execution of cooperative tasks the gaze of the robot has a significant impact [10-12].
Even if a “point of interaction” — however embodied: as a face with eyes or just a light
or a very simple emoticon like a smiley — is completely irrelevant for the mere func-
tionality of a robot within work environments, it could be nonetheless vital for a healthy,
cognitive exonerative HRI design. The general framework of this kind of research is
referred to in typical HRI settings mostly quite vague as “point of interaction™ [19, 33].
The so-called point of interaction can be very different things, the range goes from a
specific interface or a specific action and therefore shows a strong affinity to HCI
research in general. In the here presented research, the point of interaction is assumed
to be crucial, due to the assumption that every interaction between a social robot and a
human is focused and oriented towards it.
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To understand the key factors, that are defining the HRI as sound and superior to
developments focusing on mere functionality, it is insightful to take the HHI as a refer-
ence. Even if the implementation of HRI deviates from the standards of HHI, the orien-
tation towards HHI is the key for the design of a proper and human-centered configu-
ration of HRI. To achieve these goals, a conceptual framework based on some basic
sociological assumptions in regard to the main factors that are characterizing interaction
among humans is becoming increasingly important the more interactive the relationship
between the robots and the humans will be. The framework should be able to identify
the crucial features for a successful interaction and by doing so also increase the accept-
ance of the workers to willingly engage themselves in HRI.

From a sociological point of view, it is fruitful to consider HHI as a foil for the design
of a safe HRI in work environments. Therefore, it is of paramount importance to consider
the social addressability involved in the above mentioned general model of HHI.
Addressability is an abstract prerequisite for interaction amongst humans in general,
which has to be manifested and materialized for embodied forms of face-to-face commu-
nication. A point of interaction within a HRI setting becomes a social address mainly
qua ascription of the entity that is dealing with it within the process of interaction. The
reasons leading to the ascription of addressability is culturally shaped. The point of
interaction serves as a mediator for the communicative act. A so-called point of inter-
action within HRI research should be defined as social address to be able to work with
more elaborated concepts for the further understanding of gazes.

When it comes to the relevance of the point of interaction in the past decade as well
as up-to-date studies in the field of HRI are focusing on the gaze and the gazing of the
robot. The dominant aspect regarding social cues in HRI research was primarily and is
still in most of the cases concerned with the use of the so-called social gaze and its
importance in typical HRI settings. The research that was conducted so far is mostly
concluding that social gaze has a favorable impact on nearly all the major aspects that
are influencing the assessment of the interaction as a positive experience by the human.
Fischer et al. [32] for instance summarized their research as follows:

“Our qualitative and quantitative analyses show that people in the social gaze condition are
significantly more quick to engage the robot, smile significantly more often, and can better
account for where the robot is looking. In addition, we find people in the social gaze condition
to feel more responsible for the task performance. We conclude that social gaze in assembly
scenarios fulfills floor management functions and provides an indicator for the robot’s afford-
ance, yet that it does not influence likability, mutual interest and suspected competence of the
robot.” [32, p. 204]

In a quite typical setting for HRI research design, the gaze of the robot was tested in a
tutoring situation. In this case the human had to teach the robot how to perform a cooper-
ative task together with him or her. Both Moon et al. [10] and Zheng et al. [11, 12]
presented similar results using a HRI test setting that was likewise the one of Fischer,
however putting the focus not on the cooperative task in general but addressing a more
concrete and haptic task regarding handover situations. They were able to “provide empir-
ical evidence that using humanlike gaze cues during human-robot handovers [...] the
timing and perceived quality of the handover event” [10, p. 2] can be improved. In most
of the social gaze studies that were carried out in the recent past in HRI, the underlying



42 D. Compagna

models were orientated towards similar human-human interaction situations. The setting
that were chosen to carry out the tests are a blueprint of the analogous human-human
interaction situation. Not just situations that are typical for work cooperation and hand-
over situations, but also the possibility of using the gaze as an acknowledging feedback
of content-based exchange was also tested [31]. The overall results are similarly positive:
“We argue that a robot — when using adequate online feedback strategies — has at its
disposal an important resource with which it could pro-actively shape the tutor’s presen-
tation and help generate the input from which it would benefit most.” [31, p. 268]

The above stated quotes and presented overall assessments related to the relevance
and the function of social gaze within HRI in most of the recently conducted research
dedicated to this topic, came so far to the mostly shared conclusion that the consideration
and the proper implementation of social gaze is of paramount importance for a successful
outcome in terms of a satisfying as well as both effective and efficient interaction
between humans and robots.

Basic elements of typical HRI situation could manifest a wide range of complexity.
However, the interaction between a human and a robot could be characterized as social
regardless of the rate of complexity. Even human interactions involve a great range of
degrees of sociality. HHI can range from routine and rule-governed settings to contin-
gent forms and complex behaviors. The latter can best be described with a vocabulary
of intentionality [13].

HHI are mainly structured by expectations. The expectations are mostly build upon
the anticipation of the other’s expectations (expected-expectations). Even if in everyday
contexts quite seldom expectations are disappointed, a certain amount of deviation from
the expected behavior is a phenomenon humans are familiar with in social interactions.
This characteristic of HHI was framed by Luhmann as a situation of double contingency
[14]. This description emphasizes the fact that among humans the possibility to act
differently is always possible and quite common. For this reason, uncertain expectations
are more stable than certain ones [15].

Also interesting is the fact that humans have the strong tendency to behave socially
towards robots — due to the representations in mass media as embodied and socially
embedded [16] — but also towards all sorts of technological objects, media and nature
[17, 18]. Anthropomorphizing is an evolutionary asset of humans’ behavior, since most
of the competence to understand the environment is rooted in social interactions. This
strategy is simply transferred to other areas and eventually enriched with specific knowl-
edge regarding an artifact or the objects of nature [17]. Anthropomorphization is a
cornerstone for intentionality, that is strictly linked to the ascription of agency towards
the robot [19].

As already stated a sociologically inspired view (“breaching experiments” (Garfinkel),
combined with a “frame analysis” (Goffman)) to evaluate HRI can work out the specifi-
cally social aspects [20]. The breaching experiments developed by Garfinkel to demon-
strate the fragility of social order, are used to make visible the latent mechanisms humans
use to coordinate themselves within their social environment [5, 29, 30]. A breach in this
regard is used to reveal the strategies adopted to navigate through social contexts creating
a certain state of “normality”’. Conducting reaching experiments in HRI experiments can
show if humans transfer these basic social-interaction strategies (ethnomethods) in the
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interaction setting with the robot. Especially if the robot is inducing flaws in the interac-
tion experience and the human is adopting repair strategies to keep the interaction going.
In these case the HRI setting is becoming comparable to a HHI situation and is framed by
the human as social [6]. To be able to see the benefit of this approach it is helpful to under-
line a few basic assumptions about how in ethnomethodology interactions between humans
(HHI) are understood. From the viewpoint of ethnomethodology in each HHI the humans
must reestablish the meaning of the symbols (words, actions, etc.) they are using to be able
to exchange information and/or cooperate with each other anew. For this reason, this
approach is assuming that in most of the interactions slight adjustments to clarify the
meaning of an action, a word etc. are inevitable. The meaning of a word, an object, etc., is
never 100% clear and is always established ex post as an effect of the interacting partner’s
reaction. Therefore, HHI demands and automatically leads to a certain degree of aware-
ness on the part of the interacting persons. A HRI design trying to replicate this very
typical behavioral patterns for HHI is in this regard a very gentle way of increasing safety,
since it involves a very common feature of HHI and proposes to transfer it to the design of
HRI.

These thoughts in mind, even in non-humanoid robots in work environments, the
implementation of basic social features can result in a superior and safer interaction
experience. This goals are becoming increasingly important as the cooperation between
worker and robots is becoming interactive. For this new direction in the field of human-
robot cooperation in work environments it is crucial to highlight the difference between
interacting with a machine and a human: A machine becomes predictable after a certain
amount of time. On the one hand have humans the capability to surprise one another,
on the other hand the meaning of every interaction must be deduced from a new definition
of the world which is established anew with each interaction. Therefore, robots should
of course not manifest a crisis behavior, rather implementing a sort of behavior leading
to a very common experience in HHI. Just small perturbations that of course should not
disturb the perceptions of reliability and trustworthiness toward the robot by the humans
cooperating with it.

Findings of studies conducted with feedback systems that were designed to decrease
the human’s workload, concluded that the higher the degree of reduction is, the higher
is also the risk of reduced attention [21]. Following the above stated assumptions related
to deviation and expectation flaws that are typical in HHI, and that are leading to the
breaching experiments as an instrument, a behavioral pattern could be designed [Soci-
eties]. The aim of such a behavioral pattern is to trigger a crisis in regard to the human’s
expectations toward the specific HRI sequence. The goal of this procedure is to create
the illusion of a interaction situation that seems to be social in nature. Presumably the
anthropomorphization of the robot is an important precondition for the realization of a
crisis that is ascribed by the human as social. However, in most cases robots provoke
these basic intentional ascriptions per se, which easily result in the human interaction
partner assuming a certain agency [17, 19].

Considering different aspects of behavioral crisis patterns in working environments
characterized by a cooperation between humans and robots, it is very important to take into
consideration the complexity of the setting. Following the description of Kahn et al. [29] of
the term interaction pattern, the robot’s behavior should just slightly vary the action as
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expected by the human to achieve a breach. The robot doesn’t have to deviate from the
expected behavior in total or in part at all. It is crucial to distinguish the different framings
involved in working environments characterized by human—robot cooperation. Depending
from the different level of complexity, the realization of the breach can differ quite a lot. The
same effect depending on the different levels of complexity can be implemented following
the insights of social theories focusing on interaction: ethnomethodology [5], symbolic
interactionism [22], role theory [23, 24] and (in part) structural functionalism [25, 26].

3 Conclusion

The presented suggestion to prevent reduced awareness in human-robot cooperation
tasks by implementing a behavioral crisis pattern with the goal to induce a crisis could
be easily misunderstood. The proposed approach is aiming at creating a certain amount
of awareness and not — or just in rare cases a soft, low-level — alertness. It is very impor-
tant to keep in mind the way how ethnomethodology is describing everyday HHI situa-
tions by emphasizing the strategies that are used to avoid failure in interaction (which
is from this point of view much more probable that the other way around). It is also very
important to remember that this means also, that interactions between humans are
successful not because they are following solid structures but because of the capabilities
of humans to constantly rearrange the meaning of an action, a word, etc. and to coop
with a constantly different definition of a symbol respectively of the course of interaction
— compared to how it was beforehand planned and/or anticipated. Ethnomethodology
tends to highlight the management of micro-crisis that are usual for HHI regarding the
rules and solid patterns that one is attempted to see in HHI. The parallels between the
description of HHI provided by ethnomethodology and the above presented approach
for the design of a safe HRI lies in realizing just very small perturbations rather than
actual crises (in a strict sense). By doing so the perceptions of reliability and trustwor-
thiness of the robot(s) will not be destabilized. Just the awareness is kept up to a very
familiar rate, similar to the awareness that is in place when humans are engaging in HHI.
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Abstract. Information systems (IS) users may learn to use IS through training,
but may not be able to solve IS problems that arise. This may be because of limited
skills and knowledge of IS problem-solving strategies to resolve these issues.
Although previous IS research has studied various aspects of training and trainers
as well as the influence on performance outcomes, research has not specifically
focused on training problem-solving techniques or behaviors. Considering the
potentially negative outcomes from being unable to resolve IS problems, such as
inaccuracies or inefficiencies in performance outcomes, this research proposes to
address this gap. Research studies have demonstrated that behavioral interven-
tions, such as prompting and transfer of stimulus control, have influenced the use
of desired behaviors in specific as well as novel situations. Prompting encourages
the desired behavior to be utilized, the desired behavior can then be reinforced
for continuous use, and prompting is eventually removed and stimulus control is
transferred to a natural stimulus (e.g., IS problem). This research intends to eval-
uate the effectiveness of prompting and transfer of stimulus control to enhance
users’ sense of empowerment, efforts to solve IS problems, and performance
outcomes. Therefore, this study intends to provide insights on methods of
improving IS users abilities to solve IS problems by increasing users’ sense of
empowerment and problem-solving behaviors when utilizing software applica-
tions with the use of specific behavioral interventions (i.e., prompting and transfer
of stimulus control).

Keywords: Information systems training - Information systems user
Information systems user empowerment - Problem-solving behavior - Prompting
and transfer of stimulus control - Psychological Empowerment Theory - Theory
of Trying - Social Cognitive Theory

1 Introduction

Information systems (IS) training is essential for users to learn and apply IS in an
effective manner [1]. A conventional IS training entails initial delivery of information
regarding the IS as well as demonstrations of its functions. Following this, opportunities
for IS users to apply the learned knowledge to develop their own skills are provided.
Also, guidance is provided in the form of feedback to help users further refine their
newly acquired skills.
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IS training does not typically focus on addressing problems that may arise when
using IS. IS training may identify resources that can be utilized, but resource application
training to resolve problems may be limited. Hence, individual users learn to use soft-
ware applications, but do not specifically learn to address or resolve problems that arise
when using the application. Their training may identify resources that can be utilized,
but they are not specifically taught how to apply them when a problem is encountered.
Therefore, utilization of these resources is limited or unproductive.

In addition, the ability to address these problems varies among many users. Some
are able to effectively address almost any problem that they encounter, while others
struggle. The struggles may result in the individual performing the task without the
application (e.g., manually), avoiding the task altogether, or soliciting others to perform
the task for them. The impact that these results can have include inefficiencies or inac-
curacies in completing tasks, incompletion of tasks, or encumbering individuals who
are capable of performing the task because of increased work load. Therefore, problem-
solving behavior training is needed to assist IS users in addressing IS problems that they
encounter. The research objective for this study is to assess improvements in individual’s
efforts and abilities to solve problems, as well as individual’s sense of empowerment,
through problem-solving behavior training interventions.

2 Literature Review

Organizations typically rely on training to develop or improve IS users’ proficiency with
information systems or software applications [1, 2]. Training has been addressed by
several IS researchers [e.g., 1, 3]. For example, Webster and Martocchio [4] assessed
the relationship of microcomputer playfulness, or one’s unplanned and innovative usage
of microcomputers, with training outcomes. Microcomputer playfulness was found to
have positive relationships with outcomes such as satisfaction with the instructor and
learning outcomes. No measurements, however, were taken of subjects’ abilities to
resolve subsequent problems encountered with IS usage.

Also, Compeau [5] identified behaviors of effective trainers such as subject-matter
knowledge, instructional strategies such as demonstrations of skills being taught and
providing opportunities to practice, as well as clear and adaptable explanations. Of the
53 effective training behaviors identified, none involved demonstrating or assisting in
problem-solving methods. Compeau and Higgins [2] studied the effects of computer
training using a lecture versus behavior-modeling style; Yi and Davis [3] studied obser-
vational learning processes effect on self-efficacy, knowledge acquisition, and perform-
ance outcomes; and Sharma and Yetton [1] studied the role of technical complexity and
task interdependence in the context of training’s influence on IS implementation
outcomes of user satisfaction. None of these studies, however, focused specifically on
problem-solving behavior training.

Therefore, research is lacking in assessing training interventions that specifically
target problem-solving abilities of individuals when utilizing software applications.
Although trainers may make users aware of various mechanisms that can be employed
when a problem occurs, the focus of most training is on utilization of the various
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functions of an application or system and not how to deploy various problem-solving
techniques when a problem occurs. Therefore, this research looks at behavioral educa-
tion to develop a training program that will condition users to employ a set of problem-
solving behaviors when a problem is encountered. Problem-solving behaviors, in this
context, include a variety of alternative actions that can be taken when a problem is
encountered to resolve the issue and continue completing the task. The behaviors can
include attempting to utilize alternative functions, identifying existing examples and
applying similar procedures to the task-at-hand, or conducting effective information
searches.

Chase [6] indicates that “Examples of behavioral education have shown repeatedly
that when one can identify the target behavior needed by a population and arrange for
the population to contact direct training on the behavior, behavioral strategies and tactics
will succeed in reliably producing the target behavior” (p. 350). Using behavioral inter-
ventions, training can be successful in generating a desired behavior. Training programs
such as these have been previously developed and utilized in organizations for managers
and employees. One training program utilized to increase the use of desired behaviors
at appropriate times, with the behavior eventually occurring without prompts or addi-
tional stimuli, is prompting and transfer of stimulus control [7, 8]. The prompts, or
stimuli, encourage the desired behaviors to be executed. Upon execution, the behavior
can then receive reinforcement so the behavior will be utilized again in the future.
Prompts can be, for example, verbal instructions, modeling desired behaviors, providing
gestures, or physical guidance.

Eventually, the desired behavior must be executed by the occurrence of a discrimi-
native or natural stimuli versus the prompt [7]. For instance, in the context of problem-
solving, the problem itself would be the natural stimuli. Hence, prompts must eventually
be removed so that the desired behavior occurs at the appropriate time and because of
the presence of the natural stimuli, or transfer of stimulus control. Prompts can be
removed by a number of techniques or modified techniques such as delaying successive
prompts or gradually reducing the presence of the prompts (e.g., reducing the amount
of guidance or instruction).

Prompting and transfer of stimulus control has been demonstrated to positively
influence the application of desired behaviors [7]. For example, even though training to
implement a positive reinforcement program in a classroom setting had previously
occurred in separate instances (i.e., initially and after implementation when it was
discovered that the program was not functioning as desired) to encourage usage of the
program, desired performance outcomes were not achieved [9]. To improve the usage
of the positive reinforcement program, prompts (along with feedback and self-assess-
ment) were utilized to increase the accuracy of the program’s techniques usage. Positive
outcomes were achieved both with the prompts and after the removal of the prompts.

As another example, prompting and transfer of stimulus control have been success-
fully utilized to help individuals with mild disabilities acquire functional skill sets [10].
Through the use of prompts and performance feedback, individuals were able to acquire
skills and transfer the use of the skills to naturally occurring stimuli (versus the prompts).
In addition, some of the acquired skill sets were also applied in novel settings. In
summary, these research studies show support for generating desired behaviors with
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prompts, and subsequently transferring stimulus control to natural stimuli. Also, textual
prompts have been shown to be effective in promoting skill acquisition. Therefore, this
research study looks to extend previous research to a software application context in
which problem-solving behaviors are occasioned by prompts, with transfer of stimulus
control being eventually transferred to the occurrence of a problem situation.

In the context for this research study, the target behavior desired is a set of problem-
solving behaviors. Although one may argue that these behaviors may be applied to only
a limited set of problems (i.e., those specific problems addressed during training), other
researchers indicate that the generalization of these problem-solving behaviors is achiev-
able. Previous suggestions have been made that acquiring a desired skill does not require
comprehending all possible variations of the behavior and associated responses [11].
Previous research has also demonstrated that behavior training which focuses on explicit
desired behaviors is not necessary to acquire the desired behavior [6]. Instead, some
behavior training techniques can result in adaptive behaviors and only categories of these
stimulants may be necessary.

In the context of problem solving, previous studies have demonstrated that direct
reinforcement of the relationship between desired behaviors and naturally occurring
stimuli is not always necessary [6]. Utilizing both stimulus control and response varia-
tions, resurgence can facilitate the production of novel behaviors through recognition
of an array of contingencies. Resurgence can be created through increased practice. If
practice integrates variation in stimuli associated with desired skills, transference as well
as extensions of the skills can be facilitated as well.

When a behavior is discontinued due to novel situations, resurgence of previously
learned behaviors associated with the stimulus of the novel situation is more likely to
occur [6]. After solutions being derived from variations in behaviors has been estab-
lished, novel situations are more likely to cause future variations in behavior. In essence,
this will facilitate efforts to learn. Therefore, training users of software applications sets
of problem-solving behaviors can be generalized to various problems that arise
(increasing efforts to learn). Also, practice can increase the probability that the behaviors
can be extended to problem variations.

In summary, the research proposed for this study looks to extend previous research
by utilizing prompts to occasion the use of problem-solving behaviors when a problem
occurs, and then transfer stimulus control to the problem itself. This research will employ
prompts, similar to previous research studies [e.g., 10], so subjects have a list of problem-
solving behaviors that they can refer back to when problems occur. Based on previous
researchers’ suggestions [e.g., 6], these problem-solving behaviors are expected to
generalize to novel problems that are presented to research subjects, and then generalize
to novel software applications.

Therefore, this study intends to evaluate the use of prompts and transfer of stimulus
control to improve problem-solving with software applications. Applying the principles
of prompts and transfer of stimulus control is expected to help increase the probability
that an individual will address problems with a set of problem-solving behaviors (with
the use of a prompt and after its removal), which should reduce the time needed to
complete a task and increase the number of tasks that can be accomplished accurately
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in a given time period. Also, this research proposes to assess the generalizability of these
problem-solving behaviors and efforts to novel software applications.

3 Theoretical Foundation and Hypotheses Development

3.1 Psychological Empowerment Theory

Empowerment has been defined “as increased intrinsic task motivation manifested in a
set of four cognitions reflecting an individual’s orientation to his or her work role:
meaning, competence, ...self-determination, and impact” [12, p. 1443]. Meaning is the
relative importance assigned. Competence is conceptualized as self-efficacy or one’s
belief in their ability to achieve a goal or outcome. Self-determination is one’s ability
to act with discretion or autonomy. Impact is the level of effect on resulting outcomes.
Psychological empowerment has also been conceptualized as “a task motivation
reflecting a sense of control in relation to one’s work and an active orientation to one’s
work role... enables people to have a sense of ownership of their work and motivates
them to complete their work and improve their performance” [13, p. 657].

Individuals who have empowerment are able to address challenges that arise and
find novel methods of addressing these challenges [13]. Empowerment is viewed as a
domain-specific variable and one that varies along a continuum [12]. The theory
proposes that environmental factors (e.g., work-related) can influence empowerment
which influences performance outcomes [13]. Antecedents to empowerment include
information availability and access, with information being needed for empowerment
in order for individuals to take initiative or comprehend [12]. Consequences of empow-
erment include proficiency and innovation.

In an IS context, user empowerment has been defined “as an active motivational
orientation toward using an information technology (IT) application at work™ [13, p.
658]. The dimensions of user empowerment include “competence of user, meaning of
system usage, self-determination of user, and impact of system usage” [13, p. 658].
Competence refers to one’s belief in their ability to use a system. Meaning of system
usage encompasses the value an individual assesses system usage. Self-determination
of user is an individual’s perception of the discretion and autonomy regarding system
usage. Impact of system usage is the level of effect on performance through system
usage.

User empowerment has been demonstrated to influence IS usage, including devel-
oping connectedness or integration between tasks, using greater or more extended
system functions, and identifying novel uses of a system [13]. Although perceived fit,
job autonomy, and climate for achievement have been found to influence user empow-
erment, what has not been explored is the acquisition of information (i.e., problem-
solving techniques and prompts) influence on user empowerment and the subsequent
influence on trying to solve IS problems. Considering Empowerment Theory proposes,
and previous research supports, information being an influential factor on empowerment
and an outcome being proficiency, the hypothesis proposed for this study is information
obtained from learning-to-try training and prompting will influence user empowerment,
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which will subsequently influence task performance with IS as well as system usage
(i.e., problem-solving behaviors).

H1: IS users who receive learning-to-try training will have greater user empowerment.
H2: IS users who receive problem-solving prompts will have greater user empower-
ment.

H2a: IS users who receive prompts during initial IS usage and subsequently have
prompts removed will have greater user empowerment than those who do
not receive the prompts.

H2b: IS users who receive prompts during usage of an initial IS application will
have greater user empowerment when utilizing a novel IS application than
IS users who do not receive prompts.

H3: IS users with greater user empowerment will utilize more problem-solving behav-
iors (i.e., trying to solve IS problems, discussed further below).
H4: IS users with greater user empowerment will have better task performance.

3.2 Theory of Trying and Social Cognitive Theory

The Theory of Trying proposes that obstacles encountered when attempting to perform
certain actions “influence expectations and attitudes that shape the formation of the intent
to try or actual trying” [14, p. 431]. Also, “intention reflects a state of mind that drives
one to take action as opposed to trying, which reflects action and even some parts of
actual behavior” [14, p. 434]. The Theory of Reasoned Action proposes that an indi-
vidual’s goals, or attempts to carry out an action which may be hindered by impediments,
are most likely to predict behaviors if obstacles are present. Trying has been proposed
to be “defined as doing all the necessary pre-behaviors and otherwise satisfying all
necessary conditions that are within volitional control for the performance of the subjec-
tive behavior” [14, p. 435].

Other IS-related constructs acknowledging attempts to use IS have emerged. For
instance, the construct trying to innovate with IT has previously been referred to “as an
individual’s goal of finding novel uses of information technologies” [14, p. 435].
However, this research study proposes to study an individual’s attempt fo solve IS-
related problems. Therefore, a new concept of trying to solve IS problems is proposed
and conceptualized as an individual’s attempt to solve an IS-related problem.

Social Cognitive Theory proposes that individuals learn through three primary
learning components — personal/cognitive factors, the environment, and individual
behaviors — and the interaction or “reciprocal determinism” of these factors [15, p. 23].
Personal/cognitive factors include individual cognitive abilities, characteristics, and
traits. For example, individuals are able to utilize forethought to predict outcomes from
their actions. The environment also influences learning through such mechanisms as
modeled behaviors. Learning can occur by observing and evaluating the outcomes asso-
ciated with observed actions. In addition, an individual learns by their own behaviors
and evaluating the outcomes of these actions. The knowledge gained from these expe-
riences can be stored as sets of rules in one’s memory to be called on to direct future
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behaviors and refined in the future. These could be acquired from mechanisms such as
training or stimulants such as prompts.

Developing proficiency at a task requires knowledge and cognitive skills, but can
also require the actual application of the knowledge and cognitive skills in order to
generate proficiency [15]. When individuals enact a given set of behaviors, they are able
to obtain feedback which guides future actions. Individuals have pre-existing concep-
tions that are called upon when deciding upon actions to take. When the actions are
enacted, feedback is obtained to inform and modify existing conceptions.

As has been previously noted, skill sets must be applied in a multifarious fashion to
address evolving circumstances [15]. Also, “a fixed internal generator of behavior would
be more of a hindrance than an aid. Skilled performance requires a generic conception,
rather than a specific representation. Situational requirements help to specify how
conception is best implemented into specific courses of actions... Subrules specify the
enactment adjustments needed in each of these situations” [15, p. 110]. Individuals can
selectively process information and learn not only from their own actions, but by
observing the behavior of others through mechanisms such as instructional cues, behav-
ioral modeling, and feedback. These observations allow individuals to identify patterns
and comprehend underlying behavioral frameworks.

Social cognitive theory proposes that individuals create conceptions through use of
symbolizing. Behaviors are derived from these conceptions. “Learning must be gener-
ative in nature, because skilled activities are seldom performed in exactly the same way;
they must be varied to fit different circumstances. .. It is because people learn generative
conceptions, rather than specific acts, that human skills have remarkable flexibility and
utility” [15, p. 111]. Individuals learn by utilizing models, rule sets, and courses of
actions that can be applied in varied circumstances.

Social Cognitive Theory suggests that individuals learn through training and instruc-
tions which can then influence behavior [15]. In this context, the instructions would be
delivered in the form of training and prompts, and the influenced behaviors are trying
to solve IS problems. Therefore, the hypotheses propose that information obtained from
learning-to-try training (i.e., problem-solving training) and prompts will influence trying
to solve IS problems, which will subsequently influence task performance (see the
research model in Fig. 1).

HS5: IS users who receive learning-to-try training will engage in more problem-solving
behaviors (i.e., trying to solve IS problems).

H6: IS users who receive problem-solving prompts will utilize more problem-solving
behaviors (i.e., trying to solve IS problems).

Hé6a: IS users who receive prompts during initial IS usage and subsequently have
prompts removed will utilize more problem-solving behaviors (i.e., trying
to solve IS problems) than IS users who do not receive prompts.

H6b: IS users who receive prompts during usage of an initial IS application will
utilize more problem-solving behaviors (i.e., trying to solve IS problems)
when utilizing a novel IS application than IS users who do not receive
prompts.

H7: 1S users who utilize more problem-solving behaviors (i.e., trying to solve IS prob-
lems) will have better task performance.
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Fig. 1. Research model

Research Method

4.1 Overview

To test the research hypotheses, an experiment is proposed that will consist of four
conditions in which subjects will/(won’t) receive learning to try training (i.e., problem-
solving strategies) and will/(won’t) receive prompts (i.e., messages regarding strat-
egies). Individuals will receive training for one IS application followed by training for
a different IS application (to assess the generalizability of user empowerment and
problem-solving behaviors). Transfer of stimulus control will be assessed by removing
the prompts after the first IS application’s initial use.

More specifically, to apply prompting and transfer of stimulus control, recommen-

dations previously provided will be implemented as follows [7]:

1.

et

Prompting strategy will be selected — prompts will include instructions and strategies
for solving IS problems.

The learner’s attention will be solicited by invoking a pop-up mechanism that the
IS exercises are about to begin.

The IS exercise will be presented to the research participant.

If the research participant has not completed the exercise in a pre-established period
of time, then a prompt with the instructions and strategies for solving IS problems
will be provided.

When the research participant successfully completes the exercise, they will receive
reinforcement in the form of a message that says congratulations on completing this
exercise.

After subsequent exercises have been completed, transfer of stimulus control will
occur by delaying the prompts.

As exercises are completed correctly, even without the presence of the prompt,
congratulatory messages will continue to be displayed after correct completion of
an exercise.
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Learning-to-try training will consist of demonstrations of various problem-solving
strategies that can be utilized when challenges arise using an IS application. The prompts
will be messages displayed on the subjects computer screen reminding them of the
various problem-solving strategies that they can utilize. The prompts will be provided
to the assigned condition during the initial stages of the first IS application’s use, but
then subsequently removed as additional tasks are assigned to be completed. The proxy
for trying to solve IS problems will be use of problem-solving behaviors. The software
applications to be explored are Microsoft Excel and Access.

After receiving a series of problem-solving prompts, improvements will be deter-
mined by the use of problem-solving behaviors when a problem is encountered, less
time to complete a particular task, and a greater number of tasks being accomplished
accurately when using Excel before and after the prompts. After training for the second
IS application (i.e., Microsoft Access), no additional learning to try training or prompts
will be provided to assess the generalizability of problem-solving behaviors. Improve-
ments in generalizability will be also be determined by the use of problem-solving
behaviors when a problem is encountered, less time to complete a particular task, and a
greater number of tasks being accomplished accurately when using Access.

4.2 Subjects

Undergraduate students will be recruited to participate who have minimal to no Micro-
soft Excel experience and no Microsoft Access experience. Hence, subjects will be more
likely to encounter problems while completing Excel and Access exercises and need to
engage in problem-solving behaviors to complete the exercises.

4.3 Procedures and Measures

Subjects will first complete a pre-study questionnaire to capture demographic informa-
tion, sense of user empowerment, and need for cognition. Subsequently, subjects will
receive Microsoft Excel training followed by problem-solving training or learning-to-
try training for those in the training condition. Those not in the learning-to-try training
condition will be provided information to review regarding the uses of Excel so that
time will be equivalent in both conditions.

The subjects will then be asked to complete a set of Excel exercises. For those in the
prompting condition, a prompt of various instructions and problem-solving strategies
will be displayed for the subjects to use after a set period of time has passed. For subjects
not in the prompting condition, no prompts or other messages during exercise comple-
tion will be provided. In all conditions, if an exercise is completed correctly, then the
subject will receive a congratulatory message.

After a series of Excel exercises have been completed, subjects in the prompting
condition will have a greater delay in receiving the prompt. The delayed timing of
receiving the prompts will continue until the prompts are no longer displayed for the
subjects to use.

Subsequently, all subjects will receive Microsoft Access training. Neither learning-
to-try training nor prompts will be provided to any of the subjects to assess the
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generalizability of the problem-solving behaviors learned with the previous Excel
training. Measurements will be taken of the number of problem-solving behaviors
utilized, time to complete each exercise, number of exercises completed accurately
before and after the prompts are provided during the Excel session and during the Access
session. Subjects will be requested to complete a post-study survey to measure their
sense of user empowerment, ability to solve Excel/Access problems, perceptions of the
learning-to-try training, effectiveness of the prompts, ability to use problem-solving
strategies with future uses of Excel/Access, and ability to use problem-solving strategies
with novel applications.

S Expected Contributions and Conclusion

The research proposed for this study intends to evaluate the use of behavioral training
interventions (i.e., prompting and transfer of stimulus control) to improve perceptions
of user empowerment and problem solving with software applications. Because abilities
to conduct problem solving can vary among individuals, it’s important to provide the
appropriate resources and training to individuals to address IS problems. Also, consid-
ering the negative outcomes that can occur for those individuals who are unable to
resolve or address a problem, this study can provide guidance in regards to the appro-
priate training and mechanisms that can be utilized to improve problem-solving and task
performance.

Drawing upon Psychological Empowerment Theory, Theory of Trying, and Social
Cognitive Theory, it’s hypothesized that training and prompts will enhance users’ sense
of empowerment and problem-solving efforts, which will contribute to more positive
task performance outcomes. This study will provide insight into the probability of
increasing problem-solving behaviors when utilizing a software application with the use
of specific behavioral training interventions and improvements in performance
outcomes. Also, this research can shed light on the effects that specific problem-solving
training can have on performance for existing IS and when using novel IS if problem-
solving behaviors are generalized to new contexts. This study proposes to improve
problem-solving behaviors by using a behavioral template in the form of a prompt,
training users to perform problem-solving behaviors, and transfer stimulus control to
the problem itself upon removal of the prompt.

Considering the increasing desire for self-directed training and greater proficiency
in IS use, the need for IS users to independently solve IS problems continues to grow.
This research proposes to evaluate the use of prompting and transfer of stimulus control
to improve IS problem solving and task performance. The results may be taken into
consideration when designing future IS training. Also, the results may be taken into
consideration when designing help functions or learning aids, and the process of
providing assistance when IS users encounter problems.



Enhancing IS User Empowerment and Problem-Solving Behavior 57

References

10.

11.

12.

13.

14.

15.

. Sharma, R., Yetton, P.: The contingent effects of training, technical complexity, and task

interdependence on successful information systems implementation. MIS Q. 31(2), 219-238
(2007)

. Compeau, D., Higgins, C.A.: Application of social cognitive theory to training for computer

skills. Inf. Syst. Res. 6(2), 118-143 (1995)

. Yi, M.Y., Davis, F.D.: Developing and validating an observational learning model of

computer software training and skill acquisition. Inf. Syst. Res. 14(2), 146-169 (2003)

. Webster, J., Martocchio, J.J.: Microcomputer playfulness: development of a measure with

workplace implications 16(2), 201-226 (1992)

. Compeau, D.: The role of trainer behavior in end user software training. J. End User Comput.

14(1), 23-32 (2002)

. Chase, P.N.: Behavioral education: pragmatic answers to questions about novelty and

efficiency. In: Lattal, K.A., Chase, P.N. (eds.) Behavior Theory & Philosophy, pp. 347-367.
Kluwer Academic/Plenum Publishers, New York (2003)

. Miltenberger, R.G.: Behavior Modification: Principles and Procedures, 4th edn. Thomson

Wadsworth, Belmont (2008)

. Billingsley, F.F., Romer, L.T.: Response prompting and the transfer of stimulus control:

methods, research, and a conceptual framework. J. Assoc. Pers. Severe Handicap. 8(2), 3—12
(1983)

. Petscher, E.S., Bailey, J.S.: Effects of training, prompting, and self-monitoring on staff

behavior in a classroom for students with disabilities. J. Appl. Behav. Anal. 39(2), 215-226
(2006)

Cuvo, AJ., Davis, P.K., O’Reilly, M.F., Mooney, B.M., Crowley, R.: Promoting stimulus
control with textual prompts and performance feedback for persons with mild disabilities. J.
Appl. Behav. Anal. 25(2), 477-489 (1992)

Balsam, P.D., Deich, J.D., Ohyama, T., Stokes, P.D.: Origins of new behavior. In: O’Donahue,
W.W. (ed.) Learning and Behavior Therapy, pp. 403—420. Allyn & Bacon, Boston (1998)
Spreitzer, G.M.: Psychological empowerment in the workplace: dimensions, measurement,
and validation. Acad. Manag. J. 38(5), 1442-1465 (1995)

Kim, HW., Gupta, S.: A user empowerment approach to information systems infusion. IEEE
Trans. Eng. Manag. 61(4), 656-668 (2014)

Ahuja, M.K., Thatcher, J.B.: Moving beyond intentions and toward the theory of trying: effects
of work environment and gender on post-adoption information technology use. MIS Q. 29(3),
427-459 (2005)

Bandura, A.: Social Foundations of Thought and Action. Prentice Hall, Englewood Cliffs
(1986)



Virtual World Versus Real World: An Economic
Study of the Cyber Games Participation

Qingliang Fan'!, Xin Fu?®™)_ and Shun Cai?

! Wang Yanan Institute of Studies in Economics, Xiamen University,
D312 Economics Building, Xiamen 361005, China
2 School of Management, Xiamen University, Xiamen 361005, China
xfu@xmu.edu.cn

Abstract. In this paper, we examine the link between the virtual world
attributes and real world economic variables. Specifically, we employ
three cyber game attributes: playtime, in-game level and achievement (in
terms of accomplished ‘missions’) as the measurements of cyber games
participation. We explore the spatial variation of cyber game participa-
tion with respect to real world variables including gross regional product
per capita, household dispensable income, unemployment rate, number
of movie theaters per capita, etc. Moreover, we also study the effects of
environmental variables such as precipitation, air pollution etc. on cyber
games participation. Using the game data from a very popular cyber
game in China and prefecture-level data in 2011, our empirical results
show that the income and the availability of other leisure activities are
negatively associated with cyber game participation.

Keywords: Cyber games + Consumption behavior + Economic impact *
Human capital

1 Introduction

With the growing popularity of cyber games, relatively little attention has been
paid to the economic analysis of cyber game participation. This paper aims
to study how income level and other economic factors affect the cyber game
participation. Different from other goods, such as [9] on coffee consumption and
prices in the US, cyber game participation has its unique features. On one hand,
playing too much games can deteriorate the player’s health and human capital
in the long run. On the other hand, cyber games, not different from other leisure
activities, could help increase one’s productivity. In the seminal paper on the
theory of allocation of time, [3] laid the foundation of economic analysis of an
economic agent’s choice between leisure and production activities.

One of the key features of a virtual world is that the true identify of the
players are usually concealed in the network. In this paper, we explore the rela-
tionship between cyber game participation and observable economic variables.
E.g., how does cyber game participation rate affect local economic development?
© Springer International Publishing AG 2017
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There might be two different motivations for the game players. First, like other
games, cyber game is among the choices of leisure activities such as movies,
concerts, etc. This is the relaxing and fun part of the game. Second, they try to
‘escape reality’. The latter case raises a severe issue for human capital accumu-
lation and could affect the economic growth in the long run. Cyber games could
provide a shelter for some individuals to enjoy the virtual success (as measured
by the game performance in our study) as the Chinese labor market is getting
increasingly more competitive. We provide empirical evidence that people who
have higher income would spend less time in playing cyber games, ceteris paribus.
Also, we explore the relationship between cyber game participation with respect
to the availability of substitutes such as movie theater, live music concert, per-
forming art, professional sports games, etc., for cities with higher gross regional
product per capita (GRPPC) are likely to have more options of after-work social
activities. In addition, we explore whether unemployment or bad weather would
affect the cyber game participation.

We here discuss briefly the representative features of cyber games that are
distinct from other games. Cyber game (also called online games, online PC
games, etc.) is a technology which connects players from the world wide web
and enables them to play both competitively and cooperatively. Cyber games
have the typical features of a virtual world: a synchronous, persistent network of
people represented as avatars play different roles and interact with each other in
the game. With the advancement of computer technology, cyber games are also
becoming increasingly complex (in the perspective of characters design, balance
of powers, strategic plays, etc.) and more visually enticing. The popularity of
cyber games is accompanied by the rapid development of high speed Internet
infrastructure and the increasing number of Internet users. For the consumer
base, China has a big population of ‘Netizens’. According to a recent report
by China Internet Network Information Center, [6], China has approximately
649 million Internet users by 2014, which increases 2.1% than that of 2013,
the Internet population rate reaches 47.9%. A big proportion of the Internet
user population, especially young generation, play cyber games regularly. Cyber
games have a big impact on Chinese youth, especially for male youth, which
composed the majority of players population. It is reported in [5] that 65.4% of
the players are male, and 66.8% of the players are young people who aged 10-29.
They often play cyber games either at home, in Internet café or on smart phones.
About 28.5% of these young players have college or higher degrees. Low-income
or unwaged players play an important role in the gaming market, it accounts for
27.7% of the player population in 2013.

Gaming industry has developed significantly in China in recent years. The
number of players and the market values of gaming industry are growing rapidly.
According to the 2014 China Gaming Industry Report (an official report that is
released by the Chinese Audio and Digital Game Community (GPC) annually),
the number of players in the Chinese gaming market has reached 570 million
by 2014, which increases 4.6% than that of 2013. Being the most popular and
important game type, online PC game attained its advantages and has received
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a sales income of 60.89 billion RMB in 2014, which contributes to 53.19% of
the total market incomes. Due to the device convenience, players are more likely
to play mobile games to fill confetti time (e.g. waiting for a bus and queuing).
Conversely, the players of PC games often have higher royalty of the game. The
royal players are more willing to spend both time and money to get involved in
PC games, purchasing additional virtual equipments and weapons which help
players to increase their in-game competency, achieve higher in-game levels, or
accomplish more interesting and challenging tasks.

Many researches focus on consumption behavior of conventional goods. In the
empirical study of aggregated demand for cigarettes, [4] used a panel data of per
capital consumption of cigarettes in state level. [8] studied demand for alcohol
using survey data from the National Health Interview Study and find consider-
able heterogeneity in the price and income elasticities over the full range of the
conditional distribution. [2] studied the rational consumption of tobacco using
GMM method. [1] empirically studied the consumption of milk. Our study is
the first to study how real world economic variables affect cyber game attributes
using a novel dataset.

There would be potential endogenous problems with the income variable,
since players of low income level would play more cyber games which in turn
would affect future income. We employ the instrumental variable (IV) model to
address this issue. We choose the freight volume per capita as the instrumental
variable for income. Freight volume reflects the economic development of the
region, we find a very strong positive correlation between the freight volume and
average income of the region in our sample. On the other hand, the freight volume
can only affect the behavior of playing cyber games indirectly and through the
channel of income. Besides, the gaming data we have is gameplay telemetry in
a month, while most of the real world economic variables are reported monthly
and even annually. By taking the average of the daily cyber game data, we
assume implicitly that the current level of game attributes are comparable among
different prefectures. We also use quantile model to study the impact of control
variable on different quantiles of cyber game participation.

The paper is organized as follows. In Sect.2 we introduce the theoretical
rational addiction model of the cyber game and the empirical model. Section 3
describes in details the data sources and variables. In Sect.4 we provide and
discuss the empirical results. Section 5 concludes this work and points out future
work directions.

2 Model and Preliminaries

2.1 A Basic Economic Model

We here consider a very basic economic model. Assume the utility of an individ-
ual depends on two types of goods, the leisure activity goods A, here specifically
the cyber games, and the non-leisure goods N. For simplicity, we assume the
consumption set is composed of two goods, A and NV, and N can be think of as a
basket of goods other than A. We also assume the homogeneity of cyber games
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even though each game is not a perfect substitute of another game and continu-
ity of the excess demand function. Moreover, the current utility also depends on
the past consumption level of A, but not for N. The rational consumer’s problem
is to maximize the sum of lifetime utility discounted at a constant rate r, and

denote § = l}rr:

o0

ZﬂtilU(AmNt’St) (1)

t=1
where S is the stock of consumption capital of the individual, u(-) is a strongly
concave function of A, N and S, and the past consumption of A affects current
utility through the channel of ‘learning by doing’:

where AS = Sy — Sy, d is the instantaneous depreciation rate which measures
the exogenous rate of disappearance of the physical and mental effects of past
consumption of A, and D; represents expenditures on endogenous depreciation
or appreciation and h(-) is a real valued function. Cy = N; + P; A;. Suppose Ij is
the initial value of wealth, Cj is the initial condition indicating the level of goods
A’s consumption level at time 0. The utility maximization problem is subject to
the following constraints

iﬂtil(Nt + P A;) = I (3)

t=1

The first order conditions satisfy that the marginal utility of wealth is equal
to the marginal utility of consumption of N; in each period, denote u(t) =
U(At, Nt7 St)l

Au(t)

ON
And the marginal utility of current consumption of A, uq plus the next period’s
utility of today’s consumption, us, equals I; P, which is the marginal utility of
wealth multiplies the current price of A:

du(t) Ou(t+1)
DA, 0A;

=1 (4)

+0 =1 (5)

Assume that for a heterogeneous population H in each area (prefecture, in
our case, and for simplicity of the notations we ignore the subscript i) there exists
a finite partition {xx}rex of the set Rf of all conceivable income assignments
and for every k € K there is an aggregate demand function F'*(P,G), where G
denotes an income distribution function, such that

1

i > Pty = FM(P,G,n) (6)

heH

for every nonnegative income assignment xﬁe g in the set x; and for every P €
P which is any strictly positive price vector, and where |H| is the number of
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population, f*(P,z") is the demand function for each individual h € H which
is derived from the individual utility maximization problem.

2.2 The Empirical Model

The basic empirical model we consider in this section is
Yi = a; + Binc; +vX; + € (7)

where y; is the variable of cyber game participation. We use three different vari-
ables to study the participation of cyber games in different dimensions. The
playing time which is considered as the proxy for cyber game participation, the
in-game level variable and achievement which is measured by the number of
missions accomplished are the proxy for participation and performance of play-
ing, respectively. The inc; is dispensable income level of prefecture i, we also
use GRPPC as income level proxy, X; is a vector of other exogenous variables
which are considered as the determinant of the cyber game variables, these vari-
ables include substitute goods, Internet penetration rate, unemployment rate,
environmental variables such as rainfall, air pollution, etc.

Since the income variable could potentially affect other unobserved factors
that also affect the average cyber games variable, we use the freight volume as an
instrumental variable for income. From the economic model of cyber game par-
ticipation, the income and other control variables would have different effects
on different quantile of participation level. For example, for the higher quan-
tile of playtime regions, there would be different preferences or habits and that
would result in different impact of income. It is very plausible that the differ-
ent quantile of playtime would response differently to the economic welfare and
environmental variables. We therefore estimate a quantile regression model to
identify the heterogeneous effects of income and other control variables across
regions. The variables we consider in the quantile regression model is the same
as in the aforementioned linear model [7].

3 Data Description

3.1 Dragon Nest

We use a realistic cyber game dataset from Dragon Nest! to investigate the pro-
posed model. Dragon Nest is a free-to-play action Massive Multiplayer Online
Role Playing Game (MMORPG) developed by Eyedentity Games?. The game
incorporates a non-targeting combat system which provides players a fast paced
action filled experience. Players have complete control over every single move-
ment of their chosen character. The players are allowed to choose from a range
of playable characters (e.g. Warrior, Archer, Cleric and Academic, etc.) to defeat

! http://dn.sdo.com/web9/home/index.asp.
2 http://www.eyedentitygames.com /main.asp.
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diverse monsters and other players. One player can have one or many characters
in the game. Dragon Nest allows the players to initially play for free, but the
players are encouraged to speed money in the game to explore and enjoy more
game features, such as customized gear for the characters, mainly to increase
the visual attractiveness for the characters.

Throughout the game, a number of designed tasks are provided in dungeons.
In most MMORPGs, dungeon (often interchanges with the term instance) is
defined as a private area where allows characters to team up and complete tasks
without interference from other characters®. In dungeons, characters fight against
groups of monsters using their skills and weapons. Dragon Nest also provides
some more difficult and challenging tasks (known as missions in this game) for
advanced players. Once the player accomplishes the mission, special honors or
achievements will be given. Such honers/achievements would help to differentiate
the player from other regular players and would be beneficial to enhance the
player’s reputation and influence in the virtual world. Accomplishing missions
not only would help players to gain playing skills, but also to upgrade their
in-game levels. Note that, Dragon Nest has an independent skill system, which
indicates that a high level player is not necessarily a skillful player. A more
experienced player that with a lower level can also overcome a less experienced
player but with a higher level using his skills.

The Chinese version of Dragon Nest is published and operated by Shengda
Games*, one of the biggest and most successful game operators in China, since
July 2010. In a few years, Dragon Nest has become one of the leading games
of Shengda. Within 3 days of the official release, the number of Peak Concur-
rent Users (PCU) reaches 700,000°. In gaming industry, to attract and retain
more players, game operators often employ some marketing strategies for prod-
uct advertisements and promotions. The common promotion strategies include
advertise the product in popular and authorized online game media (e.g. 171735
is renowned as the top game website in China), build player forum in the product
official website and organize competitions regularly. Besides these online pro-
motions, some offline marketing promotions are often employed by operators,
especially at the beginning of the product launch. Practically, such regional pro-
motions are often started from where the game operators geographically based.
In the case of Dragon Nest, since Shengda Games is based in Shanghai, several
promotions were held in Shanghai and the nearby cities.

3.2 The Cyber Game Data Set

The collected dataset contain one-month gameplay telemetry, from 15 March
2011 to 315t March 2011. In total, the game participation (including login details,
playtime, social activities, achieved levels, coins, etc.) of 4,811,925 unique char-
acters are collected. To reveal the relationship between the virtual world success

3 http://www.wowwiki.com.

* http://www.shandagames.com/us-en/index.html.
5 http://dn.178.com/201101 /89835568248 . html.

5 http://www.17173.com/.
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and real-world economic well beings, this study extracts the related information
from two perspectives: (1) data from the virtual world - attributes that are asso-
ciated with players’ engagement and their in-game performances; (2) data from
the real-world - for the given dataset, the unique attribute that relates to the
real-world is the log-in IP. In this work, the virtual world success is measured
by three representative gameplay attributes, namely the playtime, in-game level
and achievement.

The raw dataset records every single login details, including character ID,
login IP address, login timestamp and logout timestamp. Using this game log,
the in-game playtime for a given character can be derived. As aforementioned, by
accomplishing missions, players can upgrade their in-game level, the game server
will automatically capture the every piece of game level update information (e.g.
character ID, current level, new level, upgrade timestamp and map ID). The
collected dataset includes the information of the completed missions, and the
obtained achievements are also recorded. The three chosen gameplay attributes
are defined as:

— playtime: this attribute refers to the aggregated game playtime for a given char-
acter during the observed time period (i.e. March 2011). Given a character, this
attribute is derived from the login log by calculating each login time length and
then aggregating them. The derived result is represented in Hour unit.

— in-game level: this attribute represents the achieved in-game level (i.e. the
maximum recorded level) of a given character by the end of the observed
time period (i.e. 31°% March 2011). Note that, this attribute just indicates
the current in-game level, but does not mean that the in-game levels are all
achieved within the observed time period, as the level may be carried from
previous months. In the released version of March 2011, the maximum in-
game level of is 40. However, since Dragon Nest is a dungeon-driven game,
reaching the maximum in-game level is not the end of the game. The main
purpose of the game level-up is more like a tutorial to train the players using
different skills and weapons, help them to get familiar with the game story and
settings, and provide relative simple tasks for them to gain experiences and
increase competency. In so doing, some players can quickly reach the maxi-
mum level, and then apply the obtained experiences and skills to accomplish
more challenging missions in different dungeons.

— achievement: this attribute refers to the achievements that a given character
obtained during the observed time period. The achievement is represented
by the sum of the missions that a character accomplished in March 2011.
It is important to note that the missions in Dragon Nest are with different
difficulty levels. Obviously, the difficult mission would consume more time
and resources to complete. However, due to the availability of the collected
dataset, there is no associated information to distinguish the easy missions
and difficult missions. In this work, the difficulty levels of completed mis-
sions are treated equally, only the number of accomplished missions are taken
into account. This is a weakness of this work, and further investigations are
required when the information of difficulty level become available.
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Besides the attributes from the virtual world, we also use the Chinese IP
library to convert the raw IP addresses captured in the login log to geo locations.
This enables us to build the linkage between a virtual character and the location
of real-life player, and the identified geo locations provide the basis for the further
analysis of the related economic data.

3.3 Cyber Game Data Preprocessing

The raw data set contains 4,811,925 unique characters and 11,552,998 login
records. Compared to other application domains, MMORPGs often result in
relatively low player retention rate. For the vast majority of games, a significant
proportion of players who signed up but never play the game at all. It has been
reported that approximately 85% of players do not return after the first day, and
game company should expect to lose 96% of their user base within 12 months
[7]. This indicates that the raw data set includes loads of ‘never-play’ gamers
information, but such information is beyond our research interests. For data
preprocessing, first, this work employs a two-level filtering mechanism to filter
out these players and select the ones who have spent sufficient amount of time
to play the game. After the following filtering step, the number of characters
reduces from 4,811,925 to 64, 448. Specifically, we process the data as following:

— login level filtering: only the login duration that is longer than 10min is
regarded as a valid game-play login. This is because MMOPGs often require
heavy user involvements than other types of games (e.g. mobile games). A sim-
ple task at least requires 5-10 min to complete and a dungeon would require
longer. The raw login log may also capture some non-sense login details (e.g.
the player suddenly loses the Internet connection, and the login duration is
only a few seconds), and this step greatly reduces the volume of login log and
would speed up the further computations and analysis.

— character level filtering: the login information will be aggregated according to
the character IDs. Within the observed time period, the characters who either
reach 60 login times or 30 h accumulative login time length will be retained
for further analysis.

Second, for a given character, in principle, he/she may use different IP address
to login the game. This may cause that the behavior of a single character being
multiple counted when analyzing the collective behaviors for a given geo location.
To address this, for each character, we initially list all identified geo locations
that he/she has used for login, and then count the number of their login times.
In this work, it is assumed that the most frequently used geo location is the place
where a player actually based in the real-world. Hence, a one-to-one mapping
table is derived to store the character ID and his/her the most frequent login geo
location. In so doing, a character only contributes to the collective user behav-
ior for a single geo location. In our data set we also have players from foreign
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countries outside China. Since the main focus of this paper is to study the rela-
tionship between playing game behaviors and Chinese prefecture variables, we
deleted those players whose IP address is not from China. To reveal the rela-
tionship between virtual world success and real world economic well beings, all
the in-game behaviors will be accumulated according to different geo locations.
Given a geo location, the total number of based characters and their aggregated
in-game performance will be calculated. Such data will then be used to derive the
average playtime, in-game levels and achievement for a geo location. A summary
of the pre-processed attributes is shown in Table 1. Figures 1 and 2 plot the geo-
graphic distributions of average play time and regional economic development
in China, March, 2011.

Table 1. Summary of attributes

Dimensions Attributes Description
Data from the virtual world | Playtime The accumulative game playing time for a given
character
Level Achieved in-game level for a given character (min
= 0, max = 40)
Achievement # of mission accomplished for a given character

(min = 1, max = 675)

Data from the real-world IP address The originally recorded login IP address
Geo location The converted geo location for a given IP address
Aggregated data Sum_character # of included distinct characters in a given geo
location
Average_playtime Given a geo location, the average playtime, it is

derived from total_playtime/Sum_character (min
= 0.17h, max = 235.81h)

Average_level Given a geo location, the average achieved
in-game level, it is derived from
total_level/Sum_character (min = 3, max = 40)

Average_achievement | Given a geo location, the average number of
accomplished missions, it is derived from
total_mission/Sum_character (min = 1, max =
328)

At last, we sort the data according to prefectures and take the average of
attributes as total quantity divided by the number of players in the prefecture.

3.4 Economic Data

Economic variables are from China Statistical Yearbook for Regional Economy
(2012) and China City Statistical Yearbook (2012). The National Bureau of
Statistics of China (NBSC) collects data from each prefecture and publishes
them altogether each year. These two yearbooks have collected major social and
economic indicators of China in 2011. We use GRPPC (gross regional product
per capita) and per capita disposable income of urban households (Income) as
proxy for income. The two variables are measured in the unit of 1000 RMB. We
also control unemployment rate, Internet penetration rate, and the number of
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cinema per hundred people in the studied area. We use freight volume per capita
as instrumental variable for income.

Meteorological data are from China Meteorological Data Sharing Service Sys-
tem of China Meteorological Administration. Data are reported by meteorological
stations. We choose the data of each station to represent the level of its located
prefecture. Data are collected on monthly precipitation and the number of days
when daily precipitation is larger than 0.1 mm in March, 2011 (Days > 0.1 mm).
Environmental variables are from China City Statistical Yearbook (2012). Data
are collected on average API (air pollution index) which is measured as the arith-
metic average of daily reported API of each city in March, 2011.

3.5 Summary statistics

Table 2 contains means, standard deviations and other statistics of the primary
variables in the data set. The definitions of variables are given in the previous
subsection.

Table 2. Summary Statistics

Mean | Std. dev. | Median | Min | Max | Sample size

Login time 26.38 7.88 25.37 |14.05| 51.24|108
Mission 78.15 8.10 77.96 |61.00| 98.00 113
Level 26.41 291 26.12 |20.68| 32.25|112
Income 22.54 5.52 20.47 |14.10| 36.51|113
GRPPC 51.73 | 25.83 45.48 |16.39|133.30| 113
Cinema 3.77 3.31 2.75 | 0.43| 17.65 113
Internet 37.21 17.12 34.88 |10.18 | 74.95|113

Unemployment | 3.18 0.81 3.30 0.70 5.40 | 113
Precipitation 26.21 | 30.04 15.90 0.00|135.50 | 113
Days > 0.1mm | 6.35 5.63 5 0 23 113

API 69.15| 11.97 69.00 |26.61 117.00|113
Notes: Income and GRPPC are measured in 1000 RMB, Internet and
Unemployment are in %, and API is measured in pug/ m>

4 Empirical Results

In Table 3, we report the OLS results of login time on income and other con-
trol variables. We find that income level is negatively associated with cyber game
participation. As the average income level increases by 1%, the average play time
reduces by about 0.34h (about 20 min) as shown in column (1). This result is
robust to both income proxy variables, dispensable income and GRPPC. It shows
that the unbalanced regional economic development level has significant impact
on the cyber games participation. For high income regions, the opportunity cost
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Fig. 1. Spatial distribution of average login time across 108 prefectures in China.

of playing cyber games are higher compared to low income area. In addition,
metropolitans have more options for leisure activities such as concerts, shows,
etc. It can be seen from column (5), which is our main model, that the higher
numbers of movie theaters per person is correlated with less game time. The
marginal effect of alternative leisure activities is very robust, with the coefficient
being very close in magnitude and significantly negative as shown in columns
(3)—(7). This shows the substitution effect of other leisure activities is strong for
the average playing time. Notice that the income level is highly correlated with
the number of movie theaters in our data, as shown in column (3) and (4), such
that the coefficient of income variable is not significant if we only use movie as
control. Unemployment rate is positively related to the playing time after con-
trolling other variables. As the unemployment rate increase by 1%, the average
play time increase by 0.06 h. This again supports the theory of time allocation:
in aggregate level, the time spent on online games is negatively correlated with
regular work. The environmental variables are not significant in the regression
whether we use rainfall or air pollution variables. This environmental variable
result shows that on the average level playing behavior is not affected by the
outside environment.

Next, we turn attention to the achievement variable. Table 4 shows the regres-
sion results. Most importantly, the number of missions accomplished in the game
is also negatively correlated with income level. An increase of 1% in income level,
which is about 220 RMB for the sample average, is associated with the decrease of
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Fig. 2. Map of GRPPC of 108 prefectures in China. Notes: Figure shows a negative
relationship between average playing time and GRPPC, this observation is formally
studies in the following regression analysis.

Table 3. OLS estimation of login time

Dependent variable: log average login time

(1) (2) (3) (4) (5) (6) (7)
Log income —0.3436%** —0.2263* —0.4848%** —0.3707**
(0.1005) (0.1294) (0.1793) (0.1671)
Log GRPPC —0.1676*** —0.1116* —0.2806™*
(0.0507) (0.0636) (0.1079)
Movie —0.0644™ |—0.0664* |—0.068* —0.0732** | —-0.0695*
(0.0359)  [(0.0348)  (0.0354)  |(0.0339) |(0.0364)
Int. penetration rate 0.5586** 0.7357**  |0.4464*
(0.2564)  [(0.2974)  |(0.2504)
Unemployment 0.0612* 0.068** 0.0672*
(0.0329) (0.0335) (0.0344)
Precipitation 0.0013
(0.0009)
Days > 0.1 mm 0.0037
(0.0043)
Log API —0.061
(0.125)
Observations 108 108 108 108 108 108 108
R-squared 0.0747 0.0728 0.0994 0.1003 0.1657 0.1795 0.1501
p-value of F test 0.0009 0.0013 0.0002 0.0004 0.0001 0.0001 0.0001

Notes: Standard errors are reported in parentheses. Significance levels 0.1, 0.05 and 0.01 are noted by *, **
and *** respectively. Intercept are included but not reported.
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Table 4. OLS estimation of mission

Dependent variable: log average mission
(1) (2) (3) (4) (5) (6) (7)
Log income —0.0981*** —0.0558 —0.1612** —0.1336™*
(0.0349) (0.0402) (0.0670) (0.0661)
Log GRPPC —0.0406*** —0.0197 —0.0943%**
(0.0149) (0.0186) (0.0331)
Movie —0.0230** |—0.0253** |—-0.0261** |—-0.0284** |—0.0268**
(0.0116)  [(0.0123)  |(0.0116)  (0.0122)  [(0.0118)
Int. penetration rate 0.2574*** 10.3260*** |0.2302***
(0.0881)  |(0.0970) (0.0870)
Unemployment 0.0334*** ]0.0364*** |0.0344***
(0.0103)  [(0.0109)  |(0.0103)
Precipitation 0.0003
(0.0003)
Days > 0.1 mm 0.0004 v
Log API —0.0112
(0.0719)
Observations 113 113 113 113 113 113 113
R-squared 0.0489 0.0367 0.0758 0.0707 0.1950 0.2070 0.1870
p-value of F test 0.0058 0.0075 0.0023 0.0012 0.0001 0.0000 0.0001

Notes: Standard errors are reported in parentheses. Significance levels 0.1, 0.05 and 0.01 are noted by *, **

and *** respectively. Intercept are included but not reported.

0.10 of accomplished missions. As it shows in column (5), the coefficient increase
in magnitude to 0.16 after we control for more variables. It suggests that the
average performance, or game-playing ‘productivity’ is higher in lower income
regions. Performance in cyber games is related to human capital, as the game-
playing requires many skills that reflect human capital. However, the higher
performance in cyber games does not translate to higher local economic devel-
opment level. On the contrary, it shows the opposite association. This might infer
the negative effect of playing cyber games in China, though we need to investi-
gate more in the link between playing cyber games and income level. Internet
penetration rate and unemployment are positively related to missions. Similar
to the study of playing time, environmental variables are not significant here.

For level data, the OLS regression results are not very significant except for
that of income and substitute effects. The underlying issue with the level data is
that level does not reflect the quality of players in respect to playing skills. Also,
some players who already achieved level 40 in our sample which is the maximum
level one can get from playing this game. But the player can keep accomplishing
new missions after achieving level 40. And even for players whose level is not
yet 40, the level variables are accumulative and current level depend heavily on
when the players starts to play the game. The starting time is unfortunately not
recorded in our data. All relationships between the three LHS variable and RHS
control variables are shown in Figs. 3, 4 and 5.

In summary of the OLS results, there are substantial evidence that after
controlling for other determinant of cyber game participation, the coefficient of
income is negative, which suggests that on prefecture-level, the effect of income
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Fig. 4. Scatter plot of achievements and control variables

on cyber game participation is negative. It could imply that cyber game partic-
ipation significantly decreases with the increase in income level (Table5).

The estimation on the effect of income on cyber game participation might be
biased by the problem of reverse causality and omitted variables. To address the
endogeneity concerns, we employ the instrumental variable freight volume which
is exogenous to cyber game participation but is correlated with regional income
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Fig. 5. Scatter plot of level and control variables

Table 5. OLS estimation of level

Dependent variable: log average level
(1) (2) (3) (4) (5) (6) (7
Log income —0.2275%** —0.1552*** —0.1677*** —0.1309**
(0.0372) (0.0460) (0.0637) (0.0632)
Log GRPPC —0.0981*** —0.0613%** —0.0567*
(0.0161) (0.0193) (0.0326)
Movie —0.0392*** | —0.0439™** | —0.0380*** | —0.0419™** | —0.0385* **
(0.0135) (0.0131) (0.0134) (0.0134) (0.0136)
Int. penetration 0.0411 0.0174 0.0130
rate (0.0789)  [(0.0966)  |(0.0765)
Unemployment 0.0152 0.0194 0.0183
(0.0123)  [(0.0117)  |(0.0129)
Precipitation 0.0003
(0.0003)
Days > 0.1 mm 0.0004
(0.0004)
Log API —0.0545
(0.0442)
Observations 112 112 112 112 112 112 112
R-squared 0.2334 0.1884 0.3027 0.2784 0.3195 0.2963 0.3216
p-value of F test |0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Notes: Standard errors are reported in parentheses. Significance levels 0.1, 0.05 and 0.01 are noted by *, **

and *** respectively. Intercept are included but not reported.

level. Our findings are mostly robust as shown in Table6 using instrumental
variable method. Specifically, income is significantly negatively associated with
playing time. Substitutes, Internet access and unemployment all have significant
and the signs agree with previous OLS findings. Similar results are also for game
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Table 6. 2SLS estimation on impact of cyber game attributes

Login time Mission Level
(1) (2) (3) (4) (5) (6)
Log income —0.2142** —0.3956™ —0.2408
(0.1060) (0.2235) (0.1733)
Log GRPPC —0.5299*** —0.1225 —0.0701
(0.2040) (0.0822) (0.0811)
Movie 0.0015 —0.0029** |—0.0011* —0.0010*"* |—0.0003 —0.0008**
(0.0024) (0.0012) (0.0006) (0.0004) (0.0006) (0.0004)
Int. penetration rate|0.2033™* 0.1299** 0.3786™ 0.3786™ 0.0452 —0.0027
(0.1013) (0.0517) (0.2648) (0.2081) (0.1555) (0.0254)
Unemployment 0.0137 0.0580* 0.0274* 0.0360™** ]0.0156 0.0210
(0.0547) (0.0351) (0.0151)  [(0.0117)  |(0.0145) (0.0121)
Precipitation 0.0041* 0.0006 0.0001 0.0004 0.0001 0.0001
(0.0021) (0.0008) (0.0005) (0.0001) (0.0001) (0.0001)
Observations 108 108 113 113 112 112
R-squared 0.0807 0.1585 0.0894 0.2016 0.2595 0.2428

Notes: Standard errors are reported in parentheses. Significance levels 0.1, 0.05 and 0.01 are noted

by *, ** and *** respectively. Intercept are included but not reported.
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Fig. 6. Quantile regression estimates: login time. Notes: Figure graphs the estimated
effect of income, substitute goods, etc., on the log of average login time at each quantile
of the conditional distribution of the log of average login time and the associated 95%
confidence interval.

performance measured by missions. The results are not significant for levels
partly due to the aforementioned reasoning.

For the quantile regression results, Table 7 shows that the income is negative
and significant in lower quantiles of cyber game participation after controlling
for other variables. The result is not significant for higher quantiles as seen in
Fig. 6. This means that the effect of income is not very significant for the higher
quantile of participation in the perspective of login time. And also that for lower
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Table 7. Quantile regression results for login time

Quantiles
5th 25th 50th 75th 95th
Log income —0.5801*** |—0.5705*** |—0.4353 —0.453* —0.2526
(0.2056) (0.2124) (0.3199) (0.2425) (0.3522)
Movie —0.0023 —0.082** —0.0399 —0.0501 —0.2039***
(0.039) (0.0403) (0.0606) (0.046) (0.0668)
Int. penetration rate|0.7156*** 0.6129** 0.3158 0.5397* 0.5343
(0.2721) (0.2811) (0.4234) (0.3209) (0.4662)
Unemployment 0.0499 0.026 0.1138** 0.093** 0.1052*
(0.0367) (0.0379) (0.057) (0.0432) (0.0628)
Precipitation 0.0006 0.0017* 0.001 0.0016 0.0027
(0.001) (0.001) (0.0015) (0.0011) (0.0017)
Observations 108 108 108 108 108
Pseudo R? 0.1331 0.1086 0.0965 0.0684 0.1415

Notes: Standard errors are reported in parentheses. Significance levels 0.1, 0.05 and 0.01
are noted by *, ** and *** respectively. Intercept are included but not reported.
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Fig. 7. Quantile regression estimates: mission. Notes: Figure graphs the estimated
effect of income, substitute goods, etc., on the log of average login time at each quantile
of the conditional distribution of the log of average login time and the associated 95%
confidence interval.

quantiles, the absolute value coefficient of income is significantly higher than
the higher quantiles. Therefore players in the lower quantiles of playing cyber
games is more responsive to income level. We find it interesting that substitute
activities such as movies are significant in lower quantile, but not so in higher
quantile. Furthermore, for the highest quantile, it is significant again. Given
the small sample size in the highest quantile, this result could be affect by a
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Table 8. Quantile regression results for mission

75

Quantiles
5th 25th 50th 75th 95th
Log income —0.1772**  |—0.2058*** |—0.2002** |—0.2018** |—0.1252
(0.0808) (0.0770) (0.0841) (0.0967) (0.1098)
Movie —0.0404*** |—0.0355** |—0.0302* —0.0255 —0.0070
(0.0149) (0.0142) (0.0155) (0.0178) (0.0203)
Int. penetration rate|0.4154*** 0.4054*** 0.2743** 0.3063** 0.1938
(0.1052) (0.1001) (0.1095) (0.1257) (0.1428)
Unemployment 0.0291** 0.0263* 0.0362** 0.0419** 0.0839***
(0.0144) (0.0137) (0.0150) (0.0173) (0.0196)
Precipitation 0.0007* 0.0008** 0.0006 0.0004 —0.0006
(0.0004) (0.0004) (0.0004) (0.0005) (0.0005)
Observations 113 113 113 113 113
Pseudo R? 0.1496 0.1222 0.1346 0.1359 0.1527

Notes: Standard errors are reported in parentheses. Significance levels 0.1, 0.05 and 0.01
are noted by *, ** and *** respectively. Intercept are included but not reported.
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Fig. 8. Quantile regression estimates: level Notes: Figure graphs the estimated effect
of income, substitute goods, etc., on the log of average login time at each quantile of
the conditional distribution of the log of average login time and the associated 95%
confidence interval.

few dominant regions. Or it could imply that for the very high quantile, movie
or other substitute goods are becoming relevant again due to the fact that the
game eventually lose its attractiveness to its top players which is very common in
most cyber games. The cyber game company usually promote new games every
two or three years to accommodate the decline of interests of its players. For
lower quantile of cyber game participation, the Internet penetration rate is also
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Table 9. Quantile regression results for level

Quantiles
5th 25th 50th 75th 95th
Log income —0.0560 —0.1942** |—-0.19772** |—0.1176 0.0266
(0.0813) (0.0882) (0.0868) (0.0970) (0.0873)
Movie —0.0277* —0.0355** |—=0.05112*** |—0.0365** | —0.0137
(0.0150) (0.0163) (0.0160) (0.0179) (0.0161)
Int. penetration rate|—0.1373 0.1080 0.0894 —0.0329 —0.2555%*
(0.1060) (0.1150) (0.1132) (0.1265) (0.1139)
Unemployment 0.0054 0.0213 0.02932* 0.0021 0.0006
(0.0145) (0.0157) (0.0155) (0.0173) (0.0156)
Precipitation 0.0008** 0.0006 0.0004 —0.0004 —0.0005
(0.0004) (0.0004) (0.0004) (0.0005) (0.0004)
Observations 112 112 112 112 112
Pseudo R2 0.1731 0.1819 0.2404 0.1842 0.1152

Notes: Standard errors are reported in parentheses. Significance levels 0.1, 0.05 and 0.01
are noted by *, ** and *** respectively. Intercept are included but not reported.

significant. Unemployment rate has significant influence on the higher quantiles.
Weather variable is in general not significant except for some lower quantiles.
This means the rainfall e.g., would have some impact on the infrequent players.

The quantile results of achievement is similar to the finding of login time as
shown in Table 8. All control variables have significant impact on the lower quan-
tile and most are insignificant for the very high quantiles. We find that income is
mostly negative and significant as shown in Fig. 8(a). Substitute goods is signifi-
cantly negatively correlated to achievements in lower quantiles but not in higher
quantiles. Weather variable is showing some significantly positive correlation in
the lower quantiles also.

As the reasons stated in OLS regression results, level variable has some prob-
lems in being a good proxy for game performance. We could still observe the
income and substitute has significant impact for lower quantiles. Other control
variables are not significant for most quantiles with few exceptions (Table9).

5 Conclusion

This paper uses the gaming data and economic data to empirically analyze the
participation of cyber games. Using a prefecture-level Chinese data in 2011,
our empirical results show that the income level is negatively associated with
game participation, while other economic variables and environmental variables
have more impact on the lower quantiles. The substitution effect of other leisure
activities are strongly negative to the participation of cyber games. We check the
robustness of the results using different regression models and measurements of
participation including playing time, level and achievements. The study of indi-
vidual level data and the weather’s impact on the individual player’s performance
would be an interesting future research topic.
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Abstract. The proliferation of psychological and psychophysiological metrics,
data collection techniques, and data analysis strategies used throughout
psychological research of operator performance presents cross-study synthesis
complications. Currently, the lack of defined and established standardizations in
psychological and psychophysiological research continues to present challenges
to researchers studying an array of interrelated constructs. Without standardiza-
tions, differences in measurement implementation, data reduction techniques, and
the interpretation of results make it difficult to directly compare studies and reach
unequivocal conclusions while synthesizing literature and transfer laboratory
findings to field-ready applications.

Keywords: Psychophysiological - Subjective - Standardization - Generalizability

1 Introduction

Scientists and researchers in all fields require, to some degree, standardization of the
methodologies and measurements used in order to generalize and compare findings. The
field of psychology, including psychophysiology and cognitive science, is challenged
by the often times unobservable, latent constructs studied. While psychophysiological
measurements and methods have been well established, their integration into research
on emerging technologies, particularly those studied in applied environments, is on-
going. Of particular interest to the military aviation research community are measure-
ments that may be integrated into the vehicle to provide real-time monitoring of the
operator’s state (e.g., fatigued, cognitive overload). In order to make advancements in
this area, standardization of cognitive and subjective measures for purposes of deter-
mining construct validity as well as standardization of methodology for psychophysio-
logical measures (e.g., data reduction) is needed. This will allow the community of
researchers to more easily interpret findings relative to their own work and ultimately
drive towards solutions to the shared mission.

Presently, several researchers and journals have begun examining the issues
surrounding a lack of standardized methods, to include problems in replicability, the
need for adequately powered studies, and increased openness and transparency in
research (e.g., [1-3]) within the fields of psychology, neuroscience, and
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psychophysiology. These, and other articles are a great reference for researchers looking
to follow research best practices. The present paper will focus more closely on the prob-
lems of standardization and generalizability in regards to applied research. Researchers
working in applied settings, such as military and government funded laboratories, rely
highly on the ability to integrate other researchers’ findings into research that can be
used to solve specific and applied problems. However, the ability to do so with accuracy
requires that the literature drawn upon follows some degree of standardization and has
generalizable results. This paper examines this issue in the specific context of incorpo-
ration of cognitive and psychophysiological measures into operator monitoring in mili-
tary settings.

2 Need for Similarity of Subjective and Cognitive Measures

The volume of valid and reliable cognitive tests and measures available for researchers
is substantive. Often, the decision of which instruments to employ is determined by a
number of factors in addition to psychometric properties: setting of data collection/
experiment, limitations on time, equipment required, limitations on physical space,
availability of trained test administrators, and cost. While there are certainly benefits to
an expansive library of assessments to choose from, the degree of comparability across
studies can be compromised thus resulting in misleading conclusions or seemingly
contradictory results between studies. An example of this is the focal point of a recent
publication on the operational definition of mild cognitive impairment following tran-
sient ischaemic attack and stroke [4]. The authors illustrate how different valid and
accepted methodologies for determining mild cognitive impairment (i.e., three different
cut-off scores from a neuropsychological test battery) led to varied results and conclu-
sions including a diverse set of resultant incidence rates and relative risk ratios. Simi-
larly, the International Collaboration on Mild Traumatic Brain Injury (mTBI) Prognosis
published its recommendations with respect to methodological challenges in research
[5]. Their comprehensive and critical review of the literature from 2001-2012 found 66
different operational definitions of mTBI in 101 articles regarding mTBI prognosis. The
interchangeable use of the parallel terminology given to this vast expanse of definitions
ultimately impedes effective communication among researchers as well as overall
knowledge advancement.

Inconsistencies in subjective and cognitive measures across the literature produce
difficulties in creating a standardized approach to studying phenomenon of interest to
the military community. For example, the different branches of the military often face
similar research questions, such as how to counteract fatigue in sustained operations.
While different laboratories may utilize different approaches in studying the topic (e.g.,
one laboratory looking into medications to promote sleep, another laboratory looking
into medications to promote wakefulness) inconsistency of measures used to determine
fatigue levels will create difficulties in applying and comparing results between labora-
tories. By using a standardized set of subjective or cognitive measures when assessing
a construct such as fatigue or cognitive workload, comparisons between laboratories
become possible. Standardized approaches to research regarding physiological
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monitoring are also lacking, particularly in regards to applied settings such as military
research. For example, a number of different researchers utilize different procedures in
physiological data collection, which can also result in inconsistencies in findings and an
inability to generalize results.

3 Methodological Differences in Psychophysiological Research

While several articles related to best practices of psychophysiological measurement exist
(e.g., see: [6, heart rate variability; 7, electroencephalography; 8, respiration]), different
methods for collecting psychophysiological data continue to persist throughout the litera-
ture. While there are often several practical reasons for using different methodology, such
as different electrode placement to reduce the likelihood of movement artifacts in a study
where participants are ambulatory or in a vehicle (e.g., [9]), the different methods used
create inconsistency in research practices, particularly when examining the same underlying
concept. For example, three separate articles each examined cognitive workload through
cardiovascular activity to assess physiological changes in response to changes in task
demands [10-12]. The three articles each reported either a different electrode lead place-
ment, or did not report electrode placement at all. The most commonly recommended lead
placement for psychophysiological research is a three-lead placement, based on Eintho-
ven’s triangle theory [13]. However, different lead placements are frequently observed in
research articles, such as leads applied to the sternum or leads applied to the clavicles and
lower left or right rib.

Furthermore, lead placement should be determined with consideration of the type of
data analyses planned, such as a researcher planning to examine heart rate variability (HRV)
data, which is frequently seen within the literature for a means of assessing operator cogni-
tive state. The ability to obtain meaningful data for HRV analyses is dependent on the integ-
rity of cardiac signal collected [6]. The quality of signal that is detected is influenced by
where the leads are placed [14]. When considering the transition of laboratory monitoring
into field-deployable monitoring, standardized methods of data collection, including lead
placement, will assist in the interpretability and proper analyses of the data that is collected
from any given location and thus increase the generalizability of the results. Improper meas-
urement techniques may result in the adequate collection of meaningful data, which can then
obscure the results and reduce the generalizability of the findings to other settings [15]. This
is a point that researchers who are looking to move physiological monitoring from within the
laboratory to field settings should keep in mind. For example, one study compared three
mobile ECG recording devices for measuring R-R intervals and HRV, and found that the
HRYV analyses obtained by the devices were inconsistent and not recommended for use
within research applications [16]. Thus, care should be taken in determining methods to be
used for ECG data collection, including determination of electrode placement and recording
devices, and standardized methods should be used as the science of identifying operator
state through physiological monitoring is still in its infancy.

Similarly, several studies of workload and engagement using electroencephalography
(EEG) have reported the use of different electrode sites for data analyzed. Some examples
of different electrode sites used included the following: F3, F4, C3, and C4 [17]; Cz, Pz, P3,
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and P4 [18]; and Fz, Pz, O1, and O2 [9]. Each of these studies provide valuable information
and insight into brain activity in response to various tasks; however, with a goal of moving
towards psychophysiological measures that can be used to monitor an operator’s state in
real-time, examining the same EEG sites is paramount to progress. For example, in a recent
article Cohen [19] discusses that researchers should strive to find a balance between repli-
cating previous findings and producing new ones. The reproduction of existing findings
will provide further support for the use of real-time monitoring of operators, when
researchers can demonstrate that specific electrode sites reliably result in changes in
response to certain cognitive activity, which can then be transitioned into practice.

The effects that can result when different methods are used in psychophysiological
research were highlighted in an article by Caccioppo and Tassinary [20]. In this classic
article discussing the use of physiological measures in psychological research, the authors
highlight a study where the psychophysiological measurement was electrodermal response.
Here it was shown that the conclusions drawn from the data differed depending on how the
electrodermal response was expressed. Specifically, “when the electrodermal response was
expressed in terms of the change in skin resistance, one individual (Subject A), appeared to
show a response equal to that of another (Subject B). When the electrodermal response was
expressed in terms of the change in skin conductance, however, Subject B appeared to show
the stronger response to the stimulus. Thus, conclusions about the physiological effects of
the stimulus were completely dependent on the measurement procedure used” (p. 17). This
is similarly seen within EEG research, where the placement of the reference electrode can
impact the quality and subsequently the interpretations and waveform analyses of the data
recorded [21].

In addition to consistent electrode placement, researchers must also be careful to ensure
that they are indeed manipulating the psychological construct they wish to assess. This was
noted early by Ekman [22] in an article discussing that reliable differentiation of emotions
through physiological measurements has been difficult to obtain given that a variety of
additional emotions were likely elicited in the attempt to assess physiological response of the
target emotion. Indeed, this problem persists today if researchers are not careful in their
manipulations. For example, in a study examining the physiological response of the vigi-
lance decrement, Pattyn and colleagues [23] discuss the different findings in vigilance
research where some studies demonstrate a physiological response similar to “cognitive
overload” (e.g., a decrease in heart rate variability) whereas others, including themselves,
find a physiological response similar to that of “underload.” These differences have been
attributed to differences in event rates of the vigilance task, such that studies with higher
event rates show a more characteristic overload response. Determining and properly manip-
ulating the construct that researchers wish to address through physiological monitoring
becomes a key concern with the continued research interest of real-time monitoring of oper-
ator state. That is, various laboratories studying this topic need to be certain they are identi-
fying the same operator state in order for developed countermeasure technologies to be
effectively implemented in operational settings outside of the laboratory. The issue of proper
manipulation is critical not only for the validity and reliability of the data collected during
the testing period, but also for the data that is collected during the baseline period as well.
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4 Baseline Data Collection

The nature of collecting psychophysiological measurements to determine the state of an
operator requires a comparison from the time period of interest to some baseline state. For
example, in order to determine via physiological sensors if an operator is exhibiting signs
of overload, a comparison must be made between the condition in which the operator is said
to be overloaded and one in which he/she is in a normal, non-overload state. This baseline
measurement allows researchers to observe physiological changes in response to specified
stimuli, conditions in a flight simulator, or field mission phases [24]. Classically, baseline
measurements have been implemented in two forms: resting (e.g., [25]) and vanilla [26]. A
resting baseline entails that the participant remains in a wakeful, but relaxed, state and not
exposed to the stimuli of interest for a predetermined duration. Logically, a resting baseline
seeks to measure the lowest physiological activity; that is, to record a “basal” or “tonic”
state to which experimental condition data are compared [24]. A vanilla baseline refers to
measurements that are made while participants are performing a low demand version of the
task [26]. Some researchers utilize a practice session of the task as a vanilla baseline. Other
baselining methods have been proposed on the principle of regression to the mean. The
logic implies that over repeated sampling from an individual’s “population” of potential
physiological responses, a stable mean estimate of that individual’s normative state can be
obtained [27]. For example, a comprehensive baseline refers to a baseline period consisting
of a resting period, task instruction period, and a task practice period. Moreover, an against-
self baseline has also been proposed. The against-self method utilizes the entire set of data
for a participant (baseline, practice, and experimental task) and calibrates the experimental
data section of interest against these data [27].

Researchers must critically examine several issues when selecting an appropriate base-
line technique. For example, participants may experience anxiety in anticipation of
performing the experimental task, resulting in an elevated physiological state. Gramer and
Sprintschnik [28] evaluated the cardiovascular activity of participants before having to give
a 5-min public speech. For participants that were informed of the task, the anticipation of
waiting to perform the speech increased blood pressure. Similarly, Davidson, Marshall,
Tomarken, and Henriques [29] found elevated heart rate when individuals were in the antic-
ipation stage of having to give a speech, with those possessing characteristics of social
phobia exhibiting a larger increase in heart rate. Thus, depending on the individual, some
may experience elevated physiological baseline activation prior to performing a task. This
situation may very well extend into military laboratories using aviators as subjects. Flight
simulations are often manipulated to induce stressful flight conditions. For instance, simu-
lator weather modifications, such as high winds and reduced visibility, produce higher
workload flights for pilots [30]. Consequently, if an aviator becomes aware of a potentially
difficult flight, he/she may exhibit increased pre-flight physiological arousal and skew base-
line measurements.

Moreover, studies have reported the tendency of resting baseline measures to fluctuate
over time. In their study, Gramer and Sprintschnik [28] reported slight increases in partici-
pant cardiac measures over time, even before the anticipation manipulation. It has also been
shown that measures of resting baseline activity in the cardiovascular system can vary from
day to day as well [31, 32]. Wet electrode electrodermal activity recordings may also display
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a drift during baseline acquisition and may require an adaption period before any data
recording begins [33]. With these fluctuations, there is significant variation as to how long
a baseline period should last. Recommendations of at least 10 min [26], but upwards of
15 min [36], for a resting baseline have been reported. Vanilla baselines of 10 min have also
shown relatively good stability [26]. Stern and colleagues [24] give the recommendation
that the resting baseline period should be, “long enough to provide a stable pre-stimulus
level and long enough to provide sufficient data for appropriate analysis” (p. 50). More-
over, Keil et al. [34] stated, “The choice of baseline period is up to the investigators and
should be appropriate to the experimental design” (p. 5). Thus, when examining the litera-
ture, one may find an extensive range of baseline recording lengths making results some-
what difficult to interpret between studies.

Other than length of the baseline period, the choice of baseline procedure can influ-
ence conclusions researchers draw from their data. In research that is attempting to clas-
sify operator states accurately, the baseline procedure used will likely, to some degree,
influence the outcome of augmented cognition systems (e.g., adaptive automation) to
accurately detect changes in the operator state relative to baseline. More specifically, the
selection of a certain baseline technique can overemphasize changes particular operator
state and underemphasize others [27]. This point was communicated by Fishel and collea-
gues [27] in an examination of baseline techniques in relation to real-time physiological
monitoring of operators. Take, for example, two operator states considered to be anchored
at two different physiological poles: overload and fatigue. High workload situations are
typically accompanied by physiological arousal, while fatigue is accompanied by physio-
logical depression [35]. Baselines of the opposite physiological pole may exaggerate oper-
ator states that lie in the other direction. That is, a resting baseline would be more sensitive
to detecting physiological changes associated with an overload state and a vanilla/practice
baseline would be more sensitive to detecting physiological changes associated with a
fatigued state. On the other hand, baselines that are of a similar polarity would tend to
underemphasize a response. For instance, a resting baseline would tend to be relatively
insensitive to detecting a fatigue state accompanied by physiological deactivation because
of the already low physiological arousal of the resting baseline.

Indeed, Fishel et al. [27] empirically explored whether resting and practice (vanilla)
baselines overemphasized high workload and low workload states compared to the
against-self method. In their study, participants underwent several physiological baseline
procedures before performing a shooting task (high demand) and a surveillance task (low
demand). Results indicated that, compared to the against-self method, the resting baseline
technique showed a significant bias for detecting cardiac arousal on the shooting task. In
contrast, the practice baseline demonstrated a significant bias to detecting lower cardiac
arousal during the surveillance task compared to the against-self method. Thus, this study
demonstrates how the methodological selection of a baseline can bias data to detect certain
operator states.

From the above discussion, it can be inferred that the selection of physiological base-
lining procedures can severely hamper the comparison of results across studies and labora-
tories. Assume that two hypothetical military laboratories are each using measures of the
cardiovascular system to support detecting changes in workload during simulated flights.
Further assume Laboratory A decides to use a resting baseline to calibrate their data and
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Laboratory B decides to use a task-practice baseline procedure. In general, Laboratory A is
more likely to detect positive changes in workload than Laboratory B. That is, Laboratory
B may fail to detect cardiac changes associated with increased cognitive workload more so
than Laboratory A. Even though each laboratory may be testing under similar flight param-
eters and independent variable manipulations, the outcome results may not be comparable
across laboratories and appear to be fairly inconsistent. In an applied setting, this inferred
inconsistency has the potential to misinform decision makers and policy writers.

S Data Analyses and Data Reduction

How the data itself is examined can play a crucial role in the replicability and generaliza-
bility of the research. The differences in data analyses become most apparent when exam-
ining the use of baseline data. Keil et al. [34] stressed that the removal baseline activity may
result in distortions of electrophysiological data especially if experimental groups show
differential activation patterns. Many psychophysiological researchers agree that baseline
data is necessary to collect in order to determine changes in physiological response;
however, a brief review of psychophysiological research quickly yields differences in how
the baseline data collected was actually used in analyses. For example, some studies report
baseline data being used to normalize the physiological measures collected throughout the
study, by calculating the ratio of the average processed recording data and the baseline data
(e.g., [9, 12]), whereas others report the use of baseline data as a comparison point for the
remainder of data collected (e.g., report a change in baseline [36]).

Differences in methods used for data reduction and signal processing can also impede the
generalizability of psychophysiological data relates to methods of data collection and data
reduction. The sampling rate of psychophysiological signals can be found to vary from study
to study within the literature. In an article examining different sampling rates when using
respiratory sinus arrhythmia as a measure of heart rate variability, Riniolo and Porges [37]
highlight that the importance of using the proper sampling rate, as the sampling rate chosen
significantly affects “the ability to quantify accurately the amplitude of RSA because a slow
sampling rate would be insensitive to small gradations when the amplitude of RSA is low”
(p. 619). Thus, different sample rates can result in differences in the quality of data
collected. Based on the Nyquist theorem [38] a sample should be taken at twice the
maximum frequency expected to be encountered. Sample rates for different measures will
naturally vary, such that changes in electrodermal or respiration activity are slow and can
be sampled at lower rates, whereas changes in electrocortical or heart activity occur quicker
and must be sampled at higher rates. Although it is not considered improper practice to
sample physiological data at different rates (e.g., one researcher sampling HRV data at
256 Hz, with another sampling at 500 Hz), these differences will present alterations in the
resolution and quality of the data [39], such that sampling HRV at 500 Hz would result in a
greater resolution and more accuracy than a lower sampling rate. Weiergriber and collea-
gues [41] discuss some of the implications of differences in EEG sampling rates, and provide
recommendations for best practices to follow. Additionally, they discuss that changes to
sample rates can result in faulty frequency data and invalid results. Specifically, if sampling
rates do not adhere to the Nyquist theorem, the frequency reconstruction becomes invalid
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and interpretations of the data may become false. Weiergriber and colleagues [41] identify
that a review of the literature of EEG studies revealed that EEG recordings were being done
outside of the technical range of the equipment used, thus resulting in invalid analyses.
Thus, it is crucial for researchers to understand the importance of sampling rates in regards
to the variables of interest (e.g., examining gamma waveforms vs. alpha waveforms).
Filtering and data reduction practices are also integral not only to the replicability of
research, but the quality of the findings reported. The methods that researchers use to
preprocess data and remove artifacts can vary from study to study, thus changing the
possible quality of data analyzed and presented. In Cohen’s [19] recent article on replica-
tion and rigor in electrophysiology research, he discusses some of the problems surrounding
artifact removal. Specifically, he highlights cautions to be considered when using algo-
rithms for artifact removal, and recommends manual cleaning of the data over algorithms.
However, the practicality of such manual methods may not be feasible in applied research
where the goal is to develop field-ready devices that process data in real time. It may be the
case that more research on the validity of electrophysiological artifact decontamination
algorithm development needs to become available to the general research community.

6 Conclusions and Recommendations

While technology continues to advance at a rapid pace, with increased capabilities to
monitor the physiological changes of an individual in a variety of settings, the need to main-
tain scientific integrity through standardized measurement techniques is paramount.
Increased interest in continuous, real time monitoring of operators to either inform adaptive
automation [41], monitor performance to assist in system design [42, 43], or to be used in
training evaluation [44], requires first the ability to reliably identify the operator state through
the desired metrics. This, of course, relies on the use of standardized measures and methods
that can be applied across studies, scenarios, and laboratories. Through the use of standar-
dized research practices, we will be able to advance from the laboratory to the field. Several
other articles are available that provide thorough reviews and recommendations of how
researchers can work towards conducting research that is rigorous and replicable, for which
the reader is highly encouraged to peruse (e.g., [1-3]). However, in regards to conducting
applicable and scientifically useful research that can be used for future implementation of
real-time operator monitoring, a few suggestions are outlined below.

Researchers are encouraged to conduct thorough literature reviews, as well as engage in
discussions with fellow researchers in the field to determine the best cognitive and subjec-
tive measures to use when assessing a specific cognitive construct. Researchers should do
the same for determining how to properly design tasks that assess the cognitive construct
they want to examine through physiological measurement. Indeed, both of these are encour-
agements for researchers to engage in some replicability of previous findings. In order for
research to transition from strictly laboratory-based findings to technology that can be used
in an operationally relevant manner (i.e., operator state monitoring through physiological
assessment to determine pilot cognitive overload) there needs to be a consistency in the
literature that reliably identifies that subjective measurement A, as well as psychophysio-
logical measurement devices B and C, always produce X change in data when the
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individual is placed in Y situation. Without such reproducible data, difficulties in transi-
tioning research findings to applied settings will persist.

With respect to physiological baseline techniques, researchers should be cognizant of the
underlying construct’s essential nature. That is, some constructs are associated with phys-
iological activation and some are associated with physiological deactivation. Researchers
should carefully evaluate and justify their decision to utilize a certain baseline technique as
opposed to using a technique out of convention. More importantly, in applied field research,
the choice of baseline technique should reflect the operator’s normal operating state. This
prevents an introduction of positive or negative bias in operator state detection observed
when polarized baseline techniques (e.g., resting) are used [27]. In general, applied
researchers are less interested in changes from a resting state, but rather departures from a
state in which the operator is under a normal operating progression. The former provides a
basis for developing theory and generating research hypotheses, while the latter has direct
implications for augmented system development and countermeasure deployment.
Researchers should be explicit in their choice of baseline technique and provide a sound
justification for employing the technique. Additionally, researchers should report and justify
how experimental data were adjusted for baseline values (e.g., simple subtraction, change
scores). Keil et al. [34] provides a thorough publication checklist for researchers using EEG
methods, which includes baseline technique reporting.

Similar recommendations hold true for decisions in regards to sampling rates, data
preprocessing, and data reduction. However, researchers are also encouraged to be open and
detailed in their methodology used (see [19] for examples). Additionally, while researchers
are sometimes constrained by either equipment or environment for the sampling rates they
use in data collection, an explanation of why the decision was made to accept a lower
sampling rate is encouraged, as well as a discussion on impacts that it may have had on the
data quality, so that readers are fully aware of the reasoning behind such a decision.

The current state of the literature oftentimes shows divergent findings (e.g., variability
in physiological response in measuring cognitive workload based on differences such as task
length [45] or event rates [23]) on physiological measures of a cognitive construct, such as
cognitive workload, which only further points to the need to follow similar research designs
and protocols. This is also commonly seen in medical literature when an agreed-upon defi-
nition of a condition does not yet exist. This becomes essential as the field begins to transi-
tion into using devices that leave less of a “footprint” (e.g., reducing EEG measurements to
just four electrodes). In order to be able to make the determination that only certain elec-
trode sites are needed for detecting a change in cognitive workload, or that one psychophy-
siological measurement is enough to reliably detect a change in operator state, further work
that demonstrates the reproducibility of this research is needed, and not only within labora-
tory settings, but also in operational settings.
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Abstract. One of the challenges associated with the use of physiological signals
as an evaluation tool in measuring user experience (UX) is their reduced useful-
ness when they are not specifically associated with user behavior. To address this
challenge, we have developed a new evaluation tool which contextualizes users’
physiological and behavioral signals while interacting with a system. We have
conducted interviews with 11 UX practitioners, from various industries, to eval-
uate the usefulness of our tool. Through these interviews we gained a better
understanding of the challenges facing industry practitioners when using phys-
iological measures and assessed the functionalities provided by our tool.

Keywords: User experience - Interface design - Heatmaps - Eyetracking -
Physiological computing - Cognitive load - Affective computing

1 Introduction

User experience (UX) has recently become of strategic importance in the information
technology industry [14]. The Tech3Lab is an applied research lab in human-computer
interaction at the HEC Montréal business school, specializing in user experience using
eyetracking and neurophysiological and behavioral measures. Our research pertains to
the development of new evaluation methods, ones that investigate the why instead of
the how as information on how users feel about a system, game, or web interface is now
a common requirement for all UX evaluation methods [5].

Our recent work with our industry partners has lead us to question a major discrep-
ancy between industry and academic practices: while physiological measures are
increasingly used in academia, the adoption of these methods as UX evaluation tools
remains uncommon in industry. We have observed a growing demand for more quan-
titative user research to provide data-driven recommendations for change, which we
implement using eyetracking and neurophysiological and behavioral measures. We
therefore wanted to understand what can be done to facilitate their adoption in industry.
In tackling this issue, we have sought to create a visualization tool that contextualizes
physiological and behavioral signals to facilitate their use [4]. The visualization method
that we created is UX heatmaps, an integrated visualization tool which contextualizes

© Springer International Publishing AG 2017
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physiological and behavioral signals to facilitate the interpretation of these meas-
ures [12].

2 Physiological Measures in UX

Traditional evaluation methods other than direct observation, for example question-
naires or interviews, mostly rely on self-reported data to assess the affective and cogni-
tive states of users either during or after the interaction [6]. For example, Hassenzahl
et al. have developed a questionnaire to evaluate users’ feelings about a system [11].
The results assess the user’s reflection on the interaction, but not the interaction itself
[13]. Users’ emotional and cognitive states can also be inferred using physiological
signals, such as electrodermal activity, heart rate, eyetracking and facial expressions
(see [2, 3] for reviews). As an evaluation method, electrodermal activity (EDA), which
measures the electrical conductance of the skin, can provide practitioners with real-time
information as to what the user is experiencing throughout the interaction. EDA is used
as an indication of physiological arousal [8], as well as emotions. FaceReader [7], which
analyzes facial expressions and infers the probability of seven discrete emotions (happy,
sad, angry, surprised, scared, disgusted and neutral) and emotional valence (negative vs.
positive) based on facial movements, can provide important temporal information
without retrospective or social desirability bias. Furthermore, data is collected without
interrupting the user in their authentic interaction.

However, these measures are still difficult to contextualize and interpret, as they are
not specifically associated with user behavior or interaction states. Let’s take the
example of a user asked to browse the product offerings of an e-commerce website and
purchase an item. With physiological data, we can infer that the user was frustrated at
some point during the interaction, for example during the checkout process, but not the
element that caused the negative emotion. We are therefore left wondering what was
the button, task or area of the interface which caused the user to feel frustrated or angry.
Physiological signals also require a certain degree of interpretation, as the output needs
to be processed to transition from raw data to useful actionable insights. To meet these
challenges, Kivikangas et al. [15] have developed a triangulation system to interpret
physiological data from video game events. Other researchers have also developed tools
that allow users’ to manually assign subjective emotional ratings on visual interfaces [9]
or to visualize emotional reactions using biometric storyboards [10].

While these research streams have produced interesting results, they are not easily
transferable to new contexts of use, as they are based on internal information from the
interactive system (e.g., video game logs, application events, or areas of interest). To
address these issues, we developed a new visualization method, in the form of heatmaps,
which highlights the areas where users were looking when they experienced specific
cognitive and emotional states with a higher frequency, called UX heatmaps [12].
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2.1 Physiological Heatmaps

To produce physiological heatmaps, different emotional (sadness, happiness, surprise, etc.)
and cognitive (cognitive load, stress, etc.) states are first inferred from continuous physio-
logical or behavioral signals. These states are then triangulated with eyetracking data and
mapped onto an interface to create heatmaps. In other words, physiological data, for
example electrodermal activity and heart rate (HR) are synchronized together, along with
eyetracking data. A machine learning model is then used to infer an emotional or cognitive
state for each gaze. These are then mapped out onto the interface in the form of heatmaps,
which in turn highlight the areas where users tend to emotionally or cognitively react more
strongly. Figure 1 illustrates heatmaps generated by participant 01 during our session. On the
top interface, a negative valence (red) and positive valence (yellow) heatmaps are shown.
The web page below, a cognitive load heatmap is presented.

Fig. 1. On the left-hand side, negative valence (red) and positive valence (yellow) heatmaps. On
the right, a cognitive load heatmap (blue) is illustrated. (Color figure online)

3 Research Method

For this study, a total of 11 UX practitioners and consultants were recruited over a period
of 4 weeks. None of the practitioners interviewed had seen our tool prior to the test. Each
interview lasted about 1 h and a half, during which participants were asked to complete a
UX evaluation report using the tool following a variation on the think aloud protocol, coop-
erative evaluation [16]. During the sessions, participants were asked to talk through what
they were doing. The interviewer also took on a more active role, by asking questions along
the way (e.g. ‘why?” ‘what do you think would happen?’). Participants were encouraged to
ask for explanations along the way.
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3.1 Pre-task Interview

We started each session with a preliminary interview to get background information on each
participant (see Fig. 2), such as their number of years of experience in UX as well as their
title and main functions within their company, to break the ice and assess their level of
qualification. We then gathered their thoughts on physiological measures as a UX evalua-
tion method and assessed their level of familiarity with such methods. Participants had
between 2.5 and 24 years of experience in UX, for an average age of 8 years. We inter-
viewed UX directors, consultants, ergonomists and strategists, all of which had heard of
physiological measures as an evaluation method in user testing before being approached for
this experiment; 7 out of the 11 participants had heard about it while in school, validating the
predominance of these methods in academia. Out of all the UX practitioners recruited for
this experiment, 8 had previously used physiological measures prior to the study.
Eyetracking, being the most popular method overall, was mentioned by all; followed by
FaceReader with 3 mentions.

Introduction to
Pre-task interview physiological Tool overview Evaluation Task Debrief

Fig. 2. Experimental procedure.

3.2 Physiological Measure Introduction and Tutorial

After the introductory discussion, all participants were given a short PowerPoint presenta-
tion to introduce them to physiological measures, and were given a tutorial on the tool itself.
To do so, we presented each participant with the tool, and went through all the functionali-
ties, buttons and features available to them. We wanted the users to have the same basic
knowledge and comprehension of the tool and measures before using it in the completion
of a UX evaluation report. The interviewer assisted the participant throughout the experi-
ment, as the goal of the session was not to assess the usability of the tool’s interface, but the
usefulness of its features and functionalities.

3.3 Evaluation Task

During the session, practitioners were asked to complete a user testing evaluation report
using our UX heatmaps tool. We therefore provided them with a partially completed Power-
Point report and a 15 participant data set from a previous study. The PowerPoint report
included a study summary, a research scenario and qualitative data. We believed this would
help UX experts integrate the information on physiological measures quickly and effec-
tively, and also give them a concrete opportunity to use the tool to envision themselves using
it in their own practice. First off, participants were briefed on the task at hand, before going
through the partially completed report with the interviewer, to put them into context and get
a sense of what was required of them. Participants had to complete a total of 2 PowerPoint
slides. They were asked to: (1) generate and select data visualizations to include in their
report using our tool, (2) interpret the results and (3) provide recommendations to the client.
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The remainder of the time was used to discuss the advantages and disadvantages of physio-
logical measures as an evaluation method, as well as the tool itself.

4 Results

Participants made interesting comments regarding physiological measures and our tool,
which we will address in the following section. We are only reporting comments made by
3 or more participants. Interviewees mentioned the following as the ways in which they
would use our tool in their own practice:

Provide new avenues for research
Form and confirm research hypotheses
Guide discussions during interviews
Confirm and validate findings
Elaborate evaluation tests

The main contribution of our tool, as stated by 5 participants, is the comparison and
the juxtaposition of different emotional and cognitive states. As participant 07 explained,
“there are simply no other tools available that make this essential data accessible to us”.
Participants also mentioned the collaborative potential of our tool. The visualizations
generated could be used communicate information to the various members of the design
team, as well as with clients and management. For example, participant 10 suggested
that the visualization generated could be shared with designers for them “to better
understand the impact of their creative freedoms on the user”.

4.1 Data Contextualization and Interpretation

Our goal in creating our tool was to address one of the main concerns associated with the
use of physiological measures, the interpretation of physiological and behavioral signals.
We set out to do these interviews with industry practitioners to find out how we fared at the
task. Overall, participants found physiological heatmaps easy to interpret. As six partici-
pants mentioned, the visualizations were clear, intuitive and wielded powerful results that
facilitated the interpretation of physiological signals.

Users stated that our tool was also easy to understand from a client’s perspective. For
example, participant 08 felt that customers would appreciate seeing the emotions generated
by problematic areas directly onto the interface, adding “it goes beyond qualitative insight”.
Two participants found the interpretation of the data to be difficult without prior knowledge
of physiological measures, one practitioner adding “the learning curve is relatively mild; the
analysis should become more natural with time”.

As illustrated in Fig. 3, participants were able to make insightful and actionable recom-
mendations based on the visualizations generated with our tool; on the left, a gaze (green),
a positive (yellow) and negative valence (red) heatmaps generated by P04. Although the
focal element of the page was the text area below, the image clearly elicited positive
emotions, while negative emotions or displeasure was experienced by users in correlation
to the instructions of the recipe. By comparing regions of negative and positive valence, the
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_

UX heatmaps & eyetracking (N=15) Increase positive emotions and activation by:

of the recipe, even though this section was onc of the

* Revisiting the visual elements of the page in order to:

Gaze Emotions * Adding more visual elements, such as images, videos, etc., in order to

e e —— capture the attention of users.
= e«
senting the steps to follow in a way that is less narrative.
L1 prp— s Present the how-10 steps as vidco or ad a siep-by:-step image
———
——————

Fig. 3. An example of a completed report by a participant, translated from French to English
(Color figure online)

practitioner identified problematic areas of the interface and was able to highlight the graph-
ical elements behind them. Based on these results, the practitioner recommended to increase
positive emotions and arousal experienced on the page by adding visual elements, such as
videos and pictures, and revising the presentation of the recipe’s instructions to avoid super-
fluous text areas.

When asked about their intent to reuse the tool, 10 out of the 11 practitioners inter-
viewed stated that they would use the tool in their practice. However, when inquired further,
6 of them declared that their use of the tool would depend on the projects, using it only in the
assignments where emotions are an important component or if clients specifically requested
them to use physiological signals.

5 Discussion

When developing new UX evaluation tools using physiological measures, the ability to
locate issues, the ease of use and interpretation and the reduction of analysis time repre-
sent important factors. Overall, participants found that physiological signals would be
integrated more easily into their practice using our tool. Participants suggested the
following improvements to UX heatmaps to further facilitate the adoption of physio-
logical measures their current practice:

e The addition of an event timeline, or replay feature, to better understand overlapping
UX heatmaps, to see the order in which the different emotional and cognitive states
occurred. This would help with the interpretation of the visualizations.

e The inclusion of supplementary information, collected from traditional UX methods,
such as participants’ profiles and usability metrics. This would help them to integrate
physiological methodologies more easily to the methods they currently use in their
practice.

e The automatization of certain functions, such as groups and layer creation, to accel-
erate the interpretation of the visualizations generated with our tool. This would help
them fit this analysis within their short development cycles.
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Although our tool makes physiological measures more accessible to UX practitioners
by addressing the interpretation of signals, there remains a lot of work to be done
regarding some of the more technical aspects of physiological measurements. Partici-
pants expressed concerns regarding the time constraints pertaining to the actual exper-
imental setup of such user testing, for example the selection of signals and the placement
of sensors, as well as the resources needed to run the experiment. Knowledge of phys-
iological measures is still needed, as the signals used for physiological heatmaps should
be selected according to the psychological variables of interest (e.g. emotion, cognitive
load, etc.). Physiological measurements still represent important time and financial
constraints, as data collection, experimental setup and data extraction still have to be
overseen by the UX professional.

As mentioned above, practitioners who use physiological measures are doing so in
particular projects only, i.e. projects that require the evaluation of emotions or if these
measures are requested by the client. This translates into a steep and ever present learning
curve, as practitioners must re-learn how to use the tools and materials associated with
the data collection of physiological signals at each use. Therefore, the practitioners are
never able to develop an expertise. Unable to justify the financial investment due to
sparse usage of such tools, practitioners often end up renting the equipment, which is
very costly.

Having practitioners use our UX heatmaps tool in the completion of an actual user
testing evaluation report following a cooperative evaluation protocol yielded great
results. We would recommend using this method for the evaluation of new tools and
methodologies as:

Participants felt comfortable to criticize physiological methodologies and our tool
Provided a more relaxed atmosphere where participants could see themselves as
collaborators rather than as experimental subjects

Helped them take ownership of the tool and explore the functionalities it offered
Helped us get insights as to how this tool would be received in the community.

We had hoped that the interview process would generate new ideas and avenues of
research, in addition to potential improvements to our tool. However, this did not occur.
We may have had more in-depth insights as to new functionalities had we:

o Interviewed practitioners who were more familiar with or used physiological meas-
ures in their current practice

e Had practitioners used the tool over longer periods of time. In the sessions, inter-
viewees had only between 25 to 35 min to use the tool and complete their task

6 Conclusion

The use of physiological measures, in combination with traditional methods, could help
practitioners to better measure UX, as they each provide complementary information
on how users feel about a system, game, or web interface. [12] While traditional eval-
uation methods can offer episodic data, i.e. before or after the interaction, physiological
measures can provide moment-to-moment information [9]. The addition of
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physiological measures can help us identify the cognitive and emotional reactions users
experienced using an interface, while a post-task interview can help us delve further,
after we have identified these emotions.

The main research and development activities we undertake at the Tech3Lab aim at
facilitating and fostering the adoption of new methodologies, such as eyetracking and
physiological measures, in the fields of UX design and research. A first step towards
this direction was the development of a physiological heatmaps tool to allow simpler
and richer interpretation of physiological signals for UI evaluation. The interviews we
conducted with UX practitioners were very helpful, in that they provided guidelines and
user requirements insights for us to use in the development of future iterations to facil-
itate furthermore the adoption of physiological methodologies. Our next step will be to
continue to develop our functionalities as well as find ways to simplify the data
processing sequence associated with physiological signals, working closely with ergo-
nomists and consultants of the industry to do so.

Acknowledgments. Authors want to thank Brendan Scully for manuscript revision and the UX
practitioners who participated to this study This research was supported by NSERC (National
Sciences and Engineering Research Council of Canada).
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‘“‘Human rather than technical failures now represent the greatest threat to
complex and potentially hazardous systems.”
- James Reason

Abstract. A human readiness levels (HRL) scale provides a framework to factor in
the human dimension during technology development. This framework promotes
careful consideration of the human as a part of the system throughout the product
lifecycle. Insufficient attention to the human component of the system can lead to
added costs, delayed deliverables, system failure, and even the loss of human life in
high-consequence systems. We make the economic and technical justification for
using an HRL scale by evaluating a reactive case study within a national laboratory.
We create a historical technology readiness level (TRL) adoption roadmap to fore-
cast a potential HRL adoption roadmap. We identify characteristics of organizations
that are most likely to adopt the scale and conclude by recommending several project
management tactics to ensure successful implementation.

Keywords: Human readiness level - Technology readiness level - Adoption
forecast - Roadmap - Project management

1 Introduction

Human factors and ergonomics is “the scientific discipline concerned with the under-
standing of interactions among human and other elements of the system, and the profession
that applies theory, principles, data and methods to design in order to optimize human well-
being and overall system performance” (IEA 2000). The Federal Aviation Administration
defines human factors as a “multidisciplinary effort to generate and compile information
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about human capabilities and limitations and apply that information to equipment, systems,
facilities, procedures, jobs, environments, training, staffing, and personnel management for
safe, comfortable, and effective human performance” (FAA 2016). Human factors (HF)
analysis is utilized in several fields, but is most prominent within the healthcare and avia-
tion industries where a single human error can lead to potentially catastrophic conse-
quences. HF is ideally applied proactively throughout system development. In many cases,
however, it is applied retrospectively, examining the consequences of human errors after a
costly or damaging incident.

Human factors and ergonomics assumes that humans are inevitability fallible. There-
fore, an effort needs to be made to design products, systems, and processes to reduce human
error and optimize human efficiency. Research spanning behavioral economics to organi-
zational behavior reveals that people have a limited bandwidth for processing information.
Furthermore, research by Kahneman (2013) showed that people attempt to reduce cognitive
load by creating heuristics and are beholden to subconscious biases. This generally results
in suboptimal decision making. Consequently, there is no way to completely eliminate
human fallibility, only to decrease opportunities for error and mitigate their effects.

One attempt at managing human factors analysis and human errors throughout all stages
of development and production is the concept of Human Readiness Levels (HRL). This
scale was initially developed by Phillips at the Naval Postgraduate School (2010) and was
designed to complement the previously existing Technology Readiness Levels (TRL) scale.
HRLs are meant to integrate the human into the system and create a reliable and unbiased
measure of the readiness of the technology for human operators/users (Endsley 2015).

The HRL scale is still currently in development and alternatives to the scale have been
discussed, but have not been well-established. A draft HRL scale was developed by Endsley
(2015) and can be viewed in Fig. 1. This specific HRL scale has not been established as the
most optimal tool for incorporating the human component throughout the entire develop-
ment and design processes. Since no particular HRL scale has been officially adopted, we
consider HRLs as a general concept to consistently measure and define the human aspect in
development, production, and related processes. Therefore, we advocate HRLs in terms of
the implementation of a management process that incorporates the human component. HF
is often used as a retrospective analysis- the HRL scale advocates that the human compo-
nent is considered proactively throughout the entire product lifecycle. We refer to HRLs as
atool or measure that allows project teams to analyze, understand, and develop their compo-
nents, processes, and systems from a human factors approach. This allows projects and
programs to incorporate the human element from initial design through the end-user, rather
than as a form of post-analysis.

While HRLs have been researched, the government sector has not implemented
HRLs as a proponent of technology or system development. HRLs have not received
sufficient justification to prove their impact to the success of a project. Thus, our research
aims to answer:

1. Can we justify using human readiness levels by their economic benefits and technical
needs?

2. Can we create implementation strategies for human readiness levels based on the
forecasted adoption roadmap?
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HRL Description

Post deployment and sustainment of human performance
capability

Human performance using system fully tested, validated,
and approved in mission operations

HSI requirements verified through development test and
evaluation in representative environment

System design fully matured by human performance
analyses, metrics, and prototyping

HSI demonstration and early user evaluation of initial
prototypes to inform design

Modeling and analysis of human performance conducted
and applied within system concept

Mapping of human interactions and application of
standards to proof of concept

Human capabilities & limitations and system affordances &
constraints applied to preliminary designs

1 Human focused concept of operations defined

Fig. 1. HRLs scale as suggested by Endsley (2015)

To answer these questions, we examine a reactive case study wherein a human factors
team was asked to analyze and discover errors within production that led to significant cost
and schedule overruns as well as lot failures. The team found significant errors related to the
human component and made several suggestions. The economic impact of these HF issues
is analyzed in terms of the triple constraints: scope, cost, and schedule. We also evaluate
some indirect benefits of incorporating HRLs. This provides rationale for implementing the
HF approach earlier in the development process justifying the need for HRLs from an
economic standpoint. Additionally, the negative project scope impact demonstrates the
technical need for HRLs. We then use the historical TRL adoption model to create a
roadmap of HRLs adoption within the government sector. Finally, our paper concludes with
potential implementation strategies to increase the likelihood of successful HRL adoption
within the government.

1.1 A Reactive Case Study

We provide a case study to demonstrate one instance of the specific human factors issues
that arose from not incorporating the human component in the initial design phase or
throughout development. This example comes from Sandia National Laboratories
during development of a critical component on a large-scale weapons system. The case
demonstrates a reactive approach to human factors wherein the human component was
not considered until several issues were prominent and resulted in negative financial,
schedule, and scope impacts. In our example, three lots of the component had failed and
had to be discarded, which resulted in a halt in production. A human factors team was
then consulted to review processes and evaluate the most common errors. They designed
user-centered controls and processes to combat those errors as well as reduce the possi-
bility of human errors further affecting the product. While this case refers to only one
component, several issues were found, spanning across the various sectors of HF.
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The HF team identified two plant and equipment issues within the component devel-
opment. The first pertained to the tools provided to support visual inspection. The
inspectors struggled to adequately detect contamination, which led to scrapping of 1.2%
of the components. In essence, the contamination was not visible to the human eye under
normal lighting conditions. Inspectors were being asked to perform a task they were not
physically capable of completing. The HF team experimented with different types of
supplemental lights and determined that the contamination fluoresced under one partic-
ular color of lighting. Following the change in lighting, inspectors were able to success-
fully detect contamination, and no components were scrapped. The second plant and
equipment issue stemmed from several fixtures and accessories that resulted in damage
to the component. The HF team recommended design changes to incorporate keyed
features within the fixtures that facilitated proper alignment of the component and
prevented damage.

Additionally, the HF team identified several issues in the processes of the compo-
nent’s production that were due to human errors. First, there was an issue pertaining to
the assembly order of the component—13% of components had to be reworked and 4%
of the reworked units had to be scrapped. The HF team analyzed the complete assembly
process and identified a more effective and reliable ordering of the steps involved. After
the assembly process was revised, only 3% of components needed to be reworked, and
no components had to be scrapped, saving significant time and resources. Second, a
process was implemented to enhance inspector’s ability to read serial numbers, which
reduced handling mishaps as well as human error when reading or recording the serial
number.

Finally, the HF team identified issues within the people component via two more
inspection processes. No prior process had been established to determine the coordina-
tion among four different vendors responsible for inspection and certification of piece
parts used in this particular component. This resulted in a lack of communication among
vendors as well as the inability to trace the life of production. Because of the poor
traceability, a lot of 1,300 piece parts had to be scrapped, with a loss of $18,000 and a
significant schedule delay. The HF team mapped the process among vendors to promote
traceability of piece parts. Further, job aides were created to facilitate inspection of the
piece parts and enhance consistency in inspection. Another phase of the production
process required manual transcription of data, which resulted in high probabilities of
human error while transcribing or reading the data. The HF team redesigned forms to
remove unnecessary information and pre-populated them with static information such
as serial numbers. The team also converted some paper information to electronic form.
These changes resulted in 16 fewer days for completion and reduced the number of
human error opportunities from 8000 to 400. Modifications also allowed operators to
focus solely on the task, without the distractions associated with reading or transcribing
data.

This case study provides a unique opportunity to not only examine the HF interven-
tions, but also view the economic and business impact before and after implementing a
HF analysis. With economic implications in mind, we take a project management
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approach while examining the benefits that resulted from incorporating the HF recom-
mendations. Traditionally, the project management perspective allows an analyst to
consider the triple constraints of a project: schedule, cost, and scope/quality.

Instead of analyzing the independent HF interventions, we consider the impact to
production of component lots before and after the recommended suggestions (Fig. 2).
We are able to quantify the impacts of the various HF recommendations through several
metrics. The HF interventions resulted in a cost savings of 67% per lot, a 36% reduction
in manufacturing time per lot, and a doubling in the number of components delivered.
It is evident that implementing the HF recommendations resulted in significant cost
savings, reduced delays, and increased quality and quantity. The technical and produc-
tion teams were better able to meet their deliverables, saving both time and money.

Metric Percent Improvements
Lot Cost 67%
Elapsed Time 36%
Components Delivered 98%
Yield 100%
Cost per Component Delivered 83%
Time per Component Delivered 67%

Fig. 2. The scope, cost, and schedule percent improvements from human factors interventions
that were implemented on a defense project within the U.S. government.

1.2 A Proactive Approach

Frequently, human factors experts are brought in to assess situations once a failure has
occurred. The Three Mile Island Nuclear Reactor Accident in 1979 was caused by an
operator’s failure to adequately assess a situation due to their lack of training as well as
poor human usability and design of controls (GPU Nuclear Corp 1999). The fire in the
King’s Cross station of the London Underground in 1987 can be attributed to the same
human errors (Fennell 1988). The Challenger Explosion in 1986 provides another
example of a catastrophe wherein poor communication and arduous work schedules
have been cited as partial contributors (Forrest 1996). These examples are used to show
the breadth of human errors and accidents that led to the loss of human life. Each of
these cases used post hoc analysis to determine the cause of system failures which was
primarily human error.

We propose that investing in the human component throughout all stages of the
product’s lifecycle increases an organization’s flexibility and enhances their capabilities.
Furthermore, it provides the organization a competitive advantage. Most government
organizations consider the human dimension only when there is system failure and
significant negative consequences. Rather than the reactive approach, we suggest that
taking a proactive approach would result in maximum benefits for an organization and
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the product development lifecycle. From a business perspective, the savings seen in our
reactive case study could have been realized from the beginning of lot production had
an HRL scale been considered since development. In addition to several quantifiable
economic benefits that would results from adopting an HRL scale, we suggest several
other latent benefits would also arise. We provide several potential examples to help
gain an understanding of the types of advantages that may occur from a proactive use
of HRLs, but suggest the added benefits be further researched.

If human factors are considered early in development, from a proactive approach,
training would be significantly improved. The operator would be trained on the correct
system initially and would not have to undergo retraining if reactive adjustments are
made. This would also improve the operator’s cognitive load and reduce the possibility
of human error. It is prudent to implement the HF techniques from the beginning of
development to reduce the negative impact to the users and decrease opportunities for
human error.

Additionally, if a product is developed poorly, resulting in failures, the organization’s
reputation might be severely damaged and the customer’s satisfaction may be adversely
affected. The organization may appear as incompetent if a product was labelled as produc-
tion-ready yet failed. In addition to the effects of reputation on customers, this would also
impact the employee and end-user perspectives of the organization. The more incompetent
an organization appears, the less trustworthy the organization is perceived by these essen-
tial stakeholders. For example, Japan lost their role as leader of the electronics industry when
their competitors delivered better systems that led to more productive and efficient users.
According to Panasonic’s President Kazuhiro Tsuga, “Japanese firms were too confident
about our technology and manufacturing prowess. We lost sight of the products from the
customer’s point of view” (Wakabayashi 2012).

2 Adoption Within the U.S. Government

We conducted an extensive literature review to capture the full picture of TRL adoption
within the government sector. This helped us determine the key events leading to wide-
spread adoption within the five stages of the Technology Adoption Lifecycle Rogers
(2003). Based on the impact of an event, we determined the milestones that led to the
completion of one stage and the beginning of the next. We used the historical adoption
model of TRLs to create a forecasted HRL adoption model. The two scales’ parallel
nature allows us to make such predictions. This forecasted model was used to recom-
mend project and organizational implementation strategies.

2.1 Historical TRL Adoption Model

We create a TRL adoption model to provide insight into the HRLs adoption roadmap.
TRLs have largely become a requirement through most of the government and therefore
have reached complete adoption within all relevant industries. Figure 3 reveals our
historical TRL adoption roadmap as well as the most probable market share percentage
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(S-curve) as TRL adoption increased over time. We also show the main government
organization adopter through each stage of the lifecycle.

TRL Adoption Roadmap
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Fig. 3. Model of our TRL historical adoption roadmap and market share percent

The chasm, as described by Moore (2014), is the gap between early adopters and
early majority. “Crossing the chasm” is often seen as the most difficult step in the tech-
nology adoption lifecycle. In the case of TRL adoption within the government, we
suggest that the General Accounting Office (GAO) recommendation for DoD to begin
implementing TRLs due to increased technological maturity and cost savings seen in
private industry allowed TRLs to cross the chasm and reach the early majority stage.
The specific events included in our historical TRL adoption roadmap are explained in
further detail.

1969 — Report on advanced space station technology mentioned a new idea to assess
maturity of new technologies called the “Technology Readiness Review” Mankins
(2009)

1974 — Stan Sadin developed the first 7-level TRL scale with one line definitions as a
tool for assessing technological maturity for NASA Mankins (2009)

1986 — Challenger Space Shuttle accident increased focus on rebuilding space agen-
cy’s technological foundations through new programs Mankins (2009)

1989 — TRL use expanded due to the “Space Exploration Initiative”. The TRL scale
was extended to the 9-levels that are now the standard Mankins (2009)

1991 — TRLs became unilaterally used throughout the Civil Space Program Mankins
(2009)

1990s — TRLs initial adoption within the U.S. Air Force (Whelan 2008)

1992-1994 — NASA’s Office of Space Science used TRLs extensively to communicate
with researchers, internal and external organizations, and its management chain
Mankins (2009)
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1995 — Mankins developed and explained the first complete set of TRL definitions
Mankins (2009)

1999 —The U.S. General Accounting Office recommended the DoD “adopt a disci-
plined and knowledge-based approach of assessing technology maturity such as TRL”
Mankins (2009)

2000 — First DoD adoption of NASA’s TRL scales Mankins (2009)

2001 — Deputy under Secretary of Defense for Science and Technology issued a
memorandum that endorsed the use of TRLs in new major programs (Whelan 2008)
2001 — Required use of TRLs in Department of Defense accelerates adoption
(Olechowski 2015)

2003 — DoD developed their own formal guidelines and definitions for assessing tech-
nological maturity (Whelan 2008)

2006 — GAO Initiated review that resulted in the DoE producing their own Technology
Readiness Assessment guidelines (Alexander 2007)

2007 — GAO recommended DOE adopt TRLs (Alexander 2008)

2008 — Language supporting the GAO recommendation was incorporated into the
Congress budget allocation (Alexander 2008)

2.2 Forecasted HRL Adoption

HRLSs development and implementation has been low since its inception in 2010. Based
on market penetration, we estimate HRLs have only been adopted by the innovators
(refer to Fig. 4). While the human element has previously been considered, the actual
tool/framework of HRLs lineage and adoption growth can be seen below.

Phillips (2010) developed and tested a 9-levels Human Readiness Levels scale at the
Naval Postgraduate School

Hale et al. (2011) created a 6-level Human Factors Readiness Level scale to assess
human factors needs in human-machine interactions

2013 — Endsley examined the feasibility of the 9-level HRL scale as a parallel measure
to TRLs

O’Neil et al. (2015) developed the Comprehensive Human Integration Evaluation
Framework (CHIEF) Model- a 5 level scale to assess human system integration on
total system performance which was implemented within the U.S. Coast Guard Office
2015 — Endsley presented on “Human System Integration: Challenges and Opportu-
nities” at National Defense Industrial Association, which argues for the need to use
an HRL framework

See and Morris (2016), researchers at Sandia National Laboratories, began examining
the feasibility of integrating the HRL scale within the national laboratory

2017 — Newton, Greenberg, and See conduct research to justify the need for HRLs
from an economic perspective and create a roadmap of HRL adoption
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Fig. 4. Forecasted HRLs adoption roadmap and possible market share percent

Since we are currently in the innovators stage of HRL adoption, there must be four
major catalysts that bridge each stage to the subsequent one. These catalysts are events
that cross the gap separating each stage of the lifecycle and help to advance adoption.
To determine the HRL adoption catalysts, we use the TRL adoption roadmap as a general
guideline.

Prior to reaching the early adopter’s stage, we believe that HRLs must have formal
definitions and a finalized scale. The scale must be broad enough to cross disciplines,
but specific enough that it can be implemented by an organization. We suggest that a
feasibility study be conducted to determine how an HRL scale could actually be imple-
mented. Current research within DoD is being performed to determine if HRLs could
be adopted. Sandia National Laboratories is currently conducting research to determine
if HRLs should be structured as a separate readiness scale or if they should be incorpo-
rated into the existing TRL scale (See and Morris 2016).

To cross the chasm, HRLs will need a strong champion that will encourage and
convince government organizations to begin adopting HRLs. Due to the impact on
TRLs, we suggest an organization like the GAO would be able to adequately provide
proper justification by recommending HRLs be adopted within the government. Private
organizations have an incentive to maximize profits which can be partially done by
understanding the human element, although a formal HRL process may not be
performed. GAO can examine the private industry and use these benefits to better
understand and justify the need to use HRLs within the government. Formal policy from
large government groups, like DoD and DOE, requiring the use of HRLs, will be needed
to lead to the late majority stage of adoption. Finally, HRLs will reach the laggards when
the requirements policy eventually extends to all contractors and suppliers, much like
the TRL adoption.



108 V. Newton et al.

3 Implementation Strategies

The TRL roadmap adoption model provides insight into a possible HRL roadmap adop-
tion lifecycle and major implementation checkpoints. A TRL feasibility study conducted
by the DoD provides added inferences into distinct implementation logistics and poten-
tial challenges in adopting HRLs into an organization. The first challenge is to evaluate
potential organizations that would be most ideally suited for HRL adoption. We consider
which processes need to be established within an organization to increase likelihood of
a successful HRL implementation. HRL adoption is more likely to spread from one
organization to another once the usefulness and triple constraint benefits can be empir-
ically validated across government institutions. The first organization to unilaterally
implement HRLs will likely need to demonstrate particular organizational characteris-
tics. The second challenge is to examine implementation tactics within a specific organ-
ization, especially as it relates to project management.

Organizations that are most likely to adapt to significant changes are those that
demonstrate organizational change management processes. Weiner (2009) treats organ-
izational readiness as “a shared psychological state in which organizational members
feel committed to implementing organizational change and confident in their collective
abilities to do so.” This indicates that everyone in the organization must act towards
effectively implementing the changes and that each individual understands the justifi-
cation for such modifications. These organizations tend to be much more adaptable and
amenable to significant changes. Organizations that have a culture which fosters change
and encourages individual responsibility will be more likely to successfully implement
HRLs into their processes. Strong social capital is an aspect in organizations that lead
to more flexible organizations and are also more likely to adapt to changes (Krebs 2008).

We suggest that organizations that previously demonstrate some level of human
factors considerations are also more likely to successfully adopt HRLs. Organizations
that already have HF experts incorporated into their projects is an indication that there
is value in the human component of a system. Even if HF engineers are not necessarily
incorporated into a project team, they are considered valued members. It is these organ-
izations that clearly indicate the benefits of understanding and analyzing the human
element. Furthermore, the foundational infrastructure will already be in place as the
organization already has HF employees.

In addition to the organizational characteristics, we suggest several practical strat-
egies that need to be in place for an organization to successfully adopt HRLs. DoD
conducted a feasibility study to ensure successful implementation of TRLs and found
that successful adoption is labor intensive (Graettinger et al. 2002). Additionally, DoD
and DARPA Principal Investigators (PI) were already working under tight time
constraints and exerted maximum cognitive efforts prior to implementing the TRLs.
DoD found a third person objective observer to be effective for proper TRL utilization
to help overcome the PI’s constraints, but this method still required extensive interac-
tions with each PI. We suggest that for successful HRL application, sub-groups of people
or a super-user group is required to apply and utilize HRLs to reduce the cognitive load
on the PIs. These super-users can consult with all necessary stakeholders (e.g. production
workers, end-users of the product, and PIs) and work with the project manager to ensure
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all human component aspects have been accounted for in the project. The most appro-
priate option for a super-user is a human factors engineer or subject matter expert.

Successful implementation would also include directives from executives and upper-
management to adequately permeate company culture. Policy requirements ensure
HRLSs would be used within all technology development initiatives. We suggest a project
manager be assigned for implementation of HRLs within an organization. This would
be beneficial to create a plan and control and monitor the scope, cost, and schedule of
implementation. We do not provide a specific implementation plan in this paper, but the
project manager needs to consider the variation of research topics, project sizes, and
individual requirements within their organization. Furthermore, this manager should
also develop a plan for handling projects in various stages.

In addition to implementing HRLs within an organization, the management team
needs to consider how HRLs will affect their project processes and procedures. As a
parallel, TRLs have often been used by DoD to act as a threshold to technological
maturity prior to acquisition of a new project. Technologies must reach a TRL 6 before
they are ready for insertion into acquisition programs. Similarly, HRLs need to be
defined and optimized for the specific organization and project types. The product or
process development stage that maximizes HRL utility must also be evaluated. Project
managers need to ask questions based on potential HRL impact to the project. Will the
system or component levels be evaluated? Have we considered the working and opera-
tional environments? Additionally, a contingency plan could be necessary. For example,
if a project reaches completion but the HRL is too low for acquisition what are the
countermeasures?

The benefits of adopting an HRL scale or its equivalent are evident in scope, cost,
and schedule, as well as increases in user and customer trust, the reduction of cognitive
load, and training efficacy. There are however a few added costs as a result of incorpo-
rating the human component. First, adding the HRL scale requires a human factors
engineer to be a core team member on projects, or at least needs to review projects during
every stage of development. This leads to an investment in human capital requiring
additional budget allocation for the HF engineer’s salary. Incorporating an HRL scale
will entail additional requirements prior to advancing to further stages in development.
For example, a product must reach an appropriate readiness level across all scales to
meet its design standards and to pass reviews. Adopting an HRL scale would be an
additional metric of maturity by which to gauge a project, process, or product. If a
product does not have a high enough HRL measure, more efforts would need to be put
towards development to increase the HRL. This may require additional costs up front,
but would result in significant cost savings in the long run, as shown by our case study.

4 Conclusion

Our research provides the business and economic justification for implementing HRLs
and provides a potential roadmap for HRL adoption within the government sector.
Results from additional research that is currently being conducted are needed before
HRLSs will reach the early adopters stage. We mentioned several latent benefits of using
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an HRL scale, but further undertakings need to occur to realize these added benefits. As
mentioned in our adoption roadmap, a feasibility study such as the current effort at
Sandia National Laboratories (See and Morris 2016) would help define the HRL scale
to ensure it meets the needs of the organization. Finally, it would be helpful to create
guidelines for organizations to be able to easily implement HRLs within an organization
or program. Creating a foundational procedure for incorporating HRLs into a project
will lead to project managers who are able to include HRLs in their processes.
Additional research can be done that extends past the early adopter’s stage of the
adoption lifecycle. Further, industry adoption can help to understand the benefits of
HRLs. For example, understanding how HRLs might impact specific fields, such as
healthcare, can provide insight to how HRLs may be enforced within that industry.
Creating technologies for all users, rather than the “average” user, can also propel human
factors considerations. This would be especially important for individuals with disabil-
ities and would increase atechnology’s market potential. Researchers need to understand
how the human is a part of the system as research, production, and applications continue
to grow in areas like TSensor systems (Walsh 2014), edge computing, robotics, artificial
intelligence, and human augmentation (Sanwal 2017). Studies should be conducted to
determine the best method for incorporating HRLs for each of these industry trends.
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Abstract. Context-awareness endows mobile devices and services with the
capability of interacting with users in an efficient, intelligent, natural and smart
fashion. Consequently, context-awareness makes a significant difference to
mobile HCI. However, the challenges brought by context-awareness to users of
mobile devices are rarely examined in depth. In this paper, previous conceptions
of context and their contribution to context-awareness in mobile HCI is scruti-
nized and a preliminary context-computer interaction (CCI) model is advanced
to illustrate the interaction characterized by mobile context-awareness. Further-
more, the paper examines the limitations of information processing models and
review alternative models of context. We also address user experience challenges
related to the enablement of mobile context-awareness and highlight avenues for
future research issues. Specifically, we found that context-awareness has been
employed broadly in developing applications and services on mobile platform,
has had a huge impact on mobile user experience, and has altered the interaction
between humans and computers by giving the latter a more active role to play.
The significance of context-awareness in the usage of mobile systems calls for
systematic and in-depth appreciation of its impact on mobile HCI.

Keywords: Context-awareness - Mobile HCI - User centric

1 Introduction

Since the term “context-aware” was first proposed to describe the computing ability “of a
mobile user’s applications to discover and react to changes in the environment to discover
and react to changes in the environment they are situated in” [1], it has received extensive
scholarly attention across the fields of ubiquitous (or distributed and pervasive)
computing, ambient intelligence, artificial intelligence, internet of things and user inter-
face [2-7]. More recently, due to advances in computing capabilities and sensor technol-
ogies, the concept of context-awareness has also found its way into a diversity of indus-
trial applications like healthcare, mobile advertising, mobile learning, museum and tour
guides, recommender system and virtual reality [8—10]. For this reason, Mobile Context-
Awareness (MCA) and its implications for context-driven service innovations has been
acknowledged as a promising future in Human Computer Interaction (HCI) [11].
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1.1 General Challenges of Mobile Context-Awareness (MCA)

Despite the optimism surrounding context-awareness, developers are confronted with
challenges on how to capture, interpret, fuse and present contextual information in order
to realize context-aware applications and services. Because smart phones yield rich
contextual information through the facilitation of interactions with humans, the defini-
tion and categorization of context is very much dependent on the research objective,
application domain and use cases, differing substantially from one situation to another.
The forms of context-awareness also vary because the interaction between humans and
computers is not yet clear with regards to the role of the former (active/passive) [12],
the way of display contextual information (implicit/explicit) [13] and the level of auto-
mation. Furthermore, mobile context-awareness (MCA) also bring about challenges to
user experience. These challenges to user experience (e.g., absence of control,
distracting interruption, inappropriate feedback and privacy) not only constitute theo-
retical conundrums, but they also affect the actual user experience in practice [14].

1.2 Challenges for User-Centric MCA

MCA is a rapidly growing topic of interest for both academics and practitioners due to
the increasing dynamism and richness of contextual information afforded by smart
devices. Although context-awareness is intended to address issues in user experience
caused by small screen size and ever-shifting context in smart devices, it is accompanied
by its own side effects such as distracting interruptions, loss of control and privacy risk
[14]. Consequently, there are calls for an in-depth appreciation of how user experiences
(UX) are shaped by mobile context-aware systems.

In classifying the architecture of context-aware systems into five layers, [15] discov-
ered that the bulk of research (237 articles in total) published between 2000 and 2007
tends to concentrate on layers associated with concept and research, network, middle-
ware and application. A mere 6.7% of the published articles touch on user infrastructure
and only 1.5% (3) discussed usability issues. Even though the few studies, which have
examined the issue of UX for MCA (device and application), have put forth general
guidelines for designing mobile context-aware systems (i.e., avoiding unnecessary
interruptions, ensuring user control, guaranteeing system visibility, incorporating
contextual settings, preventing information overflow, securing user’s privacy, selecting
an appropriate level of automation and tailoring content to match individual needs)
[12, 14], there is a dearth of research that has been devoted to a dedicated scrutiny of
how such systems can be designed from a user-centered perspective [16].

We begin the paper with the application developers’ perspective on context-aware-
ness, and gradually move towards a more holistic understanding of MCA that includes
the user’s perspective on MCA.
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2 General Overview: Context and Mobile HCI

2.1 Context in HCI

Context either simplifies or enriches human-human interaction in different situations.
Humans could predict the intention or behavior of another human based on contextual
information (i.e., gender, culture and interaction experience). However, harnessing
contextual information to enhance human-computer interaction remains an elusive chal-
lenge. Indeed, smart phones yield a diversity of contextual information from multiple
sources, including those captured by sensors (e.g., brightness, gravity and direction),
generated by users (e.g., activity logs, interactive behavior, sign-up information, sign
in/out status and tags), inferred by computers (activities, hobbies, preferences).
Although capturing contextual information via sensors has made significant strides over
the past decade, providing users with meaningful and valuable contextual information
on the basis of fusion, interpretation and adaption of raw information is still an uphill
task. A common barrier in the appropriation of contextual information stems from the
fact that there is no common, reusable model for context across these environments [17].

In its formative years, the notion of context is either conceived with select elements
(e.g., location, time, people and objects in environmental, physical or social states) or
described in general terms like situational information [18]. A widely acknowledged
definition of context was put forth by Abowd et al. [18], who asserted that context entails
“any information that can be used to characterize the situation of an entity. An entity is
a person, place, or object that is considered relevant to the interaction between a user
and an application, including the user and applications themselves”. This implies that
any information that characterizes the situation of a human in an interaction can be
regarded as context. A number of studies have investigated the concept of context and
refer to it as comprising location, identities of neighboring objects and users, environ-
ment characteristics such as season and temperature, date and time, user’s emotional
state, focus of attention, objects and people in the user’s environment [1, 19, 20].

Although contextual information is promising in enabling smart phones to commu-
nicate with humans in implicit and intuitive ways, context is an underutilized source of
information in our computing environments. The interaction between smart phone and
users is still below expectation due to the impoverished ability of users to provide
contextual input to smart phones and the inability of smart phones to take full advantage
of the interactive context. As a consequence, we have a limited understanding of what
context is and how it can be employed in developing HCI systems.

To render contextual information more usable for developers of mobile applications
and services, they are organized into various categories and levels. From our review of
extant literature, we realize two predominant trends governing past conceptions of
context. One is that the definition of concept varies considerably depending on the types
of applications and/or services. Another is that most definitions tend to categorize
context according to the entity that is relevant to the interaction between an application
and a user, be it human factors, location (or place), application (or object) and physical
environment [21].
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The inclusion of communal activity, social context and user tasks in the definition
of context [22] indicates that contextual information can also be produced through
interactions between humans and computers (Fig. 1). Compared with the three well-
recognized categories of context, interactive contexts are either created by users as inputs
to HCI systems or need to be reasoned by computers as output of HCI systems. Given
that the context associated with the utilization of smart devices fluctuates over time, we
hence subscribe to an interactional view by treating the scope of contextual features to
be dynamic so much so that the relationship between activity and context becomes
cyclical in nature. In this sense, we depart from the representational view that assumes
context to be a form of static information, which is independent from the underlying
activities [10].

Fig. 1. The contextual information from HCI perspective

2.2 Level of Context

In addition to efforts in categorizing context by entity, context can also be categorized
according to hierarchical levels in HCI. [23] defined contextual information with three
levels, namely low-level context (sensed), high-level (inferred) and situational relation-
ships (presumed). Contextual information captured by sensor are considered as low-
level context that is directly referred to a raw data. A sensor in context-aware applications
is described not only a physical device, but also a data source that could be useful for
context representation. Furthermore, sensed context can be split into three types, that is
physical, virtual and logical sensors [23]. Higher level of context are abstract and usually
inferred by fusing multiple lower level contexts [6—10].
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According to predominant viewpoint of depicting HCI as a closed ‘information
processing loop’, an appropriate conceptual basis for studies of HCI at different
levels of context (cultural, organizational and social context) is absent for modelling
the contextual information in HCI systems [24]. Alternative theoretical models are
required to interpret, design and develop HCI systems by deploying contextual infor-
mation in an effective and efficient manner (this issue will be discussed in greater
detail later in the paper).

2.3 Model of Context

Due to difficulties in theorizing the dynamism of context, researchers have turned their
attention to the construction of context meta-models. A context meta-model is a generic
description of the contextual environment on a meta-level that is not targeted towards a
particular system [21]. Context-meta models thus serve as the theoretical foundation for
deriving context-specific models for adaptive systems, guiding system developers in
determining what contextual variables to take into account for a given context-adaptive
system. While context-specific models denote relevant context for a given context-
adaptive system, context meta-models express context on a generic meta-level and are
not bound to any particular system.

Existing context meta-models are differentiated by their degree of abstraction from
the real world context [21]. Although seven meta-codes are identified, there are still
approximately 20% of variables not covered by any of the analyzed context meta-
models. With the boom in smart phones and the diversity of mobile scenarios, contexts
might emerge that cannot be covered by contemporary context meta-models.

From the perspective of HCI, a successful context meta-model should interpret the
role of contextual information in HCI systems. Different levels and categories of contex-
tual information should be integrated into HCI systems to support developers in making
decisions about what contextual variables to include in a given context-adaptive system
[21]. Specifically, context meta-models have to address the following issues:

e Contextual information consists of inputs that are captured by sensors and/or gener-
ated by users, thereby giving rise to issues of fusing different types of contextual
information as input to make it meaningful for users as output.

e Contextual information as computer outputs involving both low-level (battery life,
data connection and CPU speed) and high-level (activities such as running, sleeping
and shopping, demographics such as gender, age and occupation and psychological
status such as fatigue, happiness and depression) contexts, thereby giving rise to
issues of inferring and gauging high level of contextual information based on their
low level counterparts.

e Diverse modalities and types of contextual information are acquired through inter-
actions between humans and computers (e.g., haptic, speech and vision), thereby
giving rise to issues of integrating multiple modalities of contextual information in
the design of HCI systems.
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2.4 Active and Passive Roles of Human and Computer in Interaction

The MCA systems can be categorized into two types depending on whether computers
play an active or passive role in executing inferred actions [13, 15]. For active MCA
systems, computers execute inferred actions automatically and implicitly on the basis
of contextual information. Conversely, for passive MCA systems, the sensed informa-
tion and inferred actions will be presented to users explicitly, giving the latter an oppor-
tunity to decide on whether to execute the actions or not.

From the perspective of HCI, a core discrepancy between active and passive CA
systems resides in the mode of interaction. Active CA systems adapt implicitly to users’
activities by altering system behavior whereas passive CA systems explicitly presents
novel or updated contextual information to users, allowing the latter to make decision
on whether the system should continue or abandon the execution. In this sense, active
CA systems are characterized by the implicit input and output of computers whereas
passive CA systems are characterized by the explicit output of computers. While explicit
interaction contradicts the idea of invisible computing, implicit interaction might be
helpful in realizing the vision of ubiquitous computing in delivering intuitive interaction
[13]. For example, implicit interaction happens when a smart phone activates mute mode
automatically for a meeting event in the calendar. Conversely, an example of an explicit
presentation may take the form of a smart phone prompting a user with information
about the calendar event, thereby enabling the user to decide whether to mute the phone
or not.

Although implicit and explicit interaction are well recognized as a method for cate-
gorizing CA systems from the perspective of HCI, attitudes towards them tend to diverge
[12]. Active CA systems are deemed to be much more interesting as a sign of computing
capability while passive CA systems permit users to control the interaction with
computers.

3 Computing Centric View of MCA

As a defining characteristic of ubiquitous (ambient, pervasive) computing, context-
awareness is developed to acquire, decipher, fuse, infer and utilize the contextual infor-
mation of a device in order to provide services that are appropriate (how) to select people
(who), place (where), time (when), event (what) and intention (why) [15]. Consequently,
much scholarly attention was paid to dealing with computing issues about concept and
research, network, middleware and application of MCA [25, 26].

3.1 Value of Context-Aware for Computing

When humans interact with humans, contextual information is usually deployed to help
us effectively and efficiently convey thoughts and emotions to one another and react
appropriately. Contextual information plays a pivotal role in helping humans to sense,
decipher, reason, infer and predict one another in social networking [18, 19]. This ability
of humans to acquire situational awareness was introduced into the field of computing
to allow computers to easily sense and decipher the world of ubiquitous computing.
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Supposedly, context-awareness enables computing devices to interact with humans in
natural, implicit, intelligent, automatic and sophisticated ways like human-human inter-
action [18]. Context-aware computing promises a smooth and intuitive interaction
between humans and computing systems. However, interaction between humans and
computers fails to achieve that goal until the last ten years with the widespread pene-
tration of smart devices.

3.2 Context-Awareness Application Development for Mobile HCI

“One of the most ubiquitous tools in the progress of context awareness has been the
mobile device. Its enormous popularity and permeation into daily life—coupled with
increasingly sophisticated hardware—has greatly increased the potential for context
awareness in the world.” [18]

Over the past decade, mobile devices, especially smart phones, have been widely
adopted by a vast user population across the world. In many countries, more than 50%
of population are mobile phone users. Nowadays, mobile phones are equipped with
miniaturized sensors and enhanced computing capability, enabling smart phones to
interact with humans in implicit, intelligent and human-like ways.

Technological advancements have transformed smart phones into a powerful tool
with tremendous capacity for context-awareness. Firstly, human perceptual ability is
extended with a variety of sensors like brightness, proximity, infrared and gravity, to
name a few. Secondly, the diversity of smart phone usage generated dynamic, rich and
complicated contextual information that is valuable for context-awareness [27].
Context-awareness is reflective of the ‘smart’ side of mobile phone and adopted
commonly in mobile services and applications to enhance the user experience. To help
developers harness contextual information, Google even released express API for
context-awareness to facilitate the development of mobile applications and services
based on Android platform.

3.3 Issues for MCA Computing

The major objective of technical efforts of MCA is to make sure that mobile devices
could be aware of their contexts and automatically adapt to the changing contexts [15].
Technical efforts made to realize that vision include modeling, monitoring, capturing,
filtering, processing and reasoning context, together with detecting inconsistency and
resolution [25, 27].

A variety of context models are proposed to represent patterns representing the object
of context, such as key-value, markup, graphical, object-oriented, logic-based, domain-
focused and ontology-based context model. New solutions about multi-sensor data
fusion is employed extensively to merge data collected by heterogeneous sensors to
improve the accuracy of probabilistic inference systems by including context informa-
tion. Event-driven and query-based paradigms of context-awareness were proposed to
depict different kinds of context-aware. Usually sensors are employed to capture the
physical contexts (e.g., light and vision, audio, movement and acceleration, location and
position) while image recognition, machine learning and data mining are utilized to
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capture the virtual contexts (e.g., user preferences, emotions and satisfactions) [25, 28].
To preprocess and filter out the noise intrinsic to the original contextual information,
centralized, distributed and hybrid paradigms are formulated [25].

Despite extensive scrutiny of the technical issues of MCA computing, there are still
many issues worthy of further exploration, such as how to acquire novel types of contexts
that may enable applications to be more adaptive to changeable contexts, eliciting
contexts from user behavior and communities as well as incorporating schemas for
detecting and resolving contextual inconsistencies [25].

4 User Centric View of MCA

A computing-centric view of MCA focuses on how to capture contextual information
efficiently, decipher context accurately and adapt to the context automatically. To this
end, mobile devices tend to play a more proactive and intelligent role in the interaction
with users. Nevertheless, concerns over the role of humans in HCI, as characterized by
MCA and relevant user experience issues, have also been raised [29].

4.1 Implicit and Explicit Interaction

An abundance of intricate contextual information are exploited in human-to-human
communication, such as eye contact, facial expression, hand gestures, body language
and even more profound social attributes like culture and religions. Implicit interaction
helps humans to understand situations of different human beings in an efficient and
effective way. Unlike human-to-human communication, the traditional human computer
system lacks the ability to detect implicit information as humans normally do in face-
to-face interaction [30, 31]. Consequently, conventional interactions between humans
and computers are constrained by the latter’s computing power and number of embedded
sensors in harvesting and harnessing contextual information.

Context-aware systems are able to adapt their behaviors to given contexts without
explicit user intervention, thereby leading to increased efficiency and effectiveness by
taking environmental context into account [4]. Thus, context-awareness systems also
modified traditional modes of HCI through the introduction of implicit interaction.
Implicit human computer interaction (iHCI) is originally defined by Schmidt [31] as
“the interaction of a human with the environment and with artefacts which is aimed to
accomplish a goal. Within this process the system acquires implicit input from the user
and may present implicit output to the user.”

Capturing and making sense of contextual information is essential for the success of
designing interactive systems that run on MCA devices [18]. Contextual information is
captured implicitly, intention of user is reasoned and potential options are presented to
users subsequently. Mobile context-awareness is changing the interaction between
humans and computers in several aspects. Firstly, the interaction is shifting from explicit
to implicit ways. Secondly, information sources are much more diverse, comprising both
human and computer inputs [15]. Thirdly, computers (or smart phones) are shifting from
a passive role of accepting, processing and displaying information to a more active role
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of acquiring, deciphering, inferring, recommending information and at times, executing
action automatically. Fourthly, context-aware systems can sense other computers and
users in surrounding situation that enables smart phones to facilitate cross-device and
social interaction.

Changes brought by mobile context-awareness to HCI might lead to the following
challenges: How can users be aware of the implicit contextual information inputted and
captured by smart phones? How to exploit and integrate contextual information in
multiple models? Should smart phones be more active in executing actions that are
undertaken by human traditionally? How should human beings deal with an intelligent
and emotional device with social networking ability?

4.2 Active and Passive Roles of Human and Computer in Interaction

The MCA systems can be categorized into two types by the passive/active role of
computer in executing the inferring actions [30, 31]. In passive MCA system, the sensed
information and inferring actions will be presented to user explicitly and user make
decision on whether to take execution or not. In active MCA, computer execute inferring
actions automatically and implicitly on the basis of contextual information and inference
of potential actions of user.

From the perspective of human-computer interaction, one of the key differences
between passive and active CA system exist in the way of interaction. Active CA
implicitly adapts to a user’s activity by changing the system’s behavior, where passive
CA explicitly presents the new or updated context to the user and let the user make the
decision whether the system should continue or stop the execution. Passive CA system
is characterized by explicit output of computer and active CA system is characterized
by implicit input and output of computer. While explicit interaction contradicts the idea
of invisible computing, disappearing interfaces and natural interaction, implicit inter-
action might be helpful in realizing the vision of a Ubiquitous Computing which can
offer natural interaction [30]. A simple example of implicit interaction is the mobile
phone that changes its profile to mute mode automatically in a meeting event of calendar.
In the corresponding explicit context-aware application, the mobile phone prompts the
user with information about the calendar event and lets the user decide whether the phone
should be muted or not.

4.3 MCA and Intelligent/Adaptive User Interface

Context-awareness is also widely deployed in designing intelligent/adaptive user inter-
face in order to circumvent problems caused by the increasing complexity of mobile
human-computer interaction [32, 33]. Contextual information and inferred intentions of
user are utilized to adapt user interface to users’ behavior and actions. The screen of
mobile phone might switch between landscape and portrait mode as user rotate the
mobile phone, the layout of interface might also change accordingly. In this case, the
gesture of mobile phone is sensed by gravity sensor and gyroscope and then utilized to
adapt the user interface to the gesture.
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5 Dominant Theories of User-Centric MCA

Theory is critical to HCI as a research field [34]. It is generally accepted that the lack of
an adequate theory of HCI is one of the most important reasons why progress in the
field of HCI is relatively modest [24]. In contrast to the general agreement that current
attempts to apply cognitive psychology to HCI are not very successful, there is little
agreement on the most promising theoretical alternative.

Although the “information processing loop” proposed by the dominant theory of
cognitive point of view provides a coherent description of the whole system of human
computer interaction within the information processing framework and structures the
problem space of HCI in a helpful way, its ecological validity is questionable for its
inability to take into consideration the context that exist outside this loop [24]. Human
computer interaction can only be understood within a wider context and any HCI model
needs to provide an appropriate conceptual basis for studies of computer use in its
cultural, organizational and social context.

Therefore, efforts in developing a solid and widely accepted theoretical foundation
for HCI are related to context more or less [35, 36]. These approaches model use-context
as yet another source of information that can be formalized and transmitted to computers
[36]. As alleged by Clemmensen [34], “HCI researchers need to know more about the
sociocultural contexts of other researchers’ use of theory, in the same way that designers
need to know users’ context of use in order to design systems and products for them”.

5.1 Situated Action and CA

Situated action places emphasis on environmental context and stresses how the envi-
ronment provides context for actions [37]. According to situated action theory, the goal
for interaction is to support situated action and meaning making in specific con-texts,
and the questions that arise revolve around how to complement formalized, computa-
tional representations and actions with the rich, complex, and messy situations at hand.

Situated action analogize interaction as phenomenological situated and accentuate
the significance of constructing meaning on the fly and in specific contexts and situa-
tions, designing interaction moves from attempting to establish one correct under-
standing and set of metrics of interaction to studying the local, situated practices of users.
Interaction is seen as an element of situated action in the world, the deciphering or
construction of the situation is the core of the design [36].

MCA can help address some of the challenges by capturing, understanding, struc-
turing and modeling the specific contexts and then provide individualized and custom-
ized interactions. MAC is especially valuable in providing local, situated and context-
dependent interactions by adapting the mobile phone actions to the specific contexts.

5.2 Activity Theory and CA

Activity theory is originally proposed by the Russian psychologist Alexey Leontiev [34],
it argues that human mind emerges, exists, and develops within the context of human
activity as a whole, and therefore analysis of object-oriented activities should be
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considered as a necessary prerequisite for comprehending the human mind. Activity
theory was introduced to HCI in the late 1980s-early 1990s and has established itself as
one of the most influential theories in HCI [34].

Activity theory proposes that the activity itself is the context. What takes place in an
activity system composed of object, actions, and operation, is the context. Con-text is
constituted through the enactment of an activity involving people and artifacts.

Activity-awareness means that the HCI system can actively construct and update a
model of the ongoing activity by sensing, communicating, and interpreting changing
conditions, resources and processes [32].

5.3 Distributed Cognition and CA

Distributed cognition intends to introduce computer technology into the workplace by
remedying the shortcomings of the information-processing model in that it lacks cosid-
erations for real-life action, work environment and user interaction [37]. It is a branch
of cognitive science and considered as complementary to the information processing
model that is devoted to the investigation of: (1) knowledge representation both inside
the heads of individuals and in the world; (2) knowledge propagation between distinct
individuals and artifacts, and; (3) transformations which external structures undergo
when operated on by individuals and artifacts [35]. Distributed cognition emphasizes
interaction over individual in HCI systems by construing the latter as a distributed
collection of interacting people and artifacts.

In the vision of ubiquitous computing, context is spatially and temporally distributed
in a ubiquitous computing environment. Distribution has a significant role and is central
to the realization of context-awareness system in Ubiquitous Computing [31]. In a
Distributed HCI system, MCA are capable of easing the sharing of contextual informa-
tion, seeing and having access to context information that is around an application and
distributing the contextual information within the HCI system spatially and temporally.

6 Challenges and Future Research Directions of User-Centric
MCA

6.1 MCA and HCI

One of the significant changes that CA brought to the field of HCI is the roles of users
and computers in interacting with each other. In traditional HCI systems, users are active
and computers are passive when interacting with each other. In most cases, computers
are simply waiting for user input and then executing the computing tasks as required.
By contrast, computers tend to play a more active and even proactive role in context-
aware HCI systems. Computer can sense, capture, decipher and reason about the contex-
tual information of HCI and then execute certain actions based on the computing results
of context-awareness. Despite progress in relevant technology and applications, atti-
tudes towards active and passive context-awareness are divided by emphasis on CA
computing capability of computers or users control over computers [7]. Although
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automatic execution of CA action and adaptation to con-textual information are critical
metrics of MCA systems, the implicit interaction might lead to non-awareness of users
over what’s happening and unable to know what is required for users to do before s/he
is required to do it [38]. High quality of MCA systems need to improve both the capa-
bility of computers and users at the same time by providing information to users at the
right time and letting users control the interaction.

Furthermore, a novel theoretical framework of HCI is required to explain and struc-
ture the interaction characterized by context-awareness. We proposed a preliminary
model named Context-Computer Interaction (CCI, Fig. 2.) to embody the above
mentioned changes that context-awareness brought to HCI. CCI differs from traditional
HCI as below:

e Human is not the only source of input any more but creates a context pool together
with computing devices and environmental factors. This implies that computers are
notinteracting solely with humans, but as a whole contextual system in which humans
are but one form of constituents and the three units interact with each other dynam-
ically.

o Computer approaches the contextual system, captures the contextual information,
deciphers the meaning behind, predicts plausible actions and executes actions proac-
tively rather than waiting for the explicit input and command from users.

e Computers might predict and execute actions implicitly to improve the efficiency and
unfetter human from selecting, judging and executing some apparent and predictable
actions. The computer itself has a closed loop of information (context) processing
characterized by executing behaviors implicitly.
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Fig. 2. Context Computer Interaction (CCI)
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6.2 Non-instrumental User Experience and MCA

Much of the ongoing efforts to apply context-awareness to the interaction and inter-face
design of mobile applications or services focus on improving the efficiency of HCI
systems [3, 4, 16]. Context-awareness is valuable in improving the instrumental or
pragmatic user experience of mobile application and services by sensing, deciphering,
interpreting and adapting to the contextual information automatically. However, users
of mobile applications might expect more from interacting with mobile phone than
improvements to efficiency.

Past studies have shown that users are aware of hedonic and non-instrumental qual-
ities such as interactive aesthetics, privacy, stimulation and social status in long-term
UX of mobile phones [39], although some of them (e.g., privacy) are already addressed
[14]. Social, emotional or informational state were considered as parts of contextual
information that should be employed in context-aware systems at the early era of relevant
areas [20]. Mobile context-awareness is also widely adopted in developing and
designing applications dedicated for social-networking, shopping, sharing and well-
being as well. Any efforts of MCA UX should address both instrumental and non-
instrumental issues instead of focusing on productivity.

6.3 Research, Evaluation and Design of HCI System in Context

Research and evaluation is considered as one of the major cornerstones of HCI. During
the last decade, attention was paid to the pros and cons of lab and field evaluations in
the wild, as well as how to balance research methods in natural, artificial, and environ-
ment independent settings [37, 40, 41].

Traditional laboratory-based usability testing methods are questioned as they are
often expensive, time consuming and fail to reflect real use cases [30]. It tends to measure
the efficiency, effectiveness and satisfaction of products or services by constraining users
in artificial usability test settings and getting them to complete predefined ‘typical’ tasks.
Users’ interactions with computers in this situation is distinct from the real scenarios
given that the interactions is interfered by moderators and fragmented by discrete tasks.
By contrast, there is a growing tendency to infer and extract user experience information
implicitly from user interface events and behaviors in the field of HCI in order to fully
experience and explore real world usage [41].

Exploring usage of mobile applications and devices is still challenging despite much
attention being paid to this issue. Traditional issues associated with conducting HCI
studies (e.g., incentives and recruiting) are confounded with the highly mobile, dynamic
and complicated context that makes explorations in this area creepy [42].

Over the past decade, arange of methodologies have been adopted to evaluate mobile
services and conducing HCI studies in non-intrusive and ecologically valid ways [42].
Amongst them, experience sampling is proposed as an ideal alternative of traditional
research method. Conventional long-term ethnographic observation is too intrusive in
certain domains, such as sleeping habits or bathing rituals [43]. Collecting data in the
wild through sensor-equipped prototypes is considered as one of the optional approaches
of conducting user studies in evaluating product or services. This form of data collection
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also allows researchers and developers of HCI systems to glean insight into activities
and contexts where an observer might be an undesirable presence.

Involving users in the context of use in the design of mobile systems was proposed
as “The Final Frontier in the Practice of User-Centered Design” [44]. New design
methods were also proposed by utilizing an open contextual and experiential design
approach that makes extensive use of varying kinds of knowledge [43]. These sort of
methods try to explore how mobile context-aware technologies and applications can
effectively support contextualized learning and the relationships among different aspects
of context. Amongst them, Experiential Design Landscapes and Living Labs allow in-
context experimentation and data collection “that put all stakeholders (e.g., designers,
users, researchers, developers, officials, producers...) in context of using products and
services”.

7 Conclusion

Context-awareness is playing an increasingly vital role in developing mobile HCI
systems. Little attention was paid to the user-centric view of MCA in comparison to the
extensive studies from the computing-centric point of view. Attitudes towards implicit/
explicit interactions and active/passive roles of humans and computers are divided,
influence of MCA on user experience and related measures are not clear enough in which
both instrumental and non-instrumental user experience might be considered. Dedicated
theoretical framework is required to structure and illustrate the interactions characterized
by context-awareness in mobile HCI.
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Abstract. The positive significance of consumers involving in enterprise NPD
has been generally realized. But the involvement condition in each stage of the
NPD and involving modes remain to be further research. This paper USES field
experience and questionnaire survey to research consumers involving in Chinese
SMEs NPD. Main content includes typical stages of NPD, which NPD stages
consumers are involved in and should be involved in, and involving mode in
each NPD stage, etc. Based on the investigation results, a case study of inte-
grated consumers into wardrobe, umbrella stand and clothes rack design is
carried out on a Chinese furniture enterprise. Customer is involved in multiple
stages of NPD, in which crowd- sourcing model based on web2.0 has been
applied. The application introducing customer in stages of NPD has been
achieved good results.

Keywords: Customer involving - NPD - Stages - Case study - Crowdsourcing

1 Introduction

Consumer involving in NPD has a positive significance. Good cooperation with cus-
tomer can reduce developing cost to achieve a certain innovation, bring higher creative
efficiency (Juho Yliméki 2014), reduce the number of faulty prototypes until attaining
the desired product (Gloria 2014), reduce manufacturer’s planning time and inventory
obsolescence, allowing it to be more responsive to customer needs. (Yuanqiong He
2014). Some literature researched stages in which consumers involved. Klaus Brockhoff
(2003) mentioned some stages in NPD: Idea Generation, Concept Development,
Product Design, Prototyping/Testing, pre-announcement and market launch. The
research needs more about the customer involving degree and modes study. Customer
Involving mode in NPD stages is mentioned in some literature, but there is no spe-
cialized research. In recent years, research on crowdsourcing began to rise. Souad
Djelassi (2013) concluded that crowdsourcing generates a win-win relationship, creating
value for both firms and customers, he also analyzed on the Negatives of Crowd-
sourcing: time consuming, uncertainty, employee morale. This paper will do some
preliminary survey on crowdsourcing in Chinese SMEs.

Based on the above literature review result, this paper did further survey on con-
sumers involving condition of Chinese SMEs. The survey content includes: NPD
typical stages, consumers involving condition in NPD, the stages suitable for customers
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to involve in, customer involving mode, the view on crowdsourcing and its application,
etc. Research includes field survey in plant and questionnaire. Finally, the paper
applied research results in one China enterprise NPD. Some online sections corre-
sponding to the typical NPD stages are integrated into the enterprise website. Through
the consumers’ online crowdsourcing, the NPD received a better effect.

2 Methodology

2.1 Enterprise Investigation

To have a preliminary understanding on consumer involvement in NPD, the authors
interned in one Chinese furniture enterprise for three months. The NPD process is
observed and summarized. In general, the NPD process is as follows: The designers get
the sales condition, the need of customer and dealer from trade ministry. Then they start
to do brainstorm to get concepts expressed through 2D sketch and the final 3D ren-
dering. In this period, they constantly communicate with the director of the technique
department. The selected product concept is made into prototype for testing. After
testing qualified, it will be produced for a small amount of trial production. Use internet
platform such as Tmall shop or Taobao website to market a small scale. The product
with good market feedback will be formally mass-produced. At this point, departments
including design, internet marketer, marketing, trade will actively cooperate with each
other to put this product to the market. The authors also made some research on several
other enterprises’ NPD process. They are similar with above. Analysis of this kind of
NPD process, some certain problems exist in it.

1. Lack of product planning, new product market positioning is not accurate. NPD is
generally based on information from sales report, dealer’s demand and manager’s
decision, etc. The study of consumer demand is lacking. Once lack of dealer orders,
enterprises will fall into a passive situation and finally be eliminated by the market.

2. Consumer participation in NPD process is less. At the beginning of the NPD
process, sales can reflect consumer attitude towards products. The later trial sale
also can get consumer preferences for this product. Besides the above two stages,
there is almost no consumers participation.

Companies hope to be able to accurately grasp the market demand and attract a
wider range of consumer involvement. What suffer them are lack of management and
financial support.

2.2  Questionnaire

On the basis of investigation in enterprise, the authors designed a questionnaire to
investigate consumer involving stage and mode in NPD. Respondents mainly are
managers, designers and users. There are three parts in it. The first is background
questions. The second is the main part including 30 titles about the main stages in NPD.
Depending on the different types of the respondents, they need to answer different
questions. Managers and designers need to answer enterprise background, typical stages
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of NPD, the NPD stages in which consumer involved in, consumer involving condition
in each stage, etc. Consumers are to answer which stages once involved in and the
involving mode. The questionnaire also wanted to know which stages the consumers are
expected to participate in. Likert five-point rating scale method is used to explore the
involving degree in each stage. At the end of questionnaire, crowdsourcing is asked for
reviews. Research mainly takes the following two ways. First is the network mode: send
questionnaire to employees and consumers through network means, such as QQ, MSN
and Email. Followed by is the field investigation, carry the printed questionnaire to the
enterprise, and communicate with employees. Personnel filled in it after understanding
or interviewer filled in it.

There are 136 electronic questionnaires, 50 printed (field research) and 15 interview
notes. The involved companies come from Zhejiang, Guangdong, Jiangsu, Shaanxi
Province in China. Invalid 20 are excluded. The valid copy is 181.

3 Survey Result

3.1 Customer Involving Rate in NPD Stages

Products of enterprises in this survey are household appliances, furniture, toys, daily
necessities, etc. Majority is SMEs. Survey shows that the NPD process can be divided
into three main phases, which is early phase, middle phase and later phase.

Typical NPD stages in these three phases includes: in the early phase of NPD, there
are many stages, including market research (customer needs), concept generation,
concept selection, concept test. In middle phase, system design and refinement design
and improvement are included. In the later phase, trial production stage and market
promotion.

The customer can be divided into three categories according to the involving
degree, which are lead users, common users and potential users. The involving mode
can be online and offline, which presents many modes.

Through overall analysis of questionnaires data, the results show that consumers
involving rate in each stage is as shown in Table 1.

There are some difference between the real and hope condition. The actual
involving condition is not hopeful. Only trial production seems getting some emphasis,
with 81% for the involving rate. Other four stages shows small rate. So enterprises are

Table 1. Customer involvement rate in each NPD stage

Questions Respondents | Need Concept | Concept | Concept | Trial
Identification | generation | selection | test production
Customer Employee 13% 21% 16.67% | 23.6% 66.67%
Involving Customer | 33% 15% 16.1% |41% 81%
condition
Which stage Employee 83.33% 50% 86% 83.33% | 100%
suitable to Customer 78% 33% 83% 85.2% 90.2%
involve in
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short of guidance and organization for customer involvement in some important stages.
This is disadvantageous to catch consumption psychology and trends. While the role of
the stages has been recognized. We can see that both employee and customer think
most stages are suitable to involve in, especially in need identification, concept
selection, concept test and trial production. This reflects some urgent desire to exactly
hold the customer need and market need. But the ability to collect customer need for
NPD is still short and need to be improved.

For the question of main problems SMEs facing to consumer cooperation, lack of
management ability, human resource shortage is major concern.

3.2 The Cooperation Source in Each NPD Stage

In different stages of NPD, acquiring phase achievements needs the help of some
external force. The channels to get the design ideas are collected as Table 2. Customer,
product expos, dealers, suppliers, expert, patent, manager, inner team, technique test,
all devote their own strength to the NPD. However, the result shows that companies
mainly depend on the internal staff, managers and clients.

That customer involve in the early and late stage is usual, they are supposed to be in
part of many stages, such as Concept Generation, Concept Selection and Concept Test.
While the enterprise meets with some trouble to get enough consumers to join the
actions. Organizing focus group, running expert seminar need time, money and per-
sonnel. They also lack of the ability to change and innovate the original process.

The last two questions of the investigation try to explore some ways to solve the
problem. Firstly, we want to know about perceptions on new media application under
Web2.0. The results show that the respondents hold hopes on consumers involvement
in NPD based on new Media. They hope that inter- active communication with cus-
tomers through various media platforms could improve the efficiency of cooperation so
as to improve enterprise innovation ability, to solve this money, personnel problem.
New ways based on internet should help a lot. This research is also to explore the
possible modes for each stage for the enterprise to guide and attract the customers
involve in their NPD, most modes based on new media, such as some APPs on smart
phone, competitions around the nation, some actions on the portal website. Through
these newborn modes, the crowdsourcing width and depth is increased with better
effect.

Table 2. The main channels for each NPD stage to cooperate

Stages Channels

Customer need identification | Customer | Product expo | Dealer | Supplier
Concept generation Customer | Inner team Expert | Patent
Concept selection Customer | Inner team Manager | Dealer
Concept test Customer | Technique test

Trial production Customer | Dealer
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3.3 Customer Involving Mode in Each NPD Stage

Research also explores on consumer involving modes at every stage of the enterprise
NPD. The involving channels can be divided into online and offline. Table 3 is the
summary of consumer involving mode in every stage, combining with the research
results.

In the customer need identification stage of the early phase, the suggestions from
the costumer are important source for innovation and the modes for enterprises to guide
the customer involve includes electrical questionnaire, printed questionnaire, inter-
views. And in web2.0 era, online need collection is another very useful way to get more
voice. These modes are proper for lead users, common users and potential users.

In concept generation, select and test stages, observation (common users), focus
group (lead users) and prototype (lead users and common users) are to assure the
coincidence with the customer need.

While there are new modes emerging in this web2.0 era. Online idea submission is
good for lead users too. And design competitions are adopted by many enterprises in
recent years. For example, the China Hardware Product Design Awards has been held
for 11 sessions and has obtained sustainable awareness and success. In each session,
there should be 4 or 5 enterprises sponsored for it. And the design objectives are mainly
oriented to the main products of these sponsored enterprises. The competition attract
dozens of national universities, design companies as well as many independent
designer’s participation and support. The quantity and quality of the submitted design
is in constant progress. The competition give a good propaganda for the enterprise,
sometimes with a better role than advertisement. And the thousands of submitted
designs provide wonderful design innovation ideas for the product improvement and
new generation product. The enterprises benefit a lot from the competitions. It is good
for product planning, product production and design.

It is important to note that in Concept Selection stage, the present condition is that
the decision right is often in the hands of managers and suppliers. They choose their
own admired design, not considering the customers’ comment. Actually, the managers
have a lot of experience based on good understanding of their own products. And
suppliers can choose the proper design based on the materials and manufacturing
process. Also the clients have their opinion on the design according to their require-
ment. Only the customers’ comment is omitted, which has a big role on the right design
selection. In the past, maybe it is not convenient to gather a certain amount of cus-
tomers to do the selection job. While in this web 2.0 time, it is easier to get the
customer comment. Online selection can be run. The design pictures with high reso-
lution, online interaction can make customers preliminary understand of the design.
The customers can vote for the many pictures and the winning designs will come out of
them. Combing the customers’ comment will give the managers some rational voice.

In Concept Test stage, besides the traditional way of providing prototype to some
lead users and get their feedback, some new and effective modes based on internet are
popular in recent years. The user interaction design, virtual reality technique give more
presenting forms and make them easy to understand. The users also can interact with the
product by moving, rotating, operating it through the computer mouse. Product simu-
lation, multimedia interaction, online display are some useful ways for user interaction.
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Table 3. The involving modes in each NPD stage

Stages Modes
Customer Electronic Printed Interview Online need
need questionnaire questionnaire collection
identification
Concept Observation Focus group Online idea Design
generation submission competitions
Concept Inviting Online Expert, client,
selection customers selection managers, suppliers
selection

Concept test Product Multimedia Prototype Online

simulation interaction display
Trial Questionnaire | Sampling
production survey

In trial production stage, questionnaire, sampling survey can be online and offline
forms too.

4 Application

The authors provided the investigate report to one medium-sized enterprise in Zhejiang
province. It integrates development, manufacturing and market. The main products are
furniture and daily family products. The company adopts some of the suggestions for
its NPD.

Consumers are involved in some critical stages to refine NPD design. The
involving detail modes is shown in Table 4. Traditional offline involving mode is
interview, focus group in customer need identification stage and prototype using in
concept test stage. In addition, the company integrates consumer participating section
in its portal web, through the crowdsourcing to expand the involving scope. Some
interesting section are designed to fully collect customer need, to inspire their concept
generation, to get their comment, which include “Fancier”, “communication Bar”,
“creativity”, “I choose”, etc. These online sections are good-designed with nice visual
images and easy usability, thus attracting many lead users, common users to join them
and give out their comment.

The related products are wardrobe (Fig. 1), umbrella stand (Fig. 2) and clothes rack
(Fig. 3). These three designs undergo online and offline segments. The young designers
explore more physiology feeling and use need through these channels than traditional
ways. And they get clear design directions and feel confidential.

In customer need identification stage, designers invite common customers and
dealers to visit the product pavilion, one-on-one interview and focus group are both
used. Some suggestions are given for the product improving. By “Fancier”, “Com-
munication Bar” on the portal website, there are also some other detail showing.
Combining the two folio, urgent shortages or need come out. For the wardrobe, the
prominent problem is assemble hard, single internal display mode. For the umbrella
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stand, taking big space is a main concern. And customers hope the clothes rack be
folded, adjusted the length, and be easy to carry.

Facing the analyzed customers’ interest and need list, combining the production
condition and future plan of the company, more than 20 design are generated and
submitted on the portal web. Among the submitted designs there are also some from
customers by “creativity”. Dealers, suppliers are invited to do “I choose”, while the
main vote are from customers. Finally, these 3 designs come out with high votes.

Prototypes are made to further test the products by manufacturing process and cost
calculation. Some customers including lead users, common users and potential users
sign and are chosen to trial use the products. Also the user evaluation about the
usability is important for next refinement.

The 3 designs are described simply as follows. They have been granted utility
model patent. Because they fully consider the opinions of suppliers, dealers and cus-
tomers, they fit to the manufacturing process without material refinement. So far they
have been produced and marketed in a good condition.

The wardrobe can be easily changed into a bookstore by pushing the two sides to
the middle. When it is used in a small room, the bookstore form is good. When a big
room is available, the bookstore can be changed into wardrobe. It provides the different
application and convenience.

Table 4. The involving modes in case application

Stages Modes
Customer need Interview Focus “Fancier” section “Communication Bar”
identification group section
Concept generation “Creativity” Online idea
section submission
Concept selection “I choose” Online selection
section
Concept test Online register Prototype

Fig. 1. The wardrobe design
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o The material is soft plastic, some holes are made to
insert umbrellas. The small holes along the side is
to connect the board.
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Fig. 2. The umbrella stand design
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The construction theory of Japan button is used here. The
* bracket is easy to fold, take~in and carry. The form is also
designed like a bird when folded.

Fig. 3. The clothes rack design

The material of the umbrella stand is soft plastic, some holes are made to insert
umbrellas. The small holes along the side is to connect the board. The bottom plastic
plate is to collect the rainwater. The design considers the package problem, cost
problem. The stand assembles easily. When it is not used, it is easy to discompose and
store, saving the indoor space.

The clothes rack design uses the construction theory of Japanese button. It is easy
to fold, take-in and carry. The form is also designed like a bird when folded.
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5 Conclusion

This article USES Field experience, questionnaire to survey the condition of Chinese
consumers involving in NPD. Customer involving stages, creative idea sources and
involving modes in each stage are analyzed. The study result is applied in wardrobe,
umbrella stand, clothes rack design cycle in one China furniture design enterprise.
Besides the traditional offline modes to involve the customers, each stage is integrated
consumer’s participation by online consumer innovation platform based on enterprise’s
portal website. The NPD process is modified and get a better effect. The paper proposes
that the crowdsourcing models based on new Media platforms will be advantageous
way of cooperation with consumers under Web2.0 age. And some effective and useful
modes are suggested and discussed. The research result is a good reference to NPD in
China SMEs. (Thank for the support by Humanity and Social Science Youth foun-
dation of Chinese Education Ministry (Grant No.14YJCZH199) and Sci-Tech research
plan project of Xi’an University of Technology (Grant No.117-211408))
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Abstract. The aim of this study is to develop an integrative understanding of
the factors fostering communication activities in co-innovation networks. Partic-
ipants in these social networks must communicate actively to foster collaboration
and idea generation, but communication may not develop naturally, even if the
platform provides the software features to do so. This study clarifies the mecha-
nism underlying the relationship between co-innovation platform affordances and
communication. We explored the role of sociotechnical affordances, social expe-
rience, and desire for learning that are believed to influence individuals’ contin-
uous communication intentions. We outline how social technology affordances
that enable socialization may affect actors experience and behavior and ultimately
the co-innovation outcomes. We conclude with a discussion of future explorations
of this perspective.

Keywords: Co-innovation - Socialization - Communication - Social affordances -
Experience - Desire for learning

1 Introduction

Communication and information technologies (ICTs) have created new opportunities
for firms to innovate, by engaging external actors in innovation processes (Gassmann
et al. 2010). A recent and notable development involves the application of social tech-
nologies to extends opportunities for collaboration across the spectrum of innovation
activities to individuals who are socially-engaged in the co-innovation process (Wu et al.
2016). These co-innovation actors — independent members of a co-innovation
community — are the key source of intellectual and social capital in co-innovation
projects. Social technologies afford massive multi-agent socio-professional interactions
among social actors, which transform innovation from a firm-based R&D process to a
collective social experience (Martini 2012). In this setting, communication activities
play a key role in driving and supporting co-innovation outcomes by increasing partic-
ipation, egalitarian engagement, and ideation.

Recently we have seen a shift in Information System (IS) and Human-computer
interaction (HCI) research from a predominant focus on the features and potential impact
of digital innovation platforms to the exploration of how actors experience and co-create
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value in these sociotechnical environments (Lusch and Nambisan 2015; Yoo 2010). In
a co-innovation network, actors’ socio-professional experience has been found to be
crucial to network productivity and efficiency (Nambisan and Nambisan 2008). We
define socio-professional experience as the socialization experience gained in a profes-
sional community or triggered by professional interactions. It is a form of actor expe-
rience gained at the intersection of social and professional interactions. Co-innovation
networks are professional communities enabled by social mechanisms and socialization
is the main aspect of co-innovation processes. Therefore, in a co-innovation network,
actor experience is neither purely social (because of professional goals) nor merely
professional (because of social triggers).

An actor’s socio-professional experience is associated with the interactions between
the actor and the social features of the platform that connect the actor to the other
members of the network. The social features of the technology platform enable the
possibilities of socio-professional interactions that, if actualized, will form the actor’s
socio-professional experience. We conceptualize these possibilities as sociotechnical
affordances (social affordances in short) (Zhao and Rosson 2009). Social affordances,
therefore, refer to the properties of a social technology — co-innovation platform in our
case — that permit socio-professional actions. Social affordances are potentials (action
possibilities) that enable social exchange and may lead to experience formation.

Recent research suggests that social affordances may increase social experience
formation due to the possibilities the former offer for interaction and exchange between
social actors in a professional setting (Treem and Leonardi 2012). However, more
possibilities are not necessarily associated with positive experience and even the higher
intention to socialize. This uncertainty about the associations between affordances,
experience, and intention has not been properly addressed yet. To this end, this study
represents an early effort toward explaining how affordances-driven co-innovation
experience influences an important aspect of co-innovation, that is, actors’ continuous
intention to communicate (or socialize) with others in the co-innovation network.
Modeling and measuring this effect can provide new insights to understand, explain,
and predict the consequence of technology affordances (Leonardi 2013; Volkoff and
Strong 2013). The findings enhance our understanding of the effect of platform social
affordances on actors’ continuous intention to communicate by investigating the medi-
ating role of actors’ socio-professional experience. The study also reveals how the inter-
vening effect of socio-professional experience is moderated by the actors’ desire for
learning.

The remainder of this paper is organized as follows. In the next section, we review
relevant prior research on social affordances, actor experience, and socialization. We
then present our research model and develop the hypotheses. Next, we report our
research method and the results of hypothesis testing. We conclude the paper with a
discussion of the results, contributions, and future study avenues.
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2 Background

Social technologies provide functionalities to support the process of human social inter-
action. However, social technologies go beyond computer-mediated communication as
simple realizations of communication media by enabling social relationships and
affording new ways of social value co-creation (Sutcliffe et al. 2011). The benefits of
engaging social actors by using social technologies have been argued persuasively (e.g.
Parameswaran and Whinston 2007; Sutcliffe et al. 2011; Zhou 2011). However, basic
research is as yet needed to understand the underlying mechanisms fostering or hindering
social engagement and participation in technology-mediated social networks (Curley
et al. 2013; Gassmann et al. 2010).

Actor socialization mediated by a social platform is the initial and essential phase of
co-innovation (Abhari et al. 2016b). Platform technologies connect social actors who
are often physically dispersed to establish virtual innovation communities and facilitate
cooperative telework. Social actors who use the platform develop their own social norms
and experience, as the nature of the platform affordances both constrains and facilitates
social participation (Wellman et al. 2003). While there appears to be overall agreement
on the effect of platform technology on actor experience (Martini et al. 2013), the effect
of technology affordances on actors’ socialization experience and intention is yet the
subject of debate. We argue that understanding the underlying mechanism with respect
to the human factors affecting this relationship is a critical step to inform the design of
co-innovation platform technology.

2.1 Communication in Co-innovation Networks

Co-innovation networks engage individual actors in reciprocal value exchanges to build
a knowledge-driven socially-enabled enterprise and co-create new organizational, indi-
vidual, and shared values (Lee et al. 2012). Communication between actors such as
networking and sharing knowledge is an inherent aspect of co-innovation processes
(Paulini et al. 2013). Due to the distributed nature of the co-innovation process, actor
communication is also a key to the success of innovation process (Gressgéard 2012).
Connecting actors and facilitating collaboration are the two primary goals that co-inno-
vation networks can achieve through communication functions. For example, these
networks rely on actors’ continuous communication to build co-innovation team and
develop shared interests, professional relationships, and trust among the members.
Continuous communication helps actors establish and enhance their socio-professional
image and identity. Furthermore, maintaining effective communication among actors
facilitates and supports inter- and intra-project collaboration (Nambisan 2013; Paulini
et al. 2013; Wu et al. 2015). Communication activities familiarize actors with one
another thereby facilitating collaboration activities. With limited communication
between actors, and between actors and the innovation sponsor, establishing such
working relationships is impossible. Likewise, collaboration activities involve actors
discussing opinions, sharing knowledge, asking for help or votes, or participating in
general discussions. Although communication may lead to collaboration, they are
different processes in terms of actor goals and expected outcomes. Actors communicate
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to learn, network, self-promote or share their understanding without necessarily teaming
up with other actors to improve a specific new product or solution.

Communication is a goal-directed behavior and therefore, human factors such as
motivation, goals and personalities can maintain or discourage communication (Fiiller
2010; Filler et al. 2014). For example, the actors with a higher desire for developing
their creative skills are more likely to participate in communication activities because
of the of ample learning opportunities (Lakhani and Wolf 2006). Co-innovation envi-
ronments facilitate actors’ interactions with other professionals who openly share their
expertise and thus help actors acquire new knowledge, enhance competencies, and gain
first-hand experience (Fiiller et al. 2014; Weber 2004).

2.2 Sociotechnical Platform Affordances

There have been several attempts to model the relationship between IT artifacts and
actor behavior using an affordance lens (Majchrzak et al. 2013; Strong et al. 2014; Treem
and Leonardi 2012; Volkoff and Strong 2013). Affordance refers to the possibilities of
actions afforded by the designed features of an IT artifact (e.g. Grgecic et al. 2015). Co-
innovation platforms have a variety of social technology features and functions that
enable ideation, collaboration, and communication (Gloor 2006). The affordances of a
co-innovation platform depend on the interactions between actors’ perception of the
technology and their context-specific goals (Leonardi 2013; Majchrzak and Markus,
2013; Strong et al. 2014; Volkoff and Strong 2013). For socialization goals, affordances
are associated with communication and networking possibilities that different socio-
technical features of co-innovation platforms offer to its users (Treem and Leonardi
2012). Therefore, we can define platform social affordance —or sociotechnical affor-
dances — as the perceived opportunities that the social space provides for the emergence
of social actions (Kreijns 2004).

Whether social affordances triggers and forms socialization depends not only on the
technological properties but also on the actor’s ability to perceive the possibilities (Gaver
1991; Norman 1999). From the perspective of a social actor, social affordances are
potentials and opportunities to perform goal-oriented communications. Social affor-
dances can be purposefully designed in the co-innovation platform to enable socializa-
tion, although the actors may not choose to act on the affordance.

Previous studies have associated social affordances with tasks such as messaging,
chatting, developing and sharing personal profiles, and networking (Sutcliffe et al.
2011). These interactional properties facilitate co-innovation tasks through communal
or social interactions in a relatively complex co-innovation network (Mathiesen et al.
2013; Mesgari and Faraj 2012; Olapiriyakul and Widmeyer 2009).

2.3 Socio-professional Experience

The social context of co-innovation communities offers interactivity and socializa-
tion opportunities (Dingler and Enkel 2016). These networks constitute a socio-
professional space wherein goal-oriented social relationships are formed among the
actors and a common set of professional values are established and co-created
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(Nambisan and Watt 2011). When actors relate to other like-minded professionals,
they experience value co-creation in different forms and capacities (e.g. pragmatic,
social, cognitive and hedonic values) (Kohler et al. 2011; Nambisan and Nambisan
2008). Socio-professional experience is one of the key values co-created within co-
innovation spaces (Lusch and Nambisan 2015) and it can affect actors’ attitude
toward (P. Nambisan and Watt 2011) and participation in the co-innovation process
(Kohler et al. 2011).

Socio-professional experience is formed through the actor-to-actor interactions such
as discussions, knowledge sharing, and social networking. It is neither fully social nor
fully professional; rather, it is socio-professional because it depends on social norms
and mechanisms while being initiated by professionals with professional goals in a
professional space. This form of experience is enabled or facilitated by affordances such
as social connectivity, social interactivity, and profile management (O’Riordan et al.
2012). For example, a visible list of connections and a profile page in a co-innovation
social space enable actors to present themselves and find other actors to collaborate with
Kietzmann et al. (2011). Social affordances that enable these possibilities contribute to
the formation of experience that ranges from socio-professional presence to self-actu-
alization.

3 Research Model

Design features that provide actors with better social cues offer richer socio-professional
experience and enhanced communication in co-innovation networks, thereby generating
greater opportunities for value co-creation (Lusch and Nambisan 2015). These oppor-
tunities do not reflect solely the technological features of the online environment;
instead, they reflect how well the actors and their activities or interactions can shape the
sociability potential of the online environment for other members (Kreijns et al. 2004;
Nie 2001). These opportunities are actualized in the form of socio-professional experi-
ence as a result of the interaction between the ‘social space’ enabled by social affor-
dances, the ‘social mechanisms’ defined by the social context of the network, and the
‘social intention’ motivated by actors’ goals. Therefore, when goal-directed actors
perceive the sociotechnical potentials of a co-innovation network (as a socio-profes-
sional space), they may utilize the social technology features and social mechanisms to
enhance their socio-professional experience. Integrating research on platform affor-
dances with the actor social experience literature, we expect that in co-innovation
networks, actors’ perception of Platform Social Affordances positively influences their
Socio-professional Experience (HI).

The positive socio-professional experience offered by the various activities and
social media channels may motivate communication activities among actors to acquire
new knowledge, enhance competencies, and expand their professional network (Fiiller
et al. 2014; Weber 2004). Additionally, socio-professional experience often enhances
actors’ self-perception as members of the co-innovation community, and thus increases
their continued intention to engage in community dialogues and social interaction
(Lusch and Nambisan 2015; Nékki and Koskela-Huotari 2012). The higher the intention,



144 K. Abhari et al.

the higher the actual participation in communication activities. Therefore, we expect
that actors’ Socio-professional Experience positively influences their Continuous Inten-
tion to Communicate (H2), which in turn leads to Actual Communication (H3).

We argue that actors’ socio-professional experience mediates the relationship
between their perception of platform social affordances and their continued intention to
communicate with others in the co-innovation networks. While an IT artifact cannot
directly drive actors’ activities, the consciousness constructed through actors’ experi-
ence of the space can (Yoo 2010). Accordingly, we expect that the continuity of actors’
intentional activities such as communication is the result of their personal experience
shaped by the possibilities offered by the space (Yoo 2010). In other words, actors’
continuous intention may be negatively affected if actors cannot experience the possi-
bilities afforded by the platform. Therefore, we expect that the effect of Social Affor-
dances on Continuous Intention to Communicate is mediated by Socio-professional
Experience (H4).

Prior research has validated the significant relationship between the desire for
learning new skills and participation in value co-creation (Lakhani and Wolf 2006).
Actors with positive socio-professional experience are more likely to participate in co-
innovation networks if they are motivated to learn or develop their innovation skills
(Fiiller 2010). For example, positive socio-professional experience with a Q&A system
would lead to a higher intention to ask questions only if the actor is motivated to learn
more by using the Q& A system. Therefore, considering the literature on actor differences
in co-innovation motivations (e.g. Gemser and Perks 2015) and the previously discussed
direct effect of socio-professional experience on continuous intention to communicate,
we expect that the higher the level of Desire for Learning, the greater the indirect effect
of perceived Platform Social Affordances on Continuous Intention to Communicate via
Socio-professional Experience (H5) (Fig. 1).

H4 Desire for
(mediation) Learning
Socio-professional H5
Experience
H2 H3
Sociotechnical Intention to Actual
Affordances Communicate Communication

Fig. 1. Conceptual model

4 Method

To test our research model, a field survey was conducted to gather data on actors’ socio-
professional experience, desire for learning, their perception of platform social affor-
dances, continuous intention to communicate, and actual communication in a co-inno-
vation network (Quirky.com). Quirky is a social product development network with
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diverse co-innovation tools and processes as well as learning opportunities that make it
an appropriate setting for this study. Quirky solicits new product ideas for broad cate-
gories of consumer products and shares up to 10% of revenue with the actors who
contribute to product ideation, selection, design, development, and promotion. As part
of the ideation process, prospective inventors can submit their ideas for social evaluation.
The submitted ideas, if selected by the community, are collaboratively designed, devel-
oped, and commercialized by network members. The developed product ideas are then
put to production by Quirky and finally distributed via the Quirky website and its retail
partners. At the time of our study, this network of 1,500,000 members had collabora-
tively developed and launched more than 150 consumer products.

The measurement items for continuous intention to communicate (reflective), socio-
professional experience (reflective), social platform affordances (formative), and desire
for learning (reflective) were respectively adapted from Chen (2007) (o = 0.84),
Nambisan and Baron (2009) (o = 0.86), Abhari et al. (2016a, b) (a0 = 0.90), and Oreg
and Nov (2008) (a =0.82) — see, Appendix A. The actual communication activities were
measured by four proxies, namely number of messages actors sent and received as well
as the number of followers and followees they had.

Partial Least Squares (PLS-SEM) using SmartPLS 3.0 (Ringle et al. 2015) was
employed to test both the measurement and structural properties of our research model.
PLS analysis is preferred over other analytical techniques because (a) it simultaneously
assesses the psychometric properties of the measurement items (i.e., the measurement
model) and analyzes the direction and strength of the hypothesized relationships (i.e.,
the structural model), and (b) it facilitates the modeling of formative constructs (Hair
et al. 2013). Covariance-based SEM was not recommended for this study because the
goal of the study was theory development (not theory testing) and sample size for each
group was smaller than 200 (Hair et al. 2011).

To test the moderating effect of desire for learning on the relationship between social
experience and continuous intention to communicate, we categorized responses into two
groups with high and low desire for learning respectively. The discretizing was limited
to only two groups to satisfy the minimum sample size required for each group. To
compare the group-specific effects (Baron and Kenny 1986; Sarstedt et al. 2011), we
used nonparametric Henseler’s MGA method built on PLS-SEM bootstrapping proce-
dure (Sarstedt et al. 2011). This new approach combines the advantages of previous
methods because (a) it relies only on bootstrap outputs; (b) it does not affect the estimate
of the group difference; and (c) it does not require distributional assumptions (Sarstedt
et al. 2011). The new approach uses the empirical cumulative distribution provided by
bootstrap re-sampling as the basis for calculating the probability of differences in
subgroup parameters (Henseler et al. 2009).

5 Results

5.1 Descriptive Statistics and Respondents’ Profiles

Participants were 229 Quirky’s members who completed a web-based survey. Most of
the respondents were females (52%), between 26 and 65, and over 70% received at least
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some college education. Close to 60% of the respondents were employed full time or
part time. More than 60% of the respondents had more than six months’ experience with
Quirky and more than 70% visited Quirky at least once a week. Over 80% of the
respondents had also received monetary credits for their contribution, an indicator of
co-innovation success.

5.2 Evaluation of Reflective Measurements

The evaluation of reflective measurement items involves the test of construct reliability
(item reliability and internal consistency) and construct validity (convergent validity
and discrimination validity). Construct reliability indicates how well the items correlate
with their corresponding construct. All the loadings of the measurement items on their
latent constructs exceed 0.7, indicating acceptable item reliability (Hair et al. 2013). In
addition, Cronbach’s alpha and composite reliability of all the constructs are higher than
0.7, indicating good internal consistency among the items measuring each construct
(Hair etal. 2013). Three criteria were adopted to assess convergent validity and discrim-
inant validity: (a) all Average Variance Extracted (AVE) are higher than 0.50 (Hair et al.
2013); (b) the square root of the AVE of each constructs is larger than the correlations
of this construct with the other constructs (Fornell and Larcker 1981); and (c) an indi-
cator’s loadings should be higher than all of its cross-loadings (Hair et al. 2013). As
summarized in Table 1, the results of these tests suggest adequate convergent and
discriminant validity.

Table 1. Psychometric properties of first-order constructs

Construct Items Loading |« CR AVE LAD SPX CICM
Desire for LADI1 0.86 0.85 | 0.90 0.69 0.83
learning LAD2 083
LAD3 0.80
LAD4 0.83
Socio- SPX1 0.92 0.93 | 0.95 0.84 0.37 0.91

professional | SPX2 091
experience SPX3 0.92

SPX4 0.91
Continuous | CICM1 091 0.89 0.95 0.70 0.36 0.69 0.84
intention to | CICM2 | 0.90
communicate | cicM3 Removed®

CICM4 |0.87

“Removed due to its low loading (0.64)

5.3 Evaluation of Formative Measurements

The evaluation of formative measurements involves an assessment of the formative
indicators’ (predictive) validity and multicollinearity. Indicator validity, which gauges
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the strength and significance of the path from the indicator to the construct, was estimated
using the PLS algorithm method with a bootstrapping of samples to calculate the weight
(relative importance) and loading (absolute importance) of each indicator on its corre-
sponding construct. As Table 2 shows, the weights and loadings of all the indicators
(except PCMA4) are significant, suggesting satisfactory indicator validity (Hair et al.
2013). We decided to retain PSA4 because of its significant loading (Hair et al. 2011).
Multicollinearity among indicators was the next concern for formative constructs
(Diamantopoulos and Winklhofer 2001). In this study, multicollinearity was tested by
computing the Variance Inflation Factor (VIF) of each indicator. All computed VIF
values are below the threshold of 5.0 (Hair et al. 2013), suggesting that multicollinearity
is not a threat to the validity of the study’s findings.

Table 2. Weights and loadings of the formative indicators

Construct Formative Loadings Weights
indicator Loadings t-value Weights t-value
Platform PSAI 0.88 29.16%* 0.33 3.69%*
social PSA2 0.87 31.29%* 0.23 2.93*
affordances | PSA3 0.92 43.07%** 0.43 4.58%%*
PSA4 0.85 22.49%* 0.12 1.34 ns

#p < 0.01, **p < 0.00

5.4 Assessment of the Structural Model

The results of data analysis show that platform social affordances positively affect actor
social experience in co-innovation networks (H1: b = 0.57, p < 0.01), which in turn
increases actors’ intention to communicate (H2: b = 0.48, p < 0.01). Higher intention
to communicate is also associated with the higher rate of actual communication (H3: b
= 0.30, p < 0.01). As none of the control variables (i.e., age, employment, education,
gender, co-innovation experience) showed significant effects on continuous intention to
communicate, they were excluded in further data analysis.

We followed established guidelines (Baron and Kenny 1986) to test the proposed
role of socio-professional experience in mediating the influence of social affordances
on continuous intentions to communicate. In Step 1, we examined the effects of affor-
dances on the continuous intention to communicate (b = 0.65, p < 0.00). In Step 2, we
analyzed the impact of the social affordances on socio-professional experience and found
the effects to be significant (b =0.57, p < 0.01). In Step 3, we assessed the relationships
between socio-professional experience and continuous intention to communicate (b =
0.48, p < 0.01). In Step 4, we built a model with both the direct effect and indirect effect
(via socio-professional experience) of social affordances on continuous intention to
communicate (b=0.38, p < 0.01). The results suggest that socio-professional experience
partially mediates the impact of social affordances on intention to communicate. We
also conducted a Sobel test to further assess the significance of the mediation effect. The
results demonstrate that perceived socio-professional experience significantly carries
the influence of the independent variable on the dependent variable (H4: Sobel z = 5.5,
p <.01).
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Lastly, we tested for multi-group moderated mediation using Henseler’s multi-group
analysis (MGA) approach and confidence set method based on established guidelines
for PLS-MGA (Sarstedt et al. 2011). The confidence set method is nonparametric, can
handle relatively small sizes, and is more conservative than the other approaches and
thus is less prone to Type-II errors (Henseler et al. 2009). Group 1 (105 members) and
2 (124 members) were respectively defined as groups of actors with high and low desire
for learning. We limited the discretization to two levels (Low and High) and used the
mean as the midpoint to have enough sample in each group. The path coefficient esti-
mates of multi-group comparison revealed the significance difference between actors
with high and low desire for learning (H5: b Idiffl = 0.31, pyenseler < 0.05) suggesting the
moderation effect of desire for learning. Confirming the significance differences, the
bias-corrected 95% confidence intervals did not fall within the corresponding confidence
interval of the other group (0.36 —0.79 vs. 0.1 — 0.48). Therefore, positive socio-profes-
sional experience does not always lead to higher continuous intention to communicate;
rather, socio-professional affordances relates to greater intention to communicate
through social experience when actors have a high desire for learning. We observed the
same difference affecting the relationship between social affordances and socio-profes-
sional experience (b Idiffl = 0.22, pyenseler < 0.05). This finding suggests that social
affordances may have a higher impact on actor socio-professional experience when
actors have a higher desire for learning.

6 Discussion

In this study, we conceptualized social affordances of co-innovation platforms and
examined their effects on socio-professional experience and the behavioral intention to
communicate. We also explained this relationship by examining actors’ socio-profes-
sional experience as an underlying mechanism. Further, we explored how actors’ desire
for learning moderates the experience-intention relationship. The results reveal that
compelling socio-affordances leads to higher continuous intention to communicate when
the actors have a high desire for learning. In other words, social affordances do not
guarantee future communication among actors unless actors have a high desire for
learning.

6.1 Theoretical Contributions

Our empirical findings lay a solid foundation for future inquiry that could advance our
understanding of the relationship between platform affordances and behavioral inten-
tion. First, this study shows that actors’ socio-professional experience can drive commu-
nication efforts such as knowledge sharing and social exchange in the network. Second,
this study demonstrates that actors’ socio-professional experience as an underlying
mechanism drives the influence of platform social affordances on actors’ intention to
communicate in co-innovation networks. Third, confirming the relationship between
social affordances and socio-professional experience, our results suggest that platform
affordances play a significant role in the formation of actor’s co-innovation experience.
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Lastly, results of our moderated-mediation model reveal that social affordances are less
influential for actors with low desire for learning. This finding highlights the need to
account for individual differences, specifically actors’ goals and desires, in investigating
affordance-driven actor experience and behavior. Further research, however, would need
to address the ways in which affordances develop other types of experience (e.g. prag-
matic, usability, and hedonic experience) and how other motivations influence the
impact of positive experience on actor behavioral intention.

6.2 Practical Implications

Several managerial implications of the present research are worth noting. The effect of
affordances on socio-professional experience and continuous intention suggests that co-
innovation network designers should pay more attention to social affordances as a driver
of co-innovation. This study also recommends maintaining actors’ participation by
enhancing their socio-professional experiences such as successful networking and
meaningful learning. Thus, our findings encourage monitoring actors’ experience as one
practical way to manage the sustainability and productivity of the co-innovation
networks. Of further importance to managing relationships between actors and tech-
nology is the finding that the effects of social affordances vary in accordance with actors’
desires for learning. Therefore, the right combination of learning opportunities with
positive social experience can be planned by co-innovation communities to enhance the
effect of social technologies on actor communication activities. Co-innovation sponsors
should consider that the platform social affordances are most likely to produce a lasting
effect on communication activities when the co-innovation platform engage the actors
who are highly motivated to learn from other members. This study thus recommends
considering the desire for learning in both designing co-innovation platforms and
governing co-innovation processes. Identifying the actors who may respond more favor-
ably to platform affordances can assist co-innovation networks in more thoughtfully
engaging potential actors.

7 Conclusion and Future Research

Effective communication in co-innovation networks cannot be forced or mandated.
Networks desiring to enhance and improve communication among actors must foster
socialization opportunities. By supporting the view that social affordances augment the
intention to communicate, and providing empirical evidence regarding the underlying
mechanism, we have contributed to the understanding of socialization in co-innovation
communities. Given the importance of sustainable communication and exchange among
co-innovation actors, we hope that our findings will be useful to scholars and practi-
tioners aimed at enhancing co-innovation efforts and outcomes.

We strongly encourage further examination of our findings through different research
designs and across different co-innovation contexts. We also recognize the value, in
future studies, of extending our research model to (a) include actors’ actual communi-
cation behaviors; (b) examine specific types of communication activities, (c) examine
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communication beyond the boundaries of a single co-innovation community; and (d)
evaluate the effects of specific IT artifacts used by actors in communication or sociali-

zation with others actors.

Appendix A — Questionnaire Items

Construct Item Survey questions®
Platform social affordances The platform enables me to...
PSA 1 ... Share my knowledge
PSA 2 ... solicit votes/support
PSA 3 ... discuss new ideas with community
PSA 4 ... network with community
Socio-professional experience My experience with this network
has...
SPX1 ...expanded my personal/social
network
SPX2 ...enhanced the strength of my
affiliation with online communities
SPX3 ...enhanced my sense of
belongingness to inventor
communities
SPX4 ...helped me socialize with other
inventors
Continuous intention to communicate® CICM1 1 intend to continue communicating
with the members of this network
CICM2 Even if I use alternative platforms, 1
will continue communicating with the
members of this network
CICM4 I plan to communicate with a greater
number of members in future
Desire for learning I contribute to the network because
LAD1 ... it provides me with a means of
developing my creative skills
LAD2 ... it gives me an opportunity to learn
new things about inventions
LAD3 ... it helps me become better in
product development
LAD4 ... it helps me test my creativity

“All measures employ a seven-point Likert scale from “strongly disagree”

°CICM3 was removed due to low loading.

to “strongly agree.”



Communication in Co-innovation Networks 151

References

Abhari, K., Davidson, E. J., Xiao, B.: Measuring the perceived functional affordances of
collaborative innovation networks in social product development. In: Hawaii International
Conference on System Sciences, pp. 929-938. IEEE Computer Society (2016a)

Abhari, K., Davidson, E., Xiao, B.: Taking open innovation to the next level: a conceptual model
of social product development (SPD). In: AMCIS 2016 Proceedings (2016b)

Baron, R.M., Kenny, D.A.: The moderator-mediator variable distinction in social psychological
research: conceptual, strategic, and statistical considerations. J. Pers. Soc. Psychol. 51(6),
1173-1182 (1986)

Chen, I.Y.L.: The factors influencing members’ continuance intentions in professional virtual
communities a longitudinal study. J. Inf. Sci. 33(4), 451-467 (2007)

Curley, M., Donnellan, B., Costello, G.J.: Innovation ecosystems: a conceptual framework. In:
Open Innovation 2.0, pp. 18-29. European Commission, Luxembourg (2013)

Diamantopoulos, A., Winklhofer, H.M.: Index construction with formative indicators: an
alternative to scale development. J. Mark. Res. 38(2), 269-277 (2001)

Dingler, A., Enkel, E.: Socialization and innovation: insights from collaboration across industry
boundaries. Technol. Forecast. Soc. Chang. 109, 50-60 (2016)

Fornell, C., Larcker, D.F.: Structural equation models with unobservable variables and
measurement error: algebra and statistics. J. Mark. Res. 18, 382-388 (1981)

Fiiller, J.: Refining virtual co-creation from a consumer perspective. Calif. Manag. Rev. 52(2),
98-122 (2010)

Fiiller, J., Hutter, K., Hautz, J., Matzler, K.: User roles and contributions in innovation-contest
communities. J. Manag. Inf. Syst. 31(1), 273-308 (2014)

Gassmann, O., Enkel, E., Chesbrough, H.: The future of open innovation. R&D Manag. 40(3),
213-221 (2010)

Gaver, W.W.: Technology Affordances. In: Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems Reaching Through Technology CHI 1991, vol. 51, pp. 79-84
(1991)

Gemser, G., Perks, H.: Co-creation with customers: an evolving innovation research field. J. Prod.
Innov. Manag. 32(5), 660-665 (2015)

Gloor, P.A.: Swarm Creativity: Competitive Advantage Through Collaborative Innovation
Networks. Oxford University Press, New York (2006)

Gressgard, L.J.L.: Text-based collaborative work and innovation: effects of communication media
affordances on divergent and convergent thinking in group-based problem-solving. J. Inf.
Knowl. Manag. 7, 151-176 (2012)

Grgecic, D., Holten, R., Rosenkranz, C.: The impact of functional affordances and symbolic
expressions on the formation of beliefs. J. Assoc. Inf. Syst. 16(7), 580-607 (2015)

Hair, J.F., Hult, G.T.M., Ringle, C., Sarstedt, M.: A Primer on Partial Least Squares Structural
Equation Modeling (PLS-SEM). SAGE Publications, Thousand Oaks (2013)

Hair, J.F., Ringle, C.M., Sarstedt, M.: PLS-SEM: indeed a silver bullet. J. Mark. Theor. Pract.
19(2), 139-152 (2011)

Henseler, J., Ringle, C.M., Sinkovics, R.: The use of partial least squares path modeling in
international marketing. Adv. Int. Mark. 20(2009), 277-319 (2009)

Kietzmann, J.H., Hermkens, K., McCarthy, LP., Silvestre, B.S.: Social media? Get serious!
Understanding the functional building blocks of social media. Bus. Horiz. 54(3), 241-251
(2011)

Kohler, T., Fueller, J., Matzler, K., Stieger, D.: Co-creation in virtual world: the design of the user
experience. MIS Q. 35(3), 773-788 (2011)



152 K. Abhari et al.

Kreijns, K.: Sociable CSCL Environments: Social Affordances, Sociability, and Social Presence.
Datawyse Boek-Grafische producties, Maastricht (2004)

Kreijns, K., Kirschner, P.A., Jochems, W., van Buuren, H.: Determining sociability, social space,
and social presence in (a)synchronous collaborative groups. CyberPsychol. Behav. 7(2), 155—
172 (2004)

Lakhani, K.R., Wolf, R.G.: Why hackers do what they do: understanding motivation and effort
in free/open source software projects. In: Feller, J., Fitzgerald, B., Hissam, S., Lakhani, K.R.
(eds.) Perspectives on Free and Open Source Software, pp. 1-27. MIT Press, Cambridge (2006)

Lee, S.M., Olson, D.L., Trimi, S.: Co-innovation: convergenomics, collaboration, and co-creation
for organizational values. Manag. Decis. 50(5), 817-831 (2012)

Leonardi, P.M.: When does technology use enable network change in organizations? A
comparative study of feature use and shared affordances. MIS Q. 37(3), 749-776 (2013)

Lusch, R.F., Nambisan, S.: Service innovation: a service-dominant logic perspective service. MIS
Q. 39(1), 155-175 (2015)

Majchrzak, A., Faraj, S., Kane, G.C., Azad, B.: The contradictory influence of social media
affordances on online communal knowledge sharing. J. Comput. Mediat. Commun. 19(1), 38—
55 (2013)

Majchrzak, A., Markus, M.L.: Technology affordances and constraint theory of MIS. In: Kessler,
E. (ed.) Encyclopedia of Management Theory. Sage, Thousand Oaks (2013)

Martini, A.: The role of social software for customer co-creation: does it change the practice for
innovation. Int. J. Eng. Bus. Manag. 4, 1-10 (2012)

Martini, A., Massa, S., Testa, S.: The firm, the platform and the customer: a “double mangle”
interpretation of social media for innovation. Inf. Organ. 23(3), 198-213 (2013)

Mathiesen, P., Bandara, W., Watson, J.: The affordances of social technology: a BPM perspective.
In: International Conference on Information Systems (ICIS 2013), pp. 3709-3719 (2013)
Mesgari, M., Faraj, S.: Technology affordances: the case of Wikipedia. In: 18th Americas

Conference on Information Systems (AMCIS 2012), vol. 5, pp. 3833-3841 (2012)

Nikki, P., Koskela-Huotari, K.: User participation in software design via social media:
experiences from a case study with consumers. AIS Trans. Hum. Comput. Interact. 4(2), 129—
152 (2012)

Nambisan, P., Watt, J.H.: Managing customer experiences in online product communities. J. Bus.
Res. 64(8), 889-895 (2011)

Nambisan, S.: Information technology and product/service innovation: a brief assessment and
some suggestions for future research. J. Assoc. Inf. Syst. 14(4), 215-226 (2013)

Nambisan, S., Baron, R.A.: Virtual customer environments: testing a model of voluntary
participation in value co-creation activities. J. Prod. Innov. Manag. 26(4), 388—406 (2009)
Nambisan, S., Nambisan, P.: How to profit from a better “Virtual Customer Environment”. MIT

Sloan Manag. Rev. 49(3), 53-61 (2008)

Nie, N.H.: Sociability, interpersonal relations, and the internet: reconciling conflicting findings.
Am. Behav. Sci. 45(3), 420435 (2001)

Norman, D.: Affordance, conventions, and design. Interactions 6(3), 38-43 (1999)

O’Riordan, S., Feller, J., Nagle, T.: Exploring the affordances of social network sites: an analysis
of three networks. In: European Conference on Information Systems (ECIS 2012) (2012)
Olapiriyakul, K., Widmeyer, G.R.: Affordance of virtual world commerce: instrument
development and validation. In: Americas Conference on Information Systems (AMCIS 2009)

(2009)

Oreg, S., Nov, O.: Exploring motivations for contributing to open source initiatives: the roles of

contribution context and personal values. Comput. Hum. Behav. 24(5), 2055-2073 (2008)



Communication in Co-innovation Networks 153

Parameswaran, M., Whinston, A.B.: Research issues in social computing. J. Assoc. Inf. Syst. 8(6),
336-350 (2007)

Paulini, M., Murty, P., Maher, M.L.M.: Design processes in collective innovation communities:
a study of communication. CoDesign 9(2), 90-112 (2013)

Ringle, C., Wende, S., Becker, J.: SmartPLS 3. SmartPLS GmbH, Boenningstedt (2015)
Sarstedt, M., Henseler, J., Ringle, C.M.: Multigroup analysis in Partial Least Squares (PLS) path
modeling: alternative methods and empirical results. Adv. Int. Mark. 22, 195-218 (2011)
Strong, D.M., Johnson, S.A., Tulu, B., Trudel, J., Volkoff, O., Pelletier, L.R., Bar-On, 1., Garber,
L.: A theory of organization-EHR affordance actualization. J. Assoc. Inf. Syst. 15(2), 53-85

(2014)

Sutcliffe, A.G., Gonzalez, V., Binder, J., Nevarez, G.: Social mediating technologies: social
affordances and functionalities. Int. J. Hum. Comput. Interact. 27(11), 1037-1065 (2011)
Treem, J.W., Leonardi, P.M.: Social media use in organizations: exploring the affordances of

visibility, editability, persistence, and association. Commun. Yearbook 36(1), 143-189 (2012)

Volkoff, O., Strong, D.: Critical realism and affordances: theorizing IT-associated organizational
change processes. MIS Q. 37(3), 819-834 (2013)

Weber, S.: The Success of Open Source. Harvard University Press, Cambridge (2004)

Wellman, B., Quan-Haase, A., Boase, J., Chen, W., Hampton, K., De Diaz, I.I., Miyata, K.: The
social affordances of the internet for networked individualism. J. Comput. Med. Commun.
8(3) (2003)

Wu, D., Rosen, D.W., Panchal, J.H., Schaefer, D.: Understanding communication and
collaboration in social product development through social network analysis. J. Comput. Inf.
Sci. Eng. 16(1), 11001 (2015)

Wu, D., Rosen, D.W., Panchal, J.H., Schaefer, D.: Understanding communication and
collaboration in social product development through social network analysis. J. Comput. Inf.
Sci. Eng. 16(3), 1-10 (2016)

Yoo, Y.: Computing in everyday life: a call for research on experiential computing. MIS Q. 34(2),
213-231(2010)

Zhao, D., Rosson, M.B.: How and why people twitter: the role that micro-blogging plays in
informal communication at work. In: The ACM 2009 International Conference on Supporting
Group Work, New York, pp. 243-252 (2009)

Zhou, T.: Understanding online community user participation: a social influence perspective.
Internet Res. 21(1), 67-81 (2011)



Implementing Digital Parliament Innovative Concepts
for Citizens and Policy Makers

Fotios Fitsilisl(X), Dimitris Koryzisz, Vasilios Svolopoulosz,
and Dimitris Spiliotopoulos’

1 Scientific Service, Hellenic Parliament, Athens, Greece
fitsilisf@parliament.gr
2 European Programs Implementation Service (EPIS), Hellenic Parliament, Athens, Greece
{dkoryzis,v.svolopoulos}@parliament.gr
3 Institute of Computer Science (FORTH), Heraklion, Greece
dspiliot@ics.forth.gr

Abstract. The organizational stability of Parliaments comes in direct contra-
diction with rapid progress in digital technology in recent decades, particularly
in the ICT domain. By participating in a series of networking activities through
European funded research programs, the Hellenic Parliament and the Austrian
Parliament have placed themselves in the forefront of parliamentary innovation.
This paper will focus on these activities and relevant findings on their impact,
citizen adoption and application-to-end-user acceptance, where end users are
parliaments and citizens alike. A range of technological challenges that modern
Parliaments face and discrete actions of parliamentary innovation will also be
shown. Finally, the paper will present the prospects that arise from the use of the
latest ICT technologies in Parliaments. We shall also examine limitations in the
use of such tools and shall propose potential areas of technological research and
innovation for parliamentary application.
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1 Digital Democracy Trends

What is evident, nowadays, is that on the one hand Governmental Institutions and Public
Authorities are trying to understand the upcoming complex world and its needs. Citizens
on the other hand demand more openness, transparency and commitment to results.
Other institutions such as Parliaments struggle to understand, enhance and transform
their institutional role within the new digital society, so they tend to apply new digital
technologies and tools with a characteristic lag due to their role and in a rather unstruc-
tured way. In the Digital Democracy era, these institutions seem not to have a clear
communication, dissemination and exploitation plan for the role of social media in the
policy making process, as in the Hellenic Parliament case. At the same time, other
European Parliaments, such as the Austrian Parliament, have clearly identified the
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possibilities that emerge through applications of new technologies in the legal infor-
matics, digital democracy with public participation, digital transformation and parlia-
mentary communication domain.

The latest trends in social networking analytics closely related to policy making
cycles and legislative procedures could be found in a series of recent EU funded projects
in digital democracy, e-participation and civic engagement addressing mostly citizen’s
enhancement in the policy making process. According to latest digital market trends,
people engagement in politics and policy-making makes the whole decision-making
process easier to understand, thanks to Information and Communication Technologies
(ICTs) [1]. Additionally, collective social awareness projects cover many issues, from
open democracy to collaborative consumption and internet science [2].

A lot of sibling research EU-funded projects in the field have been conducted the
last 7 years, thanks to the latest evolution of the Social Web [3]. The list of demonstration
use cases (among them pilot actions for the Hellenic and Austrian Parliaments) is not
exhaustive, as the digital democracy trends and society’s digital transformation is
proceeding faster than in the last decade. Policy makers like Members of Parliament
(MPs), who participated in these projects mainly as users, face a task of unprecedented
complexity and difficulty to fully understand the pilot applications and demonstration
use cases. Trying to adopt or to assess their innovative outputs, results and primary
outcomes, they tend to compare them with the traditional policy making approaches
used so far, they still seem to find difficulties in capturing the society’s complex and
interconnected nature [4].

Moreover, governments may have neither the resources nor the necessary know-how
to deal with countless innovative challenges that have arisen the past decade, by horizon-
tally sharing and analyzing each and every involved citizens’ status, opinion, prefer-
ences, reviews, ratings and needs around specific issues in the various social media,
respecting their privacy at the same time which is crucial, especially for data protection
authorities, brings to the table the need for a global expertise that reduces the information
asymmetry between governments and citizens. As presented in [3, 6], the aforementioned
approach so far did not successfully involve in the overall process all significant stake-
holders, whose interests are affected by decisions and relevant policy outputs, as well as
individuals, although their working environment, financial conditions, social presence and
consequently their well-being is tightly dependent on the formulated policies.

2 ICT in the Parliamentary Context

Parliaments, as institutional foundations of democracy, are traditional organizations in
the sense that they heavily rely on tradition. As a direct consequence, parliaments are
inert to changes. Their institutional identity, their organizational structure, their Rules
of Procedure often remain stable over longer periods of time. The recognition that new
means of political communication from the bottom-up, or from the top-down, are critical
to parliamentary life and that political parties can no longer be the most effective chan-
nels for this communication has convinced political leaders, parliamentarians and
parliamentary staff of the need for alternative means of interaction through ICT [7].
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For this reason, parliaments struggle to maintain and advance their institutional role
within the new digital society, as they tend to apply new technologies with significant
time lag and in a rather unstructured and often reluctant way. For this reason, over recent
years, the intensive use of ICT in parliaments has formed a new concept and role for
parliaments, that of an electronic parliament or e-parliament [8].

On top of that, a few European parliaments have clearly identified the possibilities
that emerge through applications of new technologies in the legal, public participation
and parliamentary communication domain, through participation in EU-funded research
activities in the ICT domain, within the context of the 7th Framework Programme (FP7).
Both the Hellenic Parliament and the Austrian Parliament have been active in such
research consortia that can be also described as European research networks. The nature
of these networks, which also include a variety of non-parliamentary actors (universities,
research institutes, civil society organizations, small and medium sized enterprises etc.),
is going to be examined. In particular, data from the EU funded projects LEX-IS,
+Spaces, NOMAD, ARCOMEM, METALOGUE are going to be analyzed and
presented in a structured way.

As reported before, mainly due to the capabilities offered by Web 2.0 tools and
channels, an array of new techniques and opportunities are emerging through the
massive use of the social web, both into the policy-making process and the legislative
procedures. The implications due to the use of social media go well beyond the simple
advancements in traditional interaction between audiences and stakeholders, e.g.
dialogue, collaboration, exchange of ideas etc. These new media have the potential to
radically change politics for good, on all levels and in every sector; a true paradigm shift
in the policy development.

Based on the above projects’ results there are many novel ideas, cases, tools and
techniques to exploit the recent market trends for identifying the best exploitable policy
implications or models with advanced linguistic analysis on the social Web, giving an
emphasis on policies implementation and civic engagement on them. However, the use
of ICT poses significant challenges to parliaments, many of which do not readily adopt
new technology with exceptions of the Scottish, Austrian, Portuguese and UK Parlia-
ment. As a result, most parliaments have acquired some of the forms and elements of
ICT and the new social media, but most have not yet been able to use them in a highly
successful manner or incorporate them effectively into their work procedures. Adequate
staff and funding are clearly important. However, cultural and institutional factors, along
with how a parliament uses technology, can have as significant an effect as management
procedures and financial resources [9]. Although the methodologies used may extend
to other areas like brand monitoring and reputation, the ICT techniques used basically
rely on data and opinion mining and on the conceptual representation of policies and
argumentation theories.

The abovementioned facts show that parliaments could promote citizen participa-
tion, either in formal or informal context, is able to promote both representative and
participatory democracy. Unfortunately the lack of comprehensible visualizations,
useful to citizens and policy makers for easing out the complexity in policy decisions,
the under-performance of existing policy models in conjunction with real life simulation
mechanisms, and the insufficient use of the huge amounts of data that are available on
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the web, are among the important issues that need to be tackled in order to take the leap
forward in policy making. Therefore, ICT tools still have untapped potential and remain
a “novelty” for the majority of government systems, despite their already acknowledged
benefits in their application by governments related to the quality and speed of policy
making, as well as to evidence-based policy decision making.

Last, but not least, citizen participation can establish at the end of the day a two-
way collaboration and a long-term cooperation between parliamentarians and citi-
zens with the use of these ICT tools. The 3Cs’ scheme “coordination, collaboration
and cooperation” corresponds to the components of inclusion, awareness, engage-
ment and participation [10].

3 Parliamentary Participation in EU Programmes

3.1 LEX-IS

The LEX-IS project is aimed at improving the legislative process in National Parlia-
ments. By using of state-of-the-art ICT-tools and methodologies LEX-IS strengthened
public participation within the legislative process, e.g. during drafting and public debate
of draft law. With the introduction of a web-based platform, a set of specialized services
was made available to the project stakeholders: Parliaments, businesses, citizens and,
especially, youngsters.

In particular, stakeholders had the ability to query and view the legal structures and
elements, such as draft laws, legal components, legal documents and supportive infor-
mation, in multiple levels of abstraction and decomposition, using content management
engines and legal metadata schemas. Moreover, the argumentation structure of a law
under formation could be made visible, using semantic annotation and argument visu-
alization techniques. Finally, stakeholders had the opportunity to express opinions
around legal components, arguments that are presented by the participating organiza-
tions, or opinions of other parties, in a structured way that promotes participative deci-
sion-making.

Figure 1 presents the operation principle of the LEX-IS platform. The system
provided adequate argumentation support to every category of users. To achieve this, it
implemented a specific methodology that determined the best course of action at auser’s
request based on the nature of the user and the current state of the legislative process.

The LEX-IS platform, as presented in [11], may contribute in improving political
accountability and in enhancing trust into democratic institutions and their representa-
tives. It also became possible to attract citizens who were not willing to participate in
face-to-face events or were generally reluctant to openly express their opinion.

In order to bridge the growing gap between citizens and the state, parliamentary insti-
tutions were included to the implementation team. The LEX-IS project was implemented
by 7 partners from 4 EU Member States. The majority of the partners (4) was Greek, with
3 partners coming from Germany, Austria and Lithuania. As for the nature of partners,
most of them (4) were universities, 2 were Parliaments and 1 a private company. One has
to take into account that Kauno Technologijos Universitetas, the Lithuanian University,
has been providing data and insights of the Lithuanian Parliament. Hence, in total,
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Fig. 1. LEX-IS operation principle

legislative procedures and case studies from 3 Parliaments have been examined: Hellenic
Parliament, Austrian Parliament, and Lithuanian Parliament.

The LEX-IS project demonstrated that it is possible to use state-of-the-art ICT tools
and methodologies to attract public attention and participation in the preparatory stages
of the legislative process, that is during the (a) preparation phase, (b) policy debate, and
(c) draft legislation formation. Such tools can be applied to model e.g. through legal
role-activity-document ontologies and workflow management technologies, and, conse-
quently, manage complex legislative frameworks and legal structures, e.g. draft
legislation, existing legislation, amendments and changes, effectively. The semantic
annotation of legal elements, as well as the development of internet-based tools for
information retrieval and argument visualization is of key significance in the evolu-
tionary process of such endeavors.

3.2 +Spaces

The project +Spaces (Policy Simulation in Virtual Spaces) uses existing social media
spaces to model real world behavior [5]. The goal was to bring together citizens from
different online communities into a common virtual framework. Analysis of these virtual
spaces has the potential to provide insight to policy makers and assist them in forming
and presenting their arguments to the ever growing on-line community, thus increasing
potential acceptance of new policies.

The +Spaces platform creates and deploys applications in virtual spaces (Facebook,
Blogger, Twitter, Open Wonderland), which provide information about the policy with
a clear description of the policy topic, pre-defined roles, selected keywords, standard
questions and moderated statements, guiding the public to react to it in various ways.
Feedback from the civil society is obtained through well-defined and structured polls
and debates, as well as through role playing simulation, in which the citizens are invited
to take a certain role, in favor or against a certain policy, and express thoughts and
opinions from the respective point of view. This novel approach, the details of which
may be found in [12], provides users with new insights and a better understanding of
various aspects of the discussed policy.
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+Spaces provides governments with an integrated environment where policy makers
can propose regulations, run simulations and then study the real users’ reactions on a
large, and a mere focus group, real-world scale. Simulation evaluation is performed by
utilizing the +Spaces tools, which also include several data visualization schemes.
Hence, policy makers are able to draw immediate conclusions on the impact of their
policy to the virtual communities, and even fine tune different aspects of the policy to
match its expected outcome.

In order to achieve the desired functionality, several technologies for the aggregation,
filtering and analysis of the textual data contained in the virtual spaces were developed.
Particular care was placed in the development of recommender and reputation systems,
as one needs to ensure that only reliable sources of data are taken into account.
Figure 2 presents a schematic diagram of the +Spaces project. Its vital modules include
functionality for Reputation & Recommendations (R&R), Identity Management &
Authorization IM&A), Data & Statistical Analysis (D&SA) and Data Management &
Baseline Security (DM&BS).
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Fig. 2. +Spaces schematic diagram

The +Spaces project was implemented by 8 partners from 6 countries. There was a
large geographical distribution of the partners that also included one non-EU actor from
Israel. From the EU partners, 3 were Greek, and each one from Belgium, Germany,
Spain and the United Kingdom. This project was heavily based on private company
participation (3 partners), with equal participation of universities and research institutes
(each represented with 2 entities) and one Parliament (Hellenic Parliament).

As a benefit for government agencies, the use of virtual spaces supports efficient
collection of citizens’ feedback and enables governments to extrapolate conclusions for
real societies. This improves the prediction of how planned policy measures impact
people. Through the +Spaces platform the Hellenic Parliament was possible to address
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several public groups on different stages of the policy making process. In addition,
+Spaces was able to support policy makers’ presence in social networks. Moreover, the
advanced 3D & 2D role-playing simulations and the 3D debates created fresh ideas for
policy makers, that could make the +Spaces platform useful as a policy marketing tool.

3.3 NOMAD

The core of the NOMAD projects lies in the interpretation of citizens’ discussions
available on the web and using them as the basis for end-to-end policy development,
from the setting of the political agenda towards definition, implementation and moni-
toring of single policies [6]. The project improves the monitoring of policy-delivery in
the face of citizens’ rising expectations and enhances the citizens’ active participation
in the decision-making process. NOMAD provides fully automated solutions for content
search, acquisition, categorization and visualization that work in a collaborative form
in the policy-making arena. A basic sketch of the NOMAD policy modeling environment
functionalities includes: data acquisition via web and social media crawling, opinion
mining, argument extraction and advanced visualization, as summarized in Fig. 3.
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Fig. 3. NOMAD policy modeling environment

The project reported on the study on need finding and usability testing of a user
interface for collaborative policy formulation. The task complexity required extensive
need finding procedures and more than two iterations of design prototyping in order to
ensure the high usability of the proposed visually driven policy modeling authoring
process. The hardest challenge was to derive interaction scenarios from users that lacked
the expertise and scientific background to utilize the deeper linguistic concepts of the
content. This was a first try on creating a policy-modeling environment for users who
traditionally use other means for collecting information.

All project modules have been available to the decision-makers via a web plat-form
containing an integrated Tool-Suite, which enabled users to easily switch between them.
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The Suite was used to scan both the formal and informal web, such as forums, social
networks, blogs, newsgroups and wikis etc., in order to gather feedback on the level of
acceptance of policy proposals, thus creating a stable feedback loop between policy
formation and public opinion.

The NOMAD project has been being implemented by 9 partners from 6 EU Member
States. It has been a Greek-centered project, with 4 of its partners being Greek. There
are also partners from Austria, Belgium, Germany, Ireland and the United Kingdom.
Regarding the partner mix, it relies mostly to the private sector (4 companies). The
consortium also includes 1 university, 2 research institutes and 2 Parliaments (Hellenic
Parliament and Austrian Parliament).

The Hellenic Parliament’s pilot of the NOMAD program was conducted in the frame
of the country’s policy making process. Aiming to promote NOMAD’s use as a policy
making tool, the parliament aspired to create a policy model that would simplify the
work of the policy maker by providing the people’s opinion on each relevant subject.

34 ARCOMEM

Social media are becoming more and more pervasive in all areas of life. This kind of
digital material is both ephemeral and highly contextualized, making it increasingly
difficult for a political archivist to decide what to preserve. These new world challenges
the relevance and power of our memory institutions. ARCOMEM’s aim is to help trans-
form archives into collective memories that are more tightly integrated with their
community of users, and exploit Social Web and the wisdom of crowds to make Web
archiving a more selective and meaning-based process. For this purpose, in order to help
exploit the new media and make our organizational memories richer and more relevant,
an innovative socially-aware and socially-driven preservation model was developed and
investigated.

In Fig. 4 we depict the overall ARCOMEM system architecture [12]. The
ARCOMEM system comprises of the following basic structural components:

1. The intelligent crawler. This module is responsible for retrieving the appropriate
web content as initially defined by the archivist. Moreover, based on the feedback
from both the analysis module and the archivist it refines its strategy in order to
harvest only the most relevant parts of the web.

2. Detection of Entities, Topics, Opinions and Events (ETOE). ETOEs are informa-
tional elements, i.e. advanced data structures. This component comprises a collection
of modules that are responsible for detecting different entities, topics, opinions and
events on a given object or sets of objects.

3. Social Web analysis. This module builds upon the detected ETOEs and performs
social analysis for extraction of more high-level information on the harvested data
(group relations, trust, reputation, etc.). This analysis includes linguistic, machine
learning and NLP methods in order to provide a rich set of metadata annotations that
are interlinked with the original data.

4. Dynamics analysis. These modules are responsible for analyzing the evolution of
terms, opinions, topics, etc. across several crawls and therefore over time through
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advanced processing methods. The Social Web Analysis modules especially benefit
from the term and entity evolution detection.

5. Database. This is the storage module of the ARCOMEM system. It features a
distributed storage engine that stores raw web objects as well as annotations and
information from ETOE — Social — Dynamics.

6. Applications. The ARCOMEM applications interact with the system in two ways.
First, they can influence the direction of the crawling that they have initiated. Results
from the various analysis modules are taken into account in order to amend the
crawling strategy and harvest only the most interesting/important content. Second,
they can retrieve data from the ARCOMEM database to provide an information-rich,
multidimensional means of searching through a vast archive.
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Fig. 4. ARCOMEM system architecture

The ARCOMEM project was implemented by 12 partners from 7 countries. Each 3
of its partners were from Greece and Germany, 2 from the UK and each one from France,
Netherlands, Spain and Austria. There was also a broad and nearly even distribution of
partner types: Media, research institutes, companies and Parliaments were each repre-
sented with 2 partners. In addition, there were 3 university partners and 1 foundation.
Preservation of digital information is thought to be a very useful tool to researchers and
politicians of the future. In addition, synergies with other research projects for crawling
services (e.g. NOMAD) were identified. Also recognized was ARCOMEM’s potential
of moderating political discussions in the Parliamentary context. Hence, there is poten-
tial necessity for ARCOMEM functions as part of parliamentary service, e.g. the library.

3.5 METALOGUE

Natural dialogue systems have shaped a significant and fast-growing market segment,
which is widely used in public services. At the same time, state-of-the-art dialogue
systems do not fully support flawless machine-human interaction. The goal of
METALOGUE is the development of a multimodal dialogue system with the ability to
display seamless interactive behavior. In order to achieve this, both the system’s own
and the users’ cognitive processes need to be understood, controlled and manipulated.
Dialogue strategies are planned and deployed be a dialogue manager, which incorporates
a cognitive model based on meta-cognitive skills. The system constantly monitors both
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its own and the users’ interactive performance in order to evaluate the users’ intentions
and adapt its dialogue behavior.

As negotiation skills play a key role in the decision-making processes, research in
the framework of the METALOGUE project focuses mainly on educational and
coaching applications [13]. The developed components and algorithm comprise a proto-
type platform, which provides an adaptive environment that helps learners to develop
their metacognitive skills, increase motivation, and stimulate creativity in the course of
a given decision making and argumentation process.

The METALOGUE system is able to generate virtual dialogue agents for natural
interaction using speech (in English, German and Greek), gesture, mimicry and body
language. Hence, it allows learners, and particularly the young ones, to train and further
develop their train presentational, interactional, semantic, pragmatic and meta-cognitive
skills within a scalable and controlled learning environment.

The overall project architecture is presented in Fig. 5. The system was deployed and
tested in two use-case scenarios: in social educational contexts for training young entre-
preneurs and active citizens in the framework of educational activities of the Hellenic
Youth Parliament, and in a business education context for training call center employees
to successfully handle their customers. Therefore, METALOGUE may have a strong
impact on both the economic and social level.
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Fig. 5. Overall METALOGUE architecture

The METALOGUE project was implemented by 10 partners from 4 countries. 3 of
the partners were German, each 2 were from Greece, Netherlands and the UK, and 1
originated from Ireland. It was heavily University-centered (6 partners). Moreover, 2
companies, 1 research center and 1 Parliament (Hellenic Parliament) were represented
in the partner-mix.



164

F. Fitsilis et al.

4 Structure Analysis of Parliamentary Networks

The five aforementioned FP7 research programmes started to be implemented in the
year 2007 and resulted in the creation of large partner networks across the European
Union and Israel. In general, particular care has been taken in building most capable
consortia specialized to each of the relevant FP7 calls, so that the proposed research
could be conducted on-time and efficiently, in order produce sustainable results.
Table 1 presents the partners and the duration for each of the discussed projects.

Table 1. Project partners per FP7 project

LEX-IS +Spaces NOMAD ARCOMEM METALOGUE
2007-2009 2009-2012 2011-2014 2010-2014 2013-2016
Athens Technology | IBM Research University of the University of German Research
Center SA Aegean Sheffield Centre for Artificial
Intelligence
National Technical | Institute of Google Ireland Internet Memory Universitit des
University of Athens | Communication and Foundation Saarlandes
Computer Systems
University of the SCAI Fraunhofer Athens Technology | University of Rijksuniversiteit
Aegean Center Southampton Groningen
Kauno University of Essex | NCSR’D’ Athena Research and | Trinity College
Technologijos Innovation Center in | Dublin University
Universitetas ICKT Dublin
University of ATOS Origin CP Télécom ParisTech | Charamel GmbH
Koblenz
Austrian Parliament | K.U. Leuven Fraunhofer IGD Deutsche Welle University of
Peloponnese
Hellenic Parliament | Athens Technology | Kantor Qwentes Stidwestrundfunk Hellenic Parliament
Center
Hellenic Parliament | Austrian Parliament | Yahoo! Iberia Open University of
the Netherlands
Hellenic Parliament | L3S Research Center | DialogConnection

Hellenic Parliament

University of Essex

Austrian Parliament

Athens Technology
Center SA

The number of partners varies from 7 (LEX-IS) to 12 (ARCOMEM) with an average
partner number per project of 10. Further statistical analysis of partner participation in
the mentioned FP7 projects is presented in Fig. 6. The analysis reveals that 36 unique
partners from 11 countries participated in these 5 programmes (out of a total of 47
partners). The Hellenic Parliament and the Austrian Parliament have 5 and 3 appearances
as projects partners, respectively.
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Fig. 6. Partner participation in FP7 projects

Similarly, a broad distribution of the partners’ working sectors can be observed. On
average, Universities comprise the largest share of partners with 36%, followed by
private companies (26%, both Small and Medium sized Enterprises -SMEs- and large
corporations) and Parliaments (18%). Two parliaments are represented here, the Hellenic
Parliament and the Austrian Parliament. It has to be noted that the LEX-IS programme
also used data from the Lithuanian Parliament that was provided by the Kauno Tech-
nologijos Universitetas.

The most significant research topics tackled by the individual projects are depicted
in Table 2 below. What is of interest is that there are several common research topics

Table 2. Research topics in FP7 programmes

LEX-IS +Spaces NOMAD | ARCOMEM | METALOGUE
Policy discourse () o [ ] [ ] [ ]
eParticipation o [ J [ J
Policy modeling o o
Social Network o o ([ J
Analysis
Visualization o o o
3D role playing [ ) [ ]
Crowdsourcing [ ) [ ]
Multimodal dialogue o
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between these projects, but also a clear evolution and expansion of research over time
towards more complex topics in the parliamentary context.

With the know-how collected by the participation in the FP7 research projects the
Hellenic Parliament was awarded in 2011 the EU funded IPA (Instrument for Pre-
Accession Assistance) Twinning Project “Strengthening the Capacities of National
Assembly of the Republic of Serbia towards EU Integration”. This complex project of
inter-institutional cooperation was managed solely by the Hellenic Parliament and
covered five (5) distinct sectors of parliamentary operation: “law-making process”,

CLIT3

“transposition of EU Acquis Communautaire”, “organizational structure and proce-
dures”, “oversight” and “parliamentary communication”.

More than 100 short term experts (STEs) on parliamentary affairs from 10 countries
(Greece, Austria, France, Germany, UK, Belgium, Slovakia, Poland, Hungary and
Montenegro) facilitated the necessary know-how transfer to their Serbian counterparts
from the National Assembly, the Government, Independent State Bodies and Civil
Society Organizations. The project was successfully completed in early 2015 and made
use of the networking capabilities developed through the aforementioned FP7 projects,
as well as of specific know-how in the areas of eParticipation, Policy Modeling and

Social Network Analysis.

5 Assessment and Outlook Research

Over the last 10 years, the Hellenic Parliament and its research partners have utilized
the opportunities of the EU framework programmes for research to understand evolution
and transformation of the digital society and the potential impact on political institutions.

All these interesting innovations, the approaches and the models presented above,
the evolution of the digital market, the efforts of the Governmental Institutions and
especially the commitments of the legislative branch, reveal that there is a need for
immediate feedback to the discourses in the policy making arena, in real time, based on
citizens’ reactions in the social media. The abovementioned research projects from the
previous framework period (2006-2013) could partially identify the users’ needs,
described thoroughly in the previous paragraphs.

On top of that, the political communication has been transferred in Web 2.0 or Web
3.0 that radically transforms the policy discourse, and strategic planning of election
campaigns, political debates and dialogue with well-grounded transparency in political
activities, diffusing messages and information. It is evident that the policy makers need
to assess the interests and requirements of their voters/citizens, upgrade the role of
political marketing and web communication, and create supportive networks with the
interaction of citizens through social media.

However, real-life experience has proved that there are still many unsolved chal-
lenges in policy making ICT techniques, which restrain policy makers from providing
sustainable and inclusive decisions and citizens from getting engaged in policy discus-
sions. Public policy issues are not generally appealing and interesting, as citizens fail to
understand the relevance of the issues and to see “what’s in it for me” as the decline in
voters’ turnout and the lack of trust in politicians. Citizens demand more openness,
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transparency and commitment to results and increasingly seek to express their views or
opinions and influence policy decisions through the new media.

While the Web has long promised an opportunity for widespread involvement,
e-participation initiatives often struggle to generate participation and there is a huge gap
between the technological advancements and the active participation of citizens and
other stakeholders in the policy-making processes with sustainable policy modelling
interactive tools. As a direct result, ICT tools still have untapped potential and remain
a “novelty” for the majority of governments, parliaments, policy makers despite the
already acknowledged benefits for their use by all of them related to the quality and
speed of policy making, as well as to evidence-based policy decision making [14].

These projects are closely related to the idea of monitory democracy, as defined in
[15], so individual ICT tools extracted from them and could be used accordingly. On
the other hand, “citizen participation in the political process is considered highly impor-
tant to foster greater government accountability, transparency and responsiveness” and
the ICT tools provided can foster participatory democracy (see also [16]). A new trend
where these projects could potentially contribute in is the e-Parliament concept where
citizens can, and in fact could, be included in decision-making processes, through
projects and services that enable everyday life citizens to actively participate and engage
in interaction with members of parliament and (just as, if not more, importantly) in peer-
to-peer interaction with fellow citizens. Overall, based on the results of these 5 research
projects, it seems that there is a need for user friendly integrated ICT tools that allows
policy makers to have, among others [17]:

— an interpretation of citizens’ discussions, for or against a policy agenda,

— a stable feedback loop between the vast amount of crowd opinion on the Web and
the agenda of the decision-maker, for a given policy,

— aclear and complete plan on the understanding of how the citizens’ opinion, argu-
ments and needs can (or should) affect the policy-making agenda,

— a complete set of tools for the discovery, aggregation, analysis and visualization of
arguments, expressed in the Web in support or against a given policy,

— a continuous usability testing bringing more closely the digital transformation and
the digital society,

— full integration of multimedia archives (video, image, text) with customized services
addressed to citizens’ needs,

— access to interconnectivity, open prototypes, open source tools, open data and open
architecture.

Taking into account all the above, the EU Digital Agenda 2020 prospects and goals
addressed to National Parliaments could be summarized to the tackling of the following
issues:

— Auvailability of e-Government digital tools and systems

— Language Technologies online content available in every European language
— Transforming Digital Science open, global, collaborative and closer to society
— Cultural Heritage available online

— Making Big Data work

— Tackling societal challenges
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— Use of ICT for governmental accountability

The successful results of the described use cases could also be used as a potential
marketing tool for the promotion of policy discourse in the digital Parliament context.
Hence, they could be further distributed through the main dissemination channels avail-
able: the research & scientific community, the industrial community, the public sector
and the public community. Real world applications could be created for several potential
customers like political institutions, mass media organisations, individual politicians
and policy makers. The promotion and distribution of an integrated tool for brand moni-
toring as a package is the preferred strategy in the beginning and, as the product gains
more market share, its modules could also be advertised and sold individually, especially
in the more competitive market of Big Data and Content Analysis.

6 Summary

It is evident that the digital environment creates new opportunities for policy discourse
and public participation, and the EU is heavily investing in relevant research areas. This
paper presents the outcome of a series of 5 research projects, with the particularity of
the participation of National Parliaments in the partner-mix. Careful assessment and
evaluation of these projects leads to interesting results relating to the evolution of
contemporary Parliaments.

By using the described set of tools modern politicians may test, detect and understand
how citizens perceive their own political agendas, and also stimulate the emergence of
discussions and contributions on the formal and informal web (e.g. forums, social
networks, blogs, newsgroups and wikis), so as to gather useful feedback for immediate
(re)action. In this way, politicians can create a stable feedback loop between information
gathered on the Web and the definition of their political agendas based on this contri-
bution. Vice versa, digital citizens may also employ such tools in order to discuss and
evaluate a given policy within the respective community or directly with the policy
makers. At the same time, one will be able to track the development of the political
discourse, evaluate the consistency and clarity of the political arguments, and ultimately
form an opinion or a political choice. However, it must be noted that the aforementioned
approaches so far, failed to widely involve in the overall process important stakeholders,
both on the policy and the society side.

This contemporary study and concluding evaluation shows that concepts like
e-Parliament or Smart Parliament are still far away from the real digital democracy
where citizens and policy-makers cooperate, collaborate, or, simply, interact, having a
common platform of communication. Above all, this interaction has to take place in a
seamless and transparent way, while respecting the users’ privacy. The exploitation of
this kind of research projects points towards a certain direction. The ultimate scope of
such projects is to provide excellent science, facing the societal challenges and showing
industrial leadership, in order to improve the research results by building connections
between scientists and people, while involving real life institutions, such as Parliaments,
and the related stakeholders in the process.
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Abstract. The goal of the study is to fulfill the gap and examine the usability of a
well-known e-learning program, Moodle, from the perspective of course instruc-
tors. In particular, the study put emphasis on analyzing the difficult tasks for expert
and novice users. A multiple data collection method was used to understand the
difficult tasks and the possible reasons behind them. Participants were recruited
from across disciplines in a university setting. Overall, 8 teaching assistants (TA)
who have past Moodle teaching experience and 8 TAs with non-Moodle experi-
ence were recruited. A round of 18 usability tasks was carried out, post-task inter-
views were conducted, and finally a survey with 25 questions was administered to
the participants. The research identified five main types of difficulties that experts
and novices encountered. Essentially, failed connection between users’ conceptual
model and the structuring and labeling of the interface brings the greatest difficulty
for both groups of users. Past experiences and knowledge that experts retrieved from
pre-existing cognitive categories were found not applicable for problem solving.
Experts were not able to recognize features and meaningful patterns on Moodle.
Lastly, the complicated editing system embedding in the interface was difficult for
novices to figure out ways to complete needed tasks. The findings of the study bring
further understandings and implications for online platform designs as well as for
advancing and supporting the development of intelligent interactive systems in
future applications.

Keywords: Computer-supported collaboration - e-Learning - Usability

1 Introduction

In the digital age, technology has greatly improved and enhanced the e-learning expe-
rience. For instructors, it is becoming very common teaching online courses via an
e-learning platform. Computer-supported collaboration has exemplified to a great extent
in all possible types of e-learning activities designed and provided by instructors. For
both learners as well as instructors, e-learning should provide both parties with positive
user experience. In most human computer interface (HCI) research, the focus of studies
as well as the “user” in many of the designers’ minds are set on the needs and preferences
of the learner as well as the student, very rarely the focus is on those of the instructor.

© Springer International Publishing AG 2017
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The goal of the study is to fulfill the gap and examine the usability of a well-known e-
learning program, Moodle, from the perspective of course instructors. In particular, the
study put emphasis on analyzing the difficult tasks for expert and novice users.

2 Related Literature

Recent HCI research has impacted many fields in terms of implications for user-centered
and intuitive designs. From traditional web-based computer interface to the mobile
interface, from personal information management gadgets to broad-scaled collaborative
work tools, there are different challenges for the various types of tools for their intended
audience. The following literature are centered on research studies on e-learning plat-
form and the Moodle, which is the research target for this study.

2.1 e-Learning Platform and Moodle

E-learning is an efficient way of delivering training sessions and retaining materials.
This is also the reason 77% of American corporations rely on e-learning programs [1].
E-learning is regarded as best practices in business in recent years. By definition,
e-learning is a terms that covers a wide set of applications and processes, including web-
based learning, computer-based learning, virtual classrooms, and digital collaboration.
This method of teaching means the content is delivered via Internet, intranet/extranet,
audio- and videotape, satellite broadcast, interactive TV, CD-ROM, and more [2]. In
this mode of online learning, teaching materials, quizzes and exams are all uploaded and
stored in a specific platform for learners to download and use. Take Moodle, a very
popular e-learning platform for example, the file types that can be uploaded
include .txt, .html, .doc, .pdf, .ppt, .zip, .jpeg, .gif, .mp3, .mov, .wmv, or any other file
type that is readable by the audience’s local software. Given that technology advances
so quickly, the challenges for instructors and learners might not be what an e-learning
platform can or cannot do, but how easy and intuitive the interface is for users, both
instructors and learners, to accomplish their tasks and to finish the intended work effi-
ciently and with delight.

Moodle is chosen for the current study, which is an e-learning program originally
designed by the Australian designer, Martin Dougiamas, and later widely adopted in a
number of learning environments, ranging from businesses and organizations, elemen-
tary schools, and many campuses of higher education systems. The online users of
Moodle are over 90 millions globally, including Google, Shell, London School of
Economics, State University of New York, Microsoft, etc. [3]. Moodle is used in over
220 countries worldwide and is available in more than 95 languages. In Taiwan, 48
colleges and universities choose to use Moodle as their e-learning platform. In the
university setting where the researchers belong, there has been a dramatic increase of
faculty users from 31 to 205; the number of courses offered increased from 39 to 507 in
the past 7 years [4]. The usability issues from the perspective of course designs are
critical for those who offer online courses and/or those who assist the faculty members.
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2.2 Usability Testing

In the field of HCI, user-centered design is much valued and stressed. The essential goal
of such concern is to deign any product with its intended audience in mind, so that users
could accomplish their tasks in an efficient and effective manner. According to Eberts
[5], four HCI design approaches that could be applied to user interface designs for
achieving user-friendly, efficient, and intuitive user experiences for humans include the
anthropomorphic approach, the cognitive approach, the predictive modeling approach,
and the empirical approach. In these approaches, the anthropomorphic approach means
that the interface possesses “human-like” qualities. The cognitive approach considers
the abilities of the human brain and sensory-perception, so the design of the interface
will support the user in accomplishing their tasks. The empirical approach is for exam-
ining and comparing with conceptual models that are most suitable for targeted users.
In addition to qualitative assessments of user preferences, measuring users’ task
performance is crucial for determining how intuitive an interface is. The predictive
modeling is essentially the GOMS model (Goals, Operators, Methods, and Selection
Rules) that is based on human information processing theory. The model requires that
certain measurements of human performance are used to calculate the time it takes to
complete a goal [6].

Nielsen’s [7] usability testing criteria are well known worldwide and are adopted
commonly in HCI research. His criteria include learnability, efficiency, memorability,
errors, and satisfaction. Furthermore, based on Nielsen, Quesenbery [8] developed SEs,
which are effective, efficient, engaging, error tolerant, easy to learn. Shneiderman and
Plaisant [9] also proposed 5 criteria for usability evaluation, which include time to learn,
speed of performance, rate of error by users, retention over time, and subjective satis-
faction. Regardless of slightly different criteria proposed by HCI researchers and
scholars, the essence of testing is to identify problem areas of an interface, to improve
user experience, and to eliminate troubles users encounter in future designs.

2.3 Expert vs. Novice Users

In any online programs, it is nature that users carry past experiences to the new online
environment. How efficient a user is in accomplishing the needed tasks in the new and
unfamiliar realm depends on the level of expertise. According to Bransford et al. [10],
accumulated research studies regarding how people learn showed that experts demon-
strate a number of key principles. For instance, (1) experts notice features and mean-
ingful patterns of information that are not noticed by novices; (2) experts are able to
retrieve important knowledge with little effort and much flexibility; (3) experts have
varying levels of flexibility in applying strategies to new situations (p. 31).

Research studies also showed that it is not the general abilities such as memory or
intelligence, not the use of general strategies that differentiates experts from novices, as
people assume. It is because experts have acquired extensive knowledge that affects the
things they notice, they way they organize, represent, and interpret information in their
environment. All these abilities are critical factors that affect their ability to remember,
reason, and solve problems [10].
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In HClI related studies that identified similarities and differences between expert users
and novices users of an interface, researchers found that past knowledge, mental repre-
sentation, cognitive categories, conceptual structural, and domain-specific knowledge
played a role in differentiating expert and novice users [11, 12]. Expert users know how
to retrieve and use past knowledge in dealing with new situations and solve their prob-
lems with ease.

3 Research Method

To focus on the teaching role of the instructors in e-learning programs, two groups of
participants depending on the levels of expertise in Moodle as instructors was the main
focus when designing the study. The methods of data collection included usability tests,
post-task interviews, and questionnaires. First, the researchers recruited participants for
usability tests with 10 categories of evaluations with 18 specific tasks, which are ranked
the most-used functions and features in the process of course design. With two level of
e-learning expertise, i.e., expert users and novice users, the researchers then conducted
post-tasks interviews. Finally, a questionnaire was distributed to the participants for
further analysis to elicit the overall perception of the interface. Details are given in the
following sections.

3.1 Participants

The participants were recruited from Tamkang University (TKU) in Taiwan, which is
a 4-year university with graduate programs in multiple fields. TKU has a long history
of incorporating new technologies for facilitating teaching. The number of e-learning
programs, including undergraduate and graduate programs using Moodle as the teaching
platform has increased dramatically over the past years. Originally, WebCT was the
platform being used in the university, yet since 2010, the university decided to move to
Moodle as the school-wide e-learning platform. The version used at the time of the study
was Moodle version 1.9. According to the user analytics provided by the university, the
faculty members who use Moodle as the online teaching program was 69 in 2010; the
number increased to 218 in 2016. Furthermore, the number of courses increased from
136 to 564 in the past 6 years [13].

At TKU, at least one e-Tutor is assigned to each e-learning course, sometimes two
are provided, depending on the needs of the faculty and the nature of the course. The
role of the e-Tutor is generally to manage the course setup on the Moodle platform and
facilitate the faculty during the semester. More specifically, the e-Tutor needs to (1)
provide help for both the faculty and the students with interface related questions as well
as the course related questions in the asynchronous teaching sessions; (2) upload needed
online course materials before and during each class sessions, including developing
course needed materials and managing course related issues on Moodle; (3) troubleshoot
technical problems encountered during asynchronous as well as synchronous teaching
sessions. Essentially, e-Tutors are responsible of various aspects of the e-learning
process, including being familiar with the interface of Moodle as well as carrying out
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the actual course related tasks, such as choosing the appropriate methods of giving tests
among all the possible choices of exam features available on Moodle. Considering the
heavy responsibilities of e-Tutors at TKU, the researchers believed e-Tutors are suitable
participants for this study in identifying interface related issues from the perspective of
course instructors.

The study also aims to know how expert e-Tutors and novice e-Tutors react to
Moodle interface and the difficult tasks they encounter; therefore, 8 e-Tutors for each
group were recruited. Expert e-Tutors in this study were the graduate teaching assistants
who have teaching experience before participating in the study, while the novice e-
Tutors were graduate teaching assistants who have no prior experience for e-learning
courses. The methods of recruiting e-Tutors include three sources. First, through the
assistance of the online teaching workshop provided by the university, email lists were
obtained and invitations were sent to all graduate students. Secondly, an invitation of
the study was posted on the Facebook page of the Association of Teaching Assistants
at TKU. Lastly, snowballing method was used to invite interested teaching assistants
with and without teaching experience on Moodle.

Regarding the demographics of the 16 e-Tutors, 7 (43.7%) of them were from the
School of Business; 6 (37.5%) were from School of Liberal Arts; 2 (12.5%) were from
the School of Engineering; and 1 (6.2%) was from the School of Science. Nine (56.2%)
of the e-Tutors were male and seven (43.7%) were female.

3.2 Research Design

The research questions are targeted on the following areas: (1) What are the problematic
usability issues by expert users and novice users? (2) What are the difficulties of the
course design for expert users and novice users? (3) What are the differences expert
users and novice users have in the process of course design? The criteria of the usability
study included learnability, efficiency, effectiveness, errors, and satisfactions. Memo-
rability is not included for the analysis, as it did not fit in the scope of the study.

A triangulation of data collection approach including usability tests, post-task inter-
views, and questionnaires was used. A pretest was carried out to ensure the feasibility
of the research tools; modifications were made accordingly. To capture the overall on-
screen process, EverCam7 was installed for the purpose of data analysis and the retro-
spective interviews. In order to design representative usability tasks, according to
Nielsen’s principle of “real tasks and real users”, the research team obtained the use
analytics of Moodle with the permission from the Distance Education Development at
TKU, a university unit responsible for e-learning related matters. Based on the usage
analysis of Moodle, the most popular and used functions/features are Online Resources,
Discussion Board, Exams, Assignments, Tags, User Analytics, Files, Reflections and
Sharing, Course Management, and Course Setting. Ten categories of tasks, including
18 specific tasks, were designed to test the usability.

For post-task interviews, the main focus was to collect the participants’ thoughts on
the tasks they think were difficult, had trouble completing, and the perceived reasons
for encountering difficulties. Questions were also designed for the participants to express
their ideas and suggestions for revision of the interface.
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Based on Nielsen, Quesenbery, Shneiderman and Plaisant, Shackel and Richardson,
Preece, Rogers and Sharp, Brooke, and Finstad [7-9, 14—17], a System Usability Scale
(SUS), which is a 5-point Likert-scaled survey with 25 questions was designed, modi-
fied, and distributed to the participants. The survey asked questions regarding five
aspects of usability testing: learnability, efficiency, effectiveness, error rate, and satis-
faction.

4 Research Findings

The results of the study revealed a number of design issues for the e-learning platform.
In this paper, the researchers report on the findings of the analysis of difficult tasks among
expert and novice e-Tutors on areas of learnability, efficiency, effectiveness, and error
rate. Three aspects are discussed in the following sections based on the findings, which
are problematic usability issues, difficult tasks, and differences of experts versus novices.

4.1 Problematic Usability Issues

The usability data showed that there are a number of fine designs in Moodle platform
that fit in Nielsen’s criteria of good learnability, efficiency, and effectiveness, such as
links of websites, submission of assignments, as well as areas for discussions. However,
participants experienced a number of problematic usability issues.

The usability testing on learnability revealed that both experts and novices found the
procedures of setting up exam questions to be very difficult. For novices, the most
difficult task in terms of learnability was to upload needed files to a new folder in a
designated place and make it public to students, which is a very critical function often
required for online courses. The top two most difficult tasks were exam questions setup
(56.2%) and new folder setup (37.5%).

In the area of efficiency, the researchers used the number of clicks as the criteria for
the judgment of efficiency. One of the members in the research team was an e-Tutor at
TKU for 8 courses, therefore, was equipped with sufficient knowledge regarding the
most efficient way of accomplishing each task. For novices, the highest number of clicks
(i.e., the least efficient task) was 94, on average, for the tasks of adding online resources.
The second least efficient task was the 89 clicks for the tasks regarding setting up exam
questions. The third was the 84 clicks for the tasks regarding adding new folders with
needed files. For the experts, an average of 62 clicks was needed for the task of setting
up exam questions; 58 clicks were needed for adding new folders with needed files; 46
clicks needed for adding online resources. Aside from the number of clicks, time spent
on the tasks was also calculated and analyzed to identify the least efficient tasks. The
results showed that the most time consuming task for novices was adding online
resources (14:27), setting up exam questions being the second (13:37), and adding new
folder(s) with needed materials being the third (7:16). For experts, the top three most
time consuming tasks were exactly the same with the novices, with the time for adding
online resources being the least efficient tasks. The average length of time spent on the
three least efficient tasks was 10:31, 9:43, and 5:41, respectively.
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In the area of effectiveness, overall speaking, for both groups of users the least
effective task was adding online resources, with only one e-Tutor finishing the task
successfully. The next two least effective tasks were adding new folders with needed
materials and setting up exam questions. These appeared to be difficult tasks for both
experts and novices.

For errors occurring in the usability testing, novice users and expert users both made
the most errors when adding online resources, with an error rate of 93.75%. The next
two tasks that received the highest error rate were adding new folders with needed
materials, and setting up exam questions (75%). The interview data identified the reasons
for making errors. According to Reason’s [18] three categorizations for errors, which
are skill-based errors, rule-based mistakes, and knowledge-based mistakes, 70% of the
errors in this study were found to be rule-based mistakes, which means that the users
followed the rules but made wrong decisions along the way when trying to accomplish
the intended tasks. On the other hand, if we calculated the tasks that most users gave up,
we found that adding new folders with needed materials ranked the highest for novices
users, while setting up exam questions ranked the highest for expert users.

All these problematic areas reflected that the connection between the labels used for
the intended functions, the conceptual model of the user, and the mapping of past
knowledge and experience, if any, were mismatched. This made it fairly difficult for
users to make proper connections conceptually and to figure out the intended functions
of the labels.

4.2 Difficult Tasks

Analyzing the difficult tasks perceived by users, five types of difficulties are identified.

(1) Unclear Organization of Functions. Users revealed that the first and foremost
difficulty found across tasks is to clearly understand the organization of the platform
structure, which made remembering and memorizing corresponding functions/
features very difficult. Users were often confused by the seemingly unclear distinc-
tions of similar functions seen in different categories. The most obvious behavior
resulted by the problem was observing users lingered between two possible drop-
down menus when trying to complete their tasks. For instance, they saw discussion
boards in the tasks of adding new folders with needed materials, managing student
learning activities, and adding the actual discussion board for class discussion. In
all these tasks the participants were confused seeing “discussion board” in different
places, which made it difficult remembering the structure of the platform.

(2) Unclear Labeling of Functions. In course setup related tasks, the labels and the
corresponding functions/features are not clearly connected, thus, it became difficult
for the user to choose correctly and intuitively. This happened repeatedly among
users when adding online resources. In addition, in the task of adding new folders
with needed materials, users were unaware of the correct order of how specific task
should be done; they were also unable to figure out how to make new folders. The
label of “folders” shown on the course interface and the steps of actually adding
new folders with needed materials were mismatched. The unclear labeling of
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functions and the users’ perceived ideas of what the label meant caused great trou-
bles for the user in this study.

(3) Complicated Editing System. The third difficulty is the complicated editing
system, which could be seen when users tried to set up exam questions for teaching
purposes. Interview data revealed that setting up exam questions to be a very
complicated process. Participants shared that it was simply too complicated, thus,
felt unsure of how to accomplish the task. The many steps and clicks required of
going deep down a number of layers in the design structure brought frustrations to
users, both experts and novices.

(4) Exceeding Number of Menu Selection. Participants shared that they felt over-
whelmed when seeing the exceeding number of selections under the menu, which
brings heavy cognitive burden for users. It is also in the process of setting up exam
questions, users felt unsure of what to choose from. Also, in adding assignments,
users noted that there were too many choices. the impression users have was mess-
iness.

(5) Inconsistency between Users’ Experience and Platform Functions. Users noted
that many of the past experience in other platforms and software were different from
what they saw in Moodle, which again caused confusion and frustration. This was
especially obvious in the tasks of adding online resources and setting up exam
questions.

4.3 Differences Between Expert Users vs. Novice Users

The usability tests showed that there were similarities and differences between expert
users and novice users, in particular in the areas of course setting and course manage-
ment. Also, it is worth mentioning that course planning related tasks were difficult for
both exert users and novice users. Past experiences did not benefit the performance of
expert users in the study. Furthermore, the error rates for expert users are even higher
than novice users.

Examining all the areas of similarities in difficult tasks, including the analysis of
learnability, efficiency, effectiveness, errors, and post-task interviews, the common
problems lie in that the tasks themselves were to be completed in very complicated ways.
In particular, past experience in other e-learning tools did not bring efficiency nor effec-
tiveness to the tasks e-Tutors were required to accomplish. On the contrary, for the tasks
that both groups performed well, the procedures were straightforward, the number of
clicks was few, the labels of the functions were easy to understand and matched with
users’ past experience.

By looking at the comparisons for novices and experts, we are able to conclude that
the learnability of Moodle is fine for expert users because of their familiarities with the
platform, but low for novice users because novice users needed much time to figure out
ways to complete the tasks. For efficiency, effectiveness and errors, it is all clearly noted
by the participants that when the labels are clear and matched with their conceptual
knowledge about what the labels are, tasks were completed in efficient and correct form,
and less mistakes were made along the way.
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5 Conclusion

Based on the results of the study, implications can be found for design principles. For
the problem of misinterpreted labeling, this is a continual design problem that is exten-
sively discussed in the field of HCI and information architecture (IA). Especially, for
the professionals of library and information science who are concerned about how
information is organized, categorized, and labeled in the digital realm, the design of a
proper labeling system that follows solid logic and yet matches with common practices
is a great concern.

Implications for the difficulties expert users encountered in this study is that connec-
tions with past user experience and conceptual models are critical in that they provide
the needed bridge for experts to identify features and meaningful patterns to use in
solving current problems. Easy recognition and retrieval from previous knowledge for
expert users is an important factor for them to succeed. On the other hand, designs that
are intuitive in naming, organizing, and require simple steps for all tasks will help ease
the learning curve for novices users. E-learning platforms should provide instructors
with completed course planning functions such as uploading teaching materials and
setting up teaching activities, so to provide a well-designed learning environment.
Therefore, the usability of the e-leaning platform becomes very important and affects
many. By examining the usability of Moodle for its course planning related interface
issues and the difficulties encountered by user groups with different expertise, the study
showed how expert users and novice users were similar and different in the process of
course design. The study concludes and contributes with suggestions for e-learning
platform designers as well as business, organizations, and schools that design online
courses.
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Abstract. Massive Open Online Courses (MOOCs) as disruptive innovation
attract attention from both researchers and practitioners. This research selected
ten popular MOOCs websites and explored primary sponsors, customer seg-
ments, and revenue models of each case. The paper further discussed the impact
of MOOCs on higher education.
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1 Introduction

Massive Open Online Courses (MOOCs) as disruptive innovations attract increasing
attention from both researchers and practitioners in the past few years. This research
aims to explore the business models of MOOCs and discuss its impact on traditional
higher education.

The rest of the paper is organized as following: the research background including
the key features, the brief history, and the motivations of MOOC:s is discussed first.
Research questions are raised right after that. Research methods and sample selection
are then described and followed by analysis and results. In the end, the discussion and
the conclusion summarize the entire paper.

2 Research Background

2.1 Key Features of MOOCs

Massive Open Online Courses (MOQOC:s) refer to online education that opens to public.
Most of the MOOCs are free while some charge small fees. MOOCs have become
widely accepted and been extremely popular in the past five years; the typical examples
include Coursera, Khan Academy, Edx, and Udemy, etc.

Comparing to traditional face-to-face education, MOOCs are featured by:

e Scalability (massive): The number of students is unlimited and they are not
restricted to certain locations. The participation is far beyond a physical classroom.

e Open access (open): The courses are open to the public without the restriction of
registration requirements, tuition fees, and certain resources such as facilities.
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e Technology enabled (online): Network and educational technology enable the
platform through which instructors and students are able to teach, learn, and col-
laborate simultaneously.

e Educational oriented (courses): The courses are mainly for educational purpose,
aiming to make the expensive education accessible to the public.

2.2 Brief History of MOOCs

Along the short history of MOOC:s, the development of online courses has experienced
multiple stages that stem from different philosophies. The first stage is called cMOOC
(connectivist MOOC) or MOOC 1.0 [18, 19], which is motivated by collaborative
learning pedagogy. The concept comes from an online course named Connectivism and
Connective Knowledge in 2008 or CCKO8 [16]. cMOOC creates an interactive and
dynamic educational environment, emphasizing the collaboration between learners and
the connectivity within a community [16]. cMOOC believes that learners are the center
of education while instructors play an assistant role.

The second stage is called xXMOOC (extended MOOC) or MOOC 2.0 [18, 19],
which is considered as an extension of traditional instructional education. The content
delivered through xXMOOC is normally well structured using traditional instructional
methods such as presentation, assignments, and tests. Instructors play a leading role
similar to that of in the traditional classroom setting [20]. The typical example of
xMOOC includes Coursera, EdX, and Udacity, etc. Table 1 summarizes the main
difference between cMOOC and xMOOC [30].

Table 1. Typologies of MOOC [30]

xMOOCs cMOOCs

Scalability of provision Massive | Community and connections

Open access - Restricted license Open Open access & licence

Individual learning in single Online Networked learning across multiple
platform platforms and services

Acquire a curriculum of Course Develop shared practices, knowledge and
knowledge & skills understanding

The third stage of MOOC is called hMOOC (hybrid MOOC) or MOOC3.0 [19],
which combines the ideas of cMOOC and xXMOOC. hMOOC is normally offered by
institutions or universities on a hybrid basis to balance between traditional
instructional-based courses and online collective-based courses. For examples, some
faculty uses MOOCs in a flipped class, meaning students learn the basic concepts
online before class and only come to the class for discussion and activities. Other
faculty refers students to MOOC:s for tutorials or additional contents. Some universities
also suggest students to finish entry-level classes through MOOCs and consider the
completion of those MOOCs in the admission [18]. The institutions are now using
hMOOC creatively to find a cost-effective way to benefit both students and institutions.
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2.3 Motivations of MOOCs Providers

Filling the gap of current education motivates the innovators such as Salman Khan, the
funder of Khan Academy, to develop an online platform that provides courses to fit
people’s diverse learning style. In the traditional classroom, teachers deliver course
content in the same pace with the same format to the entire class with no customization
to individual student. On Khan Academy, students in K12 are able to choose different
levels of classes that meet their own learning goals with their comfortable pace. They
become the owners of their education rather than the passive receivers.

Creating open and collaborative learning environment motivates innovators such as
Luis von Ahn, one of the founders of Duolingo, a language learning and translation
platform. People share their knowledge on various languages and help each other learn
beyond classroom.

Providing affordable and easily accessible education has been the most important
motivation for MOOC developers such as Shai Reshef, the founder of the University of
the People [17]. The tuition of higher education is increasing every year therefore the
cost becomes the main obstacle for the students who have financial difficulty. Addi-
tionally, life-long learning becomes reality in contemporary world however continuous
education challenges the working class who is restricted to time and location. Moreover,
in some countries certain race and gender are forbidden to receive higher education.
MOOC:s as open education provide the opportunities for people who have difficulty to
step into a traditional classroom. Currently above two thousand students from about one
hundred and seventy countries have enrolled into the University of the People [27].

3 Research Questions

Though cMOOC, xMOOC, and hMOOC stem from different learning philosophies,
they share the same key features with which the size of the audience has no limits (i.e.,
massive), the content can be accessed by public (i.e., open), and the knowledge is
delivered through the Internet (i.e. online). As MOOCs are new and developing con-
stantly, not many literatures explored the business models and their impact on higher
education. I attempt to fill in this gap and aim to answer the following four research
questions in order to contribute to both academic research and MOOC:s practice.

1. Who are the major sponsors and advocators of MOOCs?
2. What are the market segments of MOOCs?

3. What are the revenue models of different MOOCs?

4. How would MOOCs impact higher education?

4 Research Methods and Sample Selection

Case study has been used as the main research method. Two criteria have been applied
to decide the sample cases. First the website has to sustain in the past three years, and
second the website has to be relatively popular. A large percentage of MOOCs in the
market only last a short lifetime; in order to study the business models of MOOC:s it
makes sense to focus on those that holds both sustainability and popularity.
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Fig. 2. Popularity trend of ten sample MOOCs websites

www.mooc-list.com provides a relatively complete list of MOOCs websites. The
researcher first checked the existence of each individual website and deleted those that
are not available. The researcher then collected the history data for the existing web-
sites to exclude those that last less than three years. Finally the research used Google
Trends to choose ten popular MOOCs from the rest websites.

Google Trends, an analytical tool, has been used to visualize the popularity. The
researcher first studied the popularity trend of three widely accepted MOOCs websites:


http://www.mooc-list.com

Explore the Business Model of MOOCs 185

Coursera, Udacity, and edX as shown in Fig. 1. Udacity shows the lowest trend among
the three therefore has been used as the baseline. The researcher compared all the websites
from step 2 to Udacity and found ten websites have higher popularity than it (Fig. 2).

These ten websites satisfy both criteria including sustainability and popularity are
chosen for the further study. The brief description of these ten website including
Coursera, Udacity, Udemy, edX, Khan Academy, University of the People, Code.org,
Codecademy, Code School, and Duolingo, are shown on Table 2.

Table 2. Description of the sample MOOC websites

Name

Description

Founded

Coursera Www.
coursera.org

Udacity www.
udacity.com

Udemy www.
udemy.com

edX www.edx.org

Khan Academy
WWW.
khanacademy.org
University of the
People www.
uopeople.edu

Code.org www.
code.org
Codecademy
WWW.
codecademy.com

Code School
www.codeschool.
com

Duolingo www.
duolingo.com

A platform that offers university-style
courses provided by universities or
organizations world-wise

A platform that mainly provides courses
in the IT field by “Silicon Valley” to
teach the skills industry employees need
An open marketplace through which
anyone can create and take courses. It
offers a large variety of topics from
technology skills such as programming
to hobby and entertainment such as yoga
and photography

A MOOC platform that is similar to
Coursera and provides traditional
instructional education. The main
difference from Coursera is edX is
non-profit funded by Harvard and MIT
Non-profit MOOC platform that mainly
focuses on K-12 education with some
extensions

A tuition-free online university that
provides degree program that mainly
focuses on Business Administration and
Computer Science currently

Website that offers the basic concept of
programming to beginners

An educational company that teaches
coding in different programming
languages such as Python, JavaScript,
and Ruby

A platform that teaches programming
such as Ruby, JavaScript, HTML/CSS,
iOS, Git, and databases via video,
in-browser coding, and screencasts

A language-learning website that
teaches over 40 different languages

April 2012 by Daphne
Koller, Andrew Ng

June 2011 by Sebastian
Thrun, David Stavens,
Mike Sokolsky

February 2010 by Eren
Bali, Oktay Caglar, Gagan
Biyani

May 2012 by Anant
Agarwal, Chris Terman,
Piotr Mitros

September 2006 by
Salman Khan

January 2009 by Shai
Reshef

January 2013 by Hadi
Partovi, Ali Partovi

August 2011 by Zach
Sims, Ryan Bubinski

February 2011 by Gregg
Pollack

November 2011 by Luis
von Ahn, Severin Hacker
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5 Analysis and Results

5.1 Major Sponsors and Advocators of MOOC

Based on the analysis of the ten MOOCS cases, the researcher found that the sponsors
and advocators of MOOCs are mainly from the following groups.

States:

Improving and supporting education is one of the major goals of State government.
Some states have already taken the steps to subsidize MOOCs in order to extend
educational horizon.

For example, San Jose State University in California received funds from the State
government to transfer some traditional face-to-face courses to online on the platforms
of edX and Udacity. The State planned to apply the experience to other state univer-
sities if it succeeds [12]. Another example is from Arizona State University (ASU).
ASU is partnered with edX to create freshman classes that students can earn credits
online. These courses do not have any admission requirements [24]. Moreover, Texas
State system announced a partnership with edX to create ‘Freshman Year for Free’
program through which students can earn tuition-free college credits online in their
freshman year. This program started in fall 2016 and required students to take
Advanced Placement (AP) or College Level Examination Program (CLEP) before
enrolling into the program [25].

Universities:

Universities including both public and private schools are the main sponsors and the
participants of MOOCs. MIT and Harvard joined force to create edX in May 2012. The
initial funding was about $60 million [6, 21]. University of Pennsylvania and the
California Institute of Technology invested in $3.7 million to Coursera. “We look
forward to working even more closely with Coursera and our university partners to
continue to shape the future of online education”, said by Penn State Provost Vincent
Price [14].

Companies:
Companies sponsored MOOC:s in different ways. Some companies pay MOOCs to

develop online training courses for their employees. Some others sponsor MOOCs
mainly for advertisement purpose for example having their brand or products intro-
duced in the courses. Other companies sponsor MOOC to get exchange of students’
data to find potential qualified employees.

Venture capitalists and non-profit organizations:
Venture capitalists have foreseen the potentials of MOOCs and become investors.
Additionally, some non-profit organizations make donations to MOOCs expecting to
contribute to the future of education.

Figure 3 illustrates the ten MOOCSs websites, each linked to its major sponsors. The
five major sources of the investment are from State government, universities, compa-
nies, venture capitalists, and non-profit organizations.
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Fig. 3. MOOCs and their sponsors

5.2 Market Segments of MOOCs

Table 3 lists the primary fields offered by the ten MOOCs websites, each has its own
emphasis and target customers. Some MOOCs websites such as Coursear and Udemy
target on a horizontal market by offering courses across a large variety of topics, while
others focus on a vertical market by offering courses in a specific field such as Code.org
in coding and Duolingo in language.

Moreover, some websites stem from K-12 (e.g., Khan Academy) or higher edu-
cation (e.g. edX) therefore are more academic-oriented, while others are supported by
industry (e.g., Udacity) therefore are not restricted to academics.

Table 3. The teaching fields covered by the ten MOOCsSs websites

Name Courses offered/specific field

Coursera Arts and Humanities, Business, Computer Science, Data Science, Life
Sciences, Math and Logic, Personal Development, Physical Science and
Engineering, Social Sciences

Udacity Data Science, Web Development, Software Engineering, Android, i0S,
Computer Science, Non-Tech
Udemy Development, Business, IT & Software, Office Productivity, Personal

Development, Design, Marketing, Lifestyle, Photography, Health &
Fitness, Teacher Training, Music, Academics, Language, Test Prep

(continued)
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Table 3. (continued)

Name Courses offered/specific field

edX General Education

Khan Academy Math, Science, Economics and Finance, Arts and Humanities,
Computing, Test Prep, Partner Content

University of the Business Administration and Computer Science

people

Code.org Programming Languages

Codecademy Programming Languages

Code school Programming Languages

Duolingo Languages

Table 4. Market segment of ten MOOCs wesbites

Market orientation
Academic-oriented Non-academic oriented
Market Vertical market University of the Udacity, CodeAcademy, Code
type (specific field) People, Code.org (2 in School, Duolingo (4 in total)
total)
Horizontal Coursera, edX, Khan Udemy (1 in total)
market (Variety Academy (3 in total)
fields)

To compare the target market of MOOCs websites, Table 4 classifies the ten
MOOC:s into four blocks along two dimensions: horizontal vs. vertical market, aca-
demic vs. non-academic oriented. Please note the total number of MOOCs in each
category does not indicate the percentage of MOOCs in the entire market; it only
represents the statistics over ten sample MOOCS in this research.

5.3 Revenue Models of MOOCs

The revenue models of MOOCs are still under development and the new models are
immerging every day. The researcher coded the revenue sources for the ten MOOCs
websites (as show in Table 5) and then classified the sources into six major categories.
The explanation of the numbers in Table 5 and the description of the revenue models
are in appendix attached to the end of the paper.

e Sales of courses or other products. For example, the charges related to the courses
such as tuition fees, program and specialization fees, and certificate. There are other
sales through store shops and books or materials though not very common.

¢ Service to provide MOOC:ss as a platform for the organizations that either refer their
employees to take training courses on MOOCs or develop their own training pro-
grams on MOOCs. MOOCs therefore charge course fees, platform usage fee, and
customer support fees, etc.
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Table 5. Revenue models of ten MOOCs websites

—_
—_
—_
—_
—_
—_
—_
—_
—_

Coursera

Udacity

Udemy

edX

Khan
Academy
University
of the
People

Code.org
Codecade-
my

Code
School

Duolingo

Total

2Note: the numbers and the corresponding revenue models are described in Appendix.

e Advertising fee (either direct or indirect) to charge organizations that want to put
their names, brands, or products in the courses or capstone projects.
Subscription fee to charge students who take unlimited courses in a period of time.
Special programs. Examples in this category are diverse and creative. Some
MOOCs charge for holding events and contests, some providing testing center, and
some serving as career center and sharing students’ data (with the approval and
agreement of students) with potential employers.

6 Discussion

The discussion focuses on the impact of MOOCs on education in general, and higher
education in particular. Would MOOCs be merely an online version of traditional
face-to-face class? How to use technology to enable the innovation in pedagogy?
Would MOOCs replace the traditional universities? These are the questions attract
attention from both researchers and practitioners.

Higher education needs to change rapidly and dramatically to face the challenge of
open education. Education is one of the basic human rights. However the increasing cost
and the non-flexible schedule build a barrier preventing some students to enter the door
of the universities. In order to face the challenge, the higher education may first develop
a hybrid model combining online vs. face-to-face courses. For example, universities
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may consider offering entry level courses that need the least interaction online, while
keeping those higher level courses that need more instruction and discussion
face-to-face. This approach may lower the cost for both students and universities.

Second, universities need to encourage pedagogy innovation. The classroom
becomes smaller and is facilitated by multimedia and modern technologies. The class-
room teaching becomes more interactive and customized (e.g., adjusting teaching
strategy based on individual student needs). The classroom learning is more of experi-
ence and an expensive investment to a student. A good analogy could be watching movie
in movie theaters. People can watch movie steaming online at home (similar to take
online courses), which costs less and is more convenient. However, a large number of
people still like to watch movie at the movie theater (similar to take face-to-face classes)
because they enjoy the experience and view movie-out with popcorn as a way of
entertainment. Face-to-face teaching has to tailor to individual student needs and become
an experience that students cannot get from online environment.

Third, universities may consider joining forces to teach common courses and focus
their resources on featured fields. For example, almost every university offers general
education courses that have similar curriculum. If universities collaborate in building a
platform through MOOC:s to offer general education courses online and accept those
credits, this will greatly save teaching resources of individual universities and is more
cost effective for higher education as a whole. The individual universities are then
released from those repetitive efforts and able to focus more on featured fields and build
their own brand.

Forth, some universities may consider to move the direction to become pure
research institution. Certain teaching may be replaced by computers however com-
prehensive research questions needs human brain to solve it.

Last but not the least, current MOOC:s are far from using the best of the technology.
With the development of big data (e.g., individual student needs can be identified),
machine learning (e.g., individual learning styles can be discovered), and virtual reality
(e.g., learning environment becomes more real and interactive), MOOCs have great
potentials and is capable to create more exciting experience for students.

7 Conclusion, Limitation, and Future Research

This paper explores the business models of MOOCs and discusses its impact on higher
education. MOOCs have great potentials and higher education needs to be smart to face
the challenge.

The research results are limited to the ten sample MOOCs websites. The future
research may extend the sample size and explore the cost-efficient model to combine
the benefits of both open education and current higher education. Additionally, the
researcher is interested in exploring the application of certain technologies such as
machine learning and virtual reality and how would this technology enable the inno-
vation in education.
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Appendix: Description of the Revenue Models

MOOC:s revenue models:

. Recruiting Program

. Verified Certificate

. Capstone Project

. Specializations

. Employee Training

. Course Sponsorship

. Tuition Fees

. Credit-Eligible Courses

. Platform usage fee

. Platform service fee

. Events/Contests/fundraising
. Donation

. Store Shop

. Crowdsourced Translation
. Test Center

. Subscription

. Cloud-funding

. Other Fees (Application, Exam)

01NN AW~

el el e el
001N N W= OO

Below are some detailed descriptions:

Recruiting Program

The website generates profit by sharing students’ data with the employees who
search candidates to fill the job positions requiring certain skills.

Verified Certificate
Once students complete a class (or a program) that is normally free, they can decide
if they want a certificate that normally charges a small fee.

Specializations

It is a strategy for the MOOCs to sell the courses in a bundle in one time. For
example Coursera develops specialization by combines the relevant courses and the
capstone project in a package and sell to students. If students want to achieve the
certificate from the specialization, they have to pay every individual course in that
bundle.

Employee Training
Companies and originations pay MOOC to conduct certain employee training.

Course Sponsorship
Companies and organizations pay MOOCs to mention their brand or product in
classes, or simply a banner to advertise in lecture videos.

Tuition Fees
Though it’s not common, some MOOCs charge students (normally a small fee
comparing to college education) to take certain courses.



192 Y. Long

Credit-Eligible Courses

Some universities, being a partner with MOOC websites, can let students take their
courses by paying cheaper tuitions. Students have to study by using the MOOC first.
After passing the course with C or better, they can earn academic credits and transfer
the credits to the actual university.

Platform usage fee
Companies and organizations can pay MOOC:s to use the platform (i.e. website) to
offer their own courses.

Platform service fee
Companies and organizations can pay MOOCs for the support and service when
they use the MOOC platform to offer their own courses [11].

Events/Contests/fundraising
Some MOOCs hold events or contents to raise funding.

Subscription
The students can subscribe MOOCs and access all the courses during the sub-
scribed time period.
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Abstract. Italian Opera is renowned the world over. It has recently been pro-
posed for nomination to the Representative List of the Intangible Cultural
Heritage of Humanity and still, though confronted with sustainability issues,
cooperates in typifying Italy as a cultural tourism destination. This paper focuses
on Italian Opera Houses, comparing their mobile web strategies, in terms of the
mobile friendliness of their websites and their m-commerce models, in the frame
of a global and generational competition. Besides, availability of English con-
tent for an international audience is specifically considered. Results confirm
some general trends in web communication and marketing — namely a pre-
dominance of responsiveness within technical solutions, and outsourcing among
e-commerce policies — and highlight weak points. The study was based on a
systematic process and free web tools, that can be used for other sorts of cultural
heritage institutions, like theatres, museums, art collections, or historic sites.

Keywords: Intangible heritage - Cultural tourism - Opera - Italy - Mobile web
strategy *+ Mobile-friendliness - m-commerce

1 Introduction

The importance of mobile web technology in cultural heritage tourism has been rec-
ognized since its very inception [1-5]. Mobile web technology opens unexplored
scenarios by changing customers’ behaviours as well as operators’ business models and
services [6-8].

Many Italian cities and places are known as cultural destinations and are visited for
their cultural heritage and in particular for their “must see sites”. Several studies have
investigated the strategies for promoting tangible cultural resources [9, 10]. Less
investigated is the role of attractions related to intangible cultural resources [11]. This
paper focuses on the performing arts and in particular on Opera, also considering that
four kinds of Operas (those of Peking, Tibet, Yueju and Kun Qu) have been included in
the UNESCO Intangible Cultural Heritage Lists [12].

Italian Opera is renowned the world over, as Opera itself was born in Italy thanks to
16th- and 17th-century composers Peri, Caccini and Monteverdi. It contributes to
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characterise Italy as a cultural tourism destination [13], and has been proposed for
nomination for the UNESCO Intangible Cultural Heritage lists.

As part of a larger study, whose goal is to explore how Italian Opera Houses use the
Internet and the Web or, in more technical words, their web presence strategy [14], this
paper reports analyses of Italian Opera Houses’ mobile web strategies, in terms of how
they support mobile access to their websites, including e-commerce options [15-17].

The analyses start from the identification of the business challenges [18] facing the
Italian Opera Houses. These challenges are related to three main issues: high pro-
duction costs, elderly audience, and local market [19, 20]. Even if Opera is a sector
characterised by the Baumol effect — i.e. the technological evolution has not improved
productivity, nor reduced costs [21, 22] — the Web and the mobile Web offer new ways
to address promotion and marketing problems [1-4]. In particular, the role of the
mobile Web is more and more important, due the increasing number of accesses from
mobile devices [8]. A crucial event marking the role of mobile technologies took place
in 2014, when mobile exceeded PC Internet usage for the first time [23].

In our study, the Italian Opera Houses fully recognized as such, the so called
“Fondazioni Lirico-Sinfoniche” were considered, including milestones in the world
history of theatres like La Scala in Milano, La Fenice in Venice, and the Arena di
Verona [24].

The paper is structured as follows. The next section illustrates the background of
the study: intangible cultural tourism, Opera and mobile. Section 3 introduces the
Opera Houses selected for the analysis of the mobile Web strategy, and the tools used
in the study. Section 4 illustrates the results. Section 5 discusses the results, and
concludes the paper.

2 Background

2.1 Intangible Cultural Tourism

The role and impact of cultural tourism has been investigated from many points of
views, focusing on different kind of cultural and heritage attractions [25]. Italy is
known as a cultural tourism destination for its art and heritage resources. As recent
indicators of this perception we can cite the number of UNESCO World Heritage sites
(47 inscribed on the World Heritage, and many more submitted on the Tentative list
[26], and the results of the last survey run by FutureBrand. Italy was one of the 22 out
of 75 countries recognized as owning a “Country Brand”. Even if Italy only ranks 12th
in the overall ranking of the European Countries and 18th in the world ranking, it
gained the first position in two of the parameters investigated by FutureBrand, namely
Tourism and Heritage and Culture [27].

To effectively promote cultural tourism in a destination it is necessary to exploit all
its distinctive elements [15, 17]. That implies a shift from conventional models of
cultural tourism to new models of tourism based also on intangible culture and cre-
ativity [16, 28-30]. In this paper we are focusing on Italian Opera. Italy was the
birthplace of Opera in the 17th century [31]. Italian composers are renowned the world
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over and Italian is used for many musical terms. Italian Operas are among the most
performed (see e.g. the statistics produced by Operabase [32]).

There is also a UNESCO nomination proposal for the inscription of Italian Opera
on the Representative List of the Intangible Cultural Heritage of Humanity [33]. The
potential tourism appeal for Italian Opera Houses has been thoroughly investigated by
Fisichella [34]. The study describes the problems faced by Italian Opera Houses and
their tourist attractiveness. Common problems are related to economic sustainability
(that is reduction of public funding and difficulty to get private financing), the need of a
generational change attracting young spectators and, in many cases, a local branding
and promotion of the Opera seasons (see also [35, 36]). Italian Opera Houses have been
transformed in private foundations, maintaining part of their public nature. Their
funding are almost all public, and in the last years they have reduced to the 0.1% of the
GDP [37]. Besides, private funding — private donations and business sponsorship — is
not adequately supported by the Italian law.

Opera is “an art form in which singers and musicians perform a dramatic work
combining text (libretto) and musical score, usually in a theatrical setting” [38]. As a
result, it involves a large numbers of people, an average of two hundred for a single
performance and high costs. From a tourist point of view, Opera is (mostly) an elitist
cultural product. It represents a niche market, and art tourists spend more but are older
than spectators of other performing arts, as Opera goers are over 60 years old on
average. So that enlarging and renewing the audience are major concerns for the Opera
Houses [39].

2.2 Opera and Mobile

Mobile accesses concern a variety of devices, from featured and smart phones to tablet
and laptops. Recent surveys report that mobile has exceeded PC Internet usage
worldwide and will account for 75% in 2017 [40]. Another reason why companies and
organizations, including Opera Houses, have to adopt a mobile web strategy is related
to the role of the so-called Generation Z teenagers, the actual and future customers, also
named “smartphone generation”, referring to their extensive use of mobile technologies
[41-44]. Tt is comprised of young people aged 13-20 years (the age range varies in
different countries and studies), a cohort that will soon outnumber the Millennials and
that is crucial to support any initiative an Opera House plans to increase visitors of their
websites and reduce the average age of Opera goers. Among the most recent we can
cite those of La Scala [45], that had great success [46], and of the Teatro Massimo in
Palermo [47].

From a technical point of view, eTourism scholars have analysed the gradual
transition from the initial server-side approach to the responsive one [48, 49]. The
responsive approach, which is client side, and aimed at allowing desktop webpages to
be viewed in response to the size of the device, is currently predominant [50-52].
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3 Methodology

The goal of the study has been to analyse the mobile web strategies of Italian official
Opera Houses in the light of their business challenges [18], namely, high production
costs, elderly audience, and local market, challenges that can be tackled reaching an
economic sustainability, supporting on the Web a wider audience and the promotion of
Opera as a tourism attraction. The mobile web strategy was analysed in terms of:

¢ the mobile-friendliness of the official B2C websites of the Italian Opera houses;
e their m-commerce models.

The availability of English editions of the websites, intended to promote the Opera
Houses’ seasons and performances outside the domestic market, was also verified.

3.1 [Italian Opera Houses

As summarized by the MIBACT ministry (Ministero dei Beni e delle Attivita Culturali
e del Turismo, Ministry of Cultural Heritage and Activities and Tourism [24], the
historical Enti lirici (literally, “Opera Institutions”) have been clearly recognized as
such and turned into private foundations, or “Fondazioni Lirico-Sinfoniche.” The
process started in 1996, was completed in 2010, and involved fourteen Opera Houses,
including the Teatro alla Scala in Milano which was recently granted a legal status on
its own, with no significant changes as far as this study has been concerned.

The list of the “Fondazioni Lirico-Sinfoniche” includes the Accademia di Santa
Cecilia in Rome, which was not considered in this study due to its different mission:
Santa Cecilia is mainly focused on concerts. Similarly skipped were the twenty-eight
minor “Teatri di tradizione” (“traditional theatres”), which aim to promote, facilitate
and coordinate musical activities — Opera among them — on a local scale. We therefore
considered the thirteen Opera Houses in Table 1.

Table 1. Italian Opera Houses, their towns, and B2C websites, August 2016.

Fondazione Petruzzelli e Teatri di Bari | Bari www.fondazionepetruzzelli.it
Teatro Comunale di Bologna Bologna | www.tcbo.it

Teatro Lirico di Cagliari Cagliari | www.teatroliricodicagliari.it
Maggio Musicale Fiorentino Firenze | www.operadifirenze.it
Teatro Carlo Felice di Genova Genova | www.carlofelicegenova.it
Teatro alla Scala di Milano Milano | www.teatroallascala.org
Teatro San Carlo di Napoli Napoli | www.teatrosancarlo.it
Teatro Massimo di Palermo Palermo | www.teatromassimo.it
Teatro dell’Opera di Roma Roma | www.operaroma.it

Teatro Regio di Torino Torino | www.teatroregio.torino.it
Teatro Lirico Giuseppe Verdi di Trieste | Trieste | www.teatroverdi-trieste.com
Teatro La Fenice di Venezia Venezia | www.teatrolafenice.it

Arena di Verona Verona | www.arena.it
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3.2 Testing Mobile-Friendliness

The concept of mobile-friendliness has been formally used by the World Wide Web
Consortium (W3C) — whose mission is “to lead the Web to its full potential” — since
2005 [53]. The deliverables of the Mobile Web Best Practices Working Group
(BPWG) of the W3C include the W3C Recommendation on “Mobile Web Application
Best Practices” [54] released on December 14, 2010. They have come with the W3C
mobileOK Checker, subtitled “Is your Web site mobile-friendly?” The debate on
“Standards for Web Applications on Mobile” is still ongoing [55], but the Recom-
mendation has not been updated after August 2015, and the W3C mobileOK Checker
has been disabled [56].

To investigate the mobile-friendliness of the official B2C websites of Italian Opera
Houses, or “Fondazioni Lirico-Sinfoniche”, a more recent tool was used: the Google
Mobile-Friendly Test (MFT) [57]. The MFT belongs to a group of Google webpages
related to mobile-friendliness [58], which developers worldwide have been induced to
consider as a de-facto standard since early 2015. Starting from April 21, 2015, Google
has “expand[ed] its use of mobile-friendliness as a ranking signal, [...] affect[ing]
mobile searches in all languages worldwide and hav[ing] a significant impact in Google
Search results” [59]. The move had been announced two months before.

The MFT is basically a Boolean test, i.e. it states whether the relevant webpage
“appears to be” — or not to be — “mobile-friendly”. In case it does not, the MFT lists the
problems it has identified (though limited to a checklist of potential “usability issues”
acknowledged as such, see Table 2), and recommends visiting the “Make this page
mobile-friendly” webpage, where Google advice is offered to that purpose.

One more factor, download time, has been considered, as it influences mobile
experience [60, 61]. Consequently, this study has used another tool made available to
web developers by Google: the Google PageSpeed Insights [62]. This tool provides
percent evaluations of download speeds from mobile devices, presented as results of
compliance assessments based on a checklist of 10 speed-related recommendations, as
for example, optimise images, minify HTML and reduce server response time. Similar
percentages are supplied for desktop navigation. The relevance of download time to
mobile friendliness has been confirmed by a recent choice of Google: from June 2016
PageSpeed Insights has moved the User Experience test for mobile pages into the
Mobile Friendly Test [62].

In order to gather more data, and compare them with those provided by Google,
download times from the websites of the Opera Houses were also recorded through
Pingdom [63], a free web tool which tracks the uptime, downtime, and performance of
websites. Based in Sweden, Pingdom monitors websites from multiple locations
globally so that it can distinguish actual downtime from routing and access problems
[64]. For each of the Opera Houses’ websites, data about download times were
obtained through Pingdom from servers in Stockholm (Sweden), New York, NY
(USA) and Melbourne (Australia).

Similar tools are currently available, like WebPageTest or VarVy. They add to the
range of no-cost opportunities which website managers can use to gather dedicated and
relevant data in terms of mobile-friendliness and page speed (Table 3). Website
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Table 2. Mobile-friendliness usability issues acknowledged as such by Google and their

meaning

Flash usage

Viewport not
configured

Fixed-width viewport
Content not sized to
viewport

Small font size

Touch elements too
close

Interstitial usage

Most mobile browsers do not render Flash-based content. Therefore,
mobile visitors will not be able to use a page that relies on Flash in
order to display content, animations, or navigation

This tag tells browsers how to adjust the page’s dimension and
scaling to suit the device

This report shows those pages with a viewport set to a fixed width
This report indicates pages where horizontal scrolling is necessary to
see words and images on the page. This happens when pages use
absolute values in CSS declarations, or use images designed to look
best at a specific browser width (such as 980px)

This report identifies pages where the font size for the page is too
small to be legible and would require mobile visitors to “pinch to
zoom” in order to read

This report shows the URLSs for sites where touch elements, such as
buttons and navigational links, are so close to each other that a
mobile user cannot easily tap a desired element with their finger
without also tapping a neighboring element

Many websites show interstitials or overlays that partially or
completely cover the contents of the page the user is visiting. These
interstitials, commonly seen on mobile devices promoting a
website’s native app, mailing list sign-up forms, or advertisements,
can make for a bad user experience. In extreme cases, the interstitial
is designed to make it very difficult for the user to dismiss it and view
the real content of the page. Since screen real-estate on mobile
devices is limited, any interstitial negatively impacts the user’s
experience

Table 3. Tools considered in this study, those used [*], and their URLs

W3C mobileOK Checker validator.w3.org/mobile
Google Mobile-Friendly Test | [*] | www.google.com/webmasters/tools/mobile-friendly

Google PageSpeed Insights | [*] | developers.google.com/speed/pagespeed/insights

Pingdom
WebPageTest
VarVy

[*] | tools.pingdom.com
www.webpagetest.org

varvy.com

managers might also consider usability issues that were recently raised by mobile-first

approaches [8, 65, 66].

3.3 E-commerce Models

As for e-commerce practices implemented by the identified Opera Houses, they have
been assessed by visiting the B2C official websites, and taking into consideration

whether


https://www.w3.org/2016/11/mobile-checker-disabled/
http://www.google.com/webmasters/tools/mobile-friendly
http://developers.google.com/speed/pagespeed/insights/
https://tools.pingdom.com/
http://www.webpagetest.org
https://varvy.com/
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e-commerce functions were available;

e-commerce functions, if any, were purposefully developed, or outsourced;
navigation along the e-commerce process, if any, kept the Opera’s look-and-feel;
e-commerce functions, if any, allowed to choose where to seat in the theatre room.

Lastly, the availability of English editions of the B2C official websites was
checked, as it is important for promoting the Opera Houses’ seasons and performances
outside the domestic market and the e-commerce.

4 Results

The Google Mobile-Friendly Test established that three out of thirteen Italian Opera
Houses websites were not mobile-friendly when checked in August 2016 (Table 4).

Though none of them used Flash or interstitials, the data collected showed that
non-compliance — where this was the case — was total; in other words, the three
non-compliant Opera Houses looked as they had not started the process to become
mobile-friendly at all.

According to Google (Table 5), only two of the mobile-friendly websites — those
by La Scala and Arena — were found to be 100% compliant in August 2016. The latter
was positively ranked by Google also in terms of mobile download speed (74%), while
La Scala performed considerably worse under this respect (49%). More analytical data
collected through Pingdom substantially confirmed the overall results from Google.
Download times tested from different continents, however — significantly worsening
with physical distance — suggested that no specific policies were adopted by none of the
identified Italian Opera Houses as far as Content Delivery Networks (CDN) were
concerned. Among the non-compliant and less proficient Italian Opera Houses web-
sites, the Teatro Regio’s (Turin) was at least relatively fast, while the Carlo Felice’s
(Genoa) apparently added time-consuming download to non-compliance.

All the mobile-friendly websites by the identified Opera Houses appeared to have
adopted a responsive approach.

As for e-commerce, ten out of the thirteen Opera Houses identified had imple-
mented e-commerce functions by August 2016 (Table 6). The shopping carts’ web-
pages invariably sported brands of their outsourced developers or shared platforms,
indicating that none of the e-commerce functions had been built in-house. Differences
were instead found in graphic environments, depending on whether the Opera Houses’
online customers were directed to:

1. the home page of a ticket-selling platform, with no further indications;
2. a specific page of a ticket-selling platform, with the platform’s look-and-feel;
3. a specific page of a ticket-selling platform, with the Opera House’s look-and-feel.

The last case — i.e. where the customer is not abruptly carried somewhere else — was
clearly the best, though only the websites of Maggio Musicale (Florence), La Fenice
(Venice) and La Scala (Milano) kept the Opera House’s look-and-feel along the pur-
chase process. La Scala, actually, took customers to a different browser’s window,
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Table 4. Italian Opera Houses, mobile-friendliness usability issues identified by Google, and
Google-evaluated mobile
mobile-friendly)

user

experience

percentages,

August

2016 (~ partially

Opera
House

Flash
usage

Viewport
issues

Content
not
sized

Fonts
too
small

Touch
elements
too close

Interstitial

User
Experience,
as quantifed
by Google

Mobile-friendliness

Fondazione
Petruzzelli e
Teatri di
Bari

Teatro
Comunale
di Bologna

98%

65%

Teatro
Lirico di
Cagliari
Maggio
Musicale
Fiorentino

99%

97%

Teatro Carlo
Felice di
Genova

58%

Teatro alla
Scala di
Milano
Teatro San
Carlo di
Napoli

100%

91%

Teatro
Massimo di
Palermo

96%

Teatro
dell’Opera
di Roma
Teatro
Regio di
Torino

92%

68%

Teatro
Lirico
Giuseppe
Verdi di
Trieste
Teatro La
Fenice di
Venezia
Arena di
Verona

90%

99%

100%
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Table 5. Italian Opera Houses, download performances according to Google (Mobile and
Desktop, percentages resulting from compliance assessments) and download times according to
Pingdom (seconds), August 2016

Opera House Mobile | Desktop |Stockholm | New Melbourne
York
Fondazione Petruzzelli e 14% 18% 3.36 4.27 12.14
Teatri di Bari
Teatro Comunale di Bologna | 56% 68% 1.64 2.55 6.18
Teatro Lirico di Cagliari 35% 14% 2.45 4.14 9.29
Maggio Musicale Fiorentino 56% 69% 1.87 3.81 10.44
Teatro Carlo Felice di 31% 35% 6.53 8.55 17.88
Genova
Teatro alla Scala di Milano 49% 63% 3.23 5.32 8.97
Teatro San Carlo di Napoli 45% 32% 1.22 2.12 6.18
Teatro Massimo di Palermo 68% 87% 1.39 2.38 6.16
Teatro dell’Opera di Roma 72% 87% 1.41 3.22 4.40
Teatro Regio di Torino 67% 78% 1.11 2.73 6.84
Teatro Lirico Giuseppe Verdi | 34% 10% 1.88 3.39 7.81
di Trieste
Teatro La Fenice di Venezia |34% 40% 2.16 7.97 12.87
Arena di Verona 74% 90% 0.64 1.56 4.93

Table 6. Basic e-commerce strategies by Italian Opera Houses, August 2016 (~ look-and-feel
of La Scala website only partially kept)

Opera House e-commerce | Same look-and-feel | Interactive plan
Fondazione Petruzzelli e Teatri di Bari

Teatro Comunale di Bologna X X

Teatro Lirico di Cagliari

Maggio Musicale Fiorentino X X X

Teatro Carlo Felice di Genova
Teatro alla Scala di Milano
Teatro San Carlo di Napoli
Teatro Massimo di Palermo

Mo xR

Teatro dell’Opera di Roma

Teatro Regio di Torino

Teatro Lirico Giuseppe Verdi di Trieste
Teatro La Fenice di Venezia

PRI R X M

Arena di Verona

where only details of La Scala graphic brand (the background color and the logo) were
kept. The Opera Houses from Bari, Cagliari and Genoa did not provide e-commerce
functions at all.
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As for m-commerce, the difference between mouse-driven desktop design and
gesture-driven touch-screen design is still a general theme, as is the interface size in
e-commerce. Choosing a seat in an Opera theatre may be crucial for the purchase
process, while interacting with the plan of an theatre through a smartphone is
ergonomically unfriendly.

None of the visited e-commerce pages seemed to comply with mobile-friendliness
needs, with the exceptions of instances of 1 (the home page of a ticket-selling platform
with no further indications), where the relevant ticket-selling platform’s website was
itself mobile-friendly. Specifically, interactive plans of the theatre — which Opera
websites frequently make available, allowing customers to choose where to sit —
showed usability issues when navigated through mobile devices: content was not sized
to viewport.

With regard to the languages used, eight out of the thirteen Opera Houses websites
were found to provide English editions by August 2016 (Table 7) besides Italian. The
Italian content was not always entirely translated, or translated in due time.

Table 7. English editions of Italian Opera Houses websites, August 2016

Opera House English edition | Mobile-friendly English edition

Fondazione Petruzzelli e Teatri di Bari
Teatro Comunale di Bologna

Teatro Lirico di Cagliari
Maggio Musicale Fiorentino
Teatro Carlo Felice di Genova
Teatro alla Scala di Milano X X
Teatro San Carlo di Napoli

Teatro Massimo di Palermo

Teatro dell’Opera di Roma

Teatro Regio di Torino

Teatro Lirico Giuseppe Verdi di Trieste
Teatro La Fenice di Venezia

P I B B B

Arena di Verona

With the exception of the Teatro Regio (Turin), the Italian Opera Houses which run
English editions of their websites also grant those pages’ mobile-friendliness. Pecu-
liarly, the most mobile-friendly of all the identified websites — the Arena di Verona’s —
only provides an Italian edition.

5 Discussion, Conclusions and Future Research

In our study, the thirteen Italian Opera Houses fully recognized as such were consid-
ered, including milestones in the world history of theatres like La Scala in Milano, La
Fenice in Venice, and the Arena di Verona [24].
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The goal of the study was to investigate the mobile web strategies of Italian Opera
Houses focusing on the mobile-friendliness of the official B2C websites and on their
m-commerce models.

The analysis of the mobile web strategies of the Opera Houses was based on a
systematic process and free web tools.

First, the websites of the Opera Houses were tested against Google MFT [57],
PageSpeed Insights [62] and Pingdom [63], in order to state their mobile-friendliness.
These tools were chosen because of their consistency, reliability, ease of use and
constant updating.

Second, the availability of e-commerce options was checked, as were their possible
outsourcing — considering whether brand awareness and perception were preserved —
and usability through mobile devices [65].

Finally, due to the need of targeting a wider international audience, and of a wider
marketing effort to promote Opera as a tourist attraction, the availability of
English-language versions was considered.

The results of our study reflect an unsatisfactory situation. None of the thirteen
Opera Houses fully embraced a mobile web strategy. Three out of the thirteen Italian
Opera Houses websites were not mobile-friendly at all, while only two of the
mobile-friendly websites — those by La Scala and Arena di Verona — were found to be
100% compliant. Even cases where Google tests assess a 100%-good mobile experi-
ence fall under the usability problems raised by mobile-first approaches [8, 65, 66]
(e.g., the horizontal navigation adopted by La Scala website in its home page).

From a technical point of view, the results highlight the predominance of
responsiveness, adopted by all the ten mobile-friendly websites.

With regard to e-commerce policies, ten out of the thirteen Opera Houses allow to
buy tickets online, and an outsourcing model is adopted — that is the transaction is
supported by an external platform — but only three of the e-commerce carts found keep
their Opera website’s look-and-feel.

Concerning the languages used, eight out of the thirteen Opera Houses provide an
English version. The Italian content was not always entirely translated, or translated in
due time.

Italian Opera houses could use the results of our study to improve their mobile web
strategies. In particular, results suggest that Opera Houses should revise their e- (and in
turn) their m-commerce functions — supplying specific webpages from a ticket-selling
platform, where the Opera House’s look-and-feel is kept and the zooming feature of the
theatre’s plan is implemented to help the purchase process — and provide or improve
their English content.

The process to analyse mobile web strategies that our study adopted — checking
mobile friendliness, e-commerce and the availability of English-language versions —
can be used for other sorts of cultural heritage institutions, like theatres, museums, art
collections, or historic sites.

Future research is related to three areas: (a) analyze dedicated apps produced by
Italian Opera Houses, in relationship with their web presence strategies; (b) extend the
study to the “Teatri di tradizione”; (c) identify best practices to promote Opera as a
tourist attraction through mobile devices.
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A preliminary scouting of apps highlighted that only two of the Opera Houses
considered in this study had produced a dedicated app by May 2016, while similar
projects for kids were started but came to a halt. On the other hand, almost all the Opera
Houses identified had lively social profiles on Facebook, Twitter and YouTube [67].

The second area of future research, concerning the “Teatri di tradizione”, aims to
cover all the Italian theatres where Opera is performed, even if not on a regular basis,
taking into account their different missions and funding mechanisms.

Finally, the third area moves from the critical issues identified when assessing the
websites of the Opera Houses: only a couple of them provide information on how to
plan a trip that includes attending one or more performances, and even basic infor-
mation on how to get to the theatre, or on the building as a place to visit, is missing.
This area should also survey the websites and the apps of the tourist destinations where
the theatre is located, to check if and how it is listed. [68]

References

1. Rasinger, J., Fuchs, M., Hopken, W., Tuta, M.: A customer based approach to discover
accepted mobile information services in tourism. In: Research@EyeforTravel, London, 5-6
June, pp 31-46 (2006)

2. Buhalis, D., Law, R.: Progress in information technology and tourism management: 20 years
on and 10 years after the internet - the state of eTourism research. Tour. Manage. 29(4) 609—
623 (2008). doi:10.1016/j.tourman.2008.01.005

3. Lee, J.K., Mills, J.E.: Exploring tourist satisfaction with mobile experience technology. Int.
Manage. Rev. 6(1) 92-102 (2010). doi:10.1007/978-3-211-69566-1_14

4. Schneider, S., Ricci, F., Venturini, A., Nota, E.: Usability guidelines for WAP-based travel
planning. In: Gretzel, U., Law, R., Fuchs, M., (eds.) Information and Communication
Technologies in Tourism 2010, pp. 125-136. Springer, Vienna (2010). doi:10.1007/978-3-
211-99407-8_11

5. Wang, D., Park, S., Fesenmaier, D.R.: The role of smartphones in mediating the touristic
experience. J. Travel Res. 51(4), 371-387 (2012). doi:10.1177/0047287511426341

6. Peltier, D.: 6 charts that show mobile booking’s gain on desktop around the world. Skift
(2015).  http://skift.com/2015/09/19/6-charts-that-show-mobile-bookings-gain-on-desktop-
around-the-world

7. Abramovich, G.: July fourth online travel spend to top cyber Monday (2016). http:/www.
cmo.com/adobe-digital-insights/artic