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Abstract

With the advances in information technology and its increasing impact on humans and society,
there has been an expanding need to spread knowledge from domain to domain. This need is not
least in the area of human-computer interaction, which includes a rich culture of carrying out
usability evaluations in many different domains and technology platforms. This paper aims to show
how transfer of methods takes place, by explicating and formalizing the process. It will contribute to
the quest for knowledge on the constituents of the process of transferring methodological
knowledge and their relationships. A sectoral system of innovation approach is used to analyse the
constituents of a selected sector, crisis management, where training is essential and which is rapidly
adopting technology for operations and training. Two case studies are described where heuristics
evaluation and user testing were applied on simulation software that allows training for crisis
management. The analysis results in a process model, describing the transfer of methodological

knowledge within the sectoral system of innovation framework.



1 Introduction

Learning or studying phenomena takes place in a certain situation and when these phenomena
are placed in a new situation transformation of knowledge takes place from the old to the new.
Transfer of knowledge is researched in many perspectives, e.g. transfer of training to practice [1],
transfer of knowledge from university to industry [2] or transfer of knowledge from one domain to
another [3]. With the advances in information technology (IT) , its increasing impact on humans and
society and its requirements increasingly formed by a domain [4], there has been an expanding need
to spread knowledge from domain to domain. This need is not least in the area of human-computer
interaction, and we have seen examples involving design [5] and evaluation [6]. Transfer of
knowledge appears in miscellaneous instantiations and can be of varying degrees. Knowledge can be
adapted to new settings, technologies can be adopted by companies, and in some cases the targeting
context is so different from the original one that it calls for knowledge transformation. Shepherd and
Bleasdale-Shepherd [5] explicate a framework, design-by-adaption, with a case study that shows how
the design of a video game can be transferred to visualization of geographical data. Heuristics
evaluation is an expert review method proposed in the early nineties to evaluate the usability of
software systems [7], and has been applied in many domains, sometimes unchanged but sometimes
altered. One of many examples where the heuristics have been changed is for Virtual Environments
[6], where the original Nielsen’s heuristics have been adapted and additional heuristics based on
knowledge specific to virtual environments has been adopted. Although a number of such modified
heuristics evaluation methods have been proposed, there are few studies on their uptake [8] and
little is known about how the new methods are devised. For design and evaluation of software
systems, countless methods are applied. It has been postulated that these methods can vary from

one sector to another [9] or resources applied differently depending on the domain [10].

Regardless of what type of knowledge is transferred it entails innovation. Innovation is about
turning a new idea, product, process or service into an exploitable entity available to markets or

society. Understanding the drivers of transfers and the environment can help us understand how the
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transfer is carried out. It has been found that learning and technological contexts define the
boundaries of what can be achieved and provide a motivation for innovation. Opportunity and
appropriability conditions are believed to affect innovation, together with technological knowledge
and the attributes of the relevant knowledge [11,12]. The sources of innovation and the tools of
appropriability are supposed to differ across sectors, as summarised by Malerba [13] with reference
to Rosenberg [14], Mowery and Nelson [15] and Pavitt [16]. From analysing sectoral patterns of
innovation, Pavitt concluded that there are two central attributes of innovations. One is that
knowledge is not general purpose and easily transmitted but appropriate for specific applications by
specific firms, conditioned by what they have been able to do in the past. The second one is that
there is a large variety between sectors on how important a product and process the innovations are.
In addition, the size and pattern of the sectors’ technological variations differ. Despite all this, there
is some convergence. Continuous process industries tend to focus on their process innovations,
driven by suppliers of equipment, but others, e.g. chemicals, electrical, mechanical and instrument
engineering, focus on product innovation [16]. Based on this, Pavitt [16] proposed sectoral patterns
of technical change which has three categories, supplier dominated, production intensive and
science-based sectors. He characterized the difference between these classes by different

technological trajectories: source of technology, users’ needs and means of appropriating benefits.

Malerba [13] put forward a definition of a sector as being a set of actions which are unified by
related product groups for emerging demand and which share basic knowledge. He formalized the
difference across sectors by proposing a sectoral system of innovation approach which is inspired by
evolutionary theory and the innovation system approach. Evolutionary theory emphasizes operators
of change as creation of variety, replication and selection, but bounded by the technology,
knowledge base and the organizational context [17]. For example, evolutionary theory has been
applied to investigate the evolution of software based on the fundamentals of variation which are
triggered by mutation, using the operators of adoption, selection and retention [18]. Malerba’s [13]

second inspiration of a sectoral system, the innovation system, considers innovation as an iterative,
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collective process which is interactive among a variety of actors. Actors and networks, among them,
knowledge, technologies and institutions form parts of a sector. The sectoral system of innovation
framework highlights five aspects: supplies, demands and markets in the innovation process; firms
and other types of agents such as universities; non-market and market interactions such as exchange,
co-operation, competition and command; and a process of transformation of the sectoral system
instead of static sectoral boundaries [13]. Perhaps, it is not least this last aspect which is interesting
for our work, i.e. that a sectoral system changes and transforms, even creating emerging new
sectoral systems evolving from several existing ones. Underlying the five aspects above are three
main building blocks of a sectoral system. The first one is knowledge and technology, the second one,
actors and networks and, the third, institutions. Malerba validated his proposed model by analysing
five major sectors with respect to innovation. The five sectors, pharmaceutical and biotechnology,
telecommunication equipment and services, chemicals, and software and machine tools, were
selected because change in technology has been rapid and innovation has played a large role in their
growth. Using an analogous methodology we aim to analyse the crisis management sector, but
focusing on case studies that show how it has or needs to innovate evaluation methods. To explicate
how the transformation method has taken place, we have attempted to model it within the sectoral

system of innovation framework as depicted in Figure 1.

For the discussion in this paper, it is useful to postulate that development activities applying
various design and evaluation methods are included in the set of actions that constitute a sector and
help develop related software products for emerging demands. In analysing these actions we will
study how the development activities are specific to sectors. A major driver of advancing and
applying evaluation methods is the need to improve the development process, resulting in more
efficient software development and better and more valuable products than possible before. Using
the aspects of a sectoral system [13], methods are developed and used by actors, i.e. practitioners,
scientists, firms, universities and their networks. The Twintide project (http://www.twintide.org/),

within the COST framework, is an example of a network where people collaborate on researching
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methods transfer between sectors for the design and evaluation of interactive systems. In addition to
the individuals of Twintide, their universities and research institutions form a network of
collaboration. When participating in conferences or standardization bodies, the Twintide project or
its members link to other networks which exist formally or informally. The knowledge and
technologies of evaluation methods are general or specific to sectors, e.g. games, learning, health
and security. The technologies applied by evaluation methods vary from simple audio recording and
automatic analysis of usability to eye tracking. The software’s technological aspects have a large
impact on evaluation methods for interactive systems. Thus, there are evaluation methods for
mobile systems, web systems and virtual environments [6]. Another side, the social side, as in
collaborative systems, categorizes evaluation methods [19]. Depending on the goal of the analysis,
sectoral systems can be defined broadly, e.g. by agriculture, construction and software, and narrowly
by product segments such as databases. The core of a sectoral innovation system is the demand for
a product and its evolution. Demand is not seen as generated by a homogeneous user group but by a

heterogeneous group which interacts internally and with the producers.

Advances in domains [20], technologies or systems, e.g. complex systems [21], has continuously
driven the evolution of methods, but how this takes place has been less researched, i.e. what are the
processes of transfer in the innovation system as a collective, interactive, iterative course between
actors. To motivate identification of this knowledge we will present two case studies from evaluation
methods of interactive systems of crisis management training. Crisis management is a complex sector
drawing knowledge from a number of organizations and is under pressure to deliver high quality
service in situations where lives and properties are at stake. The sector is advancing, for example
with increased transportation of people and goods, and crisis management in the area is increasing
in scale and scope while simultaneously benefitting from advances in IT to support operations. Since
actors cannot rely on operations for their training, planned training is of utmost importance. Rooted
in this demand and because of the opportunities in IT, there is on-going development on how

training is carried out. By studying this complex sector that draws knowledge from different angles
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and is evolving, we think that we can learn substantially about the evolution and innovation that
takes place. We will contribute to the study of evolution of methods by presenting guidelines for
identifying and describing components of methods transfer. Only by learning how the transfer of
methods happens are we able to explicate it and formalize it, and propose how the transfer can be
improved. Implicitly, with this research, we hope to contribute to the quest for knowledge on the
constituents of the process of transfer of methodological knowledge (i.e. parts of the procedure) and

their relationships within the sectoral systems of innovation approach.



Table 2 shows the structure of the sectoral system of innovation which was used to identify
knowledge on transfer of methodological knowledge. The structure shows the three basic building
blocks of a sectoral system and two dimensions describing its transformations, which can be
described using evolutionary theory and actions of innovation. We hope that having analysed the
crisis management sector, a complex sector potentially rich in innovations, our guidelines will also

apply when describing transfer of methods in other sectors.

The next section starts by describing crisis management and its training. After describing crisis
management as a sectoral system of innovation, the section describes two case studies of
transferring two evaluation methods, heuristics evaluation and user testing. Section three on
methodological conclusions formalizes through abstraction the process of transferring method
knowledge between sectors. Furthermore, it describes how this model can be general for others

wanting to transfer methodological knowledge.

2 Crisis Management - A Sectoral System of Innovation

2.1 Crisis Management and its Training

Crisis management is about responding to a mass-casualty incident by rescuing, attending to
casualties, transporting resources to the scene of the incident as needed, and transporting casualties
safely to hospitals or other institutions where they receive medical treatment according to certain
priorities. The overall objective is recovery of normal operations while minimizing the effect on
people and property. Crisis management involves work in the field, rescuing, caring for casualties,
and transporting them to hospitals and, in command and co-ordination, managing and ensuring that
resources are available, responding to changing situations and mitigating risks. Since the necessary
crisis response often occurs away from hospitals or other medical institutions, one of the challenges

for actors is that they lack access to the same resources as they have in normal surroundings and the
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need for resources can be sudden and overwhelming. This calls for strict prioritization and utmost
organization which is implemented with command and co-ordination in a certain hierarchy which can
vary between nations [22]. Inevitably, communication and flow of information is an essential part of
crisis management. Another characteristic of crisis management is the involvement of stakeholders
from several organizations such as police, fire and rescue groups, medical teams, the Red Cross, local,

national and international authorities.

Crisis management is organized according to a prescribed plan, e.g. an airport plan, which needs
to be trained for regularly according to regulations specified by international authorities and
implemented by national ones. Training in the implementation of such a plan is required periodically
and can be specified as a whole task and part task [23]. A whole task is one that takes place in a real
environment and includes the problem, the tasks to solve the problem, operations of the tasks and
actions comprising the operations [24]. The training is carried out in various forms. One is a real-life
exercise requiring a large number of participants from all stakeholders; another one is a part task
exercise; and a third one is a table-top exercise for exercising logistics, command and communication.
An important part of such exercises is to set them up, stating their learning objectives, creating
realistic scenarios of different difficulties, and after the training to review its outcomes, pointing out

problematic areas and successful training.

Because of the strict training requirements that are expensive, there is a constant search for
efficient means of training. With the development of information technologies there has been
research on crisis management training using the concepts of serious games, for example in virtual
environments [25]. Intrinsic parts of such training systems are various advanced technologies
including interactive technologies, instructional design [26], intelligence of actions of avatar players,
intelligence to create random, variable events or stimulus [27], and random consequences of actions.

Creating such scenarios requires a powerful training planner and a tool for carrying out an effective



after action review [28]. Such an after action review is a valuable input to continuous improvement

of operations and training.

2.2 A Sectoral System of Innovation for CM

Prior to discussing case studies of the transfer of methods to the crisis management sector, we
describe its sectoral system of innovation (Table 2). The sectoral system for crisis management will
be described from the perspective of its building blocks, i.e. knowledge, technologies, actors,
networks and institutions. As an integral part of this system, training is discussed in terms of each of
the aspects. We conclude the section by discussing crisis management in more detail from the

perspective of evolutionary theory and the innovation system.

The knowledge base of crisis management has developed since its onset at the beginning of the
twentieth century [29], formally established by Lindemann [30]. Knowledge has developed most
closely within a national system of crisis management and within a specific sector, such as transport,
or even more narrowly in air, maritime, or terrestrial transportation. In some cases, knowledge
develops across national boundaries, such as when the Eyjafjalla Glacier erupted in 2010 and thus
affected the airspace of Europe and beyond, inhibiting air transport within and to Europe [31,32].
Although it affected people and property, fortunately this crisis did not cause any deaths, but it
exemplifies well a case where national institutions in many countries had to respond to and resolve a
crisis. This motivated research in the area of advancing knowledge and, as in the case of the Eyjafjalla

Glacier eruption, it is likely that knowledge in the sector will progress with each new crisis.

Various technologies are a part of the different disciplines of crisis management, e.g., fire, rescue
and medical aid. Communication technologies are an essential part of command and co-ordination
and need to be reliable and widely accessible. Implemented with GPS technology, tracking resources,
whether they are vehicles or people, can be of great help for managing logistics. Information
technology has entered command centres via databases of resources, tasking of responders, maps
and electronic whiteboards. General technological advances and the need for improvements of
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operations are the drivers of technology progress within crisis management. The technological
advances are constrained by the contexts of crisis management, which is partly in the field, or in

settings which are without the necessary infrastructure.

Knowledge of training in crisis management is an aggregate of the crisis management discipline
and instructional design. Instructional design can cover a broad area, including technological
advances that offer more efficient training. Training in crisis management simulators, set in virtual
environments, is one such example. One of the challenges of these instructional designs which
develop in parallel to knowledge of crisis management is to keep up with the technological and

knowledge advances achieved in crisis management.

The actors of crisis management are members of different professions, including various
disciplines, crisis medicine, crisis counselling, fire engineering, air traffic control, rescue and search
and logistics. Varying between countries, volunteers working alongside professionals form the set of
actors. Members form networks, but mostly within their own professions, except at the command
level, where there are likely to be opportunities for network forming. Networking takes place
between scientists, crisis management operations, instructors and firms offering technological

systems and are materialised at conferences or other similar venues.

Institutions of crisis management instigate rules and regulations regarding quality and set the
framework for response. National institutions especially play a large role and, to a lesser degree,
international ones. In the area of crisis management there are communities such as Information
Systems for Crisis Response and Management, ISCRAM (http://www.iscramlive.org/portal/). These
institutions are likely to provide opportunity for knowledge exchange and interdisciplinary

interaction.

Crisis management, as a sectoral system of innovation, evolves via learning from crisis operations

and training. After-action review is a large part of the crisis management culture and motivates
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evolution through learning. Hence, there is a selection of methods and processes, transfer from
science and replication from crisis management in different areas, e.g. transport or chemicals, or
disciplines which constitute crisis management. Variety creation may take place in different contexts
of crisis management, e.g. small or large operations, and from offerings of different technologies.
The innovation process is highly iterative and collective through interaction between different
organisations and actors. During crisis response actors from organizations collaborate closely and a
national system of innovation is prevalent. In research of software applications of crisis management
training we have seen examples of replication and adaptation of training simulators from other areas,
e.g. from games [33]. In crisis management there is high demand for innovation, created by users, by
national systems, and by stakeholders who drive the quest for continuous improvement. Regardless
of operations or training, learning from past experiences is a major motivation for this innovation.
Every crisis or training activity brings about a number of issues that need to be addressed in the

follow-up [34].

To research and develop technologies and methods for crisis management training with the aid
of software, the CRISIS project (http://idc.mdx.ac.uk/projects/crisis/) set out to develop an
integrated training environment for field and command exercises. The objective of the project is to
include a planner of exercises, a training module and a tool for after-action review. The technologies
include innovative user interfaces, decision support, instructional design and knowledge extraction.
Twelve training gaps and requirements using the 4C/ID instructional design [35] have been identified
as a result of a thorough requirements analysis which entailed interviews, questionnaires and

observations at three different end user sites in as many countries, spanning air and train transport.

In the next two sections we give examples of methods transfer to the crisis management sector
and analyse them with respect to a sectoral system of innovation, emphasizing building blocks and
the process that was needed to transfer the methods. Both examples describe case studies of

methods that are used to evaluate the usability of a prototype of the CRISIS system. The methods
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are heuristics evaluation and user testing. What motivated us to use these examples is that they have
been used for several decades by practitioners [36,37] and studied extensively by researchers [38].
They have been used in many application domains. From the perspective of the initial proposed
versions of these methods, they have been adapted and they have evolved to what can be seen as
new methods, sometimes radically different from the original versions. However, to the best of our
knowledge there have not been any studies where components of sectors have been analysed for
the variability between sectors with respect to development activities, specifically, and the evolution

of methods.

2.3 Heuristics Evaluation of CRISIS - A Case Study of Methods Transfer

2.3.1 Building blocks

Evaluation methods for interactive systems span a wide area from several disciplines, all aiming
to evaluate human-computer interaction with the objective of improving the system’s user interface
or assessing its conformance to some quality, for example usability, user experience, accessibility or
safety [39]. One can argue that evaluation methods of interactive systems constitute its own sectoral
system of innovation, where the products are evaluation methods with demands from interactive
designers and product developers who share some basic knowledge. However, since the intricate
sides of domain knowledge, here crisis management including training, have such a vast impact on
the usability of professionals’ work [40], we claim that they cannot be studied in isolation. Thus, we
opt to view the evaluation methods of interactive systems as a part of the crisis management
sectoral system of innovation. It follows that evaluation methods and their applications are included
in the set of actions that constitute the crisis management sector. Whereas in the previous section
we mostly excluded development activities as a subset of action of crisis management, in the
forthcoming and the next case study, we add these and look at their integration with the main
actions. In our description of the sectoral system we have made this assumption by including

knowledge, technologies, actors, networks and institutions of the developers of the products,
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regardless of their types, e.g. airport plans, communication systems, resources databases, resources

trackers, learning objectives, and instructional designs.

As introduced above, we set out to evaluate the interactive aspects of a Crisis Management
Training Simulator (CMTS), i.e. its usability, early in its developmental phase. In the search for a
method of evaluation we decided to use a well-known method called heuristics evaluation[41]. It is
an inspection method, requiring experts in interactive technologies and usability. It is based on ten
heuristics which are applied as the user interface is examined, often while carrying out a predefined
set of tasks. Double specialists, having expertise both in usability and the particular kind of interface
being evaluated, do better. The issue of expertise and evaluator effect has been much researched,
although more apparent in user testing [42]. While Nielsen [43] only discussed experts having
knowledge in a particular user interface, Folstad and colleagues have researched a related type of
expertise, i.e. those having knowledge in the work domain [44]. The underlying motivation is still the
same, developing a method that is efficient and produces an outcome with the highest validity and
persuasion. In heuristics evaluation, an inspector examines the user interface and records any
usability problems and labels them according to one or more of the heuristics. If more than one
inspector carries out the evaluation, problems are consolidated into a list of unique problems. The
frequency of a problem gives information on how many inspectors uncovered it. Sometimes the
severity of each problem is rated, from minor to major, depending on the impact it is expected to
have on the user. Besides rich knowledge on the original method of heuristics evaluation, there have
been many derivatives developed with different objectives. One is to make it more efficient, such as
Participatory Heuristics Evaluation [45], HE extension [46] and (MOT) [47]. Another motivation is to
change the perspectives of evaluations to, for example, user experience [48]. A third goal is to create
heuristics sets that are specific to particular application domains. Ling and Salvendy [49] have

provided a comprehensive analysis of the different derivatives of heuristics evaluation.
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Searching for a suitable heuristics list and resources to evaluate an early prototype of CMTS we
found a heuristics list designed for virtual environments which we label S&G [6]. Hvannberg et al. [8]
described in detail the exploitation of S&G and its application to CMTS. Below, we describe how the

method’s transfer to crisis management has taken place.

Using the framework of sectoral systems of innovation to describe heuristics evaluation as a set
of actions in a sector, we recognize that knowledge of heuristics evaluation methods is quite rich. It
has been developing since its introduction in 1990 [41] and outlived many other usability inspection
methods [50]. Its evolution has been towards more efficient methods and to specialized fields for
different sectors and interactive technologies such as virtual environments, games, health, web and
mobile systems. Although problems and their ratings can be stored electronically, the technological
settings of heuristics evaluation have been minor and, mostly, the evaluation is based on manual
inspections. The actors in the sectoral system of innovation are developers of interactive systems,
designers and evaluators, and the networks tend to be broad and to include other evaluation
methods. Institutions are rather scarce, but standardization bodies have built a foundation by

specifying quality frameworks and development processes for interactive systems [51,52].

2.3.2 Transfer process

Having looked at the three building blocks of a sectoral system of innovation, we now turn to
examining how it has been transformed, explicating the innovation system and using the operations
of evolutionary theory. When the S&G list [6] was used to evaluate the CRISIS prototype two lists of
tasks were used for two collaborating roles that are typical in crisis management. To help inspectors
learn and be in line with the heuristics list a set of conformance questions was designed [53]. These
guestions were meant to guide inspectors to achieve accurate results because of the complex
heuristics list for a virtual environment. An example of such a conformance question for the
heuristics of Clear turn-taking: Does the system indicate when taking control of the VE and when this

control is returned to the user? (e.g. are conventions of turn-taking in conversations followed?).
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Hvannberg et al. [8] concluded that while S&G was useful, only to a small extent did it address other
more complex aspects of crisis management, such as collaboration, oral communication, the effect of
noise, and learning which is fundamental to crisis management. Hence a heuristics list that is more
closely adapted to the sector needs to be developed with other types of heuristics addressing those
aspects would be needed. A valuable resource could, for example, be heuristics for co-operative
systems, as has been proposed [54], which addresses the mechanics of collaboration, including
verbal communication. Similarly, the literature shows that there are design guidelines or heuristics

on education technologies [55].

The third building block of a sectoral system of innovation is the institutions. Evaluation methods
are not rich in institutions except for the quality models that underlie them [56,57]. Cursory research
has not revealed institutions that are sector specific for evaluation methods for crisis management
training, but in other domains such as the medical domain [58] analogous institutions may set
specific requirements on evaluation. There are several conferences on human-computer-interaction
and specific ones on virtual environments and games. To an extent these include tracks on usability

evaluations, but there is no specific conference focusing on the topic alone.

To help us understand the innovation process, we turn to analysing interaction, iteration, actions
across disciplines, and learning. Hvannberg et al. [8] did show that the uptake of specialised
heuristics lists for a virtual environment is slow, but that the variety of sectors in which they are
applied is moderate. The transformation or the innovation that occurred from Nielsen’s list [7] to
Sutcliffe and Gault [6] can be seen as a collective process, using knowledge from different theories
and the work of various scientists. Interestingly, this transformation process was similar to the one

which was applied when Nielsen proposed the original heuristics list.

By looking at how the S&G list has been exploited, a number of interactions between actors can
be seen. One is a relationship between evaluators and designers [59]. Until now, there has been no
investigation on how the resulting problem list, using this slightly evolved method, was perceived by
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developers of the prototype, but interaction with other actors (e.g. product designers of crisis
management) in the sectoral system of innovation is essential so that we can see the persuasion and
downstream effect of the uncovered problems [60]. Another type of interaction is between
evaluators of different qualities. For example, in crisis management training it is essential to evaluate

the product’s usability and its training effectiveness, including its return on investment [61].

The conclusion of Hvannberg et al. (2012) is that in using the S&G list, researchers have not used
it unchanged but evolved it further by selecting items from the heuristics list. When we inspected
how it had been applied, we noticed that the uptake of a method entails some adaptation.
Undoubtedly, there are iterations of methods development, but probably with long and few cycles.
This means that the pace of change is slow, but speed of transformation is not an attribute in the
transformation process. This attribute may be interesting to research with the aim of adding it to the

transformation process model (see Table 1).

Next, we give a brief analysis of the operations of the evolutionary theory. Apart from Hollingsed,
Novick [50] there is little evidence if practice is selecting one inspection method over another. There
seems to be considerable variety creation through mutation, driven by the needs of domains, and in
part the conceptual and technological aspects of the interactive systems under evaluation.

Technologies supporting the method itself do not seem to be a driver for innovation or transfer.

The above analysis has shown that the characteristics of the crisis management training sector,
as we have defined it, influence the transfer of the heuristics evaluation method. Many of these
characteristics are not unique to the crisis management sector and can be applied elsewhere. For
example, collaboration, verbal communication, soundscapes, virtual environment, and educational
technologies are all (heuristics) technologies that can be applied in other sectors. One of the
challenges we have experienced is to find ways to consolidate knowledge of heuristics evaluation
resources, e.g. performing a composition of heuristics list to meet the need of the sector. Another

challenge is to include domain and user interface technology expertise in the evaluation. This may
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raise the need to better formalise domain knowledge. No doubt there could be further opportunities

for advancement in heuristics evaluation to tailor to the sector.

2.4 User Testing of CRISIS - A Case Study of Methods Transfer

2.4.1 Building blocks

This section describes how user testing has been carried out to evaluate CMTS. The basis for this
evaluation is a traditional think-aloud user test [62] where users are given tasks, they think aloud
while carrying out the tasks, and an observer notes any problems. Before taking on this evaluation,
we searched for different derivatives of this method that would be suitable for collaborative systems.
Of course there are many other aspects that had to be taken into account such as the domain of
crisis management, training and conceptual aspects, serious games, and technological factors such as
verbal communication in a noisy virtual environment. We decided to use a collaborative systems
framework [19] to help us choose an evaluation method. The framework is based on two dimensions.
The first one includes six variables. Three variables are associated with the goals of the evaluation as
described by McGrath [63], who states that research in social and behavioural sciences involves
somebody doing something in some situation. The variables are generalizability of the evidence over
a population of actors, precision of measurement of the behaviours, and realism of the context.
Three variables describe factors that prevent evaluators from running very costly evaluations, i.e.
specifying invested time for evaluation, the scope of the system being evaluated and its detail. The
second dimension is described by human performance levels, i.e. role-based, rule-based and
knowledge-based performance, which were adopted from Reason [64]. For our evaluation, we
decided to focus on realism, end-user evaluations and usability. Rule-based performance includes
co-ordinated activities that are carried out with decision making by people but within the constraints
of a specific plan. Since crisis management training can be considered as composed of planned tasks
with mixed control, where the environment (e.g. time of accident, resource availability) influences

the control and decisions of crisis personnel, we found that activities were best described by rule-
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based performance. Using Antune et al.’s [19] framework we decided to use Groupware
Observational Testing (GOT) [65]. Three pairs of participants playing two roles participated in the
evaluation. Altogether 14 tasks were designed to make up a realistic scenario for these roles. Each
pair was evaluated separately, with one evaluator observing each role. Audio was recorded and the
screen was captured with video. Evaluators noted down any problems. Users were not asked to think
aloud, but at the end of the evaluation two questionnaires were conducted. The first one asked users
about the effectiveness, efficiency and satisfaction of each task, and the second one was a

Systematic Usability Survey (SUS) [66].

Research on user testing has been extensive, focusing on different aspects, such as evaluators’
efficiency and their skills, comparison with other evaluation methods [67], protocols to extract data
[68], the place of the user testing, e.g. in the lab, in the field, local or remote, and analysis of its
results [69]. Knowledge coming out of this research is often targeted for practitioners. The need to
study the practical aspects of carrying out user testing in industry is visible in the literature, such as
training of usability practitioners [70], carrying out observations with the think-aloud protocol [71] or
analysing data [72]. The topic of user testing for specific contexts, whether they are technological,
sectoral or otherwise, has been prominent in the literature. Examples include user testing of mobile
platforms and virtual environments. The range of disciplines that use user testing is countless, but
the literature describes experiences in games, educational technologies and health. The list of
disciplines may be affected by the researchers’ need to investigate how user testing has to be
adapted to the relevant areas or it may be affected by the emergence, popularity and size of these

disciplines.

For user testing it may be hard to distinguish between knowledge and technologies, since much
of the knowledge on user testing, as we have described above, is on methods or, at least, ways to
carry out user testing and thus can be categorised as technologies. If we narrow the discussion on

software or hardware tools for user testing, there has been less development than on the methods.
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Nonetheless, there have been advances in technologies that can be used for observation such as
video, eye-tracking and psychophysiological meters. Hand in hand with technologies for gathering
observational data, there have been developments in their analysis such as video data [73] and

automated content analysis methods [74].

Actors of user testing are usability practitioners, users, software developers, method and
technological developers. Actors also include the buyers of the software and other stakeholders
involved in its deployment. As we mentioned above when discussing heuristics evaluation, networks
tend to be broad and include bodies interested in any type of evaluation methods or interactive

systems as a whole.

2.4.2 Transfer process

The number of methods available for collaborative systems shows that there is considerable
variety which has evolved over more than two decades [75]. Above we used the selection operator
from evolution theory to determine which method to use. The question remains, and is not
addressed in this paper, whether industry or any one sector is selecting one method over another to
be more suitable and thus potentially resulting in a method which is best. Although the collaborative
framework does not explicitly aid with the selection of the fittest, as in evolution theory, it may help

in reducing the heterogeneity of methods [13].

The SUS method has been used extensively [76] and some derivatives have been designed to
help practitioners interpret the results of individual questions [77]. Since, we were only interested in
the one value score of the questionnaire, we used it in its original form. The questionnaire asking
about effectiveness, efficiency and satisfaction of each task, mentioned previously, was used
differently for this evaluation than we had done in earlier studies. In those, we asked these questions
after each task. Since probing users after each task would have broken the flow of training, we

decided to ask users about all the tasks after the session and, thus, relied on their recollection of
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their performance and experience. Probing users in a reflective instead of concurrent manner has

been investigated [78].

One of the largest factors in the transfer was how tasks were selected for the user testing.
Several aspects needed to be taken into consideration, which are different than previous experiences.
First was the crisis management domain, second the training, third the collaboration between
trainees, and fourth the technologies used. Instead of creating a set of loosely connected tasks, a
scenario including two collaborating trainees needed to be designed where the order of tasks was
important. We can compare it with going from writing a shopping list of tasks, with some
connection between the tasks, to writing a theatre play script. This case study agreed with previous
research which has shown that task selection in complex domains is particularly challenging [40,21].
The task selection was guided by the domain and the objectives of the evaluation. The overall
objective was conformance to the domain and usability. Sub-objectives included research on users’
response to noisy environments, sound as a tool for situation assessment and navigation and the
realism and usability of verbal communication. Thus, we wanted to see if the soundscapes proved
real, i.e. whether noise from fire, fire trucks, helicopters or people’s chatter was real to users. By this
we mean whether sounds helped users to assess situations such as their urgency, whether they
helped users to navigate to or from the accident scene, and whether noise proved to be disturbing
while talking across telecommunication channels. Since we went for overall realism instead of
precision it proved challenging to include tasks to test users’ perception and response to sound,
especially since we did not include any objective instruments to measure these. Measures could have
been, for example, tracking distances from objects or analysing a higher voice pitch when close to a
noisy source. By designing tasks which required verbal communication in and outside of noisy
situations and navigation to noisy environments we hoped that this would allow us to observe users’
behaviour and assess their perception and experience. For example, we asked responders to go to
the accident scene (e.g. guided by the noise of fire engines or fire), triage casualties and report

numbers (still, in a noisy environment) to an on-scene commander who was in quiet circumstances.
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The method application leaves much room for improvement, hopefully motivating future
transfers of evaluation methods for this sector. There were two major concerns. One concern was
the lack of good instruments to assess sound perception and verbal communication usability. The
second one was the use of prescribed tasks, or scripting, for evaluations. This evaluation showed that
reliance on these prescribed tasks affected users, but this is a problem in any scripted training where
fidelity of training [79] is less than in a real situation. Instead of reacting to the situation at hand,
trainees start to follow a script too closely. We conclude that for evaluation methods to evolve and
to meet the multifaceted challenges of technology products for a domain, an interaction needs to
take place between experts in the crisis management sector, in the evaluation methods subsector, in
the fields of training simulators, games, sound and communication. Task selection alone is not a
sufficient resource for adapting to a sector. Instruments for data gathering and advanced analysis

are important too [80].

3 Formalizing transfer of methodological knowledge

3.1 Sectoral System of Innovation to describe transfer of

methodological knowledge

This research stipulated that the sectoral system of innovation with its building blocks and
transformation process could serve as a framework for describing the transfer of methodological
knowledge, especially knowledge on evaluation methods. Using the framework, two case studies of
transferring evaluation methods to the crisis management domain were studied. The next two
sections summarise the results in terms of the basic structure of a sectoral system of innovation
(Table 1) and discuss to what extent the findings of this research study are generalizable to other

sectors or other evaluation methods.

By analysing two case studies of method evaluation within the framework of a sectoral system

of innovation for crisis management, we have laid the ground for guidelines for identifying and
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explicating their transfer to a new domain. In the examples of transfer of evaluation methods we
analysed the knowledge, technologies, actors, networks and institutions which were the constituents
of the sectoral system of innovation in which the methods resided. The transformations of the
evaluation method, being a part of a sectoral system, occur via several operations, such as selection,
variety creation, composition, adaptation and replication in a collective process operating between

the constituents in an interactive and iterative manner.

What were the constituents of the process of transfer of methodological knowledge? The
recognition and description of the demand that stimulates innovation is of utmost importance. The
case studies showed that knowledge of methods develops in two directions: towards improved
efficiency and broader contexts. In the case of evaluation methods, we concluded that software and
hardware technologies as tools for these methods develop slowly. Whereas the HCl community has
long promoted user-driven methods, the sectoral system of innovation encourages defining a sector
which allows a broader perspective of actors, including, for example, various domain experts,
methods developers and technology developers. Collaboration in networks such as Twintide has
been encouraged, but the sectoral system of innovation approach encourages an advance to another
level including a broader group of actors, though within the relevant sector. By describing crisis
management training as a sector and within it two case studies of the application of methods of
evaluation , we feel that we have demonstrated that this framework can be useful and encourage
methods developers to take a broader perspective beyond design methods or technologies, but also
a more focused view on its building blocks, e.g. actors, interactions and networks, and the transfer

process.

The building blocks of the sectoral system of innovation, i.e. knowledge, technologies, actors,
networks and institutions, are not new in systems development. Domain engineering, for example,
emphasises knowledge and technologies [81]. Some of these terms, such as actors, are often

confined to users. However, what this study has analysed is the domain knowledge and the
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difference in methodological knowledge between sectors and posits that the interaction of the two
will help the transfer to new sectors and identify gaps which can stimulate innovation. Furthermore,
this process can be generalized to other sectors. Whether these building blocks are the only ones
needed, we cannot assert. There may be others or it may be useful to subdivide some of them.
Future case studies could help shed light on this. Table 3, which is a summary of the operations of
evolution applied in the two case studies, shows that all operations were applied. In both cases
notable change occurred as the methods were moved to the domain of crisis management training.
The results of the analysis shows that while transferring the methods, additional needs were
identified, which can be a stimulus for further transfer of the methods. This gap can be used as a
motivation for further innovation of the methods. It is apparent from the case studies that
knowledge had changed and even the technologies utilised. Knowledge was transferred from other
areas. With the usability evaluation of the crisis management training simulation software, new
actors enter the sectoral system, and with the CRISIS project new networks are formed. Changes in

institutions may take longer.

We cannot see any characteristics of the crisis management domain that prevent us from
generalizing operators of methodological knowledge to other sectors. Furthermore, the operators
seem to be applicable to other evaluation methods, but they may be used variably. For example,
where there is a smaller set of method variants there may be less reason to select a variant. As we
have stated above, only further case studies of the transfer of methodological knowledge will tell if
the evolutionary theory proves sufficient to understand the transfer. For example, in our case
replication was not used, but adaptation was added to the list of operators. In another example, that
of writing a scenario of selected tasks (e.g. a theatre play script), proved difficult and called for a new

resource and turned out to be too hard to label as merely selection.

3.2 How can transfer of methodological knowledge be achieved
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While we discussed the components, i.e. the building blocks and the operators, of the sectoral
system of innovation in the previous section, we will now turn to formalising how these are used to

create a modified sector.

It is unlikely that the transfer of methodological knowledge will consist of only a single step
operation but rather of several subsequent or parallel steps and, perhaps, converging to a method
which is acceptable to many. Although the transfer process may be specific for certain method
profiles, it is thought to be rather abstract. We have seen that for heuristics evaluation it may include
the evolution of the heuristics list, refinement of how each item on the list is specified, or the
resources that are used, such as the types of tasks or number of inspectors used. Figure 2 shows the
transfer process within the sectoral framework of innovation. At the onset of the transfer process,
the actors will pull knowledge and technologies from different areas, such as software technologies,
crisis management (e.g. organizational knowledge), training and design and evaluation. The transfer
process may consist of several parallel processes where all actors or a subset of actors work together
on evolution. This process is started by one or more demands, which we label stimuli, to start the
process. The stimuli to transfer methods can be different, including increased efficiency for crisis
management or evaluation methods or exploitation of the training software. As the actors co-
operate and collaborate they are bound to pull in further knowledge from peripheral areas that are
relevant for the work and are not yet part of the sector. When the actors are working together on
the transformation they may form networks or communities of practice [82]. When this process

includes several iterations, institutions, actors or institutions may change, emerge or disappear.

The transfer operations may be complex, and even more so the interactions between actors. The
example of the specialised heuristics list for a virtual environment entailed a detailed investigation
into different adjacent research areas and it was not validated until it could be used in different

settings of virtual environments. Although the overall stimulus for transfer may be assumed to be a
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demand by evaluators or the insight of researchers, they may be challenging to determine. Each

transfer operation may be assumed to be expensive, requiring thorough research studies.

To pull together the different knowledge emerging from research and practice on usability
evaluation and its evolution for different sectors, an amalgamation empowered by a large institution
may be needed. Institutions setting norms for development methodologies of software are thought
to be rather weak but those for crisis management as a whole are much stronger. The question is
how that strength interacts with and affects its various components, such as software products for
crisis management training and its development processes. On one hand there is a demand from the
actors, networks and institutions managing a crisis to carry out effective operations. This is likely to
find its way to product developers; they compete with other firms, but will they choose to be product
or process focused. If they are process focused, i.e. more inclined to think about the methodologies
they use during development including evaluation, they see this effort as likely to return an
investment. This force will push development of methods forward and encourage innovation, e.g.
through transfer. On the other hand, if they are product oriented, they are unlikely to have a rich
knowledge of methodologies; this shortage may cause stagnation in the evaluation area. Parallels
have been seen in the standardization work of software quality where there are two different forces,

i.e. product standards and process maturity standards (CMM) [83], that have been compared [84].

Although based on an analysis of different sectors other than crisis management training or the
software sector, it is interesting to look at Pavitt’s [16] sectoral patterns of technical change and the
conclusions he made from the analysis of suppliers of production equipment (mechanical,
instrument engineering), producing sectors (e.g. food, shipbuilding, motor vehicles) and science-
based sectors (e.g. producing chemicals and electrical/electronic products). Whereas innovating
firms in the first category are small and diversifying technologically little, the innovating firms in the
second category are large with a high level of vertical technological diversification and make a

comparatively large contribution to all the innovations of their principal sectors of activity. An
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analogous example from the interactive systems industry is that firms producing a software
component for an interactive system tend to be small, diversifying little technologically, whereas
firms developing innovations for software processes (such as Integrated Development Environments
including User Interfaces) are likely to make a large contribution to the principal sector of activity. In
the first case, the users and others outside the sectors are those making significant contributions.
The innovations in the second category produce their own process technology and they make
relatively large contributions to all the innovations produced in their principal sectors of activity. In
contrast, the firms in the first category produce a relatively high proportion of their own process
technology, but the main focus of their innovative activities is the production of product innovations

for use in other sectors.

If we draw parallels with the crisis management sector we should expect that this sector, as a
production (or service) sector, will mainly innovate within the sector but in order to make a relatively
high level of vertical technological diversification into equipment related to their own process
technology. On the other hand, a company within the evaluation methods subsector has the
potential to diversify through its large customer base of different industries, including crisis
management. A firm focusing on evaluation methods has specialized knowledge in evaluation
methods but the industry, e.g. games, automobile or crisis management, provides expertise from its
users (e.g. evaluators and developers). Thus, this firm has a potential to expand its markets through

its users.

Technological products have entered the crisis management sector of innovation for operations
and for training (e.g. XVR Virtual Training for Safety and Security Professionals from E-Semble —
www.e-semble.com). Such developments are likely to be expensive and take a long time to perfect in
interaction with the other actors and networks in the sector. From the software methodological
perspective it is well known that shifts in paradigms have spurred new technological developments.

Examples are Integrated Development Environments tailored for modelling (e.g. ArgoUML from Tigris
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(tigris.org)) and project management tools for agile development (e.g. ScrumWorks). Some are open-
source developments and others are proprietary software. Different types of networks are formed
around these. Communities for individual products target mainly users, but there are examples of
networks of firms providing a common platform or quality assurance (e.g. Collabnet [85]). In some
of the technologies for interactive systems evaluation the same can be seen, e.g. for websites. A lack
of obvious drivers to innovate evaluation methods, i.e. that no firms desire to innovate them into
products, may dampen any interest in transferring them between sectors and hence evolving them.

This may be the Achilles’ heel of evaluation methods.

4 Conclusions

In this paper, a sectoral system of innovation approach has been used to analyse the constituents
of a selected sector, crisis management training. Two case studies were described where heuristics
evaluation and user testing were applied with simulation software that allows training of crisis
management. The analysis showed that the transfer of methods to the crisis management sector can
be adequately described using the framework. The analysis resulted in a process model, describing
the transfer of methodological knowledge within the sectoral system of innovation framework. The
process model consists of the components of the framework but emphasizes demand stimulating

transfer of knowledge and peripheral knowledge from other areas.

From the two case studies we have learned that the interaction within the sector of crisis
management is as important as the interaction with the dimensions of methodological developments
of the products used. We have learned that the sectoral system of innovation for any one domain is
so multifaceted that it is necessary to look at the interaction between its aspects, and for each aspect
its knowledge, technologies, actors, networks and institutions. The methods transfer process
explicated in this paper can contribute to the work of different actors. For researchers and method

developers, the sectoral system of innovation can serve as a tool to identify the demands of method
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transfer, the landscapes in which methods are transferred, and the transfer operations of
evolutionary theory and innovation. As methodologists, developers and usability evaluators may rely
on support from networks and institutions and be assured that inventions are created based on their
needs. Crisis managers, as instructors or trainees, are ensured that efficiency in the discipline drives
innovation in an iterative and collective process involving several actors. By monitoring the stimulus

of the transfer innovation managers can better understand the needs for methods transfer.
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Table 1 Basic structure of a sectoral system of innovation

Sectoral system

Building blocks

Knowledge and Actors and Institutions
Technologies Networks
Transformation Evolutionary theory | Variety creation Selection Replication
process
Innovation system Interaction Iteration Interdisciplinary Learning
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Table 2 Sectoral system of innovation for crisis management

Crisis Knowledge Technologies Actors Networks Institutions
management
Develops from | Fire fighting Professionals Within National and
after action equipment, and volunteers disciplines and | international

reviews

Transportation,

Telecommunication

Maps

Resource tracking

Tasking of

resources

from fire and
rescue, medical,
police, Red
Cross, airport

operators,

Instructors,
Technology

developers,

across
disciplines at
the command

level

governing
bodies on
training
requirements

and safety
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Scientists

Evolutionary | Variety Selection Replication
theory creation
Variety across | Best practices. Airport and
airports and training plans
Operators select
across nations are replicated
technology
Among
technology
providers
Innovation Interaction Iteration Interdisciplinary | Learning
system
Facilitated by | Through learning Through airport | Through
airport from training and operations and | training, e.g.
operator, e.g. | crisis incidents at command real-life and
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crisis manager

Between
operations
and
technology
provider
through
product

owner

Technology

developer with

new versions

level

Technology
developer
operators and
with other

sectors than CM

table-top

Technology
developer
through
observations
and

evaluations
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Table 3 Evolution of two case studies

Transfer operators Selection Variety Composition Adaptation Repli- | Identified gaps
applied in Crisis creation in case studies
cation
Management Training
evaluation case studies
Heuristics evaluation Heuristics list of Conformance Perspectives of
Sutcliffe and Gault was questions added communication and
selected from a variety for each sound missing.
of lists. heuristics to Collaboration included
increase partly.
efficiency.
User testing Using the Collaborative | Qualitative User testing, Post-task Lack of instruments for
Systems Framework to | analysis of Systematic Usability | questions assessing sound

select a method based

Survey and post-test

changed to post-

perception and verbal
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on goal of evaluation,
resources available

and types of task.

Task selection to meet

objective of evaluating

verbal communication.

conversations

w.r.s.t
usability
problems,
task
completion

and

experiences.

questions on
efficiency and
satisfaction of each

task

Video/Audio
recording and

analysis.

test questions to
minimize

interference.

communication.

Need for an evaluation
without being directed by

tasks.
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S1: Sectoral system of Modified S1: Sectoral

innovation system of innovation

Transformation

Knowledge and
Technologies
Actors and Networks
Knowledge and
Technologies
Actors and Networks

Institutions
Institutions

Innovation and
Evolution

Figure 1 Transformation of a sectoral system
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Knowledge and Technology Areas

{ Stimuli

for transfer

Timeline

Regulations on training
from transportation
Efficiency
and validity of
evaluation methods
Return on

in training for CM
Innovative software

products for CM
M

%odphoral mw;:,\
and technologies as.

further input and output
during the process

END

Figure 2 Process of transformation for evaluation methods
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