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In socially-embedded tasks like planning the location of wind farms, certain evaluation methods have been used
to establish the viability of decision support tools. Thesemethods often consider the usability and technical func-
tionality of decision support tools, users' tasks, and other important characteristics. However, such evaluations
provide only a partial assessment of the prototype design process because the perception of usefulness, ease of
use on tasks, and common barriers to use, from the point of view of the people who use the tool, are not always
sufficiently integrated. The study in this article employs the focus groupmethodology to evaluate AB–WINDEC –
a place-specific decision support tool designed to match the socio-technical requirements of stakeholders in-
volved in wind farm placement planning in Alberta. In this context, the main purpose of the focus group was
to elicit real-world perspectives from stakeholders whowill eventually use the tool. The results of the study sug-
gest that AB–WINDEC can be useful for educational purposes, public engagement, high-level analysis, risk assess-
ment, and collaboration between wind energy decision makers and stakeholders. Feedback from the
stakeholders also led to additional requirements and insight on how thedesignof the prototypeneeds to bemod-
ified to increase its usefulness and ease of use. Further, the findings provided relevant information on social con-
siderations and potential barriers that can influence the acceptance and use of AB-WINDEC in real-world
conditions.
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Keywords:
Decision support
Visual analytics
Focus groups
Stakeholders
Evaluation
Wind energy
Land-use planning
1. Introduction

The development of wind farms has significantly increased during
the last 20 years in Canada. Given that a typical wind farm can contain
several hundred wind turbines and cover hundreds of square miles
(Leung and Yang, 2012), their planning and building frequently pre-
sents a critical challenge for land use planning. One such problem, and
often one of the most difficult to resolve, is the selection of locations
where these wind farms can be built (Ramírez-Rosado et al., 2008).

In Alberta, there is currently much debate about the potential im-
pacts of wind farms on other land uses (Alberta, 2008; Armstrong
et al., 2005; Cheryl and Marilyn, 2010; Ingelson and Kalt, 2010;
Johnson et al., 2011; Macarthur, 2010; Weis et al., 2010). At the heart
of this land use planning problem is the need to protect public interests
and to weigh these interests against the rights and interests of individ-
uals and private organizations who are proponents of wind farm devel-
opment (Chernoff, 2015; Coles and Taylor, 1993; Fabos, 1985). As public
sign, University of Calgary, 2500
concern about the impact of wind farms has grown, conflicts between
public and private interests are also on the rise. One reason for this is
that public planning decisions regardingwind farmplacement locations
tend to involvemultiple stakeholders, including planners, regulatory of-
ficials, industry developers, conservationists, municipal officials, public
interests groups, and land owners (Thibault et al., 2013). In a broad
sense, stakeholders can be described as individuals or groups that
have an interest or concern in an issue. These stakeholders come to
the debate with different preferences, different values, and knowledge.
Moreover, their decision making is often influenced by different social,
economic, and political factors (Cathcart, 2011). In addition to being
spatially-explicit, a feature that most wind farm placement planning
processes have in common is that they have multi-criteria issues that
require consideration (Talinli et al., 2011). These scenarios, and the
range of social issues and their inter-relationships, call for a more fo-
cused decision making, and highlights the need to improve ways of an-
alyzing complex information (Dye and Shaw, 2007; Kiker et al., 2005),
in order tomake decisions that would be fair to all parties (Khan, 2003).

Clearly, both the results of the decision-making process and the
technologies that facilitate the process are important considerations in
the Alberta context. Peer-reviewed research has generally supported
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the view that decision support tools are one of the promising solutions
that can aid multiple stakeholders in understanding complex informa-
tion when assessing potential placement locations (McKeown et al.,
2011; Moiloa, 2009; Ramírez-Rosado et al., 2008). Part of the attraction
to such tools, according to Moss et al. (2014), is their ability to harness
place-specific data, facilitate data storage, analysis, and visualization.
Harnessing the power and potential of decision support tools could
help focus attention on the real issues that inform the decisions on
placement locations forwind farms (Cathcart, 2011), and could thus en-
hance capacity for evaluating placement alternatives (Wang, 2015).

With the foregoing, there is little doubt that the complexity of deci-
sion support problems like wind farm placement planning requires the
development and application of new tools capable of incorporating not
only numerical data, but also qualitative information used by stake-
holders involved in the decision-making processes (Poch et al., 2004).
This problem presents a difficult challenge for systems designers
(Carlsson et al., 2011; Perini and Susi, 2004). Dozier and Gail (2009)
opined that effective decision support tools could lead to more satisfac-
tory decision-makingprocesses and outcomes if their development pro-
cesses are guided by empirical research. Other authors have argued that
the understanding of how decision support tools can be developed and
successfully integrated into decision processes is critically important in
increasing their acceptance (Kushniruk and Patel, 2004; Maguire,
2001). Many poorly designed systems tools exist because often the per-
spectives of the people who use the systems were not integrated in the
development process (Lu and Cai, 2000).

With the increasing involvement of stakeholders in wind farm plan-
ning processes, it is expected that decision-makingwould becomemore
interactive and complex, demanding interactive and visual-based tools
to manage it. Accordingly, a recent design study by researchers at the
University of Calgary empirically examined ways in which a visual ana-
lytics decision support tool can be developed to address the issues stat-
ed above (Adagha et al., 2015a, 2015b). In their work, a socio-technical
approach was used to identify the decision support requirements of
wind energy stakeholders in Alberta and to develop a conceptual frame-
work in response to the requirements. Their study also determined the
underlying attributes of effective visual analytics decision support tools,
and how those attributes can be applied to design a tool to match the
socio-technical requirements of stakeholders involved in wind farm
placement planning in Alberta. Based on the established requirements,
attributes, and conceptual framework, a proof-of-concept, web-based
AlbertaWinddecision support prototype tool (AB–WINDEC)wasdevel-
oped. The concept of AB–WINDEC is based on integrating different in-
terests and views of multiple stakeholders. The systems model is
designed to facilitate interactive visualization and analytics, situation
awareness, creativity, and collaboration, and to support different phases
of the decision process.

This article continues the design series from a formative evaluation
standpoint. Evaluation is a crucial component in the design of decision
support tools (Hevner et al., 2004). The primary measure of success of
a tool is the degree to which it meets the purpose for which it was
intended. Such evaluation should elicit feedback on a tool's usability
and perceived usefulness, which is crucial to increasing the acceptance
and integration of tools in real-world settings. While the idea of design-
ing tools, identifying andmonitoringmeasures of success, and using the
resulting information to improve planning tools might appear to be a
straightforward process, a myriad of social, technological, and method-
ological issues makes this a very challenging undertaking. Critical per-
spectives in research have pinpointed key challenges in doing useful
evaluations of decision support tools. Sojda (2007) contends that deci-
sion support tools designed to handle complex and poorly structured
problems are often not empirically evaluated. Similarly, Newman et al.
(2000) noted the implications of focusing an evaluation on intended
use and intended users. In the view of Mysiak et al. (2005), what is gen-
erally lacking is a consensus about what evaluation methodology to use
or what features to assess in the evaluation of decision support tools.
Sprague and Carlson (1982) argue that evaluation of a decision support
system should be treated as a research activity, which should focus on
“value analysis”. A number of case studies (e.g. O'hEocha et al., 2012),
have suggested that information systems designers would benefit
from the inclusion of design evaluation research methods.

AB–WINDECwas designedwith careful consideration of how thede-
sign process will affect its use in real world settings. From this context, a
formal evaluation strategy should highlight the utility of helping
intended users screen the most appropriate content, model, methods,
and uses for their specific decision support needs (Parker et al., 2015).
Such an approach would likely provide useful feedback that can help
improve the quality of the product and the reliability of the design pro-
cess (Hevner et al., 2004).

There are many ways in which this knowledge can be elicited in
evaluation studies. These include questionnaire surveys, usability in-
spections, cognitive walkthroughs and observation of stakeholders op-
erating the prototype in real-life situations. More recently, though,
there has been a growing trend of using focus group methodologies to
support these more conventional methods (Langford and McDonagh,
2003). This is largely due to the interactive and synergetic nature of
group discussions, which allows deeper insights, and can facilitate
more useful feedback on product design, in ways that may not be possi-
ble with other methods (Krueger and Casey, 2001). Furthermore, feed-
back from focus groups may have a greater chance of identifying new
concepts that can be used to refine the design of a prototype system
(Anastassova et al., 2007; Nunamaker and Chen, 1990). Thus, an empir-
ical design evaluation can be used to address a wide range of important
questions: What is the overall experience of using the prototype?What
are the useful and not-so-useful features in the prototype?What are the
usability challenges encountered on using the interface? What addi-
tional features are needed to improve ease-of-use? In what ways did
the prototype meet stakeholder's needs, and what changes would im-
prove its decision support capabilities? Are there any tasks not currently
supported by the prototype?What other applications should be consid-
eredwhen re-designing the prototype?What are the barriers to use and
integration?

In this study, answers to these questions are rigorously pursued
through a series of focus groups with stakeholders in the Alberta wind
energy sector. The article first describes the background research and
contextual factors that gave birth to AB-WINDEC. It then reports on
themethods used in conducting the focus groups. The article concludes
with a discussion of the findings, study limitations, and contributions.
2. Research context

2.1. Development of the AB–WINDEC decision support tool

Can decision support tools be designed tomeet the specific informa-
tion needs and requirements of stakeholders? This conceptwas demon-
strated in the Alberta Wind Decision support system (AB–WINDEC) – a
prototype decision support tool that incorporates different social re-
quirements, analytical models, visualization capabilities and other tech-
nical functionalities, to help stakeholders gather, structure, and analyze
data when assessing placement locations for wind farms in Alberta
(Adagha et al., 2015a). As the name implies, the AB–WINDEC is place-
and-context specific. Although the term ‘place-specific’ is not well-de-
fined as a resource management and decision support concept, it has
been turning up in a number of academic discussions in planning theory
and practice, for example, (Bagstad et al., 2013; Carrus, 2005; Cresswell,
2009; Creutzig et al., 2013; Friedmann, 2010;Nordströmet al., 2011). As
a geographic term, place-specific refers to a sense of place that has
meaning and value to people (Williams and Stewart, 1998). Place-spe-
cific can also be defined as a social construct formed around shared
identity, and information affecting the specific features or the distinc-
tiveness of a given territory (Carrus, 2005).
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These definitions are relevant to wind farm placement decision
making in Alberta. To be effective in socially-accountable processes,
Snyder (2003) and Jankowski et al. (2006) argue that decision support
tools should be linked to place-specific issues. Linking place-specific is-
sues would make data processing and integration more easier, and
could thus lead to tools that are perceived as useful by stakeholders
(Briane, 2004). AB-WINDEC was developed through a conceptual
framework, adapted from stakeholders' decision requirements in Alber-
ta. Since decision support requirements must span the gap between the
social aspects of stakeholder needs, and the technical aspects of product
behaviour, a key question that was addressed in Adagha et al., 2015a
was how to translate the requirements into a purposeful tool that can
aid the process of planning the placement of wind farms in Alberta.

Further, in consideration of the requirement to integrate themodels
with the data management system and tasks sequence, the prototype
was developed using a modular approach.

The prototype is composed of five different modules such as: Re-
search module, Analytics module, Design Module, Evaluation Module,
ReportingModule. Eachmodule has specific functionality and sub-mod-
ules that uniquely support the decision analysis. Fig. 1 shows a screen
shot of AB-WINDEC's main interface.

The systemwas developed as aweb-based tool to reduce technolog-
ical barriers and to make information more easily accessible to
stakeholders.

2.2. Design and evaluation attributes for visual analytics tools

What attributes are needed to enhance the human-product interac-
tion experience in wind farm placement decision support tools? Identi-
fying the useful attributes and their underlying metrics can be help
clarify the foundational design and evaluation goals prior to develop-
ment, and can also help designers assess the usefulness of decision
tools against the stated goals (Alben, 1996). Particularly in the context
of wind farm placement planning, incorporating effective attributes of
a tool can improve the knowledge of stakeholders involved in the deci-
sion-making process.

In Adagha et al., 2015b, there is some discussion as to the attributes
of effective tools and how their impact can be measured. The findings
introduced a general framework of attributes that could yield insights
into how people perceive these tools in relation to their needs. For
Fig. 1. A screen shot of the main interface, sho
example, the paper argued that a person's experience of visual analytics
is shaped by the ability of the tool to support creativity, utility, situation
awareness, collaboration, and interaction. These attributes are distin-
guished in having their different underlying metrics.

So far, the attributes proposed in that paper have not been applied in
realworld settingswith visual analytics tools. This studypresents an op-
portunity to apply them in a focus group evaluation of AB–WINDEC
with wind energy stakeholders in Alberta.
3. Material and methods

3.1. Study design

Focus groupswere convened to evaluate the AB–WINDEC prototype
tool with wind energy stakeholders in Alberta. A focus group is a meth-
od of research that utilizes group discussion to solicit ideas and feedback
about a concept or product (Morgan and Krueger, 1998). In focus
groups, participants can interact directly with new technologies, articu-
late their ideas, and provide researchers with inspiration for the design
process (Bruseberg and McDonagh-Philp, 2002; Langford and
McDonagh, 2003).

Some objectives motivated the study design. The first is that it was
necessary to evaluate the utility and effectiveness of the proposed pro-
totypewith real stakeholderswho are involved inwind farm placement
planning. Another goal was to demonstrate the vision of the tool design
to stakeholders through a more inclusive form of research (Bertrand et
al., 1992). A further goalwas to assess howwell the prototypemet func-
tional goals and usability needs of stakeholders and to stimulate techni-
cal innovation. The final goal was to explore insights and concepts that
can be used to improve the design of the prototype.

The focus group sessions were conducted between March 2015 and
April 2015. Three focus groups were conducted separately in meeting
rooms at the University of Calgary campus while one focus group was
held in Edmonton. Each focus group session was conducted by a skilled
moderator and one assistant. The moderator was responsible for keep-
ing the participants focused around the key questions and to facilitate
an open discussion. The assistant's tasks were to take notes, distribute
studymaterials, and assist the moderator. The sessions were conducted
in English and each session lasted approximately 2 h.
wing an overview of individual modules.



Table 1
A socio-demographic profile of focus group participants.

Gender (N = 17) n (%)
Male 9 (52.9)
Female 8 (47.1)

Weekly work hours using computers (N = 17)
0–8 0 (0.0)
8–16 0 (0.0)
16–24 0 (0.0)
24–32 5 (29.4)
32–40 8 (47.1)
40N 4 (23.5)

Stakeholder affiliation (total responses = 38)
Landowners 5 (13.1)
Planners 4 (10.5)
Conservation groups 8 (21.1)
Energy developers 3 (7.9)
Analysts 2 (5.3)
Consultants 5 (13.1)
Regulators 11 (29.0)

Primary job responsibilities (total responses = 39)
Research and data collection 5 (12.8)
Evaluation and regulation 12 (30.8)
Feedback and reporting 7 (17.9)
Site layout design 4 (10.3)
Data analysis 5 (12.8)
Advocacy and stakeholder engagement 3 (7.7)
Others: feasibility; planning; policy development 3 (7.7)
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3.2. Pilot study

A pilot study was conducted with university students of the Master
of Planning program at the University of Calgary. The purpose was to
develop and test the adequacy of the research instruments and
methods. It was also used to practice the roles of the research team,
and to evaluate how the survey population might respond to the inter-
view questions and questionnaires. The pilot study highlighted poten-
tial problems such as, poor response to the survey questions.
Following the pilot study, the questionnaire layout was redesigned,
and some ambiguous questions were either re-worded or discarded.

3.3. Participants

With the endorsement of the University of Calgary's CFREB research
ethics committee, the research team enrolled a convenience sample of
seventeen participants. There were altogether four focus groups with
3 to 5 participants each. This range, as suggested by Onwuegbuzie et
al. (2009), allows for sufficient variation in the discussions. Participants
were recruited through official invitation letters sent by electronic
mails. Written consent was obtained from the participants before the
start of each focus group. Participants were also informed about their
right to withdraw at any point.

3.4. Inclusion criteria

Purposeful sampling was undertaken, following the approach pre-
scribed by (Erlandson et al., 1993; Onwuegbuzie and Collins, 2007), to
ensure a heterogeneousmix of stakeholderswith different backgrounds
and interests. The stakeholders were identified based on their experi-
ence and their level of involvement in thewind energy sector in Alberta.

Specifically, individuals who met any of the criteria below were
targeted:

▪ Adult (over the age of 21)
▪ Have reasonable knowledge of, and demonstrated interest in, the is-
sues that relate to the placement of wind farms in Alberta;

▪ May be affected by the placement of wind farms in Alberta;
▪ Can influence public opinion aboutwind farmplacement and associ-
ated land use issues; or

▪ Have authority to make land-use decisions affecting wind energy
placement in Alberta.

The final sample includedwind industry professionals, land owners,
analysts, planners, developers, regulators, and consultants (see Table 1).
More importantly, the focus group participants represent the popula-
tion who will use, or supervise the workforce who will use, the pro-
posed decision support tool to be evaluated in this study.

3.5. Data collection

At the beginning of each focus group, the moderator introduced
himself and gave a brief explanation of the procedures to the partici-
pants. The data collection proceeded in four steps.

3.5.1. Pre-study questionnaire
Before the focus groups began, participants were asked to complete

a pre-study questionnaire. This questionnairewas used to collect demo-
graphic datawhich allowed for a better depiction of the focus grouppar-
ticipants (see Table 1).

Participants were then shown a PowerPoint presentation describing
the background research and the conceptual framework that informed
the structural design, the key functionalities, and the capabilities of
the AB–WINDEC prototype. Following the presentation, participants
were asked to click through the prototype interfaces and menus in a
self-directed fashion.
3.5.2. Sketches and notes
To give more depth to the focus group data, participants were pro-

vided with blank sketch papers and printed versions of the prototype's
interface. On the computer screen, participants were let to freely ex-
plore the different menus and links in the prototype. However, for
links that were not interactive, or had not been fully developed, the fol-
lowing message was made to appear on the screen:

‘This section of the tool you have now selected is still undergoing de-
velopment. Wewould like your help. Please tell or show us, through
writing or drawing, what you would expect to find on this page.’

Participants interacted directly with the system and these interac-
tions provided some insights into the usability of the interface. Follow-
ing this, participants were then encouraged to write notes, draw
alternative sketches, or make suggestions or ideas, they may have of
each interface, on the sheets provided to them.

The primary aim of this technique was to gain a deeper understand-
ing of the stakeholder requirements beyond the data already provided
by the focus group discussions and surveys. The technique was adapted
from the blank page technique proposed by Still and Morris (2010).

3.5.3. Group discussions
The discussions were semi-structured. To facilitate the discussions,

the prototype interfaces was shown, page by page, on a large display
screen. Participants were encouraged to ask questions or share any
emerging ideas on how to improve the prototype design to better
meet their needs. During these discussions, the participants were
asked to critique the decision support capabilities of the AB–WINDEC
prototype. There was a core set of questions and some probe questions.
Probe questionswere posed to participants to elicit their perceptions on
the prototype's design, layout, usability, and adaptability to the Alberta
context, usefulness and utility. For example, participants were asked to
comment on:

▪ Additional features that would make the prototype a better decision
support tool for wind farm placement in Alberta;

▪ How the prototype currently meets their needs, and to suggest
changes that could better meet their needs;

▪ Tasks they currently perform at work that are currently supported
by the tool;
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▪ The useful and not-so-useful features in the prototype; and,
▪ Requirements that should be considered when redesigning the
prototype.

All the sessionswere audio-taped. In addition, a video recording of the
largedisplay screenwas also obtained at each session.With this approach,
it was possible to coordinate the audio recording of the discussions with
the video recording of participant's interactionswith the large screen dis-
play. The flow of ideas was greatly improved by incorporating this visual
aid. Two digital audio tape recorders were used in each session, to ensure
that all comments were recorded clearly and accurately.

3.5.4. Exit survey
At the end of each focus group session, a 12-item exit survey was

given to each participant to provide additional information. Some of
the evaluation metrics proposed in Adagha et al., 2015b were used in
designing the survey questions. The survey included a five-point
Likert-type scale and multiple choice questions. The questions probed
for features in the prototype that participants may consider useful, or
not useful, based on their interaction with the prototype. High scores
represented negative perceptions; low scores represented positive
perceptions.

To encourage reflection and critical observations, each survey ques-
tion included feedback boxes for additional comments. This technique
of feedback capture has been discussed in Bruseberg and McDonagh
(2003). The purposewas to allow participants to reflect on their experi-
ences of using AB-WINDEC, and to state their preferences inmore depth
than was obtainable in the group discussions.

In addition, the survey schemewas useful in capturing the opinion of
focus group members who did not contribute much to the discussions
(e.g., members who were relatively silent; members who are less artic-
ulate; members who do not want to reveal a different opinion or a dif-
ferent experience from the rest of the group; or members who did not
get enough opportunity to speak during the discussions).

3.6. Data analysis

The digital recordings of the discussions were transcribed verbatim
and analyzed using the margin coding approach proposed by Bertrand
et al. (1992). The margin coding approach can be used to obtain the
most thorough information on which to base analysis.

Data analysis involved oneof the researchers reading and identifying
themeswithin the data andmanually coding these into appropriate cat-
egories in line with the research objectives. A second researcher work-
ing on the project then independently checked the first researcher's
interpretations. The codes and comments were then recorded on an
excel spreadsheet to allow for systematic analysis. Both researchers un-
dertook a further review of the codes, referring to samples from the
transcripts. This led to a 97% agreement after the differences were re-
solved through discussions. In addition, quotable comments were
marked for reference purposes. A similar strategy was used to analyze
the words and drawings made by participants on the sheets given to
them. It involved identifying recurring patterns and themes.

For the quantitative component, a database within the statistical
package for the social sciences (SPSS) 21 software application was
used to catalogue data from the questionnaires. The demographic and
exit survey data were analyzed using simple descriptive statistics. De-
scriptive statistics are useful when evaluating a situation by describing
important factors associated with that situation, such as demographic,
behaviours, attitudes, experiences, and knowledge (Kelley et al.,
2003), which applies to the present study. The data were analyzed in
conjunctionwith additional notes and sketches that participants includ-
ed in the survey. To compliment analysis of the quantitative survey data,
qualitative analysis of the open-ended comments and suggestions was
also conducted using the margin approach described above. Additional
written comments from participants were sorted and analyzed with
the rest of the data.

4. Findings

In this section, the findings are described per participants' responses
and important themes that were derived from the analysis.

4.1. Participants' demographics

The self-reported demographic data of the 17 participants are re-
ported in Table 1. The sample consisted of 9 men and 8 women who
identified with multiple stakeholder affiliations. The resulting sample
provided a reasonably representative profile of stakeholders in the Al-
berta wind energy industry. Indeed, as many as 29% identified them-
selves as Regulators. The rest of the sample included Conservation
groups (21.1%), Landowners (13.1%), Consultants (13.1%). Planners
(10.5%), Energy Developers (7.9%), and Analysts (5.3%).

The most frequent primary job responsibility of participants was
“Evaluation and Regulation” (30.8%). This was closely followed by
17.9% that reported their primary work tasks as related to “Feedback
and Reporting”. The rest were split between, Site layout design
(10.3%), Data Analysis (12.8%), Advocacy and Stakeholder engagement
(7.7%), Research and Data Collection (12.8%), and Feasibility, planning
and policy development (7.7%).

Regarding the computer usage habits, up to 70.6% reported that they
spendmore than 32h of theirworkweek using computers or tablets. In-
terestingly, participants in all the focus groups indicated that they use
computers or tablets regularly – for a minimum of 24 h in a 40-h
work week. These demographic data are comparable with previous re-
sults reported in Adagha et al., 2015a, and shows a preference for a com-
puter-based system.

4.2. Experience of use

4.2.1. First impressions
The initial reaction to the prototype ranged from skepticism to curios-

ity. When prompted on their first impressions, some particpants indicat-
ed that they were ‘still processing it, and trying to understand how it
works’. A few participants complained that some pages didn't load prop-
erly. However, most of the participants, it was observed, were quick to
navigate through the prototype on their computer screens and were
clearly aware that the prototypewas awork in progress. Some of the par-
ticipants ‘liked the modular approach’, but the general opinion on the
menu tabs was divided. A good number of participants indicated that
the menus were ‘intuitive’. While one participant commented that he
was ‘not clear on what some of the menu tabs were set up to do’. Other
representative commentswere also critical of themenu tabs for ‘not real-
ly describing content’ and for not being ‘very descriptive’.

In other observations, some participants thought that there were
similarities to the user interfaces of software tools like Openwind and
windographer. For instance, one opined that ‘there is a lot of overlap
with a sensitivity analysis tool like Retscreen’. Some participants
remarked that ‘it was good to see all the relevant data sources’ and
that the prototype ‘seems user focused and still enables access to all
data’. Another commented that ‘a website like this could be linked to
other websites that has information on wind farm development’. One
participant thought it was ‘something like a white chart where you
can throw things on electronically’. While another wondered if the
visualization components ‘would allow noise modelling capabilities’.
Several of the participants asked if they could use the application on
their mobile phones. On encountering the location assessment tool for
the first time, one participant commented, ‘I see that it could restrict
where you put your turbines right away, and say, ‘this is a good spot
or not’.’ Overall, the participants' general first impressions could be
described as positive.



Table 2
Modules accessed by participants (N = 17).

Modules Yes n (%) No n (%)

Research 14 (82.4) 3 (17.6)
Analytics 14 (82.4) 3 (17.6)
Design 9 (52.9) 8 (47.1)
Evaluation 8 (58.8) 7 (41.2)
Reporting 7 (41.2) 8 (58.8)
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4.2.2. Perceived ease of use
The Technology Acceptance Model (TAM) (Davis, 1989), and the

VADS assessment framework developed in Adagha et al., 2015b, provid-
ed a suitable framework for grouping and analyzing participants evalu-
ation of ease of use of the AB–WINDEC prototype. Davis (1989) defined
Perceived ease-of-use as ‘the degree to which a person believes that
using a particular system would be free from effort’. Given that effort
is a finite resource, an application perceived to be easy to use is more
likely to have a higher acceptability.

Participants in the focus groups agreed that controllability of themenu
buttons and navigability of the interfaces were important factors that
influenced their perception of the prototype. A small minority of felt
that some menu labels did not clearly introduce the purpose for the
menu buttons. Other participants claimed they had some experience
with using similar systems, which perhaps aided their familiarity with
AB-WINDEC.

Some complained that the interfaces andmenuswere not built with
‘regular web features’ and some hoped that ‘significant improvements
would be made’ in due course. For some, the prototype did not have
all the requisite data they needed for analysis.

Perceived ease-of-usewas alsomeasured using four exit survey ques-
tions, three ofwhichwere designed as a five-item Likert-type questions.
Participants indicated the extent of their agreementwith each item on a
five-point numerical scale, ranging from 1-strongly agree to 5-strongly
disagree.

Interestingly, the survey questionwhich asked participants to report
the modules they successfully interacted with, in terms of clicking and
accessing the interface contents, receivedmore ‘Yes’ than ‘No’ responses
(see Table 2).

This suggests that participants interacted easily with the prototype
interface and contents. However, the modules that had the highest ac-
cessibility ratio were the Research and Analytics modules. It should be
noted that the responses gathered through the exit survey question-
naires also leaned more towards some positive ratings for Perceived
ease-of-use, with higher responses in the agreement scales. A summary
of the results is reported in Table 3.
4.2.3. Perceived usefulness
Perceived Usefulness was defined as ‘the degree to which a person

believes that using a particular system would enhance their job
performance’(Davis, 1989). In both TAM (Davis, 1989) and the findings
in Adagha et al., 2015b, perceived usefulness is considered an important
metric that can be used to predict a stakeholder's willingness to use a vi-
sual analytics decision support tool.
Table 3
Perceived “ease of use” of AB–WINDEC prototype (N = 17).

Easy to click through
menu buttons n (%)

Strongly agree 4 (23.5)
Somewhat agree 10 (58.8)
Neutral 2 (11.8)
Disagree 1 (5.9)
Strongly disagree 0 (0.0)
Results concerning the perceived usefulness of AB–WINDEC during
the study period are reported in Table 4, Figs. 2, and 3. Participants
were asked to indicate the extent of their agreement with each item
on a five-point numerical scale, ranging from 1-strongly agree to 5-
strongly disagree. Two other questions in the menu were multiple
choice questions. Responses indicated that most participants (76.5%)
agreed that the web-based platform was a useful feature to have (See
Table 4). Almost 60% of participants perceived the prototype as being
applicable and useful to the Alberta wind farm decision process.

Fig. 2 shows the mean score of participants' responses to the
multiple-choice question, ‘What do you consider to be most useful fea-
tures in the prototype?’ The visualization capability and the data man-
agement functionality were rated as very useful. The Interaction
features and Task Support were flagged as not very useful. The low
scores recorded for Task Support and Interaction perhaps reflect the
limited development of the front-end and back-end components.

The perceived usefulness of AB–WINDEC was assessed with specific
applications and tasks. Fig. 3 shows the mean score of participants' re-
sponses to themultiple-choice question, ‘In what ways can the prototype
support you in the decision process?’Mean values greater than 0 indicate
more benefit to the participants in these applications. From the chart,
participants considered access to information as the highest utility they
would get from AB-WINDEC. This may be because participants placed
a higher value on the educational attributes of the system, as would
be reported later in this article. It was interesting to note that the per-
ceived usefulness of task support, as reported in Figs. 2 and 3, had similar
results. This was probably because the prototype could only simulate a
limited number of tasks.

4.3. Design feedback

The focus group activity provides a variety of comments and feed-
back on several aspects of the design. These are reported in this section
and supported by anonymized quotes from participants.

4.3.1. Feedback on stakeholder personas
Most participants expressed a general understanding of the

intended purpose of the stakeholder personas, which was to provide
tailored login access into the prototype. This disposition was captured
in this comment: ‘It is OK to sign in as different categories to streamline
screens and tasks that are available.’

However, some participants wanted a clearer definition of how the
access and security privileges are streamlined to each stakeholder per-
sona. They wanted to know what was in store for them when they log
in using a specific persona. One participant said:

‘When I clicked on the login page as a consultant, it didn't verify that
I am a consultant or land owner. Is that going to be something that
the finished product will have?’

Another participant, a land owner, remarked:

‘For now, it looks like, as a land owner, I can transfer to anybody's
page. If there are no restrictions, then I don't know what having
the different personas achieve.’
Satisfaction with menu
buttons & contents n (%)

Menu buttons were
effective n (%)

1 (5.9) 1 (5.9)
7 (41.2) 10 (58.8)
8 (47.1) 4 (23.5)
1 (5.9) 2 (11.8)
0 (0.0) 0 (0.0)



would just say a ‘yes' or a ‘no’.’

Table 4
Perceived usefulness of AB–WINDEC prototype (N = 17).

Web-platform was
useful n (%)

Prototype improved knowledge of wind farm
placement issues n (%)

Layout of interface aided
understanding n (%)

Prototype is applicable to the Alberta
decision process n (%)

Strongly agree 2 (11.8) 0 (0.0) 2 (11.8) 2 (11.8)
Somewhat agree 11 (64.7) 7 (41.2) 9 (52.9) 8 (47.1)
Neutral 4 (23.5) 2 (11.8) 3 (17.6) 6 (35.3)
Disagree 0 (0.0) 5 (29.4) 2 (11.8) 1 (5.9)
Strongly disagree 0 (0.0) 3 (17.6) 1 (5.9) 0 (0.0)
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Some suggested an authentication protocol that would give each
persona private access to the final web-based system and eliminate
the possible of security vulnerabilities.

‘Oneof the things the systemhas to do at the beginning is to knowwho
I am before I am given access. What I could do is to make sure the sys-
tem asks for an email address and a password code. And then the sys-
temwill automatically checkwhether the email address is valid. And if
it isn't, then, sorry you can't get in. That way, we don't get trouble
makers going in.’

4.3.2. Feedback on research module
The prototype has a research module, with data integration capabili-

ties and search engine functionality, designed to meet the information-
seeking requirements of stakeholders. During the focus groups, partici-
pants used the Data Manager to operate customized data queries. They
were also shown how to use the search function to generate search
results.

The search tool was popular with participants for its capability to fa-
cilitate basic search onwind energy information specific to Alberta. Sev-
eral participants indicated that they would use the search tool to
perform research tasks. One participant remarked that ‘there is value
in everyone having the same access to the same data in this decision
support tool’.

4.3.3. Feedback on analytics module
Many of the focus group participants expressed positive comments

regarding the data viewer interface-that allows integrated visualization
Fig. 2. Perceived usefulness of sele
of data on spatial and chart views. They were particularly impressed
with the capability to visualize their own data and data drawn from
the data manager in the researchmodule. Representative comments re-
garding the Analytical Module included:

‘From a land owner's perspective, I think the analytical tool is really
cool. They can throw in different criteria and see how it changes the
overall picture. They can also use it to analyze multiple sets of com-
plex of data easily with the visualization component.’

And:

‘The data viewer is a useful tool for visualizing data because most of
the databases in Alberta are trying to go spatial.’

However, ensuring that relevant datasets were in the data viewer
was important to most participants. This view was reflected in the fol-
lowing comments:

‘Looking at themap data, I think it is important to ensure that the ti-
tle actually match what the data is. For example, you have a visuali-
zation of migration corridors, but it is not specific as to the type of
wildlife or if it is specific to wind energy.’

And:

‘The visualizations in the data viewer, for example, the migration
corridor and wind speed visualizations, do not show up as a yes or
no derivative. You might want to have something in there that
cted features in AB-WINDEC.



Fig. 3. Perceived usefulness of AB–WINDEC in the Alberta wind farm decision process.

77O. Adagha et al. / Technological Forecasting & Social Change 117 (2017) 70–83
4.3.4. Feedback on location assessment tool
Several participants were open towards the analytical modelling ca-

pability of the tool. Many participants found the capability to apply dif-
ferent criteria and weights to evaluate potential locations very useful.
This view was summed up by a comment from this participant who
said: ‘It is useful to see there are analytical models within the system
that can help us make informed decisions’.

However, somewondered if the location assessment tool can be de-
signed to incorporate the regulatory requirements from multiple agen-
cies. ‘It is one thing to know about the regulatory requirements,’ one
participant said, ‘and another thing to successfully build it into the
system's scoring model.’

There were some specific requirements about the assessment
criteria and the weights that should be used in the location assessment
tool. One participant asked for ‘a flashing red panic button’ design as ‘a
warning label’ for the decision bar. Other representative comments
were:

‘You might want to distinguish the setbacks from specific roads.
Some roads are subject to restrictions by Transport Canada, while
some roads are not.’

And:

‘Using only the number of turbines is not enough. It is necessary to
add the height of the turbines and the diameter of the blades be-
cause that also affects noise calculation.’

Also:

‘The criteria in themodel should not be set up as a continuousmath-
ematical variable. For example, you cannot use continuous variable
to analyze potential impact on sage grouse in placement locations.’

Overall, there was an expressed need to add more data points and
menu features that enhance the ‘compatibility’ of the tool.
terests and process.’
4.3.5. Feedback on design module
Several participants strongly felt that the current implementation of

thedesign toolwas rather out of depth for an industrial-type application
on turbine placement layout and wind farm buildable area design. As
one participant, a consultant, remarked, ‘I think the design piece is
quite ambitious. The layout design, using site-specific data, would be a
lot to incorporate into the functionality of this tool.’

Similarly, participants felt that ensuring sufficient spacing between
turbines required a lot of specialization, which would be a lot to ask
from AB-WINDEC.

‘Building something like that would be challenging. The wind layout
design process is iterative, there is a feedback process. For example,
when designing a wind farm layout for noise, the noise outcome de-
pends on the placement of the turbine. So there is a whole lot of op-
timization schemes that is involved.’

The consensus was that there were already more specialized tools
currently being used for wind farm layout design.

4.3.6. Feedback on evaluation module
Most of the focus group participants seemed to like the idea of the

evaluation module, but expressed doubts about its ability to support
the regulatory tasks and processes. For example, one of the participants
said:

‘I see that there is an attempt to simulate the multi-agency sign-
off processes in the evaluation component of the tool, but it
doesn't really get there electronically. The actual process is more
specific and more complicated than what this tool is offering
now.’

There was some consensus that the design of the evaluationmodule
would need to incorporate more information about the stakeholders'
workflow processes before it can be integrated in the decision process.
This view is mirrored in the following comments from three different
participants:

(From focus group 1):

‘I would say you aremuch happier leaving out the evaluation section
for now, but if any group is going to use it to evaluate sites or projects
then you have to specialize it down to the very granular levels of in-
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(From focus group 2):

‘It is good to see that the designers put some thought in the evalua-
tion component, but it is something I think could be probably useful
in the next 10 years.’

4.3.7. Feedback on reporting module
Several participants were happy with the intuitiveness of the

ReportingModule and its potential to facilitate analytical communication
and smoother generation of reports and charts. ‘This could saveme pre-
cious hours each day,’ one participant reflected.

Some of feedback focused on the visualizations that can be generat-
ed on the reports. ‘I would like to know how charts can be inserted in
the reporting forms and where it goes from there,’ one participant
said. Another participant was unsure how she ‘landed on the reporting
side of it’. Other participants wondered if the report interface could au-
tomatically connect to their datasets.

4.4. Potential applications

4.4.1. Educational tool
A good number of participants felt that the learning experience they

got from using the prototype outweighs its decision support capabili-
ties. This was a major theme that was consistently mentioned in all
the focus groups. One participant had this to say:

‘This could be an educational tool to get people to a level of informa-
tion where they feel that they can oppose or dispute a project on
equal ground with the people that are proposing it.’

Another said:

‘My experience is that people often approach wind farm projects
with a lot of wrong information. This tool can help provide basic
information about the size of turbine, what the noise level would
be, what threats are there to wildlife, and so on. Some of that basic
information would be extremely valuable in informing the
local community.’

Others comments from other groups appeared to support this view:

‘I do see value in the tool in settings where you have multiple stake-
holders and multiple interests. It is easy to use and can educate the
stakeholders quickly. The ability to visually represent issues, in
stakeholder's meetings, cannot be underestimated.’

And:

‘The public can also use it to inform themselves if theywant to inter-
vene and all that stuff. Sometimes, when you are at open houses, a
lot of people may want to know more about certain issues like, for
example, migration corridors for bats. So, they can use this tool to
play around and learn about the things they want to know more
about.’

4.4.2. Public engagement
Participants in the groups uniformly agreed that AB–WINDECwould

be a useful tool for a public engagement approach that goes beyond the
usual open housemechanism. Some opined that the collaborative capa-
bilities of the tool can support wider public participations in placement
decisions in a way that significantly reduces conflict and improves a
project's outcomes.

‘Something like this is potentially valuable to people who might be
impacted by wind farm development, and who do not have the re-

sources to consult sophisticated tools or to engage consultants.’
Another participant thought that ‘it could be used as part of a big
stakeholder session, in which everybody has an opportunity to provide
input around a particular issues, problems, or decisions, and the system
collects all the data so that stakeholders, and can look at it and say, “
here is what everyone is saying”.’

4.4.3. High-level analysis
Most participants indicated that they would use AB–WINDEC as a

high-level screening tool for multiple locations. Many opined that the
tool would be useful to stakeholders who are considering potential de-
velopment areas in the province.

‘This tool would be useful for high level analysis before you can dig
into the details. For example, it would be good for preliminary high
level assessments like determining access to transmission or
assessing the wind resource potential at a particular location.’

Other participants felt it could be useful as a ‘quick and dirty method
to screen down about 200 potential locations to about 5’. In this respect,
there were suggestions to use the tool in analyzing issues of scale
using the approach of ‘go’ or ‘no-go- areas’. One participant explained
this concept further:

‘At the high level, you are not constrained asmuch because all it does
is show you, you know, the areas where you can or cannot build
wind farms on. It is not aiding the kind of judgement that needs to
be made at the end of the decision process.’

Another participant's comment also reflected this view:

‘For me, I would find it more useful to help evaluate land use pro-
posals. You know, to get a bigger picture thing.’
4.4.4. Municipal-level risk assessment
There were suggestions that municipal authorities could use AB–

WINDEC as a risk assessment tool to get a picture of where other land
uses might be affected by the placement of wind farms. The general
thinking was that the tool would be useful to municipal district plan-
ning authorities because they tend not to have the in-house specifica-
tions for wind farms. One participant, a planner, discussed the
practicability, stating:

‘I think there is possibility at themunicipal level for a tool like this. It
could be useful for risk analysis and optimization, given
the various constraints and thresholds points we consider when
making decisions.’

Another participant stated, ‘Right now, it looks like it would be more
useful for landowners and planners to insert their constraints’.

4.4.5. Collaboration tool
While reflecting on their current workflow practices, some partici-

pants suggested that AB–WINDEC can support ‘working together’, ‘abil-
ity to exchange information’, and ‘greater communication’ with other
stakeholders in the wind energy industry. However, participants also
stressed that research needs to be done to get to that stage:

‘It might work as a collaboration tool, but I think there is still a lot of
steps and a lot of things to be covered before you get to that.’

Many participants thought that the web-based nature of the tool
could provide a communication channel with regulatory authorities,
andmay thus increase productivity and reduce the longwaiting periods
for applications to be approved. As one participant explained: ‘The fact
is we often find it challenging getting feedback from themultiple agen-
cies we are obligated to deal with. This would be a great tool to make
things faster.’
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4.5. Perceived issues and concerns

Security, data sharing, system monitoring, data quality control, and
the possibility of systemmanipulationwere identified as some of the is-
sues that could prevent the tool from gaining wider acceptability with
stakeholders in Alberta.

On data sharing, although participants agreed that AB–WINDEC
showed great agility as a repository that can integrate a variety of
local wind data, the major concern was that many beneficiaries would
not be willing to upload and share their own data. One participant
expressed this succinctly: ‘Many stakeholders would like to benefit from
the data input by other stakeholders, but, unfortunately, I don't expect
them to show the same willingness in uploading their own data to the
system’.

Similarly, some participants envisaged data proprietary issues in the
future: ‘When you start getting into the site-specific factors, that's when
you start getting into the proprietary data issues,’ oneparticipant stated.

Several participants were concerned about the quality control on
data and files that are coming into the system. ‘I would like to know
how data is stored and monitored on the system’, was a common re-
frain. Some participants opined that it was becoming increasingly diffi-
cult to scale and index data from multiple data sources. ‘It would be
difficult to accommodate different data types, data sources, indexes,
and queries.’

The issue of security was a concern as well. Most participants felt
that the security of the system needs to be addressed, stating, for exam-
ple, some ‘concernswith the issues of confidentiality and security in the
system’. Indeed, some participants in the focus groups expressed con-
cerns about the possibility of systemmanipulation: ‘I would be worried
about the proponents gaming the system and shoe-horning their pro-
jects into the best score.’

Similarly, some participants argued that AB–WINDEC does not have
amonitoring system, and that certain controls are not in place. One par-
ticipant said: ‘I amwondering who should be monitoring the system. Is
it a government or is there one personwho takes it on?Or is there going
to be a private company monitoring it.’

Several participants thought the system design was well-intended,
but that the prototype was rather ‘over-ambitious’ and may not fit
into the decision process. One said:

‘I am not sure it would fit for actual regulatory mechanism, because
different agencies have different things they use for their assess-
ments when making decisions on placement locations. Sometimes
the things they look for are subjective.’
4.6. Design modifications

The focus groups suggested several improvements to the current de-
sign. These were:

4.6.1. Stakeholder persona login protocol
Several participants suggested that the persona login approach

should allow for stakeholders' data, weightings, models, criteria, de-
signs, etc. to be saved, retrieved and resumed later.

For the tool to be relevant for project application and submis-
sion, participants suggested that wind farm planning submissions
should be assigned a unique number. They also recommended that
access to the tool should be based on stakeholders personas and
profiles.
4.6.2. Noise modelling capabilities
Some participants emphasized the need to enhance the prototype's

noise modelling capabilities, since the turbines are laid out mostly
with regards to noise constraints. One participant recommended using
the ‘doubling of distance technique’ to estimate distance between
wind turbines and noise receptors, explaining:

‘At the screening level, getting the system to gauge the distance be-
tween the turbines and potential receptors might be suitable proxy
way to get around the noise modelling challenges.’

Another participant added:

‘You can get noise data frommanufacturers. In AUC rule 12, there are
various calculations you can use to propagate noise to the potential
receptors.’

Other participants simply wanted the noise modelling to analyze
impact on wild life locations, for instance: ‘I would be interested in
using the tool to understand more about low–frequency noise and
how it can affect near tropical migrants that might be nesting.’

4.6.3. Assessment of transmission lines
Many participants believed the prototype can be optimized to sup-

port assessment of transmission lines and access to transmission lines.
Some wanted the capability to visualize utility corridors and transmis-
sion lines. One of the participants articulated it in this comment:

‘Existing tools tend to focus on other issues like wildlife, noise, etc.,
but not on transmission. I think this tool would really be useful as
pre-assessment tool for high-level analysis of transmission availabil-
ity and options.’

4.6.4. Financial modelling
Focus group participants stated that the biggest technical enhance-

ments in the prototype should come the form of financial module that
can analyze the economic opportunities for land owners and local com-
munities. Several participants stressed that the financial modelling
should have the capability to calculate potential carbon credits from
wind energy development. As one explained:

‘The financial model in the tool should reflect the dollars per mega-
watt hour analysis of siting a wind turbine. It should also have the
capability to correlate the variable power price with predominant
wind regime. This would allow stakeholders to optimize the price
discount relative to the pool price.’

4.6.5. A “social value” module
Several participantswere interested in how to bring the social values

of communities into the wind energy decision process. Participants
wanted to see a social value module that is designed to support stake-
holders' considerations of potential impacts of placement locations –
to ensure that wind energy development activities have positive effects
on people's values. This wish is reflected in the following comments
from different participants:

- ‘It would be interesting to see how this tool can connect to the social
value and community level of the decision process.’

- ‘Part of what I envisage for the assessment part of the tool is the capabil-
ity to allow the people to pick from a list of social considerations that in-
fluence where development can happen or priorities that reflect
elements that people want to preserve in a landscape.’

The general opinion was that having a social module would answer
some broader questions surrounding some of the placement issues and
would help ensure fairer decision outcomes.

4.6.6. Location assessment tool
Some participants suggested that the location assessment tool within

the analytics module should be upgraded to a standalone module. It was
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generally accepted that a fully optimized location assessmentmodule can
help stakeholdersfind thebest landuse solution if based on setbacks, con-
straints and indicators that are already used by stakeholders. As one par-
ticipant indicated: ‘It may be useful to work with stakeholder groups to
come up with the criteria and the indicators they want, and then you
can go away and incorporate it into the location assessment tool.’

Most participants wanted the capability to optimize placement loca-
tions using their own values and criteria. For example, one participant
thought it would be interesting to model the optimal number of tur-
bines that can be for a location, using the location assessment tool:

‘In the location assessment tool, it would be useful to have a feature
which can tell you, that to optimize a particular site you would need
a certain number of turbines.’

Some participants alsowanted the location assessment tool to be con-
nected to the data viewer. One participant said: ‘I think itwould be nice to
have a functionality where you can export the data and criteria you ana-
lyzed on the location assessment tool to be visualized in the data viewer.’

In addition, some participants suggested that the ‘decision bar’ fea-
ture, in the location assessment tool, should provide more detail when
providing assessment scores on some selected locations.

4.6.7. Tiered decision system
Participants suggested a more flexible approach, similar to the U.S.

fish and wildlife wind energy guidelines, where the decision support
system is broken into tier system. This participant emphasized the im-
portance of this approach:

‘The constraints in each tier will automatically apply to any potential
location you are reviewing forwind farms.When you get past one tier,
youmove to tier 2, tier 3 and so on,which is likewhat you have in AB-
WINDEC,moving from research to analysis to design and then to eval-
uation. When you get to the end, you are at the stage of approvals.’

4.6.8. Scaling approach
Some participants felt that incorporating a ‘Scaling’ technique in the

tool can be useful in categorizing some of the placement issues. One par-
ticipant familiar with the technique shared:

‘You can put wind resources areas on a regional scale which shows
areas where there are wind and areas where are no wind. Coming
down to the municipal level, you can also create scale of ‘go’ and
no-go areas. And you can use a scale all the way down to the site-
specific issues. This way you can get a better perspective of what
the issues are on a regional, provincial, or municipal scale.’

The scaling technique was also suggested as a way of enhancing the
educational attributes of the prototype.

‘If the tool can work on a provincial, regional, municipal, versus site
scales, then I think it canmeet the educational needs of stakeholders,
which would, in turn, feed into the decision support process.’

4.6.9. Data integration
Someparticipantswanted to implementmore rigorous data integra-

tionprocedures in the system. For example, someargued that specifying
the acceptable data formats will enhance quality control on data going
the system. One illustrative comment was:

‘I suppose there is a way to specify that data being brought into the
system should be in a specific coordinate system. I just mean that
if that is a requirement of the system, then one should be more ex-
plicit in saying that, you know, “make sure your data is in a specific

coordinate system”.’
5. Discussion

The wealth of ideas that emerged from the analysis of both qualita-
tive and quantitative sources of data perhaps reflects the prevailing
views and range of interests among wind energy stakeholder groups
in Alberta. Significant insights are discussed below.

5.1. Mitigating potential barriers to acceptance and adoption

5.1.1. Broad design scope
There was consensus that the prototype was ‘ambitious’. Several

participants expressed concern that some aspects of the tool, namely
Design, Evaluation and Reporting modules were ‘doing a little too
much’, yet without offering significant advantage over existing tools.
Nevertheless, several insights can be drawn from this. First, the asser-
tion points to the benefits of adopting amodular design strategy. Partic-
ipants could appreciate each module as independent sub-divisions of
the system, while recognizing the separate functionalities they provide.
With this interpretation, they could also compare the tools they current-
ly usewith the capabilities offered in eachmodule. Thus, integrating un-
wanted components to AB–WINDEC could lead to lower acceptance
levels. Furthermore, reducing the design scope makes it easy to focus
design efforts on the modules that stakeholders want and to optimize
those capabilities accordingly.

5.1.2. Inadequate access to data
As far as key stakeholders in thewind energy development in Alber-

ta are concerned, the study demonstrates that inadequate access to data
are perceived to be the most severe barriers to the decision-making
around wind farm development at regional, municipal and provincial
levels. This stems from proprietary and ‘format’ limitations that prevent
the availability of several datasets in the prototype. Improved access to
data can be accomplished by developing AB–WINDEC as a formidable
data repository. Nevertheless, the seeming lack of trust among stake-
holders who are in competition for placement locations appears to be
a big impediment. Also, the process of incorporating datasets into a de-
cision support system requires data to be modified into a standard for-
mat that can be used by the system. This is because of the vast
quantity of data come in different shapes and sizes. If all stakeholders
accept a specific standard for data integration, then convergence of
data formats could be easily achieved.

5.1.3. Security
There was consensus, across the focus groups, that security was an

important issue with AB-WINDEC. Participants were keen to know
what measures were in place to ensure reliability and confidentiality
of data in the system, andhow to protect the system frommanipulation.
Access to data, for example, is made more difficult by the stakeholders'
insistence on having effective security protocols in systems. Participants
felt that the lack of stringent verification proceduresmay discourage the
real stakeholders from using the system. This kind online interaction,
according to participants, requires a secure technology platform.

5.1.4. Usability
In the discussions, some of the participants felt the interactions with

the menu buttons lacked specificity, even after receiving explanations
on how the different menus were designed to work. Poor usability, it
was gathered, may discourage stakeholders from incorporating the
tool in the decision-making process.

5.1.5. Presentation of complex information
Some participants were concerned that many of the menu buttons

and interfaces do not offer simple ways of accessing complex informa-
tion, and that this may lead to limited access to relevant material. This
calls tomind the need to design the interfacewith a clear and consistent
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conceptual structure, and to link the menu content to interactive visual
cues that are familiar to stakeholders in Alberta.

5.2. Social footprint versus technical requirements

Several participants expressed that they would value input of social
requirements in future design considerations for AB-WINDEC. The em-
phasis on this point is perhaps a recognition that all large-scale, com-
mercially available wind farm development projects today come with
their own set of significant environmental and social concerns.

The implication is that technical requirements that go into the plan-
ning, construction, and operation of wind farms should also include the
social footprint and the social needs of the environment in which they
operate. Specifically, a credible weighting summary of social impacts
and site-selection options for the local economy, land use, climate
change, available compensation, and benefits-sharing arrangements
should be integrated in the AB-WINDEC development process. The ben-
efit of this socio-technical approach is therefore about joint optimiza-
tion, with a shared emphasis on achievement of both productivity in
technical performance and usefulness of a technology in realworld con-
ditions. If applied, it would facilitate a more useful interaction between
people and technology in the wind farm placement planning process,
and usher in a sensible path to decision-making in Alberta and other
communities where large-scale wind farm development poses serious
social challenges.

5.3. Value propositions and applications

Consensus from the focus groups indicates that prototype can be
adapted to other applications, which may increase the number of
stakeholders who could use it and make decisions about wind farm
placement. Participants offered several potential applications
where AB–WINDEC can bring greater value to the wind farm place-
ment decision process. However, the results suggest that AB–
WINDEC can provide better decision support when deployed as an
educational tool. It seems logical that participants would appreciate
an educational application because it permits a simple learning ap-
proach and a more accurate understanding of the complex decision
issues.

Findings from this research can help close the gap between the con-
flicting stakeholders' interests, regulatory constraints, increase legitima-
cy and responsibility in land use decisions, thus improving the chances
of achieving mutually acceptable trade-offs. Adapting the prototype to
these applications will likely increase its effectiveness and chances of
adoption in Alberta and in others contexts with decision support issues,
product design challenges, multiple stakeholders and conflicting
interests.

6. Limitations

The limitations of this study are significant and should be acknowl-
edged. In the first place, recruitment of participants was a major hurdle
for this research, given that specific stakeholder profiles were required
in the inclusion criteria. Consequently, the study was based on a conve-
nient sample of 17 stakeholders, which may not be considered statisti-
cally significant. However, this limitation is addressed by the
purposeful approach and inclusion criteria used for the sampling.
Thus, the final sample of participants represent significant groups in
the targeted stakeholder community, and participants tend to speak
on behalf of their groups. To minimize selection bias, participants
were randomly assigned to the 4 focus groups from the pool of 17
participants.

There was invariably a very large amount of data, mostly on audio
tape and questionnaires, supported by notes and sketches, which pre-
sented a challenge in reporting the findings. It is relatively easy to bias
the outcome by inclusion or exclusion of key statements, by choosing
points of view, or by taking comments out of context. However, to re-
duce the risk of drawing incorrect conclusions, quantitative analysis
methods were used in tandem with the rigorous qualitative analysis
procedures.

Third, data from the surveys provided new information thatmay not
have been discovered in a traditional focus group study. The usefulness
of the survey scheme lay in its ability categorize self-reported ratings of
participants and to provide some structure to the analysis. Descriptive
statistics offered a more contextual, easily understood analysis of the
data. While other statistical methods may be useful in making wider-
reaching inferential analyses, the efficiency of the descriptive statistics
approach was sufficient for the scale of study and the study goals. Nev-
ertheless, it is important to note that the numbers used in the results do
not convey the impression that the distribution can be projected to a
wider population of stakeholders. It is not the intention of this study
to generalize.

7. Conclusions

The study in this article evaluated the utility of AB-WINDEC to sup-
port the wind farm placement decision-making process in Alberta. The
focus group methodology was designed as a combination of research
methods, including survey questionnaires and blank paper techniques,
to evaluate the effectiveness of the prototype design for its intended
purpose. These methods helped in gaining stakeholders' impressions
and perceptions about AB-WINDEC, and in stimulating design ideas
that would be reflected in the new version of the prototype.

As part of a continuous design cycle, findings from the focus groups
have provided compelling feedback regarding the nature of decision
support required by wind energy stakeholders in Alberta, the attributes
that are more effective and efficient, and the barriers that must be ad-
dressed if AB-WINDEC is to realize its full potential. In addition, the
study has increased current understanding of how stakeholders interact
with tools and has shed light on several other requirements that influ-
ence the success and acceptance of decision support tools in the wind
farm planning process in Alberta.

One of the most challenging issues in the location of wind farms is
how it clearly brings forward tensions between different levels in soci-
ety, given that the environmental benefits of wind power are often vis-
ible on a global and national level, while the negative effects are usually
felt on the local scene. Therefore, the results of this study are particularly
important from the standpoint of industry and government agencies in-
volved in the placement of wind farms in Alberta, because the tool can
aid consensus-building where the preferences of stakeholders are in
conflict. Another conclusion that emerged from this work is that suc-
cessful implementation of an effective decision support tool requires a
clear understanding of the interplay between the technical and social
requirements. Given the findings, further research should prioritize cer-
tain aspects of the tool – particularly the modules that support educa-
tional learning, data integration, and high-level analysis. The outcomes
should be tailored to the information needs and social considerations
of stakeholders.
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