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ABSTRACT 

 

The Use of Citizen Science in the Landscape Design Process: Opportunities for Monitoring and 
Evaluation 

 

 

Aislin Livingstone                                                                            Advisor: Professor Karen Landman 

 

The field of Landscape Architecture faces increasing demand to apply design processes that are evidence-

based and informed by sound research.  As a participatory approach to monitoring and evaluation, citizen 

science engages the public in the production of localized scientific knowledge across temporal and spatial 

scales. Although citizen science is a popular programmatic element in Landscape Architecture, little 

research explores how it can be incorporated elsewhere in the design process. This research uses a 

focussed literature review and data from a cross-case comparison to gain insights about how citizen 

science can increase capacity for monitoring, evaluation, and participatory design in Landscape 

Architecture. Long-term and coarse-scale data collected through participatory research have positive 

implications for landscape architects. Findings report on key considerations to include citizen science in 

design to promote collaboration between the public, researchers, and designers that is essential to 

furthering evidence-based landscape architecture.  

 

Keywords: public participation, design process, ecological monitoring, data collection, Landscape 
Architecture 
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CHAPTER 1: INTRODUCTION 

 

The field of Landscape Architecture faces increasing demand to apply design processes and practices that 

are evidence-based and informed by sound research. Citizen science is collaborative research that engages 

the public in the production of localized scientific knowledge - it also contributes to environmental 

monitoring across temporal and spatial scales.  As a form of public participation in science (PPS), citizen 

science is gaining recognition across disciplines, including conservation biology, ecology, and natural 

resource management, to name a few. The occurrence of citizen science is concentrated in the natural 

sciences; however, it represents a broader societal shift to open access data, and participatory processes 

more generally.  

 

The literature shows that participatory processes often occur along a spectrum; on one end, citizens are 

represented symbolically and, on the other, citizens have control and ownership in the process (Juarez & 

Brown, 2008). Citizen science is popularly understood as a form of data ‘crowdsourcing’, but examples of 

the phenomenon indicate that it contributes to a far more complex form of participatory research. Citizen 

science has also succeeded in achieving multiple goals ranging from scientific research to ecological 

literacy, advocacy, and citizen engagement in environmental stewardship (Bonney et al., 2009; Conrad & 

Hilchey, 2011; Silvertown, 2009).  

 

Long-term and large-scale data and landscape knowledge collected through public participation in 

research have implications for designers. Existing areas of research for monitoring and evaluation in 

Landscape Architecture include landscape assessment, post-occupancy evaluation, and landscape 

performance research; however, the literature suggests that there is limited capacity for these to become 

mainstream in practice (Brown & Corry, 2011; Deming & Swaffield, 2011; Yang, Li, & Binder, 2015). 

While acknowledging that these areas of research exist, this study specifically examines the role of 

monitoring as an approach to evaluation in Landscape Architecture.  
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While citizen science is a popular programmatic element in Landscape Architecture, there is very little 

research exploring how it can be incorporated elsewhere in the design process. In fact, there is very little 

research exploring the role of citizen science in Landscape Architecture in general. This research explores 

how citizen science can help increase the capacity for monitoring and evaluation in Landscape 

Architecture. Specifically, this study examines where participatory processes and monitoring based on 

citizen science can contribute to different stages of design.  

The question guiding this research is:  

How can citizen science contribute to monitoring and evaluation in the design process in Landscape 

Architecture? 

The objectives to answer the research question are:  

1. Identify a design process that is commonly used in Landscape Architecture education 
2. Describe the role of monitoring and evaluation in the Landscape Architecture design process 
3. Examine common typologies of citizen science projects in disciplines related to Landscape 

Architecture  
4. Cross-compare the application of citizen science in two case studies 
5. Synthesize the use of CS-based monitoring in the design process 

 

  



3 
 

CHAPTER 2: LITERATURE REVIEW 

 

A review of scholarly and grey literature provides the context for, and helps shape, this research. This 

review is based on three objectives: (1) Identify the role of public participation in Landscape Architecture 

processes; (2) Understand the importance of monitoring and evaluation in analyzing landscape change; 

and (3) Explore the context, benefits, and constraints of CS broadly, and describe its diversity of uses and 

scope.  

2.1 PARTICIPATION IN DESIGN 

This section presents the role of participation in planning and design. It identifies different typologies and 

techniques for participation, the benefits to design, and summarizes challenges to participatory processes.  

 

The concept and practice of public participation has strong foundations in the fields of planning and 

design. It can be defined as “a mode of relationship between the state and civil society that involves the 

public in decision-making” (Laurian & Shaw, 2009, p. 294). Other terms used to describe public 

participation include citizen engagement, public involvement, and facilitated decision-making. There are 

varying degrees of participation depending on the goals of the project, the abilities of the stakeholders 

involved, and the resources available for participatory processes (Arnstein, 1969; Hester, 1989; Juarez & 

Brown, 2008). Public participation is the process of involving citizens in decision-making, allowing their 

needs to not only be communicated but to also affect the outcome of a decision. The International 

Association for Public Participation outlines seven core values related to the current practice of public 

participation across disciplines. The values state that public participation: 

− is based on the belief that those who are affected by a decision have a right to be 
involved in the decision-making process; 

− includes the promise that the public's contribution will influence the decision;  
− promotes sustainable decisions by recognizing and communicating the needs and 

interests of all participants, including decision makers;  
− seeks out and facilitates the involvement of those potentially affected by or interested in 

a decision;  
− seeks input from participants in designing how they participate;  
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− provides participants with the information they need to participate in a meaningful way; 
and,  

− communicates to participants how their input affected the decision (Adapted from IAPP, 
n.d.). 

 

At its core, public participation seeks to redistribute power so that processes that give certain groups an 

advantage over others become more inclusive and equitable (Laurian & Shaw, 2009). Achieving social 

reform through public participation requires shifting political, economic and social decision-making from 

top-down “command and control” to bottom-up, shared, and collective decision-making (Arnstein, 1969, 

p. 216). Participation as a decision-making process also has its roots in disciplines related to sociology, 

international development, and political science, with much of the established literature associated with 

these fields (Crewe & Forsyth, 2003; Juarez & Brown, 2008). While it can be difficult to define public 

participation, since this definition might vary from one discipline to the next, three main frameworks of 

participation have emerged in the literature. These are: (i) Shelly Arnstein’s Ladder of Participation 

(1969), (ii) Robert Chambers’ Rural Appraisal Continuum (1994), and (iii) Sarah White’s Participation 

Matrix (1996). These frameworks describe a spectrum of approaches to participation ranging from basic 

consultation to full citizen empowerment (Juarez & Brown, 2008).   

 

Ladder of Participation 

Arnstein’s (1969) Ladder of Participation is one of the most frequently cited frameworks for citizen 

participation in decision-making processes related to social reform in government planning. The 

simplified framework illustrated in Figure 1 proposes eight levels of participation (manipulation, therapy, 

informing, consultation, placation, partnership, delegated power, and citizen control) grouped into three 

main categories: nonparticipation, degrees of tokenism, and degrees of citizen power (Arnstein, 1969). 

Arnstein critically examines the success of each approach in shifting power in favour of the “have-nots” 

in affluent society, the ultimate end goal being social reform (1969, p. 216).  
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Nonparticipation refers to the use of participatory mechanisms as an underhanded way to persuade 

citizens to accept top-down decisions and to adopt behaviours that will promote political or social 

agendas even if they are not reflective of the community’s wants and needs. Tokenism represents a form 

of political lip service in which citizens’ views are represented but not guaranteed to influence the 

outcome of a decision. Participatory approaches in this category, including informing, consulting, and 

placation, have the potential to contribute meaningful engagement in planning processes but are easily 

reduced to data collection strategies. Finally, the citizen control approach to participation seeks true 

citizen empowerment by ensuring that the community is given authority and negotiating power in a 

decision-making process (Arnstein, 1969). The Ladder of Participation outlines a hierarchy of approaches 

to participation but does not provide detailed explanations for the underlying social and political 

conditions that result in these differences to begin with. The continued relevance of Arnstein’s ladder 

rests in its ability to simplify countless messy approaches to participation into actionable categories. 

Classification systems such as these can help citizens and planners alike to identify the power structures 

Figure 1.  Ladder of Participation 
(Adapted from Arnstein, 1969) 
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established in a decision-making process. The ladder was put forth in 1969 to identify the failings of 

participatory processes at the time. However, Juarez and Brown argue that, “true citizen empowerment 

was perhaps the ultimate goal, but it was seldom achieved in practice, due to procedural or political 

constraints (2008, p. 191).  

 

Continuum of Rapid Rural and Participatory Rural Appraisal 

Chambers’ (1994) continuum (see Table 1) contrasts rapid rural appraisal (RRA) methods with 

participatory rural appraisal (PRA) methods by defining the role of the professional, the methods of 

participation, the objectives, and the desired long-term outcomes. The continuum illustrates a shift from 

extractive, tokenistic strategies to more participative processes in international development. PRA 

emphasizes community-based rural development over bureaucratic RRA surveys that were traditionally 

designed for professionals to collect information efficiently and economically. The framework’s 

examination of the role of the public versus professionals presents a slightly more nuanced assessment of 

participatory methods than Arnstein’s ladder.  

 

Table 1. Chambers' Rapid Rural Appraisal - Participatory Rural Appraisal Continuum (Adapted from 
Juarez & Brown, 2008, pp. 191 adapted from (Chambers 1994)) 
 

Nature of Process  Rapid Rural Appraisal (RRA) Participatory Rural Appraisal (PRA)  
 
Mode  Elicitive/extractive  Empowering  
Professional’s role  Investigator  Facilitator  
Information  
owned, analyzed,  
and used by:  

Professional  Local people  
 
 

Typical methods*  Secondary sources, observation, 
interviews with local experts  

Shared visual analysis, Venn 
diagramming, group checking and 
validation  

Objective  Data collection  Empowerment  
Long-term outcomes  Plans, projects, publications  Sustainable local action and institutions 
 
*Methods listed are only representative examples and not exhaustive. Methods have considerable overlap 
along the continuum, depending on the mode of the process. 
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Interests in Participation 

White (1996) argued that the ambiguity surrounding public participation has made way for abuses of the 

terminology in international development. She expanded upon frameworks for participation by defining 

the interests and role of ‘participants’ in more detail than had previously been synthesized in the literature 

and in practice (see White’s typologies of participation in Table 2). In promoting citizen participation in 

any decision-making process, “the problem is not simply ‘enabling the people to participate’, but ensuring 

that they participate in the right ways” (White, 1996, p. 14).  

 

Table 2. White's Interests in Participation (Adapted from White, 1996, p. 7) 
 

Form Top-Down Bottom-Up Function 
Nominal Legitimation Inclusion Display 
Instrumental Efficiency Cost Means 
Representative Sustainability Leverage Voice 
Transformative Empowerment Empowerment Means/End 
 

Whether represented as a ladder, a continuum or a typology, the central argument of the frameworks for 

participation described above is that participatory processes should redistribute power in decision-making. 

The frameworks illustrate that participation is not a catch-all phrase but that it is a process existing along 

a continuum with variable methods, objectives, desired outcomes, and techniques (Juarez & Brown, 

2008).   

 

Participatory Design in Landscape Architecture 

As described above, public participation has a disciplinary base in sociology, international development, 

and planning, but the interdisciplinary nature of Landscape Architecture has resulted in a strong dialogue 

concerning the need for public participation in education and practice: 

 
As a result of developments within the planning and design fields over the past 40 years, the 
question is no longer if citizen participation should be part of the planning and design process in 
public works, but rather who should participate, which methods should be employed, what type of 



8 
 

knowledge will be produced, and how will that knowledge be integrated into the process (Juarez 
& Brown, 2008, p.190).  

 

What does ‘participation’ mean in Landscape Architecture? In the context of planning and design, 

participation refers to the involvement of the public in creative, technical, and management levels of 

decision-making. Participation can occur at various stages of the design process, from inventory and 

analysis through to design development, implementation, and monitoring. 

 

Methods and Techniques 

In a review of the literature on participatory design processes, Meyer (2011) outlines four primary models 

of participatory design: traditional methods, formal participation, informal participation, and the arts. As 

with the frameworks for public participation described in the previous section, models of participatory 

design offer varying levels of citizen involvement, with different goals, techniques, and outcomes 

depending on a project’s needs. The four models of participation in design are summarized in Table 3.  

Traditional methods fall along the extractive rung of the participation ladder. These methods rely on most 

steps of design development being undertaken by paid professionals (a private firm) for a client with, 

often, minimal community involvement. Formal participatory design activities will often be led by a 

professional planning and design team who will engage a large stakeholder group in an organized process 

with specific outcomes and deliverables established at the outset.  

Table 3. Models of Participatory Design in Landscape Architecture (Laurian & Shaw, 2008; Meyer, 
2011; Sutton & Kemp, 2006) 

Model of Participatory Design Methods and Techniques 
Traditional Private design firm and client, typical LA arrangement 
Formal Community consultation sessions 

Design charrettes 
Visioning workshops 

Informal Forums 
Roundtables 
World Cafés 

The Arts Festivals 
Community walks 
Performances open to the public 
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Informal methods are less structured than formal sessions, involve smaller groups, focus more on process 

and consensus than on producing deliverables, and emphasize empowerment of the participating 

community. Informal methods will often be set in environments that feel familiar and comfortable to 

participants (such as a community library) as opposed to a setting like a City Hall. The arts model of 

participation promotes a high level of participation and focuses on generating ideas and capturing views 

rather than meeting deliverables and establishing consensus. There is also a strong advocacy component 

to the arts model of participation (Meyer, 2011). Specific procedural considerations will influence the 

success of participatory design strategies, for example: the sampling/recruiting strategy, the degree to 

which visuals are used in a process, the individual and group power dynamics during the process, and the 

nature of the desired knowledge or data generated (spatial, temporal, relational patterns) (Angeles & 

Jeeris-Werder, 2000).  

 

Crewe and Forsyth (2003) define plural design as the typology of Landscape Architecture that best 

incorporates participatory processes. The goal of plural design is to empower and increase ‘user’ 

(meaning the public) participation in design. The underlying process in plural design often involves 

iterative interactions between professional and local knowledge. The clients in plural design are often 

disadvantaged residents or neighbourhoods, and design is focused on a small scale. Plural design is 

informed by democratic theory, ethics rooted in egalitarianism, and the recognition that local knowledge 

is valuable. This approach seeks to redistribute power in favour of the users: “plural design alone 

addresses the role of clients and users in a complex way, aggressively raising questions about user 

involvement and the broader participation of the socially or locationally disadvantaged” (Crewe & 

Forsyth, 2003, p. 50). The authors argue that plural design needs to be mainstreamed so that landscape 

architects may invest more in public interest work.  
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Benefits of Participatory Design 

Participatory design stands to benefit both the users and the professionals involved in the process, as well 

as the public more broadly. An important consideration for landscape architects involved in plural design, 

community design, and participatory processes is the endpoint of their involvement. In more traditional 

practice the end point would be a deliverable plan, strategy or design. In participatory design, however, 

the designers may become facilitators and partners in local action; this might involve more complex 

relationships and sustained involvement (Juarez & Brown, 2008). Hester (2005) attributes this shift from 

detached expert to potential community partner to the fact that participatory design is involved in more 

stages of design than just analysis and programming.  

Participatory designers can also avoid some of the generalization that characterizes traditional Landscape 

Architecture projects by addressing localized problems:  

  

The frequent use of techniques to emphasize the experience of a precise location corroborates this 
trend among participatory designers to turn abstract, often vague wants, needs and knowledge, 
into place-specific design actions. These methods suggest an increased attention to design that not 
only meets programmatic needs but also is based on an intense experience of the life enriching 
qualities unique to each place and culture (Hester, 2005, p. 192).  

 

Challenges 

Juarez & Brown (2008) found that, in Landscape Architecture, participatory approaches to design 

continue to fall on the extractive/ tokenistic end of participation continuums described earlier. While 

participatory design (goals, audience, ethics, and power dynamics) is well addressed in the literature, 

there is little evidence that it has become mainstream in Landscape Architecture practice (Crewe & 

Forsyth, 2003; Hester, 1989; Juarez & Brown, 2008; Swaffield, 2002). Some of the main challenges 

associated with participatory design include:  

− Confusion surrounding the limits of the role of landscape architects in the process; 
− The landscape architect’s interest in, and ability to, facilitate participatory processes in 

community and plural design; 
− Logistical/resource limitations;   
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− Ability for interdisciplinary collaboration in community-based design; and  
− Capacity for the public and community members to pursue local actions explored through the 

process once the landscape architects have concluded their work (Juarez & Brown, 2008; Crewe 
& Forsyth, 2003; Hester, 1989; Sutton & Kemp, 2006).  

 

Implications and Outcomes 

The physical and emotional connectivity of communities to their environments can be explored and 

strengthened by generating landscape knowledge through participation in the landscape design process. 

“Both citizens and designers are better partners in design when they are deeply rather than superficially 

engaged in problem solving” (Hester, 2005, p. 184). 

The concept of the co-production of knowledge comes from the consensus that traditional scientific 

strategies of inquiry must adapt and respond to the growing complexity of challenges facing society and 

the environment (Opdam et al., 2013). Co-production of knowledge is nested within the emerging area of 

transdisciplinary research - it refers to the integration of knowledge from the experience of multiple 

stakeholders – local communities, scientific communities, and practitioners, among others (Enengel et al., 

2012; Deming & Swaffield, 2011; Opdam et al., 2013). The end product of co-produced knowledge is 

known as landscape knowledge, “a holistic entity, in which processes and values related to prosperity, 

livelihood and quality of life can be associated with biophysical characteristics” (Opdam et al., 2013, p. 

1442). 

 

Intrinsically tied to the concept of landscape knowledge is the idea of ‘sense of place’. While the dense 

discourse on sense of place is beyond the scope of this review, the role that sense of place plays in 

generating landscape knowledge is significant. Sense of place emerges when love of the physical 

environment is associated with personal experiences, social networks, activities, and memories of a given 

place (Stedman, 2002). Place attachment, or the bond between an individual and a collective with their 

environment can be a useful indicator of how people understand their landscapes and can result in better 
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designs. This is particularly important given “the fact that ecosystems are dynamic and evolving, as is the 

scientific knowledge, making local wisdom especially important” (Hester, 2005, p.183).   

2.2 MONITORING AND EVALUATION  

Recording change in the landscape is essential to making better-informed land management, policy, and 

design decisions. Since the 1960s, landscape research has primarily focussed on describing the attributes 

and composition of an area in order to classify and evaluate landscape type and character, but a recent 

shift emphasizes the importance of describing landscape change over time (Selman, 2006). Measurement 

and assessment of observed changes in ecosystem structure, processes, and services depends on the 

availability of high-quality baseline data as a starting point (Bloch-Petersen et al., 2006, as cited in Bell et 

al., 2011). In Landscape Architecture, and environmental disciplines more broadly, evaluation is 

“typically used to measure current conditions or outcomes (of an action, form, program, or practice) 

against a predetermined standard” (Deming & Swaffield, 2011, p. 174). Measures in landscape evaluation 

are based on predetermined and emergent norms, rubrics, and parameters.  Evaluation serves different 

purposes in Landscape Architecture and other design fields. It can be used to select design sites, to rank 

already implemented designs, calculate the success (or failure) of initiatives, and to advocate for change 

in practice (Deming & Swaffield, 2011).  

This section will explore a range of approaches to monitoring and evaluation across temporal and spatial 

scales. Lessons will be drawn from a strong base of existing literature from Landscape Architecture and 

related disciplines, including landscape ecology and biology.  

Landscape Assessment 

Historically, landscape description for planning and design has focussed on assessing the aesthetic 

qualities of a place (Bunce, 2006). Recognition of the relationship between abiotic, biotic and cultural 

resources and the patterns that emerge has led to the emergence of more holistic approaches to describe 

and measure landscapes.  
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As an operational word in the sections to come and throughout this thesis, landscape warrants a brief 

definition. According to the Canadian Landscape Charter (CLC), a landscape can be defined as “an area, 

as perceived by people, whose character and expression are the result of the cumulative actions and 

interactions of natural and/or human factors. These areas may be urban, rural or natural, local or regional, 

common or exceptional, and they may reflect a diversity of culture or historic values” (CSLA-AAPC, 

2015). The diversity of biotic, abiotic, and cultural components that come together to make up a 

landscape is reflected in Figure 2. 

 

Landscape assessment is an approach used in planning and design to describe and evaluate landscapes. 

Landscape assessment can be divided into two primary domains: visual assessment and character 

assessment. Visual assessment is concerned with how different land use planning and design scenarios 

might affect the visual or aesthetic quality of an area (this area of assessment falls outside of the scope of 

Figure 2. The Dimensions of Landscape 
(Source: Bell et al. 2011, p. 302) 



14 
 

this thesis). Landscape character assessment is an interdisciplinary approach used to describe the 

landscape features that comprise an area and variation in these over time and space (Fabos & Joyner, 

1980; Tudor, 2014).  

 

Landscape assessment helps researchers and professionals concerned with managing landscape change to 

establish baseline knowledge about the natural and cultural components of an existing system (Tudor, 

2014). Recognizing that landscape architects and environmental planners are not necessarily experts in 

ecology and the natural sciences, the interdisciplinary nature of landscape assessment is what makes it 

valuable to Landscape Architecture research and practice. As Swaffield states, “The essence of landscape 

assessment is to interpret the significance of the contribution of ecosystems, land form and built form to 

landscape character and quality; this is very different from claiming expertise as an ecologist, 

geomorphologist or architect” (1999, p. 46).  

 

Instead of outlining strict methodological techniques, landscape assessment, as a framework for 

measuring change, offers principles and guidelines to shape place-specific undertakings. Landscape 

assessment is characterized by five key principles: (i) Landscape is everywhere, (ii) Landscape occurs at 

all scales, (iii) Human perception of the landscape should be considered in assessment, (iv) Landscape 

assessment provides baseline data to inform planning and management activities (v) Landscape 

assessment integrates complex information into an operational framework, useful across disciplines 

(Tudor, 2014). The process used in landscape assessment consists of four steps: (i) define purpose and 

scope, (ii) desk study, (iii) field study, and (iv) classification and description (Tudor, 2014). The process 

can be applied throughout multiple phases of design and planning, including during analysis, assessment, 

and evaluation (Fabos & Joyner, 1980). The output is the landscape character assessment itself, which is 

used to inform planning, management, and conservation of landscapes (Tudor, 2014).  
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Design Evaluation 

Post occupancy evaluation (POE) is one of the most common evaluative strategies used in Landscape 

Architecture. POE is case-study based and involves the measurement of change over time and space 

against baseline data. Common goals of POE are to determine if a design has met its objectives, to 

determine if users of the designed space are satisfied with the outcome, and to assess the cost-benefit 

results of the design. The success of POE hinges on the availability of baseline data collected at the outset 

of a project and at regular intervals through the design process (predesign, site inventory and analysis, 

concept development, implementation, and post-construction). POE can be used to test hypotheses and 

goals of a design project or to identify unanticipated results (Deming & Swaffield, 2011; Zeisel, 1981).  

 

Landscape performance is an emerging research area in Landscape Architecture. It uses a scientific 

approach to evaluate constructed landscapes on a number of metrics including stormwater infiltration and 

conveyance, soil health, tree and plant survivorship, habitat creation, and user satisfaction, among others 

(Mandel, 2016). Like POE, landscape performance research seeks to evaluate if a design has met its 

intended goals. Unlike POE, landscape performance research also measures the success of a completed 

project in meeting sustainability goals that extend beyond the project boundary (e.g., zero carbon, 

biodiversity, quality of life) (LAF, n.d.). The Landscape Performance Series is an initiative and repository 

for landscape performance research developed by the Landscape Architecture Foundation. This research 

takes the form of case study briefs, precedents, and methods/metric toolkits. Landscape performance 

research is a relatively new field in Landscape Architecture and draws from evaluation expertise in 

different disciplines, including landscape ecology, biology, and hydrology (Yang, Li, & Binder, 2015). 

An example of an evaluation matrix is shown in Figure 3.  Evaluation projects often involve collaboration 

between design professionals, researchers, and students, and case studies are focussed on multifunctional 

landscapes that address environmental, economic, and cultural considerations (Yang, Li, & Binder, 2015). 

This diversity of collaborators and projects makes landscape performance research inherently 

transdisciplinary (Lovell & Johnston, 2009).  
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Barriers 

While there is consensus that evaluation and monitoring are valuable to design, it is not widely practiced 

due to a lack of resources; planning (i.e., no baseline data is collected and strategies are not developed); 

understanding of the methodological requirements (e.g., environmental parameters); rigour in existing 

evaluation practices; and professional interest in the process. Some of these limitations may stem from the 

fact that designers are not accustomed to research strategies used in the natural and social sciences, 

including hypothesis development and experimental design (Ahern, Leduc, & York, 2007; Selman, 2006). 

Professionals are already required to conduct post-construction maintenance, so implementing additional 

long-term monitoring and evaluation may add to the burden of time and resources (Deming & Swaffield, 

2011).   

Environmental Monitoring 

Monitoring consists of repeatedly observing selected components/attributes of an ecosystem through time 

in order to evaluate changes in the condition of the selected system (Schmeller et al., 2009). Repeated 

monitoring of the environment can provide insight on the factors that drive change and can help 

differentiate these causes from background noise to provide a more nuanced account of the landscape and 

to focus decision-making priorities (Bunce, 2006). 

Figure 3. Example Performance Matrix for Case Studies in the Landscape Performance Series (Source: 
Yang, Li, & Binder, 2015, p. 317) 
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Environmental monitoring has gained momentum due to an international focus on biodiversity 

conservation - biodiversity being a measurable indicator of ecosystem health. Frameworks such as the 

Convention on Biological Diversity (CBD) and European directives (such as the Habitats Directive and 

the Birds Directive) have prompted researchers and policy-makers to collaborate on improving 

environmental monitoring activities in order to produce evidence to design better policies and 

management practices, and to evaluate those that are already in place (Schmeller et al., 2009). Monitoring 

for biodiversity is comprised of three major activities: gathering data in a target area over a specified 

timescale using predetermined variables, analyzing patterns that emerge from the collected data to 

identify causal factors of environmental change, and interpreting the results and communicating them to a 

specific audience (e.g., policy-makers) or to a broader audience (Schmeller et al., 2009). Monitoring 

activities are most often based on observing cause-effect processes in the environment and measuring 

these against baseline data (Selman, 2006). 

 

Constraints 

Generally, there is a lack of monitoring data to support planning, design, and management decisions due 

to cost, convenience, and an under-appreciation of the importance of monitoring. Additionally, 

monitoring has often occurred in an ad hoc manner, addressing specific policies or project goals, and 

using a wide range of approaches, making it difficult to integrate data across scales and limiting the utility 

of the information produced. An exception to this is the effort to integrate widespread monitoring data 

collected for birds and butterflies across North America and Europe (Schmeller et al., 2015).  Other 

weaknesses associated with monitoring programs stem from not developing clear project goals / 

questions, failures in data management, analysis and dissemination, and a lack of collaboration between 

researchers and other stakeholders (Hutto & Belote, 2013). Infrequent monitoring due to underfunding 

also limits the capacity of landscape architects and planners to contribute to scientific research that 
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concerns landscape, to test the success of designs in meeting project goals and broader sustainability 

challenges and, lastly, to collaborate with other professionals (Ahern et al., 2006; Steiner, 2014). 

2.3 CITIZEN SCIENCE 

The Origins of Citizen Science  

Citizen science (CS) is a relatively new term for a form of public participation in science (PPS) that has 

become increasingly widespread over the past two decades. While the term is new, public participation in 

science has existed for centuries with origins in natural history (Dickinson et al., 2012; Merenlender et al., 

2016). The following sections offer an overview of the origins and proliferation of CS projects, its 

benefits and challenges, and future steps.  

Since the 17th century, amateur naturalists have made significant contributions to scientific research and it 

is only relatively recently that science has become a commonly paid profession (Silvertown, 2009). Under 

this interpretation even Charles Darwin, Benjamin Franklin, and early conservationists like Henry David 

Thoreau and John Muir can be considered citizen scientists (Dickinson et al., 2012).  Early models of CS 

were spearheaded by the fields of astronomy and ornithology in the late 19th century. The Transit to 

Venus project initiated by Britain in 1874 is the earliest recorded scientific effort designed to collect large 

quantities of data over vast geographic scales. The project goal was to measure the distance between the 

Earth and the Sun and recruited amateur astronomers from all over the world (Dickinson et al., 2012).  

Records of public involvement in bird migration data collection in Europe go as far back as 1749. In 

North America the US Geological Survey began monitoring birds in 1880 (Dickinson et al., 2010). 

Perhaps the most prominent example of early CS is the Christmas Bird Count (CBC), established in 1900 

by an ornithologist at the American Museum of Natural History (Silvertown, 2009). The CBC evolved as 

an alternative to the traditional Christmas bird hunt, indicating a cultural shift to a public with 

conservationist leanings. The CBC became a popular event for bird monitoring and inspired subsequent 

initiatives like the North American Breeding Bird Survey (BBS) in 1966 (Dickinson et al., 2010).  
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Citizen Science Today 

CS has proliferated considerably in the past decades. This expansion has been attributed to a number of 

emerging social factors. The public’s increasing interest in environmental issues is a large driver in the 

development of CS projects. This type of concern is reflected in the rapid expansion of CS projects 

related to water-quality monitoring, which creates a strong relationship between community 

environmental activism and public health (Irwin, 1995). Widespread concern over environmental change 

from the local scale to the continental scale has prompted the increase of citizen participation in many 

disciplines, including atmospheric sciences, conservation biology, and toxicology, among others (Cooper 

et al., 2014).  

The crossover between ecological research and advances in digital technology has also been a significant 

catalyst for CS projects and facilitates access to data for both citizens and scientists (Conrad & Hilchey, 

2011). Digital technology, including the widespread use of smart phones, improvements to geographic 

information systems, and open source software, has contributed to significant advances in scientific data 

collection, visualization, storage, and quality assurance (Dickinson et al., 2012). Technology, and the 

application of technology through uses like social media and customisable field guides, facilitates the 

physical implementation of CS projects. It also improves accessibility for members of the population who 

may traditionally be underrepresented in scientific studies, facilitates community organization, and 

increases collaboration between individuals and groups (Cooper et al., 2014; Bonney et al., 2014).  

The growth of CS was evident when, during the 2008 annual meeting of the Ecological Society of 

America, 60 paper abstracts referenced the term, and many workshops and sessions were held on CS 

(Silvertown, 2010). Citizenscience.org is the largest association dedicated to CS; it was created as a result 

of enthusiasm and demand for more formal representation (Silvertown, 2010).  

Funding opportunities made available by individuals and through partnerships between stakeholders have 

contributed to the popularity of CS projects. In general, as scientific research becomes increasingly 
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interdisciplinary, partnerships are allowing for increased resource sharing, which benefits CS initiatives 

(Silvertown, 2010). Grants from institutions and government have a growing mission to promote 

scientific outreach. This outcome reflects a shifting emphasis to public interest research and towards 

ensuring accountability to funders. The public thus has a vested interest in participating in publicly-

funded projects. CS projects are becoming increasingly complex, having evolved beyond simply 

including volunteers as data collectors in scientific studies. Projects now incorporate a suite of activities 

in data collection projects such as environmental education, naturalist field observation, and stewardship, 

among others (Robertson, 2015).   

CS was pioneered in the field of ornithology, and many of the existing practices were developed from this 

research tradition. The success of CS in ornithology stems from the fact that projects have a low barrier-

to-entry (they are accessible), the timeliness of projects (occasional birding activities require a minimal 

time commitment) and, most importantly, a relatively simple data collection methodology (Robertson, 

2015).  The complexity of CS projects varies across disciplines. For example, the North American 

Breeding Bird Survey requires a higher degree of expertise from participants as well as a longer time 

commitment. However, many CS activities remain open to a wide range of knowledge levels, which 

explains the popularity of longstanding CS projects such as the Christmas Bird Count and the North 

American Breeding Bird Survey, among others (Dickinson et al., 2010; Robertson, 2015) 

Benefits of Citizen Science 

The number of published papers identifying successes and opportunities of CS-generated data reflects the 

value of CS as a research strategy and as a participatory approach to science and decision-making (See 

Figure 4). CS benefits scientific research through the immense number of contributors to data collection. 

Harnessing the time and effort of volunteer data collectors increases the potential geographic spread and 

time that can be dedicated to a given study. One way to understand the increase in research capacity is to 

visualize a ‘crowd’ of data collectors as opposed to a small dedicated ‘team’. Ornithology research that 

frequently relies on CS data illustrates how thousands of birdwatchers are recruited to crowdsource 
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valuable data on bird behaviour, migration, and other measures covering large temporal and spatial scales 

(Conrad & Hilchey, 2011). Through CS, research on biotic and abiotic patterns and processes has become 

feasible at continental scales in disciplines ranging from conservation biology and climate science to land 

use planning. Projects occurring at this scale are sometimes called ‘Atlas Projects’ (DeVictor et al., 2010; 

Tulloch et al., 2013).  

 

Figure 4. Growth of Peer-reviewed Journal Articles on Citizen Science in Major Databases (e.g. Web of 
Science, Scopus) (Adapted from McKinley et al., 2015, p. 5) 

 

CS can help research projects expand spatially and temporally but it also contributes to a higher sampling 

density. For example, the Cornell eBird project recorded over 1 million observations of more than 10,000 

species of birds in one study year; the Christmas Bird Count yielded over 68 million bird observations in 

2014 (Robertson, 2015).  

 

Higher sampling potential also creates an opportunity for continuous monitoring where it might otherwise 

be unfeasible. Continuous monitoring lends consistency to datasets if volunteers commit to gathering data 
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(this might depend on project funding). When organized appropriately, data collected by citizen scientists 

can be of very high quality, in some cases matching that of professionals. Individual errors embedded in 

datasets can be corrected for when sample sizes are very large, adjusting for the accuracy and validity of 

the data collected (Bonney et al., 2009; Dickinson et al., 2010).  

 

Educational Benefits 

The educational value of CS is well documented (Bonney et al., 2009; Dickinson et al., 2012; Robertson, 

2015). Scientific literacy is often cited as a desired outcome for CS. However, the level of environmental 

research knowledge gained will vary depending on the degree of involvement the citizen has, the citizen’s 

existing knowledge of the subject or location, and the project design (Bonney et al., 2009). Citizen 

Science Central, an online database hosted by the Cornell Lab of Ornithology (CLO) provides many 

resources and access to studies written on the educational value of CS. Bonney et al. (2009) and other 

researchers affiliated with the CLO report on the best practices for CS project design to achieve data 

collection, scientific literacy, and community outreach goals. In order to measure the effectiveness of CS 

programs in enhancing participant knowledge of environmental science and the research process, 

evaluation of project performance is required. Researchers from the CLO have developed a list of 

outcomes used to assess how CS projects contribute to scientific literacy: 

 
- Duration of involvement by project participants 
- Numbers of participant visits to project websites 
- Improved participant understanding of science content 
- Enhanced participant understanding of science process 
- Better participant attitudes toward science 
- Improved participant skills for conducting science 
- Increased participant interest in science as a career (Bonney et al., 2009, p. 983) 

 

CS may offer standalone educational benefits but can also be integrated into existing strategies aimed at 

engaging citizens in environmental issues, such as through school curricula, and environmental 

management plans (Dickinson et al., 2012). The educational benefits of a CS project will also vary 

depending on the level of participant involvement. In some schemes a volunteer may sign up simply to 
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help collect data, while others interested in gaining new skills and knowledge may take on more 

responsibility, assisting with data analysis and other tasks. Science literacy gained through CS can come 

in the form of self-learning, through educational resources, peer-to-peer learning or through more formal 

training on behalf of the researchers and project team (Bonney et al., 2009). 

 

Stewardship and policymaking 

In addition to improving citizen knowledge of their environment and of the process of scientific research, 

CS projects result in other, indirect benefits to society. Increasing citizen participation in environmental 

monitoring can encourage behaviour that will result in better environmental stewardship and community 

engagement in environmental decision-making. While it is not fully understood if and how CS leads 

directly to changes in decision-making, CS can leverage the “power of place” to contribute to an 

integrated process to make better informed conservation and resource management decisions (Newman, 

2017, p. 56).  

CS can reduce the costs of scientific research, an important consideration when consistent funding for 

environmental research is increasingly tenuous. Danielsen et al. (2010) published a study revealing that 

the UK invests $1.6 million in volunteer programs that would cost $40 million if conducted by 

professional researchers. When government funding for scientific research is lacking, CS offers a 

decentralized alternative because volunteer programs are typically more affordable to manage than 

professional field research (Danielsen et al., 2010). 

Dickinson and Bonney (2012) argue that a public that is more dedicated to scientific learning and 

environmental stewardship will be more engaged in environmental policy and decision-making. In this 

way, CS has the potential to leverage local resources for important environmental issues that will have an 

impact on communities beyond the scope of a single CS research project or program (DeVictor et al., 

2010). This bottom-up approach to scientific learning and decision-making reflects a general shift in 
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society, one that questions the traditional role of authorities and experts in issues that are considered a 

public interest (Irwin, 1995).  

Challenges 

The challenges associated with CS projects are well represented in the literature (Bonney et al., 2009; 

Bonney et al., 2014; Dickinson et al., 2012; Robertson, 2015). Major obstacles to developing successful 

projects are summarized below.  

A common criticism of CS is that the quality of data collected by volunteers is not high quality enough to 

be included in a rigorous scientific study. Poor data quality may stem from lack of participant knowledge, 

training, or variation in the skill levels of volunteers working on the same project (Dickinson et al., 2012). 

Another challenge is in ensuring that researchers recognize the value of CS datasets so that results of 

studies based on participatory processes are seriously considered and reflected in the literature.  

 

Sampling bias is another challenge faced by researchers working with CS datasets. Sampling bias can 

arise from the spatial parameters of a study (e.g., clustering of data points near access to roads or homes) 

or from temporal conditions (data collection times may be clustered according to volunteer schedules and 

not ideal data collection times) (Dickinson et al., 2012; Robertson, 2015).  

Data quality errors can also emerge at the time of data entry and analysis. Issues with formatting and 

consistency might be related to the participant’s level of knowledge and training in the software or 

medium used to enter observations. Data entry and analysis errors are timely to identify and correct for, 

and may be a burden to researchers tasked with reviewing the data in terms of time and resources 

(Bonney et al., 2014). The sheer size of CS datasets and the need to ‘clean’ the data demands new and 

creative statistical techniques. The development and training of researchers in these techniques can 

prolong the timeframe of studies (Bonney et al., 2014).  
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The skills, or lack thereof, that researchers have in organizing large groups of people can be a barrier to 

the success of CS projects. CS groups can be highly diverse in terms of age, background, knowledge of 

the subject, and understanding of the data collection process. Researchers must learn how to recruit and 

retain reliable groups of volunteers to ensure that there are no data gaps in a study. Bonney et al. (2014) 

stress that the project design must be consistent with the interests that community members have in their 

local environment, or commitment to a project may taper off. Volunteer burnout is also a cited concern in 

CS projects (Merenlender et al., 2016). To avoid barriers to collecting high quality data and achieving 

environmental education goals of CS projects, researchers and organizers must develop and implement 

evaluation procedures to improve and adjust projects as an iterative exercise at all stages (Ferraro and 

Pattanayak, 2006; Bonney et al., 2009; DeVictor et al, 2010; Roy et al., 2012).  

 

Recent research on CS projects has identified a lack of participant diversity as a barrier-to-entry 

(Merenlender et al., 2016). The culture of CS is one that can easily be associated with groups who have 

ample time to engage in volunteer activities (e.g., retired, middle class, privileged) and who are well-

connected in their communities. Community members who do not have existing knowledge of 

environmental issues or a baseline understanding of research may not feel confident enough to participate 

in a CS study even if it is open to the public. Volunteer pools have, in some cases, shown demographic 

biases (Merenlender et al., 2016).  

Project sustainability can be limited by resources and a commitment on behalf of different stakeholders. 

While CS offers a cost-saving alternative for conducting large-scale environmental monitoring and 

research projects, the inconsistency of funding cycles, grant availability and volunteer commitment may 

limit project design and implementation (Bonney et al., 2009; Dickinson et al., 2012).  

While CS has proliferated over the past two decades, it is underrepresented in the academic literature. 

This can be attributed to the fact that the term is not used universally to describe participation in scientific 
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research. CS, as an umbrella term for many forms of participation in scientific research, is reported more 

frequently in the grey literature (Bonney et al., 2014; Danielsen et al., 2010; Robertson, 2015).  

Future steps 

Given the rapid proliferation of CS projects and associated user-friendly technologies, scholars have 

proposed strategies to improve project design, implementation, and evaluation. The future role of CS in 

policy-making, science literacy, and systems-based environmental solutions and collaboration in research 

is growing in a number of disciplines (Dickinson & Bonney, 2012; Cooper et al., 2014). CS researchers 

predict that innovation in digital technology will contribute to a rapid proliferation of CS platforms and 

projects, perhaps even faster than they can be evaluated for professional scientific purposes. Increasing 

research on a systems approach to environmental problems will create opportunities for CS to become 

more complex and interdisciplinary. Proponents argue that CS has a valuable role in monitoring 

conducted at large spatial scales. Working towards a universal definition of CS and collaborating on 

process design and data collection at different scales will build stronger networks of CS and create more 

potential for collaboration (Danielsen et al., 2010; Cooper et al., 2014; Dickinson et al., 2012).  

Implications 

It is clear that monitoring and evaluation occurs in Landscape Architecture. Landscape Architecture 

scholars and professionals are building the case for activities like monitoring and evaluation to promote 

and strengthen evidence-based landscape architecture (EBLA). “Evidence based landscape architecture is 

the deliberate and explicit use of scholarly evidence in making decisions about the use and shaping of 

land” (Brown & Corry, 2011, p. 328). Guiding design by integrating sound research can help shift 

Landscape Architecture research and practice from being belief-based to fact-based. EBLA does not limit 

itself only to physical and biological evidence; it can also benefit social areas like cultural landscape 

design through more thorough research of local landscape knowledge and aesthetic preferences (Brown & 

Corry, 2011; Swaffield, 1999; van den Brink & Bruns, 2014). There is also the potential for participatory 
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processes such as plural design to contribute to the generation of this much-needed evidence base to 

improve the profession’s capacity to evaluate and monitor physical, biological, and cultural processes in 

the landscape.  

While most of the existing literature on CS relates this process back to public participation in science, this 

literature review has related it back to public participation in design. Any literature addressing CS and 

design suggests a strong application for site programming and stewardship. In the literature, there appears 

to be no research related to the application of CS to monitoring and evaluation in Landscape Architecture; 

this is a valuable step in the design process that, as argued above, requires increased capacity.  

Given that CS lies at the intersection of both participatory processes and environmental monitoring, my 

research aim is to explore how CS can contribute to monitoring and evaluation in the design process in 

Landscape Architecture.  
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CHAPTER 3: METHODS 

3.1 RESEARCH QUESTION AND OBJECTIVES 

The question guiding this research is:  

How can CS contribute to monitoring and evaluation in the design process in Landscape Architecture? 

The objectives to answer the research question are:  

1. Identify a design process that is commonly used in Landscape Architecture education 
2. Describe the role of monitoring and evaluation in the Landscape Architecture design process 
3. Examine common typologies CS projects in disciplines related to Landscape Architecture  
4. Cross-compare the application of CS in two case studies 
5. Synthesize the use of CS-based monitoring in the design process 
 

3.2 METHODS  

The overall strategy for this research is to use multiple qualitative methods to explore the role of CS as a 

participatory approach for monitoring and evaluation in Landscape Architecture. The methods used to 

achieve the five research objectives include:  

Objective 1: 
(a) A web scan of curricula and a survey of professors to identify a design process that is generally 

used in Canadian Landscape Architecture education;  
 

Objectives 2 and 3: 
(b) A focussed literature review to (i) examine environmental monitoring and evaluation approaches 

that are relevant to Landscape Architecture and related disciplines and (ii) characterize typologies 
of CS as a participatory approach to monitoring and evaluation; 
 

Objective 4:  
(c) A cross-case comparison using document analysis and data from key informant interviews to 

identify opportunities for the use of CS in Landscape Architecture evaluation;  
 

Objective 5: 
(d) Synthesis of the findings to integrate CS-based monitoring in the design process.   
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The methods are described in detail, below: 

Web Scan and Faculty Survey 

In order to assess the role of monitoring and evaluation in the design process, the design process outlined 

by LaGro (2013) was initially selected as it is taught in various courses at the author`s home institution. 

Syllabi from six accredited Landscape Architecture programs in Canada were scanned to establish if the 

selected design process is taught at the university level across institutions. Syllabi referencing the selected 

design process were not readily accessible online so faculty members from each university were contacted 

through email correspondence. Twenty faculty members were contacted and asked if they teach the 

process outlined by LaGro (or one similar to it). 

Focussed Literature Review 

Literature on the design process utilized in Landscape Architecture was consulted to identify the role of 

evaluation at various stages of design. Sources included grey literature (webpages, magazine articles, 

reports, etc.) and journal articles related to Landscape Architecture and similar disciplines including 

Planning and Landscape Ecology. Iterative design, EBLA, and environmental monitoring were among the 

major topics reviewed.  

Articles describing CS typologies (or CS in general) was not found in Landscape Architecture 

publications. In this case, citation mining in cross-disciplinary databases including Web of Science and 

Elsevier helped identify resources that were most relevant from related disciplines ranging from Ecology 

and Biology to Natural Resources Management, among others. Existing literature reviews were selected 

first, given the large number of articles published on CS and therefore making it cumbersome to filter 

through databases. Grey literature was also consulted to identify typologies of CS. A major source for this 

data was the Cornell Lab of Ornithology`s Citizen Science Central1. Analysis of the literature on 

                                                           
1 Now relocated to citizenscience.org in partnership with the Citizen Science Association of North America. 
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typologies of CS contributed to the development of themes to be explored through interviews with key 

informants.  

Cross-case Comparison  

This research relies on two case studies for cross-comparison. This approach provided a deeper 

understanding of how CS can contribute to evaluation in Landscape Architecture by interpreting the 

experiences of those involved in existing projects (Deming & Swaffield, 2011; Silverman, 2015). CS 

activities from projects in Southern Ontario were examined to assess their existing and potential 

contributions to the design process.  

The following criteria were considered in selecting the case studies: 

- Application to Landscape Architecture: Are the CS monitoring activities located in designed or 
planned sites? 

- Typology: Are specific CS typologies represented?  
- Scale: Do the CS projects contribute to environmental monitoring at scales beyond the project 

boundary?   
- Level of activity: Are the CS programs or projects currently active? 

 

The Directory of Citizen Science managed by Ontario Nature was consulted as a first source to identify 

potential case studies. An initial scan revealed that many CS projects were inactive during the study 

period. To work around this constraint, a museum professional who is active in CS activities through the 

Ontario BioBlitz Program was consulted to obtain a list of recommended case studies that met the criteria 

listed above, as well as potential key informants involved with those projects.  

Given the relative novelty of CS projects in Ontario, two information-rich case studies were chosen for 

in-depth study, as opposed to a larger sample which would be better suited for the purpose of 

generalization (Creswell, 2013; Patton, 2005). The two case studies were Tommy Thompson Park and 

Bob Hunter Memorial Park; these were selected to represent long-term monitoring activities at the site- 

and regional scale, respectively. Both parks are located within Toronto and Region Conservation 

Authority (TRCA) jurisdiction and are home to a range of ongoing CS activities. After initial research 
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was conducted on Bob Hunter Memorial Park, the case study was expanded to include Rouge Park as a 

whole; it was felt that increasing the scope would better represent the regional scale. While the case 

studies were selected based on geographical locations, CS-based monitoring activity was established as a 

boundary for the cross-case comparison (Yin, 2013). The methods used to cross-compare the selected 

case studies are described below.  

Document Analysis 

Background information for the case studies was collected from publicly available documents and 

published literature relating to CS activities at both sites. Documents were selected according to their 

relevance to the research question and objectives.  Documents gathered included: reports, committee 

meeting minutes, newsletters, archival material, strategic planning documents, and website material. The 

documents provided textual data relating to the site’s context, planning and design background, role of 

civil society, the context of CS activities, and other relevant information. Documents collected for 

analysis were obtained by searching online, in the University library, and from referrals by key 

informants.   

Key Informant Interviews 

Key informants were purposefully selected through the professional contact mentioned above. Snowball 

sampling resulted in the identification of five key informants who could provide insights into CS 

activities at Tommy Thompson Park and Rouge Park. Three of the key informants were also able to speak 

to CS practices in both parks. Key informants were affiliated with government, professional or non-profit 

organizations that lead CS activities.  
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Table 4. Key Informant Interview Respondents and Affiliations 

Code Key informant role Organization / agency 
KI1 Associate Director TRCA Master Planning & Greenspace Conservation 
KI2 Co-chair Friends of the Spit 
KI3 Coordinator Ontario BioBlitz Program 
KI4 Associate Director TRCA Environmental Monitoring & Data Management 
KI5 Program Director Citizen Scientists (non-profit organization) 
 

Semi-structured interviews were conducted in-person, by telephone and, in two cases, through email 

correspondence. To engage respondents in conversations about the role of CS in evaluation for Landscape 

Architecture, I asked a range of questions about CS generally and more specifically as it relates to the two 

case studies. Interview questions were developed based on the results of my literature review and to 

complement data collected from the document analysis for each case study. Questions addressed CS 

broadly while specific themes were aligned with the research objectives investigating (i) the role of 

monitoring and evaluation in Landscape Architecture and, (ii) typologies of CS. Questions were also 

designed to capture the personal experiences of the key informants with CS activities (insight that could 

not be synthesized through document analysis).  The same interview guide was developed for all key 

informants but was tailored if some of the questions were previously addressed in the document analysis.  

The question list is provided in Appendix A. All of the interviews were conducted in April, 2017, and 

lasted between thirty and sixty minutes. Interviews were recorded using an audio-recording device and 

notes were taken by hand during the course of the conversation. In the case of written responses to 

interview questions, follow-up phone calls were conducted to seek clarification and elaboration on a 

number of answers.  

3.3. DATA ANALYSIS 

The document analysis involved content analysis to organize, summarize, and interpret the data that is 

relevant to the central research question and objectives. To organize data, headings were developed after 

first skimming documents, followed by a more thorough examination of the contents. Interview data was 
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reviewed and analyzed through open coding, first by question, and then refined by thematic analysis. 

Themes that related to topic areas reviewed in the document analysis were included, as were emergent 

themes that could contribute new insight either to individual CS projects or across case studies. After 

analysis, the accuracy of the key informant responses was confirmed with the interview participants to 

ensure validity of the data (Creswell, 2013).  
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CHAPTER 4: RESULTS  

 

The following chapter presents the results of this research in the order of the objectives described in the 

previous section. The first section identifies and defines a design process used in Landscape Architecture 

education, making note of the role of monitoring and evaluation in the process.  The second section 

presents the results of a focussed literature review, identifying monitoring practices across disciplines that 

can contribute to the process in Landscape Architecture. In the following section, CS is described in more 

depth – different typologies of CS are identified and summarized, and the implications for monitoring are 

examined. The final section presents the findings of the cross-case comparison based on data summarized 

from a document analysis and key informant interviews.  

4.1 THE DESIGN PROCESS 

The design process for planning and design developed by LaGro (2013) is structured around four primary 

phases: pre-project, site assessment, design, and implementation. Parts of the process are intended to be 

iterative (as shown by the dotted lines in Figure 5), and will change through the lifecycle of a project. The 

primary phases are summarized below. 
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Pre-project  

• Contract: The pre-project phases are characterized by communication between a project client 
and a design firm (private, public, or institution). At this time a contractual agreement is 
established to define the scope of work, and roles and responsibilities.  

 
• Programming: Site-programming establishes design intentions for the activities and land uses that 

a project will accommodate (e.g., recreational, commercial, cultural activities, conservation). The 
goals, objectives, and physical configuration of a site are established during this phase.  

 

Site Assessment  

• Site selection: In some cases a client will have selected a site before developing the project 
program and in others the program concept will determine the location of the site.  

 
• Site inventory: The site inventory phase of a design is informed both by the features existing on a 

site and surrounding area as well as by program needs. Inventory data is collected by the 
designers and consulting experts to determine a site’s physical, biological, and socio-cultural 
characteristics.  

 
• Site analysis: During site analysis, results from the inventory are analyzed to determine the 

capability and suitability of a site for the proposed programming. These can be a set of 
opportunities and constraints relating to the natural or cultural heritage of a site with emphasis on 
sensitive site features, safety, and community needs. 

 

Design 

• Conceptual design: The cultural, biotic and abiotic attributes that are unique to the site determine 
the form and function of the program. Relationships between these features may be revisited 

Figure 5. Site Planning and Design Process (Source: LaGro, 2013, p. 17) 
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iteratively throughout the design process. Often, more than one concept is developed and the 
options are evaluated.  

 
• Design development: The concept plan is refined and represented to better communicate the 

vision and program to the client.  
 

• Construction documentation: Construction documents are the blueprints required before a site 
design can be implemented. These documents may be drawn by the designer or by a 
subcontracted firm/consultant.  

 

Implementation 
• Site plan and construction documentation will be reviewed and approved or amended depending 

on site restrictions. Occasionally permits and other approvals such as zoning amendments and 
land acquisition will be required before a project can be implemented.  

 
Monitoring and Evaluation 

• It was noted that monitoring and evaluation is not accounted for in LaGro’s design process. 
Landscape Architecture is involved in planning, conceptualizing and implementing change in the 
landscape. Understanding change is an essential consideration in all planning and design 
activities, therefore, monitoring and evaluation should be considered to be part of the design 
process (LaGro, 2013). Monitoring activities in professional practice can be incorporated in 
maintenance procedures2 that are agreed upon by the client and / or consultant (or used as the 
basis for separate tender calls after project implementation). The landscape maintenance program 
outlines the scope of work, procedures, timeline, and roles and responsibilities to be included in a 
maintenance contract, if applicable (CSLA & CNLA, 2016).  

 

Design Process Adopted by Professional Programs 

Results from the web scan of Landscape Architecture syllabi in Canadian universities indicate that the 

design process outlined by LaGro (2013) is taught or at least used as a reference in a number of analysis, 

design, and professional practice courses. Twenty faculty members from accredited programs were 

contacted through email correspondence. Contact information for instructors was sourced from university 

websites. Instructor profiles indicated their experience in teaching the selected design process through 

their areas of interest and expertise. The survey of instructors confirmed the use of LaGro’s design 

process in teaching Landscape Architecture across Canada (in some cases complemented by other 

processes). The responses are summarized in Table 5.  

                                                           
2 Landscape maintenance considerations and procedures are outlined in Section 14 of the Canadian Landscape 
Standard (CSLA & CNLA, 2016).  
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Table 5. Use of Selected Design Process in Accredited Canadian Landscape Architecture Programs 

Program name and institution Use of LaGro design process 

School of Landscape Architecture 
University of British Columbia Yes 

School of Environmental Design and Rural Development 
University of Guelph 

Yes 
 

Faculty of Environmental Design 
University of Calgary Yes 

Faculty of Environmental Design 
Université de Montréal No response 

John H. Daniels Faculty of Architecture, Landscape, and Design 
University of Toronto Yes 

Faculty of Architecture Department of Landscape Architecture 
University of Manitoba Yes 

 

4.2 APPROACHES TO MONITORING AND EVALUATION 

Understanding specific approaches used in environmental monitoring and evaluation can provide lessons 

for Landscape Architects seeking to incorporate this essential step in the design process. As illustrated 

below, different approaches are suitable at different stages of design. For example, baseline monitoring 

data can be used to inform site selection, while implementation monitoring can be used to assess the 

extent to which a design has met its goals. The focussed literature review is limited to the literature on 

environmental monitoring, as this is the stream that is most frequently utilized in CS projects.  

Monitoring Approaches 

Lindenmayer and Likens (2010) have written extensively on the emergence of environmental monitoring 

as an essential research activity and have developed recommendations to improve methods, promote 

interdisciplinary collaboration, and integrate data at multiple scales and across project boundaries. 

Broadly speaking, there are three types of monitoring based on the motivations behind the research: (i) 

Curiosity-driven or passive monitoring is guided by the inquisitiveness of the researcher / team regarding 

specific ecosystems or organisms, (ii) Mandated monitoring consists of data collection to meet the 

evaluation needs of regulation or legislation procedures such as government policies on environmental 
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health. Mandated monitoring is undertaken primarily to determine if the target is ‘better or worse’ 

following changes in management practices (as opposed to understanding the underlying causes of 

change), (iii) Question-driven monitoring is based on experimental design aimed at developing scenarios 

to predict the outcomes of specific ecosystem or attribute management interventions. Question-driven 

monitoring often analyzes data collected over long periods of time in a setting that has seen numerous 

interventions; it is also a key part of the adaptive monitoring framework discussed later in this section 

(Lindenmayer & Likens, 2010).  

Lindenmayer and Likens (2010) question the extent to which passive monitoring is a useful strategy, 

stating that it may appear haphazard. This style of monitoring is often undertaken by stakeholders who 

will visit sites according to their convenience, forsaking methodological procedures and evaluation goals. 

Mandated monitoring is useful at coarser scales and can help identify trends and patterns across 

boundaries. Question-based monitoring adheres more strictly to a process and yields finer-grained data; 

however, the results are often difficult to extrapolate across scales (e.g., from site- to regional-scale) 

(Lindenmayer & Likens, 2010). 

Another common approach to monitoring identifies two types: implementation and effectiveness. The 

former addresses whether a management plan has been carried out as planned and the latter assesses 

whether the goals of that plan were met. While these strategies and those outlined by Lindenmayer and 

Likens (2010) are fairly straightforward, Hutto and Belote (2013) noticed that many researchers, planners, 

and land management agencies tend to use the term ‘monitoring’ to refer to many different activities to 

answer a wide variety of research questions and project goals.  To promote more cost-effective and 

efficient design of monitoring projects, the authors classify four different monitoring strategies, 

highlighting the diversity of approaches that exist: surveillance monitoring, implementation monitoring, 

effectiveness monitoring, and ecological effects monitoring (Hutto & Belote, 2013). The research 

question that each of these strategies is designed to address is summarized in Table 6.  
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Table 6. Categories of Monitoring Activity by the Type of Goal-Oriented Question it Addresses (Adapted 
from, Hutto & Belote, 2013, p. 185) 

Type of monitoring Goal-oriented question  

Surveillance Are ecological properties changing in some undesirable way through 
time, or do we perceive an association between a particular land-use 
activity and a negative indicator? 
 

Implementation Was management prescription implemented according to contract 
specifications? 
 

Effectiveness Did management actions achieve the social, economic, or ecological 
goals and objectives outlined in the prescription? 
 

Ecological effects Did management actions result in ecological trade-offs or unintended 
ecological consequences? 
 

 

These monitoring strategies can all work to address the planning, design, and management of one project 

by answering different questions about the state of an ecological system or its features. Surveillance 

monitoring, like baseline monitoring, answers preliminary questions about the condition of a landscape or 

ecosystem at coarse scales, while the other three strategies can address specific activities at a finer level of 

detail. All of these monitoring strategies are designed to contribute to an iterative, question-based inquiry 

into environmental and social health (Hutto & Belote, 2013). Adaptive monitoring is an example of a 

successful approach to monitoring that is question-based and accommodates variability in the 

environment and in subsequent decision-making.   

 

Adaptive Monitoring 

Adaptive monitoring is an approach used in environmental sciences modeled after adaptive management, 

which evaluates knowledge gained from monitoring data to make subsequent changes to management 

activities and practices. Adaptive management was popularized in ecology, conservation, and natural 

resource management in the 1990s; it relies on monitoring as a key learning activity to inform the 

development of alternative decision-making scenarios through collaboration with multiple stakeholders 
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(Walters & Holling, 1990). Similarly, adaptive monitoring follows an iterative process and allows 

projects to evolve as new information, technology, and objectives become apparent (Lindenmayer & 

Likens, 2010). Adaptive monitoring is most successful if all monitoring activities are outlined to answer 

well-crafted questions about environmental change (see Figure 6).  As such, the process is most often 

applied in projects that are characterized by dynamic environmental challenges with datasets that are 

maintained in the long-term (Lindenmayer & Likens, 2009). Lindenmayer and Likens (2010) emphasize 

the value of setting clear questions and objectives for research projects, a practice that will help determine 

what environmental attributes should be monitored and how, later down the road.  

 

 

Figure 6. The Adaptive Monitoring Framework  
(Source: Lindenmayer & Likens, 2010, p. 72). 

 

What to Monitor? 

“The most effective manner for landscape planners to deal with landscape change is to develop a basic 

understanding of it, and to understand options and consequences associated with alternative plans for the 
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future” (Leitão et al., 2012, p.14). Biotic and abiotic environmental attributes should not be studied just to 

acquire ecological knowledge, but to develop insights on complex human and natural systems to then 

inform better management and planning for sustainability (Ahern et al., 2007). The process of selecting 

environmental attributes to measure is not an easy one; in fact, this phase of monitoring projects is often 

the most problematic for the team (Lindenmayer & Likens, 2010). A traditional method of focusing 

conservation and environmental efforts on endangered and indicator species has proven ineffective. This 

has made way for new, holistic approaches including pattern and gap analysis, and assessment of 

ecoregions and ecological communities for coarse- and fine-grained data (Ahern et al., 2007).  

 

Lindenmayer and Likens (2010) describe two prevailing, if flawed, approaches towards selecting what to 

monitor at the species level. The first they call the ‘laundry list’ method - this involves long lists of 

environmental attributes to be monitored over a long period of time. This method often faces many 

problems relating to poorly developed research questions, loose objectives, financial unsustainability, and 

complicated data analysis. Laundry-list monitoring can lead to “many things being monitored badly” 

(Lindenmayer & Likens, 2010, p. 20). A response to the laundry list methods is to base monitoring 

projects (and landscape management, planning, and resource conservation projects more generally) on 

indicator species and groups. Specific species and groups are selected to represent the condition of the 

broader ecosystem and other species, reducing monitoring parameters and costs to a more manageable 

scope. One common problem with the indicator species approach is that it is often conflated with target 

species for conservation and management projects which can be biased by political and management 

objectives (e.g., a disproportionate focus on flagship or charismatic species for conservation) (Ahern et 

al., 2007; Lindenmayer & Likens, 2010). The indicator species/group approach is ideal when multiple 

indicators are selected across scales. It can also help promote stewardship practices by individuals and 

groups by fostering interest not just in one species, but in the habitats that sustain them.  
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As explored earlier, adaptive monitoring is an alternative to ‘laundry list’ and indicator-based projects 

(Lindenmayer & Likens, 2010). This method focuses the scope of research and uses resources more 

efficiently for data collection. Guided by a conceptual model, adaptive monitoring develops predictions 

about environmental behaviour and response to change in specific ecosystems; a strategy that facilitates 

the selection of monitoring attributes. The use of target species is thus guided by well-conceived research 

questions, criteria, and an established process instead of by political or conservation agendas 

(Lindenmayer & Likens, 2010).  

 

Landscape ecology 

The field of Landscape Ecology is concerned with three major areas of study: (i) patterns in the landscape 

(distribution of ecosystems or species), (ii) flows of biotic and abiotic features in the landscape, and (iii) 

environmental change over time and space (Leitão & Ahern, 2002). In Landscape Ecology the use of 

indicator patterns, processes, and relationships can yield insights on environmental change at scales 

broader than traditional monitoring approaches that often focus on single indicator species or taxonomic 

groups (Forman, 1995; Ahern et al., 2007). As an interdisciplinary science, Landscape Ecology adopts a 

holistic approach to research and practice by including human activities as an essential factor in 

ecosystem and landscape studies. Leitão and Ahern (2002) make a case to include landscape ecological 

metrics for monitoring in landscape planning and related disciplines. Using metrics to measure the effects 

of land use and management practices can help planners and designers understand structure, function, and 

change – three important ecological processes that occur in the landscape.  

 

Where the species-based approach to monitoring often falls short, understanding patterns, processes, and 

relationships that occur in ecosystems can provide useful indicators of environmental health across scales 

(Ahern et al., 2007). Leitão and Ahern (2002) argue that planners and designers rarely make use of 

ecological measurement tools to understand the effects of land use decisions on the environment. In order 

to anticipate the consequences of these decisions, planners and designers must be aware of the 
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characteristics or features of the landscape that will be impacted. Leitão et al. (2006) identify how 

functions and processes in the landscape can be assessed by looking at the relationship between landscape 

structure and landscape resources - the latter being the abiotic, biotic, and cultural features of ecosystems 

and landscapes (Leitão et al., 2012).  

A pattern-based approach, considering the relationships described above, can provide coarse-grain 

baseline data on environmental health and landscape change but it should also be complemented with fine 

filter data collected through other monitoring strategies (e.g., implementation, effectiveness, and 

ecological effects monitoring). A simplified classification of measures can be developed by first 

identifying the levels at which a monitoring project is conducted in the landscape. Following a landscape 

ecological approach, the following hierarchy may be considered as a starting point towards measuring 

biodiversity and change in the landscape: (i) landscapes, (ii) habitats, (iii) vegetation types, (iv) species, 

and (v) ecotypes (Bunce, 2006).  

Scale and Grain 

Scale refers to the spatial extent of an area of interest, most often visualized on a map. Scale may also 

refer to the temporal component of environmental change. There is an observed relationship between 

spatial and temporal scale wherein short-term environmental events affect small areas and longer-term 

events affect larger geographic extents. Forman describes this relationship as the space-time principle 

(1995). The principle has predictive and descriptive value for short-term processes like localized wildlife 

movement in one hour or day and even continental vegetation changes over the course of thousands of 

years. Spatial and temporal scale differ according to the boundaries that are assigned to them. For 

example, spatial scale may be defined by jurisdictional, political and cultural boundaries, or by 

environmental characteristics such as climactic, hydrological or biological processes.  

Forman (1995) has outlined a system of classification for spatial scale that integrates natural and socio-

cultural processes. This strategy risks omitting valuable environmental and social information (such as the 

processes of a drainage basin and natural resource management borders, respectively) but it develops 
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comprehensible spatial units that conservation managers, planners, ecologists and designers can use to 

make better informed decisions about land use. The primary classifications of spatial scale include the 

following levels of analysis: meso-regional, sub-regional, local, and site-scale.  The spatial dimension of 

ecological processes is a familiar language for landscape ecologists, planners, and designers: 

By considering landscape ecological concepts in landscape planning, the landscape 
design process, expressed in a plan through spatial concepts, is embedded with the 
necessary ecological patterns and resulting functions. These are critical to assure the 
ecological sustainability of the final plan, and of the resultant future landscapes (Leitão & 
Ahern, 2002, p. 68). 
 

4.3 TYPOLOGIES OF CITIZEN SCIENCE 

CS is an extremely broad phenomenon owing to the different types of projects, participant profiles, 

locations, and scales that characterize it. Typologies are classifications of concepts, approaches, or data 

that can be used to organize knowledge, clarify misconceptions, and design research around a subject area 

(Crewe & Forsyth, 2003). To help make sense of the extensive range of CS approaches and their 

usefulness for Landscape Architecture, existing typologies of projects are explained in the sections that 

follow. The list is not exhaustive but it reflects the most frequently cited CS classifications found in the 

literature.  

 

Level of Participation 

A common classification system for CS is based on a structure of volunteer involvement in scientific 

research (Bonney et al., 2009; Haklay, 2013; Robertson, 2015). CS research projects are based on nine 

steps that Bonney et al. (2009) developed at the Cornell Lab of Ornithology: 

1. Choose a scientific question. 
2. Form a scientist/educator/technologist/evaluator team. 
3. Develop, test, and refine protocols, data forms, and educational support materials. 
4. Recruit participants. 
5. Train participants. 
6. Accept, edit, and display data. 
7. Analyze and interpret data. 
8. Disseminate results. 
9. Measure outcomes. 
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Bonney et al. (2009) have simplified the degree of involvement to three main categories identifying the 

level of citizen contribution, collaboration, and co-creation of projects (see Table 7). These categories 

describe the extent to which citizens are involved in each step of the design, implementation, and 

dissemination of scientific studies. This classification is useful in that it can be applied across disciplines 

and geographic locations. Projects based on contributions normally involve citizens in the data collection 

phase of a research project designed by professional scientists. Involving citizens in the data collection 

phase of a research project can significantly increase the sample size of the study; however, any outcomes 

beyond data crowdsourcing are not readily apparent (Robertson, 2015; Roy et al., 2012).   

Table 7.  Level of Citizen Involvement in a Research Project. X= always (X) = sometimes 
(Adapted from, Bonney et al., 2009, p. 978) 
 

Steps Contributory Collaborative Co-Created 

Choose or define questions   X 

Gather information and 
resources   X 

Develop explanations   X 

Design data collection 
methodologies  (X) X 

Collect samples and/or 
record data X X X 

Analyze samples  X X 

Analyze data (X) X X 

Interpret data and draw 
conclusions  (X) X 

Disseminate conclusions/ 
translate results into actions (X) (X) X 

Discuss results and ask new 
questions   X 
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In collaborative projects, citizens take on more responsibility and may be involved at various stages of the 

research process. For example, in this model participants may contribute to project design as well as data 

analysis. In the collaborative model, Robertson (2015) describes citizen participation as ‘distributed 

sensing’, noting that citizens will often benefit from additional training in data collection, analysis, and 

dissemination. Finally, in the co-production or co-creation model, citizens might be responsible for 

initiating the project and will likely participate in all steps of the research process (Bonney et al., 2009). 

Another term used to describe the co-creation model of CS is community science, reflecting the higher 

degree of participant involvement. The majority of CS projects reviewed in scholarly literature follow the 

contributory model (Bonney et al., 2009; Bonney et al., 2012; Cooper, 2014; Robertson, 2015).  

Citizen Motivations 

Robertson (2015) breaks the level of participant classification system down further through an analysis of 

the personal motivations of citizens to participate in science. Depending on the level of citizen 

involvement required for a project, the participant’s motivations to join a study might influence project 

design and will be reflected in the evaluation of the data collected (Conrad & Hilchey, 2011; Robertson, 

2015). The primary motivations for citizen participation in environmental science have been classified as: 

“altruism; professional/personal interest; intellectual stimulation; protection or enhancement of an 

investment; social reward/recognition; mischief; agenda; and possibly even criminal intent” (Robertson, 

2015, p.6). 

Program Goals 

An alternative approach to classify CS projects uses project goals and organizational properties as the 

primary determinants of type (Conrad & Hilchey, 2011; Tulloch et al., 2013; Wiggins & Crowston, 

2011). Wiggins and Crowston have written extensively on this approach; they identified the following 

five common goals for CS projects: (i) Action; (ii) Conservation; (iii) Investigation; (iv) Virtual; (v) 
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Education (2011). The scientific, organizational, and technological issues associated with each of these 

types is summarized in Table 8.  

Table 8. Scientific, Organizational, and Technological Issues Associated with Types of CS Project 
According to Goals (Data from Wiggins & Crowston, 2011).  

Project goal Scientific issues Organizational issues Technology issues 
 
Action 

 
- Professional researchers 

collaborate / consult, they 
don’t initiate 

- Data not likely to 
contribute to scholarly 
literature due to bias 

- Aggregation challenges 
when many independent 
efforts use different 
methodologies 

 
- Grassroots organization 

does not ‘scale up’ well 
- Long-term 

sustainability of 
projects is a challenge 

 

 
- Minimal use of 

technology in small-scale 
CS groups (e.g., non-
profit organizations) 

- IT infrastructure is 
difficult to obtain and 
manage 

- In-person communication 
is preferred 

 

These projects advocate for a local concern (usually environmental) and are often based on 
participatory action research. They are organized through grass-roots mobilization and are devised and 
managed by citizens, not professional scientists. Citizens will usually be engaged in the research over 
the long-term and at small, localized scales (Conrad & Hilchey, 2011; Richardson, 2015).  
 
 
Conservation 

 
- Focus of data collection is 

long-term monitoring for  
management decision-
making 

- Data are not always easily 
accessible to the public 

- Project organizers are 
usually professional 
researchers  

- Established volunteer 
pools  

 
- Top-down and ‘middle-

out’ organizational 
structure 

- Heavy dependence on 
government / 
institutional funding 

 

 
- Technology utilized 

ranges from limited to 
sophisticated 

- Some projects are driven 
by technological 
considerations (e.g., app-
based) 

- Technology often used 
for data entry and access 
but not for online 
submission  
 

These projects promote environmental stewardship, focussing on natural resource management and 
ecology. They will often occur at the local scale but also appear at larger, regional scales. Educational 
goals are frequently connected to local initiatives (Cooper et al., 2014; Wiggins & Crowston, 2011).  
 
 
Investigation 

 
- Reliability of the results 

is a priority, procedures 
are often established by 
professional researchers 

- Protocols for project and 
task design can  reduce 

 
- Top-down 

organizational structure 
- Larger spatial scale of 

operation requires 
larger volunteer pools, 
which can be difficult 

 
- Wide range of 

technologies used 
(depending on funding) 

- Technology does not 
always convert data into 
publicly accessible format  
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error  
- Spatial distribution of 

volunteers collecting data 
at various geographic 
scales (risks sampling 
bias) 

- Targeting / screening 
volunteer recruitment and 
large pool of contributors 
can address data quality 
 

to manage 
- Strong fundraising 

component to ensure 
project sustainability 

 

Scientific research is the primary goal of these CS projects. Data collection for the physical 
environment occurs across many scales (local, regional, international). Subject areas include biology, 
climatology, and meteorology (Bonney et al., 2009; Cooper et al., 2014; Dickinson et al., 2012)  
 
Virtual - Ensuring valid results can 

be a struggle 
- Retaining volunteer 

interest 
- Data collection and 

analysis designs often 
simulate online games  

- Focus is on replication to 
validate results 
Large numbers of 
volunteers required 
 

- Top-down organization 
- Most projects are 

academic and rely on 
funding / funding 
cycles 

- Minimal educational 
component 

- Sustainability issues 
 

- Complex technology a 
major feature 

- ‘Friendly competition’ 
and incentive online 

- Volunteers can rate 
themselves 

- Access to IT support  

The primary goal of virtual projects is to further scientific research. Virtual projects do not have a 
physical component in terms of volunteer activities. Areas of study differ considerably from the other 
typologies and include topics like astronomy, paleontology, and microbiology. Modelling can also be a 
component of virtual CS projects (Wiggins & Crowston, 2011). 
 
 
 
Education 

 
- Involvement of 

professional researchers 
make these CS, otherwise 
very similar to classroom 
projects 

- Cost is higher in formal 
education setting 

- Scientific literacy, 
outreach, and learning are 
priorities 

- Includes more data 
analysis skills  
 

 
- Top-down organization 

involving many 
partners 

- Typically well-funded 
but cycle is not 
guaranteed 

- Timeframe of 
educational projects 
varies from short- to 
long-term 

 
- Sophisticated technology 

used for data entry 
- Technology is tied into 

learning outcomes 
- Software and programs 

designed to suit various 
ages and backgrounds 

- Technology designed for 
specific audiences limits 
transferability (e.g. 
children) 

Education is a common goal across many projects but it can also be the primary focus of CS. Learning 
activities may be formal (integrated with school curricula, for example) or informal. Some educational 
CS projects provide opportunities for cumulative learning outcomes which can be more enriching than 
one-off workshops. 
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Emerging goals that are not covered in Wiggins and Crowston’s typology include recreation, serendipity 

(e.g., inspiring an awe in nature), and the opportunity for interdisciplinary research that CS affords 

(Tulloch et al., 2013). In almost all cases environmental literacy is an implicit goal of CS projects. The 

goals of CS projects may also change over time according to the stakeholder group responsible for 

organizing the research (grassroots, academic, policy-makers, non-governmental, etc.), and depending on 

whether the research follows a short-term or long-term monitoring schedule.  

Responsibility 

Danielsen et al. (2009) developed a continuum of CS types based on the common characteristics of 

environmental and natural resource monitoring schemes. Much like the typology developed by Bonney et 

al. (2009) these categories are based on the relative contributions of participants to scientific research. 

This typology is derived specifically from the literature on community-based monitoring3. Level of 

contribution is assessed for both participants and professional scientists and the end users of the data are 

also considered. The typologies of CS based on participant responsibility are summarized in Table 9.  

Table 9. Role of Local and Professional Researchers in Natural Resource Monitoring Schemes (Adapted 
from Danielsen et al., 2009)  

Category of monitoring Primary data gatherers Primary users of data 
Externally driven, professionally 
executed 

 

Professional researchers Professional researchers 

Externally driven with local data 
collectors 

 

Professional researchers, local 
people 

Professional researchers 

Collaborative monitoring with 
external data interpretation 

 

Local people with professional 
researcher advice 

Local people and professional 
researchers 

Collaborative monitoring with 
local data interpretation 

 

Local people with professional 
researcher advice 

Local people 

Autonomous local monitoring Local people Local people 
 

                                                           
3 Community-based monitoring (CBM) focuses specifically on resource monitoring with the aim of informing 
management and decision-making services. Environmental CBM is frequently a subset of CS but not all CS is CBM 
(Schmeller et al., 2015).  
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4.4 CROSS-CASE COMPARISON  

This section is organized by case study and data source. Based on my findings from the document 

analysis, I describe the history, context, civil society involvement, and monitoring settings that shape CS 

activities in Tommy Thompson Park and Rouge Park (see context map in Figure 7). This is followed by 

an analysis of the results generated from interviews with key informants involved with CS activities at 

each park.  
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Figure 7. Locations of Tommy Thompson Park and Rouge Park in the Greater Toronto Area 

TTP 

ROUGE
PARK 
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4.4.1 TOMMY THOMPSON PARK – TORONTO’S URBAN WILDERNESS 

Historically, Toronto was Ontario’s most significant port city in the Great Lakes system. By the late 

1950s shipping was still a dominant form of transportation and the City approved expansion of the port to 

increase cargo capacity. In 1959 the Toronto Harbour Commissioners (today it is the Port Authority) 

implemented a landfill operation in Ashbridges Bay and Marsh to increase the extent of the port. The land 

that currently comprises the Leslie Street Spit (part of which became Tommy Thompson Park (TTP)) was 

developed using a base of concrete and asphalt relocated from construction sites throughout Toronto, as 

well as dredged sand and silt materials from the bottom of Lake Ontario (TRCA, n.d.). By the mid-1960s 

highway expansion replaced shipping as a dominant form of transportation and the port’s expansion was 

terminated (Yokohari & Amati, 2005).  

In the 1970s the Leslie Street Spit started to take shape through the implementation of three major design 

and construction phases. Even while the landfill was active, natural regeneration processes led to the 

establishment of pioneer vegetation communities. Fauna (mostly birds) were also observed on-site.  

TTP became known as an accidental “urban wilderness” and, in recognition of this, in 1973 the landfill 

was earmarked as a priority area in efforts to expand Toronto’s park system (TRCA, n.d.). This proposal 

resulted in a flurry of planning and management activities for the site. The planning process was fraught 

with controversy surrounding different stakeholder preferences, contested concept proposals, zoning 

amendments, and cost. A comprehensive history of the development of the Leslie St. Spit and 

establishment of TTP can be accessed on the Friends of the Spit website4. An abbreviated timeline of the 

major events is provided in Table 10.  

 

 

                                                           
4 http://www.friendsofthespit.ca/fos_about.htm 
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Table 10. Timeline of Events for TTP 

Date Event 
1954 Extreme flooding from Hurricane Hazel prompted the government to establish the Metro 

Toronto and Region Conservation Authority (MTRCA). The Authority was responsible 
for developing flood mitigation strategies for Toronto’s system of rivers and ravines 

1959 Expansion of the Port of Toronto is underway, a landfill is established at the base of 
Leslie St. to accommodate more cargo activity 

1973 MTRCA earmark the spit as a priority area for Toronto’s park system. The organization 
was to develop the Aquatic Park master plan  

1976 Masterplan and Interim Management Plan underway for TTP as part of the Lake Ontario 
Waterfront Development Program 

1984 Study process underway to develop the TTP masterplan including public participation 
sessions, concept develop, and review 

1985 The Leslie St. Spit is renamed Tommy Thompson Park  
1988 Royal Commission on the Future of Toronto’s Waterfront begins. It proposes that an 

ecosystem approach be used to revitalize the spit (advocated for by Friends of the Spit) 
1989 A draft Master Plan was developed for Tommy Thompson Park. Ecosystem development 

through succession was the primary goal of this plan 
1990 The Royal Commission submits “Space for All” and “Watershed” reports to the Province 

with recommendations for a Greenland Strategy for the GTA. This findings support the 
ecological approach proposed in the Master Plan, previously contested 

1992 Land use is guided by interim management plans established by the TRCA while the 
Master Plan is under review  

1995 The final TTP Master Plan and Environmental Assessment are approved 
 

Context 

Beginning at the base of Leslie Street, TTP is approximately 240 hectares in area and extends five 

kilometers into Lake Ontario. Another portion of the Spit is owned by the Ministry of Natural Resources 

(MNR) and leased to the Toronto Port Authority (TPA) and is still an active landfill for construction 

debris. Rubble and concrete is being deposited along the eastern shoreline of the Spit as infrastructure to 

safeguard against erosion from wave action. The park remains closed to the public on weekdays while 

any ongoing fill and construction activity occurs; however, this phase of land use is nearing completion 

(slated for 2017-2018). TTP is visited by over 100,000 people each year and is seen as high-quality open 

space in Toronto’s natural heritage system.  

Given the unique characteristics of TTP as Toronto’s urban wilderness, a thorough planning process has 

been undertaken to direct any management and land use activities on the site. Approved in 1992, the 
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revised TTP Master Plan is guided by an ecological approach and management strategy requiring minimal 

intervention to achieve natural succession. The primary goals of the Plan are to: 

- Conserve and manage the natural resources and environmentally significant area of the site; 
- Provide a unique, water-oriented open space which will assist in meeting regional recreation 

needs; 
- Develop public awareness of the significance of the Lake Ontario waterfront, and of TTP in 

particular, and; 
- Develop a plan for TTP which is cognizant of the policies and development proposals within 

the planning area (TRCA, 1992, p. 64).  

 

Planning and design of TTP occurred in line with the principles of conservation design, defined as, “the 

purposeful act of planning and designing for a variety of wildlife habitats to assist in restoring rare, 

endangered or significant plant and animal species” (TRCA, 2000, p.2). The anticipated outcome is 

habitat suitable for colonization by a wide diversity of native plant communities and wildlife species.  

Key features of TTP addressed in the Plan can be broken down by natural resource area (palustrine 

marsh; lacustrine marsh; lake/island complex; dry meadow; wet meadow; beach dune; shingle beach; and 

cottonwood/ aspen / willow communities) and land use and infrastructure (visitors centre / environmental 

education program; sailing uses; access / parking; pathways; servicing).  

A Trails Master Plan, Terrestrial Natural Area Enhancement Plan, and Aquatic Habitat Enhancement Plan 

were developed to guide implementation of the Plan from 2005-20105 (TRCA, n.d.). The Natural Area 

Enhancement Plan (1995 – 2000) outlines the process that should be followed for habitat creation, 

restoration, and enhancement according to conservation design principles. These projects were meant to 

manage valuable bird habitat including flooded pools, mudflats, and meadows, given TTP’s status as an 

Important Bird Area (IBA). Projects also addressed persistent contamination of land and water resulting 

from the park’s establishment on contaminated fill (Wilson & Cheskey, 2001).  

 

                                                           
5 The Trails Master Plan, Terrestrial Natural Area Enhancement Plan and Aquatic Habitat Enhancement Plan can be 
accessed at: http://tommythompsonpark.ca/home/masterplan.dot 
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Civil Society and TTP 

TTP would not exist if it were not for the involvement and organized actions of civil society groups. 

While countless groups of individuals and clubs were involved in political advocacy throughout various 

stages of the formation of TTP, Friends of the Spit (FOS) is a political advocacy group that formed 

explicitly to ensure that the park be maintained as an urban wilderness within the democratic planning 

process (Friends of the Spit, 2017). To this day, a number of groups remain active in advocating for, 

managing, and representing the park; these include FOS, the Toronto Ornithological Club, Toronto Field 

Naturalists, and the Aquatic Sailing Club (Wilson & Cheskey, 2001). The group has a wide membership 

base and represents a strong grassroots presence in major decision-making for the Spit. The Toronto 

Ornithological Club and Field Naturalists represent environmental interests at the park; they advocate for 

conservation of natural heritage and contribute environmental monitoring to the growing database of 

biodiversity reporting at the park. FOS and other stewardship groups recognized the importance of 

recording and understanding the ecological conditions at the park both for its intrinsic value but also, 

importantly, as a political tool: 

When we were able to tap into the professional skills of our membership to analyze staff 
and consultant reports from the THC, the MTRCA, and other jurisdictions, we realized 
that their data could be used to support our position as easily as their position. In many 
cases, our experts could successfully refute positions advocated by governmental bodies. 
Unspoken in this is that your members must have a strong belief in the correctness of 
their own positions, a belief founded both in emotion and in logic. This strong 
philosophical drive and passion (in our case to keep the Spit as a public urban wilderness) 
lent credence to all our positions (Carley, 2017).  

 

Numerous public participation sessions were held prior to, during, and after the development of the TTP 

Master Plan. Stakeholders included municipal, provincial, and federal levels of government, grassroots 

advocacy groups, and individuals. The Natural Areas Advisory Committee was established during the 

planning process to represent key stakeholders including the Federation of Ontario Naturalists; Field 

Botanists of Ontario; Toronto Field Naturalists; Toronto Ornithological Club; Environment Canada; the 

Ministry of Natural Resources;  Metropolitan Toronto Parks and Property Department; Aquatic Sailing 
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Club; Friends of the Spit; and TRCA (Wilson & Cheskey, 2001). A comprehensive overview of the 

consultation process undertaken is provided in the Master Plan. A Park Advisory Committee and Peer 

Review Committee continue to facilitate stakeholder involvement in management decision-making at 

TTP (TRCA, n.d.).  

Monitoring Setting 

The unique, spontaneously generated natural heritage of TTP has cultivated a long history of 

environmental monitoring. It has become a precedent for urban wilderness design and environmental 

planning, attracting research interest both locally and globally. Proximity to Toronto increases monitoring 

capacity at TTP, given that it is easily accessible by research institutions, agencies, and individuals 

interested in providing a record of biological diversity throughout the seasons. Various levels of 

government, organizations, and institutions have collaborated on monitoring and research at TTP; these 

are summarized in Table 11.  

Table 11. Stakeholder Involvement in Monitoring at Tommy Thompson Park  

Level  Stakeholder 

Federal  
Environment Canada 
Department of Fisheries and Oceans 
Canadian Wildlife Service 

Provincial Toronto and Region Conservation Authority 
Ontario Ministry of Natural Resources 

Municipal  City of Toronto 
Toronto Port Authority 

Organizations / Institutions 

Friends of the Spit 
Toronto Ornithological Club 
Toronto Field Naturalists  
Aquatic Park Sailing Club  
Universities (e.g., University of Toronto, York University, 
University of Guelph, and others) 

 

Reporting of flora and fauna occurred consistently at TTP over the decades. Efforts to standardize 

baseline and evaluation monitoring became more formalized with the implementation of the Habitat 

Enhancement Plan (2000). While natural succession was the guiding principle of the Plan, the TRCA and 
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participating stakeholders used a proactive approach to create, restore, and enhance habitat. The 

objectives were to, “create functional fish and wildlife habitat through structural diversity” and “establish 

a variety of native wetland plants and promote the development of successional plant communities” 

(TRCA, 2000, p. 4). Four habitat types were prioritized for monitoring under this plan, these included (i) 

Embayment B – shoreline habitat and wetland vegetation, (ii) terrestrial habitat rehabilitation, (iii) 

Embayment C – shoreline structure, riparian vegetation, wetland habitat, and (iv) natural resource area – 

many community types (see above) (TRCA, 2000).  

Monitoring at TTP has covered a wide range of biotic and abiotic features. Some of the main monitoring 

activities are shown in Table 12. Standardized monitoring methods for baseline and ongoing monitoring 

include: resident and migratory bird census; amphibian call counts; mammal trapping surveys; and 

vegetation quadrant surveys. One of the primary goals of monitoring programs in TTP is to measure the 

performance of constructed habitat based on the presence or absence of certain species / communities. 

The results of monitoring reports will be used to make any required changes to the TTP Management Plan 

(TRCA, 2000).  

Table 12. A Selection of Research and Monitoring Projects led by TRCA (n.d.)  

Species, community, or habitat monitored Timeframe 
Water sampling  Ongoing 
Sediment sampling  Ongoing 
Aquatic thermal monitoring  Ongoing 
Biomonitoring using freshwater clams  Annual 
Benthic community assessment  - 
Fish community assessment  Ongoing 
Fish tumour beneficial use impairment in the Toronto AOC 2003-2004 
Carp exclusion vegetation study  2003-2006 
Underwater habitat surveillance  2007 
Aquatic vegetation surveys  Annual 
Marsh bird and amphibian monitoring Annual 
Snapping turtle study - 
Urban coyote study with Ontario Ministry of Natural 
Resources  

Ongoing 

Reproductive success, morphological deformities and egg 
contaminant levels of colonial waterbirds on the Toronto 
waterfront  

2004 

Double-crested Cormorant and Black-crowned Night Annual 
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Heron nest counts  
Tree health in bird colonies  Annual 
Ring-billed Gull monitoring of managed colony Annual 
Ring-billed Gull nest counts with the Canadian Wildlife 
Service  

Every 5 years 

Common Tern nest counts and habitat usage monitoring Annual 
Caspian Tern nest counts  Annual 
Canada goose management  Ongoing 

 

Presently, the most formalized monitoring activities at TTP are undertaken by TRCA staff and volunteers. 

There are also a number of collaborative research and monitoring projects, the major initiatives are listed 

in Table 13.  

Table 13. A Selection of Collaborative Research and Monitoring Projects (TRCA, n.d.) 

Monitoring activity / study Partner Timeframe 
Butterfly count  Friends of the Spit Annual 
Christmas bird count  Friends of the Spit Annual 
Winter waterfowl count  Friends of the Spit Annual 
Monarch butterfly migration  Don Davis Annual 
Understanding insect biodiversity: 
perspectives from the study of goldenrod 
herbivores 

University of New Brunswick 2004 

Forest Assessment in bird colonies  University of Toronto 2005 
Double-crested Cormorant diet  York University 2006-2007 
Double-crested Cormorant and Black-
Crowned Night Heron interactions  

York University 2006 

Embryonic viability of Herring Gulls  CWS 2004 to date 
Stress responses and vitellogenin 
production in Herring Gulls 

CWS 2004 

Microbial source tracking to determine 
fecal pollution 

National Water Research 
Institute 

- 

Immune function in Herring Gulls  Wright State University, Ohio - 
West Nile virus, Avian influenza virus 
and Newcastle disease in Ring-billed 
Gulls 

University of Guelph 2004 

Temperature fluctuations in manmade 
warm water embayments in the Toronto 
harbour  

University of Toronto 2006 

Factors affecting Northern pike home 
range size and habitat use in perturbed 
environments  

University of Waterloo 2003 

Fish habitat along the Toronto waterfront: 
validation of the habitat alteration 
assessment tool  

University of Waterloo 2005 
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4.4.2 ROUGE PARK, TORONTO – CANADA’S NATIONAL URBAN PARK  

Rouge Park is located in the Rouge River Watershed on the eastern side of Toronto’s municipal 

boundary. It belongs to the Great Lakes – St. Lawrence Lowlands geographic area in Ontario which has a 

rich natural and cultural history with evident changes over the centuries. Archaeological traces have been 

found dating as far back as the Palaeo Indian period from 7000 – 10,000 BCE. A number of 

archaeological sites trace settlement patterns on the land by First Nation populations to the first European 

settlers in the 1600s (Rouge Park, 2015). The land has been used for hunting, fishing, farming and 

settlement and is recognized as a valuable cultural landscape. Despite this history of intense use, lands in 

the Rouge Valley remained largely undeveloped in the 19th and 20th centuries and resembled a pre-

European state (Macaraig, 2011).  

Acknowledgement of the cultural and natural heritage value of the area led to calls for conservation 

beginning in 1956, spearheaded at the time by the Rouge Duffins Highland Petticoat Conservation 

Authority (Rouge Park, 2015). A short timeline of major events leading up to the creation of Rouge Park 

is provided in Table 14. 

Table 14. Summary of Events Leading to the Creation of Rouge Park 

Date Event 
1956 Rouge Duffins Highland Petticoat Conservation Report calls for the conservation of 

lands within the Rouge River Valley 
1959 The MTRCA begins to purchase land from private landowners under the Lands 

Acquisition Program designed to implement flood protection infrastructure 
1960s-  
early 
1970s 

Policy recommendations are slow to be adopted. During this period agencies from 
various levels of government conduct studies and prepare technical reports on 
archaeology, geology, hydrology, as well as flora and fauna 

1974 Local residents protest a government proposal to build an airport in the City of Pickering 
1975 Citizens of Scarborough and surrounding area form Save the Rouge Valley System 

(SRVS) to oppose plans for housing developments on lands within the valley.  
1988 SRVS release proposed plan for a Canadian Heritage Park, it is approved and given a $ 

10 million budget. Developers contest the proposed park 
1990 The Province of Ontario officially announces plan to create the park 
1991 A National Historic Site is created at the archaeological site of a Seneca village 
1994 The Province of Ontario creates the Rouge Park Management Plan 
1995 Rouge Park opens. The planning board becomes the Rouge Park Alliance 
2004 The Province of Ontario donates more than 1400 hectares of provincial land to the park 
2005 A section of the Greenbelt Plan is dedicated to Rouge Park as a key site for biodiversity  
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2007 Rouge Park releases final draft management plans for Little Rouge Corridor and Bob 
Hunter Memorial Park 

2011 The Government of Canada commits to increasing the status of Rouge Park to a national 
urban park  

2015 Rouge National Urban Park is officially created and receives Royal Assent 
 

Context 

Rouge Park encompasses 47 km2 of diverse rural and natural habitat within the Rouge River Watershed, 

one of nine watersheds within the Toronto region. The park extends from the Oak Ridges Moraine in the 

north along the Rouge River, meets the headwaters of Duffins and Petticoat creeks, and ends on the north 

shore of Lake Ontario (Parks Canada, 2014). To the east the park is bounded by the Region of Durham 

and to the north by the Regional Municipality of York (Macaraig, 2011). With the City of Toronto and 

Markham suburbs located just west of the park, Rouge Park is within a highly urbanized geographical 

context. Most of the land that makes up the park is owned by the Province of Ontario, with some falling 

in the jurisdiction of Transport Canada. Land has also been donated to the park by various surrounding 

municipalities. As the park transitions to national park status, lands with different ownership will be 

consolidated under Parks Canada as the sole landholder.   

Despite the high level of urban development (and the pressures that go with that), Rouge Park is a nearly 

continuous ecological corridor within the surrounding landscape matrix. It contains significant wetlands, 

valuable Carolinian and mixed-woodland forests, meadows, and aquatic and riparian habitat. Rouge Park 

scores high on many biodiversity measures, including: species diversity, community composition and 

structure, habitat niches, successional states, and interspersion (Rouge Park, 2015). Within the region, 

Rouge Park provides critical habitat for many plant and animal species (both domestic and migrating).  

Estimates of biodiversity in Rouge Park note the presence of the following:  

- 762 plant species, including nationally rare (6) and regionally rare (92) 
- 225 bird species, 5 of which are nationally rare breeding birds and 4 other breeding birds of 

special concern as well as numerous locally rare, area-sensitive raptor and colonial birds 
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- 55 fish species, 2 of which are nationally vulnerable 
- 27 mammal species, some locally rare 
- 19 reptile and amphibian species, some locally rare (Rouge Park, 2015, “Biodiversity”) 

Rouge Park is also a cultural landscape; up to 50% of its land cover is comprised of farmland and 

archaeological sites and built heritage exists throughout the site. Unlike many wilderness conservation 

areas, management plans for Rouge Park include measures to preserve and restore both natural and 

cultural heritage features (Parks Canada, 2014). 

From 1995 to 2012 the park was managed by the Rouge Park Alliance (RPA) until an official land 

transfer began as part of the process of developing Rouge National Urban Park (Macaraig, 2015). A draft 

Rouge National Urban Park Management Plan (RNUPMP) was developed under direction of Bill C-40 

(Rouge National Urban Park Act). The Plan provides a long-term vision for the park and a ten-year 

framework for management and implementation of strategies for governance, environmental policies, 

cultural heritage, and stakeholder collaboration (Parks Canada, 2015). When implementation of the 

RNUPMP is completed and approved, the park’s area will increase to approximately 79 km2.  

The vision statement for the park as outlined in the draft management plan is: 

Rouge National Urban Park celebrates and protects, for current and future generations, a 
diverse landscape in Canada's largest metropolitan area. Linking Lake Ontario with the 
Oak Ridges Moraine, the Park offers engaging and varied experiences, inspires personal 
connections to its natural beauty and rich history, promotes a vibrant farming community 
and encourages us to discover Canada's national treasured places (Parks Canada, 2015, p. 
11).  

 

Five strategies were developed to guide the management of natural and cultural resources in Rouge Park 

as it transitions to national park status: 

1. To foster a new way of thinking about protected heritage areas and conservation in an urban 
setting, and to create a gateway to Canada’s protected heritage areas within Canada’s most 
culturally diverse city; 

2. To achieve a rejuvenated, resilient park with a mosaic of natural landscapes that is conserved and 
restored, and where natural, cultural, and agricultural values are managed in an integrated 
manner; 

3. To facilitate the strengthening of existing connections—and the creation of new connections—
through experience, learning, and enjoyment; 
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4. To create an environment conducive to partnering and engagement 
5. To guide the former Rouge Park’s transformation into a National Urban Park (Parks Canada, 

2015, p. 12).  

 

Civil Society and Rouge Park 

The development of Rouge Park has been rooted in the ongoing actions of civil society groups from the 

1970s up to the establishment of national urban park status in 2015. Groups such as Save the Rouge 

Valley System (SRVS) and Friends of the Rouge (FOR) were created when residents were concerned by 

proposed developments impacting the watershed’s natural heritage. These groups successfully leveraged 

political support by presenting evidence of the ecological value of the Rouge Valley system and 

participating actively in consultation sessions until consensus was achieved and Rouge Park was officially 

approved in 1994 (Macaraig, 2015). 

In addition to the grassroots political advocacy witnessed in the early days of Rouge Park, formalized 

representation through the RPA and steering committees continued to represent the public interest of a 

very diverse community of stakeholders. In the recent process that Parks Canada undertook to create 

Rouge Urban National Park, over 20,000 citizens were engaged in a number of consultation, open-house, 

and visioning sessions. Some of the key partners that have emerged from this process include TRCA, the 

Toronto Wildlife Centre, Toronto Zoo, and the University of Toronto (Scarborough) (Parks Canada, 

2015).  

Monitoring Setting 

Monitoring has consistently been a consideration in environmental management at Rouge Park, even as 

different iterations of management plans and strategies have come into effect. Before the park was 

transferred to Parks Canada, a number of stakeholder groups including government departments, civil 

society groups and institutions were responsible for monitoring species and habitats within the park 

(including groups mentioned in the section above).  
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Formal monitoring activities might include monitoring for baseline conditions, target species / 

communities, and evaluation outcomes for natural heritage and water resource systems (Livey, 2015). A 

brief high-level overview of how environmental monitoring is addressed in major plans for Rouge Park 

and in the regional context is presented in Table 15.  

Table 15. Monitoring Activities Outlined in Management Plans for Rouge Park and Regional (1994 – 
2014) (Adapted from, Livey, 2015, p. 16) 

Plans for Rouge Park Monitoring criteria 
Rouge Park Management 
Plan (1994) 
 

Identifies a need for establishing baseline conditions and monitoring. 
No targets provided. 

Rouge North Management 
Plan (2001) 
 

Lays out a comprehensive monitoring program. 
List of targets for each - north of Steeles Ave. 

Rouge Natural Heritage 
Action Plan (2008) 
 

Provides priorities and targets for restoration north of Steeles Ave and 
identifies need for monitoring. 

RNUP draft Management 
Plan (2014) 

Strategy 2, Objective 3 commits Parks Canada to implement a 
monitoring and reporting program for natural resources and establish 
ecosystem baseline conditions to support the park monitoring plan. 
Includes targets for monitoring program. 
 

Regional Plans Monitoring criteria 
Oak Ridges Moraine Plan 
(2001) 

The Ontario government, in consultation with municipalities, shall 
identify monitoring priorities over time. 
 

Greenbelt Plan (2005) None provided, but requires new activities to comply with targets 
provided in watershed plans. 
 

Rouge Watershed Plan 
(2007) 

Yes, for a range of indicators, including terrestrial and aquatic 
ecosystems. 

 

4.4.3 CITIZEN SCIENCE  

This section focuses on CS activities in TTP and Rouge Park. There was considerable overlap between 

the activities of TRCA and the Ontario BioBlitz program in both case studies. Therefore, the results of the 

document analysis for both parks are presented together in the following sections.  
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Toronto and Region Conservation Authority Terrestrial Volunteer Monitoring  

In 2002 Toronto and Region Conservation Authority established the Terrestrial Volunteer Monitoring 

program (TVMP) as part of the TRCA’s overarching monitoring program on water quality, aquatic 

habitat, and terrestrial habitat within its jurisdiction (see Appendix B for a map of monitoring locations 

across the City of Toronto). The program was implemented to meet scientific objectives and criteria for 

monitoring but it is also designed to meet the following objectives:  

(i) Increase TRCA capacity to monitor (both to cover more habitat types and cost-effectiveness); 
(ii) Provide robust data to evaluate terrestrial ecosystems at the regional scale, covering both 

urban and rural zones;  
(iii) Identify changes and trends in selected indicators over the long-term;  
(iv) Establish monitoring criteria to facilitate interpretation of trends in the data to inform TRCA 

management practices; 
(v) Test the Terrestrial Natural Heritage Systems Strategy; 
(vi) Provide opportunity for public participation in monitoring; 
(vii) Evaluate the pilot volunteer monitoring program for its success in meeting scientific research 

goals, and; 
(viii) Enhance communication of lessons learned through monitoring activities (TRCA, 2015, p. 3). 

 

The TRCA has made a number of documents available on their monitoring website describing the TVM 

Program to inform interested volunteers and as a platform to share the model with other organizations. 

Documents include volunteer manuals, monitoring protocols, evaluation and data reports, and 

presentations. Key features of the program protocol are summarized in Table 16:  

Table 16. Protocol for TRCA’s Terrestrial Volunteer Monitoring Program (TRCA, 2014, 2015) 

Protocol Description 

Site selection  
- 56 “fixed sites” within TRCA jurisdiction representing forest, wetland, and 

meadow habitats (both public and private) 
- Sites cover contiguous habitat, edge zones, and transition zones   

Volunteer 
expectations 

- Strong field data collection component (presence/absence surveys) 
- Long-term participation  
- Lead volunteers have extra responsibilities: they are responsible for volunteer 

kits (containing field guides, maps, ID aides, signs, etc.); attending trainings, 
leading surveys; data recording and entry; recruiting assistants; and 
communicating with the Coordinator  

- Time commitment for lead volunteers is 3 years 
- 4 hours of training, 17 hours of on-site surveying, 1-2 hours of data entry, 

travel time varies 
- Variable weather, early mornings, late nights 
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Ontario BioBlitz  

A bioblitz is an intensive organized event designed to inventory flora, fauna and lichen species in a pre-

determined location over a short time period (often 24 hours). Participants usually include professional 

researchers who specialize in taxonomy, as well as experienced naturalists and inexperienced members of 

                                                           
6 Effective 1998, TRCA adopted the ranking system of terrestrial Species of Conservation Concern (SOCC) for the 
region. Using regional distribution data, native flora and fauna were assigned to one of three ranking categories: 
regional concern, urban concern, or not of concern. L1-L3 species are SOCC, L4 species are species of concern in 
urban/urbanizing zones, L5 ranked species are not of concern at the urban or regional scale (TRCA, 2015, p. 6).  
7 See TRCA Volunteer Manual, 2014.  

Species selection 
- Native indicator species include: 25 animal species, 19 plants, 6 lichens 

(vegetation communities are excluded from the TVMP) 
- TRCA selects the species to be monitored6  

Native species 
monitoring 
protocol 

- 4 protocols developed for summer, fall, winter, and spring surveys7  
- Considerations include criteria to identify species, selection of time of year and 

day to survey, procedures for misidentification of species and optimal 
observation methods developed for selected species being surveyed 

- Volunteers are indicated to not interfere with ecosystem processes at 
monitoring sites 

- Record changes within the site limit / surroundings 

Incentives 

- TRCA-facilitated forum to discuss natural heritage 
- TRCA-led field trips within local watersheds 
- Results are shared with volunteers after analysis in reports 
- Relationships built between volunteers, TRCA, and landowners 

Data collection 
- 2005-2006 TRCA developed an online database for volunteers to enter data 

directly (simplifying the transcription of paper sheets and giving Coordinators 
the ability to track survey statuses) 

Data quality 

- An automated data validation tool flags entries for erroneous variables (e.g., 
time of day, incomplete characteristic observations) 

- The coordinator reviews flagged data entries and decides if they should be 
included or rejected from the dataset 

Data compilation, 
analysis and 
interpretation 

- TRCA monitoring staff compile species richness by site/time period 
- TRCA staff analyze and conduct statistical tests of the data 

Reporting 

- TRCA prepares annual summary reports to include in the Environmental 
Monitoring and Data Management Progress Report 

- Periodic (5 years) biodiversity reports for the Toronto region include data 
compilation, analysis, interpretation, and recommendations  

- Invasive species reporting 
- Ad hoc reports if necessary (document highlights, major changes, trends 

Evaluation - The TVMP is evaluated on a rolling basis as well as more formally (yearly) - 
results are published in the annual progress reports 
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the public. Bioblitz events that involve non-expert citizen scientists expand the goals of the activity 

beyond inventorying to include nature programming and guided tours (BioBlitz Canada, 2016). 

The objective of a bioblitz is to provide a ‘snap-shot’ of biodiversity within a short period of time, as 

opposed to collecting exhaustive inventories of a site or conducting long-term, continuous monitoring 

activities. This type of monitoring generates baseline data to help identify change in the environment over 

time. Bioblitz events rely on support from many partners, volunteers, and wide participation to be 

successful. Stakeholder support often comes from: land trust groups (e.g., Nature Conservancy); local 

environmental and natural resource ministries; field naturalist groups; local schools / universities; 

stewardship groups; and parks (municipal/provincial) (Ontario BioBlitz, 2014).  

The BioBlitz program offers a range of roles and levels of participation to volunteers based on three 

categories of participation: Intensive survey - A high level of expertise is required for this role and 

volunteer candidates include taxonomic specialists and professional scientists (e.g., ecologists). These 

participants are crew leaders, collect speciments and record observations, and liaise with coordinators. 

Guided BioBlitz - These participants might be skilled naturalists or students with an intermediate 

knowledge of taxonomic groups. They assist with record keeping and guiding nature walks. Public 

Programming – Participants volunteer for, and attend environmental education workshops, guided nature 

walks, and fun, accessible activities (Ontario BioBlitz, 2014). Factors considered in monitoring activities 

organized through the Ontario BioBlitz program are summarized in Table 17.  

Table 17. Protocol for the Ontario BioBlitz Program (Ontario BioBlitz, 2014) 

Protocol Description 

Site selection  

- Sampling locations in different vegetation communities across biomes 
- Depends on goals of the event 
- Biodiverse areas that are more isolated or located on private property may 

appeal to expert-led events focussed on inventorying 
- Accessible areas like urban parks and conservation areas are more suitable for 

community events. Accessibility and availability of facilities is a consideration 
- Site size will vary depending on the number of participants and timeframe 
- Proposed land uses may affect the suitability of a site for surveying  

Timing - Optimal survey times vary depending on the species of interest for the event 
- Experts should be consulted to determine the ideal time to survey for specific 
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taxa 
- Bioblitz events typically last 24 hours 
- “Mini-blitz” events can be organized to capture more data from an existing 

survey site 

Volunteer 
expectations 

- Varies 
- Intensive survey: rigorous scientific data collection over 24 hour period 
- Guided BioBlitz: emphasis on training novice BioBlitzers, interactive outdoor 

education, broken down into 1-3 hour sessions in small accessible areas 
- Public programming: awareness building designed for a broad audience, 

programming includes short workshops and guided nature hikes, no data 
collection 

Species selection 

-  Typical groups surveyed include: vascular plants; non-vascular plants; tiger 
beetles; freshwater mussels; dragonflies and damselflies; butterflies; 
crayfishes; freshwater fish; amphibians; reptiles; birds; mammals; fungi and 
other invertebrates 

- A range of 200-1000 species is typically documented in large bioblitz events 

Native species 
monitoring 
protocol 

- Determined by lead organizations, participating experts. Methodologies and 
sampling approaches 

- ON BioBlitz has developed a low impact manual for survey techniques to 
minimize habitat and species disturbance 

- Presence of previous inventories: baseline monitoring is the main objective so 
previously surveyed sites are avoided unless it is during a different season / 
location 

Incentives - Activities like guided walks, habitat construction (e.g., bat boxes), art projects 
for children, closing ceremonies, and overview of preliminary findings  

Data collection 

- Varies  
- Data collection can be organized by location (e.g., quadrants on a property) or 

by habitat type teams (e.g., aquatic team, forest team, wetland team, etc.)  
- Survey sites should be customized for specific taxa experts present (e.g., open 

meadows for butterfly experts) 
- Bait and traps may be used to observe animals 
- Preferably data collection and submission will be compatible with government 

databases or CS databases  
- BioBlitz Ontario has a partnership with the iNaturalist cellphone app platform. 

This allows data to be easily standardized across events   
- Checklists and ID aids are provided during the event and managed by team 

leads / experts 

Data quality 

- Data is verified to ensure that it is useful to organizations, research agencies, 
and government 

- Rare species specifically, must be verified by the highest authority present or 
the record must be accompanied by a photograph for later verification  

Data analysis and 
interpretation 

- Host / partner organizations  
- Some data compilation will occur onsite during the event  

Reporting 

- Organizations, agencies and individuals are given a tally  
- Special care is taken to not carelessly  disseminate potentially sensitive 

information  (e.g., species likely to be poached) 
- Volunteers should be provided with a brief report / tally of the findings  
- Data should be shared with local government agencies  

Evaluation - n/a  
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Friends of the Spit 

Friends of the Spit (FOS) formed when its early members recognized the natural and cultural heritage 

value of the Leslie Street Spit and advocated strongly to have the land protected from development 

pressures. FOS has participated in formal and informal baseline and ongoing monitoring of the Spit since 

the group’s inception in 1977. The primary goal of the environmental data collected in the early years of 

FOS was for use as evidence at public consultation meetings, as discussed in the previous section. FOS 

conducted many plant and bird surveys in the years leading up to the creation of TTP to record the 

presence of native plants, and resident and migratory birds (Wilson & Cheskey, 2001). Observations were 

recorded by professional scientists, trained naturalists, and volunteers, and compiled into datasets for 

dissemination. Records were distributed in FOS newsletters8, in published guides, and in reports prepared 

with partners (e.g., TRCA, IBA Committee, CWS). While FOS does not currently lead any CS activities 

at the Spit, the contributions of this group towards establishing baseline data and selecting species and 

ecosystems of monitoring importance remains a legacy for subsequent CS activities (see Table 18). 

Members of FOS contribute to ongoing environmental monitoring organized by groups like TRCA, 

Ontario BioBlitz, and CWS.  

TTP was recognized as an Important Bird Area and a Conservation Plan by the IBA committee was 

issued in 2001 (Wilson & Cheskey, 2001). Friends of the Spit contributed data and insights during the 

preparation of this report, which also outlines strategies and objectives for habitat management. Objective 

3 of the Conservation Report calls for sustained monitoring and research within the IBA through five 

measures: 

a. Monitor populations of colonial nesting species on a regular basis; 
b. Develop partnerships with academic institutions (e.g., universities, colleges, and agencies) on 

species management, behaviour, and ecology; 
c. Monitor avian mortality at proposed wind turbine sites and any other structure of concern within 

or adjacent to the IBA; 
d. Encourage and support volunteer-based monitoring and research projects within the IBA; 

                                                           
8 See FOS newsletters here: http://www.friendsofthespit.ca/newsletter/index.htm 
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e. Support contaminant studies of colonial species in the IBA (CWS, TRCA) (Wilson & Cheskey, 
2001, p. 46).   

Measures (b) and (d) are relevant to FOS given their ability to leverage support and a volunteer-base for 

monitoring activities, as seen by the number of projects and studies they have collaborated on in the past 

(See Table 16 of the previous section).  

Short-term CS monitoring activities such as the Christmas Bird Count have also taken place at TTP over 

the years, often in collaboration with FOS or with participation from the FOS member base. Most 

recently, Ontario BioBlitz led a bioblitz event at TTP to collect snap-shot data to contribute to an Ontario 

and Canada-wide database.  

Table 18. Protocol for FOS Monitoring Activities (FOS, 2017; TRCA, 1992; TRCA, 2014; Wilson & 
Cheskey, 2001) 

Protocol Description 

Site selection  

- Fixed sites in habitat projects (e.g., constructed habitat features such as 
shoreline within habitat enhancement projects) 

- Determined in Habitat Enhancement and Creation Plan, in Master Plan 
Implementation Plan, and associated plans such as the IBA Conservation Plan 

- Point count survey stations  
- Throughout TTP 

Volunteer 
expectations 

- Volunteers can participate in organized monitoring activities (might be 
advertised through the FOS newsletter and website) 

- Naturalists and visitors doing passive recreation can report incidental 
observations to FOS through the Wildlife Hotline 

- Some monitoring activities are accompanied by habitat enhancement / 
stewardship projects (e.g., planting activities) 

Species selection 

- Incidental observation data, miscellaneous species selection 
- Species identified in Habitat Enhancement and Creation Plan 
- Species identified through baseline monitoring  
- Presence of wildlife including migrant bird staging areas, significant nesting 

areas, and nationally, provincially and regionally rare plant species (previously 
based on Environmentally Significant Area selection criteria) 

- Priority species management (e.g., nesting areas for the Common Tern) 
Native species 
monitoring 
protocol 

- Follow established protocols for different taxa (e.g. Long Point Bird 
Observatory Protocol for amphibians and migratory and breeding birds) 

- TRCA protocols, if projects are collaborative initiatives 

Incentives 

- FOS membership 
- Stewardship 
- Political advocacy 
- Annual spring / fall bird festival (IBA) 

Data collection - Observational (surveillance monitoring, sometimes incidental) 
- Point-in-time photography 
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Citizen Scientists  

Citizen Scientists is a volunteer-based, not-for-profit organization that was founded in 2001 for the 

explicit purpose of monitoring stream health within the Rouge River watershed in Toronto. The group 

also conducts environmental training and education activities and has formed partnerships with other 

organizations and stakeholders that have similar mandates (see Table 19). Citizen Scientists has three 

main goals: (i) environmental education, (ii) local stewardship, (iii) monitoring (Citizen Scientists, 2015).  

Citizen Scientists’ main partnerships are with the Rouge Valley Foundation and Rouge Valley 

Conservation Centre; RBC Blue Water Project; TRCA; Rouge Park; Andy Camper; and Ontario Vernal 

Pool Association. Citizen Scientists undertake research and monitoring of the Rouge River watershed to 

understand the impacts of urban growth on the rural and natural environment. Knowledge gained through 

volunteer-based monitoring and research is intended to contribute to land use decision-making, planning 

and design activities, policy development, and technology. Activities are concentrated within Rouge Park 

and seek to contribute to existing conservation practices established in the area. Volunteers mainly 

include university students but academics and industry professionals also participate (Lawrie, personal 

communication, April 15, 2017).  

Beginning in 2003, Citizen Scientists has conducted long-term monitoring in the following project areas: 

(i) Waters Alive Project, (ii) Aquatic invasive species monitoring, (iii) Vernalis Project, (iv) Road 

Ecology Research, (v) Insectum, and (vi) BBM Projects (birds, bats, and mussels) (Citizen Scientists, 

- Call surveys  
- Checklists 

Data quality - Verified by experts within the FOS membership 
- Verified by TRCA, CWS, MNR 

Data compilation, 
analysis and 
interpretation 

- TRCA monitoring program  
- TTP Wildlife Hotline managed by FOS and TRCA 
- Collaboration with affiliated groups (e.g., universities, naturalist clubs) 

Reporting 
- FOS newsletters and pamphlets, TRCA newsletters and monitoring reports 
- Through partner organizations (e.g., TRCA, CWS, TOC, TFN) 
 

Evaluation - n/a 



71 
 

2015). Citizen Scientists is preparing a summary report to identify trends and interpret findings for ten 

years of data collected from the above monitoring projects.  

Table 19. Protocol for Citizen Scientists Monitoring Activities (Citizen Scientists, 2015) 

 

Protocol Description 

Site selection  

- Site-specific locations [7] from the headwaters of the Rouge River and 
throughout the system. Sites cover diverse river ecosystem habitats 

- Change over time is emphasized so sites are fixed 
- Sites are selected for suitability to monitor: 

• The health of the aquatic ecosystem;  
• The aquatic ecosystems ability to deal with stress or change;  
• The ability to maintain self-organizational processes; 
• Biodiversity 

- Accessibility is also a consideration, e.g., wadable streams 
Volunteer 
expectations 

- Crew leaders are certified by the organization to lead data collection activities. 
Experienced volunteers help the crew leaders with these activities 

Species selection 

- Projects defined by issue identification, gap analysis, or evaluation 
- Waters Alive Project: endangered species (e.g., redside dace), invasive species 

(e.g., round goby, sea lamprey, rusty crayfish) 
- As specific in the Ontario Stream Assessment Protocol (OSAP), developed by 

the Ontario Ministry of Natural Resources 
Native species 
monitoring 
protocol 

-  Targeted monitoring using standardized OSAP protocols 

Incentives 

- Community engagement 
- Stewardship activities 
- Ecological literacy 
- Research experience 
- Participate and volunteer in expert-led special events such as the Rouge Valley 

Eco Exploration in June and Fall for the Rouge Affair in October 
Data collection - A standardized data collection methodology is employed as defined by OSAP 

Data quality - Skilled crew leaders (one or more) are present at every activity and are 
partnered with less experienced volunteers 

Data compilation 
analysis and 
interpretation 

- Data are recorded in OSAP’s database  
- Citizen Scientists also maintains its own database  
- Experienced members compile, analyze and synthesize data. Sometimes 

academic partners contribute at this stage 

Reporting 
- Citizen Scientists disseminates findings to the community and volunteers at 

events (e.g. annual orientations, recruitment) 
- Data is available upon request 

Evaluation - n/a 
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4.4.4 KEY INFORMANT INTERVIEWS  

The following section presents findings from all five key informant interviews. It summarizes 

respondents’ views of CS generally, and their specific experiences with CS activities in the case study 

parks. The responses have not been separated by case study because some of the key informants were able 

to speak to CS activities at both sites (KI1, KI3, KI4), and across the region. Insights complemented, and 

in some instances corroborated findings from the document analysis described in the previous sections. 

The themes discussed below are presented in two groups: (i) monitoring and evaluation and (ii) level of 

participation, the two main areas of knowledge explored in this research as they relate to CS. 

Increasing Capacity for Monitoring and Evaluation 

Change Over Time / Scale 

Through the collection of baseline data, CS monitoring contributes to the identification of environmental 

change across temporal and spatial scales. KI2 noted that the very first plant and bird species lists for TTP 

were collected and continue to be updated by FOS members: “Our species lists and plant book became 

the baseline. We had someone who approached us and they wanted to update the plant list and it was 

overwhelming to update that… These are now referenced docs.” All of the respondents commented that 

CS activities were initially intended to provide baseline data on the state of the park’s system, but then 

evolved to become ongoing monitoring projects. The Citizen Scientists group uses baseline data 

collection, amongst other approaches, to understand ecosystem features and, more broadly, “projects are 

designed to learn about how things are functioning and relationships between landscape variables” 

(KI5).  

Respondents commented on the capacity for CS programs to respond to different data needs across spatial 

and temporal scales.  The following comments illustrate how CS can scale according to data needs and 

community needs, respectively: 

There’s a fair degree of information around habitat quality and habitat present, 
connectivity, adjacent land use, and disturbance… inventory processes touches on that. 
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We have expanded to citizen science to look for a select suite of invasive species. 
Providing a characterization of how large a patch happens to be and the scale provides 
an assessment of state of invasiveness of that site. (KI4) 

There are different tiers of involvement – 5 large-scale “flagship” events close to urban 
centres, 10 intensive scientific events open primarily to scientists that will take place in 
more remote locations, and 20 community-scale events that are like smaller versions of 
the flagship blitzes. (KI3) 

 

Knowledge Mobilization  

The literature shows that CS projects often share the common goal of ecological literacy. All of the 

respondents echoed that this motivation is an important component of CS, even if it is not the primary 

goal.  

CS processes have contributed to knowledge sharing between different groups of stakeholders working on 

the same projects and stakeholders wishing to learn from similar projects. Information is also shared 

geographically, as seen with the BioBlitz program, which pools data collected from municipal site-scale 

surveys with data collected at the regional scale in one common database. While the BioBlitz program is 

designed to collect ‘snap-shot’ data, it can also contribute to incomplete or outdated inventories:  

We are also contributing any new finds to existing species lists for those areas that are 
generally kept by the local conservation authority or other governing body (e.g., in 
Rouge National Urban Park, Parks Canada has those species lists, but the Credit Valley 
Conservation Authority had the lists last year when we surveyed the Credit River 
Watershed).We would also be providing updates to those monitoring lists, as some 
records are decades old. Many species groups are under-surveyed, such as lichen, 
mosses, and fungi, so contributions to the overall list of what is living in these areas is 
useful. KI3 

 

Knowledge is also shared vertically and horizontally within the same organization; for example, the 

TRCA shares data between departments (data from the Terrestrial Volunteer Monitoring Program is 

shared with Regional Monitoring staff and greenspace planners, and so on).  

Volunteers can also apply skills that they have learned from a different program within the same 

organization / agency to subsequent CS activities:  
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Snake hibernaculums, they’ll get engaged in some of the handwork associated with the 
implementation and that’s really led to, kind of, them understanding what we’re trying to 
achieve in the projects and they see that and learn that. If they’re doing monitoring then 
they can apply what they’ve done on some of the implementation projects to areas where 
it’s existing in a natural area where they can gather information. (KI1) 

 

Knowledge and skills gained through CS activities can also extend beyond their application to monitoring 

and environmental stewardship – examples include employability and integration in a new community: 

… the PAIE professional integration program is for trained professionals from other 
countries who immigrated to Canada trying to integrate into the job market in GTA. 
Their educational backgrounds could be comparable or better than in Canada but lack 
local knowledge (e.g., species). People looking to pursue internationally trained careers 
sign on as volunteers. Gain local knowledge. KI4 

 

Institutionalization 

There is evidence that CS is becoming institutionalized in Ontario. The grassroots organizing of CS data 

described for TTP and Rouge Park evolved into collaborative initiatives focussed on environmental 

investigation, in this case, as seen with TRCA’s Terrestrial Volunteer Monitoring Program:  

We created and keep overall bird and plant species lists but beyond that we don’t have 
volunteers going out in the field. The TRCA has volunteer naturalists who collect data. 
They’ve caught up on data collection and I’m glad they’re there because they’ve got the 
resources. KI2 

Then as we really started to understand the value of it [citizen science] and how we can 
work together, then we were able to create more formalized programs and standard 
procedures on how we could work together and it really developed from a solid 
foundation and it’s been longstanding and led to success. KI1 

 

Evaluation 

When asked if the CS projects at TTP and Rouge Park had changed over time, respondents indicated that 

formally or informally, evaluation of programs and projects led to adaptation. In two cases, this 

adaptation was directly connected to technology - the TRCA has updated their monitoring program to 

make use of a web-based data entry portal and data collected through cellphone applications. Using 
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modern technology helps standardize data entry so that it is more consistent and easy to process, analyze, 

and disseminate. “We’ve been able to use technology to our advantage so we can work with the groups to 

ensure that the information becomes available more readily” (KI1).  

Evaluation also considers the needs of participating citizen scientists. For TRCA, evaluation has resulted 

in improved training materials and recruitment: “Now we have a couple of years to evaluate and report on 

information that is being generated to help with recruitment. Presently, reporting this information to the 

Board is inspiring and motivating for people who want to pursue this type of volunteering” (KI4).  TRCA 

relies on a strict monitoring protocol to ensure consistency and accountability in the methodology; for 

example, fixed sites are not being added to the monitoring map. However, KI4 noted that phasing in 

change could benefit the program: “There’s always room to expand and explore different mechanisms for 

reporting. Might be worth looking at something else; we have 15 years of data, we could focus efforts of 

volunteers on reporting on something else. Keep things fresh, a little bit.”  

While the BioBlitz program is relatively new, feedback from participating citizen scientists has led to 

direct changes to the programming:  

At first, the public tagged along for the whole 24-hour blitz, but this was untenable. It 
was too much time commitment for many interested participants, and this made the 
logistics of travelling around and ensuring [that] groups had enough surveyors 
challenging. It also meant many of the scientists spent more time teaching than 
surveying, which was not efficient for the overall survey, and resulted in some conflicts 
when different scientists were less comfortable with this aspect of the blitz. The solution 
was to provide a separate guided blitz that allowed for leaders to teach the public in 
sessions that focused on different species and allowed a more modular system of 
involvement and commitment. (KI3)  

 

Inherent in evaluation activities is the flexibility required to revise programs, methods and expected 

outcomes upon processing the results of the evaluation. Ideally this will lead to a more robust program, 

but in some cases it can reveal gaps that the group does not have the capacity to address: “… the answers 

to questions usually generate new questions that need to get followed up on, which takes a long time to 

answer as we do not have dedicated or substantial funding and we are volunteer based” (KI5). 
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Levels of Participation in CS 

Purpose 

 Respondents identified different motivations for participants to engage in CS activities. In some cases it 

was suggested that this extends beyond data collection: “Participation in a scientific project that provides 

an opportunity to do more than just go on a nature walk – provides purpose” (KI3). KI1 suggested what a 

sense of purpose might look like: 

I would say that people are much more committed or dedicated, they have a higher level 
of understanding about the information… they want to contribute to the science, which in 
their mind – if we know more about the science and the information that they’re 
providing at that high level, it will help us to manage the park in a way that is more 
beneficial, holistically. So they see themselves as a key contributor to not only providing 
the information so that we can understand not only the health of the system but also help 
us to manage it accordingly and have adaptive management. (KI1) 

 

Political advocacy was frequently referred to as a motivator for citizen scientists to engage in projects. 

This is particularly true for Friends of the Spit: 

They’re [citizen science data] just another tool for our advocacy… for advocacy, zoning, 
and planning. Take the fact that I’m an architect and can look at planning reports and 
read them… when you’re doing advocacy you’re doing it on a broad front. You’ve got an 
education component, you’ve got a political component, master planning, all of those 
components… (KI2) 

 

FOS realized that to prove that the Spit was more than just ‘rubble’, gathering evidence of the biodiversity 

on site and distributing it to policy-makers was an essential tool to obtain conservation status for the site. 

A similar narrative applies to Rouge Park but in this case, citizen scientists from the founding advocacy 

group (SRVS) continued to be involved with the park in a different capacity, through continued 

monitoring:  

That’s how the park was originally established. They saw all of us professionals not 
doing the right thing, so we had this unbelievable dedicated group of citizens that 
protected the park, that worked with the groups – the partners that established the park, 
they continued to work with them and that really set the standard for, I guess, engaging 
with the community and then these individuals, they were able to engage new citizen 
scientists. (KI1) 
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Ownership /Leadership 

CS emerges from and contributes to attachment to place. Respondents reflected on how citizen scientists 

can use their intimate knowledge of a space to claim ownership of it. Residents’ use of local landscape 

knowledge to engage in planning processes was evident both at TTP and at Rouge Park. This knowledge 

works to mobilize political support to protect the environment but also to produce more meaningful data: 

You won’t get people fighting for something if they’re just ambivalent. So somehow the 
core of us who were highly engaged had to then get others to be highly engaged. So you 
get that happening, with these sort of evidence-based things. We kept a pretty high profile 
through radio and print and that’s not there because we haven’t needed it anymore…. 
It’s our backyard because we know the paths, we know the roots. We are there year 
round and the experts from afar just drop in and show us a plan. And, that’s how we won. 
It sounds terrible to reminisce but we were quite rowdy. (KI2) 

 

Expertise 

The existing knowledge of participants contributes to their level of involvement in CS activities. This is 

reflected in different programming arrangements in some of the projects addressed in this research. For 

example, Citizen Scientists requires that a skilled volunteer be present at all sites during monitoring 

activities. The same applies to the Ontario BioBlitz, “Within the flagship and community blitzes, there are 

different levels of involvement based on a participant’s expertise and training” (these include the 

Intensive Blitz, Guided Blitz, and Community Programming) KI3. While activities are separated by level 

of knowledge, one of the goals of the CS activities is to decrease the knowledge gap: 

More in-depth training [is needed] for interested members of the public – training 
courses, workshops, etc. to allow more expertise to be spread around. Not all scientists 
who make a big impact on the scientific community are professionals funded by 
institutions. KI3 

 

While a goal of CS is to increase ecological literacy and collaboration between citizens and professional 

scientists, there are concerns that this threatens the integrity of scientific research through, “Devaluing of 

knowledge. Decreases the value of expertise if citizen scientists get involved in data analysis instead of 

just collection” (KI3).  
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Benefits 

CS was frequently seen as a way to increase monitoring capacity for the host organizations, as evidence 

for political advocacy (as discussed above), and as a strong engagement tool for local ecological literacy 

and stewardship. The benefits of CS to the participants and to the researchers often go hand in hand. 

Participants want to feel that they are contributing data that is meaningful and useful. One respondent 

commented that CS also helps improve TRCA’s credibility through the sheer scale of the data collected: 

We’ve had the benefit of engaging citizens in what we didn’t have the resources to collect 
ourselves. When our staff started to collect additional fixed plot basis… Didn’t have that 
level of spatial and temporal coverage so we’ve got corroboration between data we 
collect and that the citizens collect and have additional data that describe the effects of 
urbanization and land use impacts on our terrestrial species for project managers to help 
design and inform restoration work. KI4 

 

Citizens also contribute data in an informal capacity outside of organized monitoring projects. In Rouge 

Park, this knowledge has had a direct influence on land use and design decisions. For example, the quote 

below addresses the routing of new trails so as to not facilitate poaching of sensitive flora in the park: 

There’s been poaching across our jurisdiction but the majority that was reported on was 
in Rouge Park (of both flora and fauna species), and mushrooms. What’s really helpful 
for us at TRCA and even at Rouge Park (the Alliance and staff) there was no enforcement 
officer so we relied on the TRCA enforcement officer and MNR officers, but because their 
jurisdictions were so large it was very regular that they [MNR officers] were in the park 
so it was very helpful to have these people who were so dedicated and committed, finding 
out about these inappropriate activities and informing us about them.KI1 

 

 

 

 

Challenges  

Many respondents commented that funding is an ongoing barrier to sustaining long-term CS activities and 

monitoring in general. Another challenge mentioned by both TRCA respondents was ensuring that 

participants commit to projects they have signed up for: 
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Sometimes volunteers might find that the level of commitment is too much and they have 
trouble maintaining commitment. Some participants bring kids but that brings challenges 
and difficulties…Loss of interest. The biggest challenge for our program is maintaining 
that commitment level. We have a high participation record but it fluctuates. We have 
never had all sites covered by volunteers at any one time so our coordinator is in 
constant recruitment mode to fill the gaps. KI4 

 

When asked what the future holds for CS, one key informant replied, “Increasing challenges as over time 

the following continue to become more difficult over time, despite discussions and talk about the value of 

citizen science work (Time, money, resources, land access, research permits)” KI5.  

For the TRCA safety and liability can also be a challenge when engaging citizens. Physical safety can be 

related to the physical conditions within the park: 

It’s a fine line. Some of the people we engage with will say, “Oh we saw this and that” 
and we’ll ask them where and they’ll tell us and we’ll say, “Oh there’s no trail there…” 
and then it’s like “okay, it’s good that you know but stay over here.” That has been a 
little bit challenging, they go bushwhacking. We try to focus the science around the trail 
system and the trail network. KI1 

 

KI2 confirmed that people engaged in passive surveillance monitoring activities were encouraged not to 

go off the trails. At the same time, it has been observed that recreationists will sometimes wander off the 

trails to get a better appreciation of the site but park managers have provided ample signage indicating 

which sensitive habitats and nesting areas to avoid. Ensuring that CS activities are safe is the 

responsibility of the research partner / organizing agency. Having a stringent recruitment and training 

process can help minimize hazards: 

Overall health and safety has to be formalized… it goes back to training and recruitment, 
matching outdoor skills and aptitudes. Giving them a clue to hazards, e.g. West Nile 
virus, black legged ticks. Not supplying them with everything but giving them heads up of 
what they might encounter. We have had groups try to pursue citizen science activities 
where they’re doing road ecology surveys / kill surveys looking for dead frogs, snakes at 
night, sometimes on rainy evenings. This can be very hazardous so we have had to think 
better of some of that work. You’re responsible in a sense for your group of volunteers. 
KI4 
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Other challenges identified by key informants correspond to CS more generally. In the case of short-term 

CS events like bioblitzes, some challenges include: 

• Getting everyone on the same page if they are unfamiliar with citizen science 
• Managing large groups of people 
• Managing expectations of different partner organizations 
• Juggling many different roles during the planning of the event 
• Ensuring that citizen science as a movement is taken seriously by scientists 
• Working with the egos and personalities of scientists 
• Site-based unknowns or things out of our control in planning for the event itself, like 

construction, weather and temperature… participant retention 
• Conveying the importance of the mission of the event and baseline monitoring for 

conservation when it isn’t necessarily the “sexiest” project. KI3 
 

 

This chapter presented the results of the focussed literature review and cross-case comparison. Findings 

contributed to knowledge about (i) the role of monitoring and evaluation in Landscape Architecture, (ii) 

transferable approaches to monitoring from related disciplines, (iii) common typologies of CS, and (iv) 

the role of CS in master planning, drawing from two case studies in Southern Ontario. Insights drawn 

from these findings are discussed in greater detail in the following chapter.  

  



81 
 

CHAPTER 5: DISCUSSION 

 

What do the results say about how CS, as a participatory approach to monitoring and evaluation, can be 

integrated into the Landscape Architecture design process? The study suggests that there is an opportunity 

to systematize monitoring and evaluation in the design process, and that lessons on monitoring 

approaches can be learned from other disciplines. There is evidence that CS projects can increase capacity 

for monitoring and evaluation in the design process.  Additionally, CS can fulfill different roles in 

monitoring depending on the goals and levels of participation embedded in projects. Insights from the 

cross-case comparison illustrate how different protocols for CS reflect the contribution of CS to the 

design process, and how this can be variable over time.  

This chapter presents the main findings of each research objective by relating lessons learned back to the 

design process and the key themes explored in the literature review. It is organized into four sections. The 

first section considers the role that monitoring and evaluation play in the Landscape Architecture design 

process; this includes a discussion of specific monitoring strategies, with lessons drawn from related 

disciplines. The second section examines typologies of CS in relation to both participatory design and 

monitoring. The third section synthesizes how CS-based monitoring is realized in two case studies. The 

final section reflects on the research process that guided this study, including a discussion of any 

limitations encountered.  

5.1 MONITORING, EVALUATION, AND THE DESIGN PROCESS 

As anticipated, results indicated that the design process outlined by LaGro (2013) is frequently used in 

Landscape Architecture education in Canadian universities. LaGro specifies a number of steps that are 

required to achieve context-sensitive site planning and design, but monitoring and evaluation are 

noticeably missing from the process he describes. However, monitoring and evaluation as an essential 

part of the design process is addressed in the literature (Brown & Corry, 2011; Deming & Swaffield, 

2011; Lovell & Johnston, 2009). The culture of monitoring and evaluation in Landscape Architecture is 
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rooted in theory and practice related to landscape assessment, post-occupancy evaluation, and the 

emergent field of landscape performance research (Swaffield, 1999; Yang, Li, & Binder, 2015, Zeisel, 

1981).  

Lessons on different approaches to monitoring and evaluation can be drawn from disciplines related to 

Landscape Architecture that are also concerned with understanding and creating change in the landscape. 

The focussed literature review revealed that there are many approaches to environmental monitoring, with 

variations across disciplines. Results of the review suggested that the research questions guiding 

monitoring are (i) tied to management and implementation of land use decisions across different scales, 

and (ii) variable depending on the environmental features and processes that people are interested in 

studying. The approaches to monitoring described in the focused literature review can be useful to 

Landscape Architecture at different stages of the design process, as indicated in Table 20 (LaGro’s four 

primary phases are used for simplified reference).  

Table 20. Parallels between Approaches to Monitoring and Stages in the Design Process 

Stage of Design (LaGro, 2013) Monitoring approach (Lindenmeyer & Likens, 2010) 
Pre-project 
Site assessment 
 

Surveillance / Baseline  
• Studies existing conditions 

Design 
Implementation 

Implementation 
• Studies if an implemented project met specifications 

Monitoring and evaluation 

Effectiveness 
• Studies if results of management achieved project goals 

Ecological effects 
• Studies unintended / unanticipated results 

All Stages 
Adaptive monitoring 

• Iterative approach to monitoring  
(can include all of the above as different steps) 

  

There is a growing emphasis in Landscape Architecture on the need to increase evidence-based design 

and, more specifically, quantitative evidence (Brown & Corry, 2011; Steiner, 2014). This presents an 

opportunity to strengthen the design process by incorporating monitoring and evaluation more formally. 

Additionally, while LaGro incorporates feedback loops between different stages of design (e.g., between 
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site analysis and programming), there is consensus that a more iterative approach to design is preferred, 

one that encourages research and practice that is more responsive to dynamic social and environmental 

conditions  (Deming & Swaffield, 2011; Milburn & Brown, 2003; van den Brink & Bruns, 2014).  

Monitoring and evaluation is a key consideration in moving towards a more iterative approach to research 

and practice in Landscape Architecture. An underlying assumption is that if this process is modified and 

taught in Landscape Architecture programs, it will permeate into professional practice. A notable example 

of monitoring is adaptive monitoring; it is a framework in the natural sciences that adopts an iterative 

approach to problem development, project implementation, and evaluation. The literature suggests that 

there is a strong relationship between environmental stewardship and management in adaptive monitoring 

(Holling, 1978; Lindenmayer & Likens, 2010).  

This research examined the role of CS for monitoring and evaluation within the context of master 

planning for public conservation areas, but developing CS processes will likely depend on the nature and 

scale of the landscape architecture project under consideration. For example, the feasibility and usefulness 

of incorporating CS in monitoring and evaluation might differ for a private property development than at 

the scale of public sector work as seen at TTP and Rouge Park. CS-based monitoring has been explored 

here in the context of plural and ecological design, but it also has the potential to transcend other 

typologies of landscape planning and design projects9.  

The extent to which landscape architects themselves are involved in CS project development and 

implementation will also depend on the stage of design in which CS is being considered. If monitoring 

and evaluation is nested within a post-implementation landscape maintenance contract between a client 

and a contractor, for example, CS activities might fall outside of the landscape architect’s scope of work. 

Nevertheless, landscape architects seeking to incorporate participatory monitoring and evaluation at 

different stages of the design process stand to learn from this approach, and can increase their capacity to 

do so by seeking opportunities to incorporate CS in research and practice. 
                                                           
9 See Crewe and Forsyth’s (2003) six typologies of landscape architecture.  
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5.2. CITIZEN SCIENCE AND THE DESIGN PROCESS 

Two main typologies of CS were identified in the literature; these were categorized by level of 

participation (Bonney et al., 2009), and by project goals (Wiggins & Crowston, 2011). Level of 

participation is the most commonly used typology of CS. It measures three levels of participant 

involvement in scientific research: contributory, collaborative, and co-created (Bonney et al., 2009). This 

typology reflects the idea that participation exists along a continuum and is consistent with frameworks 

established in the literature (Arnstein, 1969; Chambers, 1994; Juarez & Brown, 2008; White, 1996).   

There are parallels between the steps involved in developing a scientific research project for CS and the 

steps in the Landscape Architecture design process (see Table 21). Determining at which stage(s) of 

design to integrate CS activities and / or data will determine the level of participation achieved. 

According to the model proposed by Bonney et al. (2009), the more stages included, the more 

participatory the project will be.  

Table 21. Parallels between Stages in the Design Process and Steps in Developing CS Research Projects 

Stage of design 
(LaGro, 2013) 

Steps in developing a CS research project 
(Bonney et al., 2009) 

Pre-project and Site assessment 
Site selection / programming 
Site inventory 
Site analysis 

Choose or define questions 
Gather information and resources  
Develop explanations 
 

Design 
Conceptual design 
Design development 

Design data collection methodologies 
 

Project implementation 
Construction documentation 
Implementation 

Collect samples and / or record data 
 

Monitoring and evaluation 

Analyze samples 
Analyze data 
Interpret data and draw conclusions 
Disseminate conclusions / translate results into action 
Discuss results and ask new questions 
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5.3 LESSONS SYNTHESIZED FROM TOMMY THOMPSON PARK AND ROUGE PARK 

The results illustrate that CS can be applied at different stages of the design process (in this case as it 

relates to master planning at both site- and regional scales). There is evidence that CS data can increase 

the capacity for monitoring and evaluation activities in Landscape Architecture at the master planning 

scale. Results also show that the level of citizen participation in activities shifts as project goals change at 

different stages of the design process.   

Increasing Capacity for Monitoring and Evaluation 

The sheer number of participants who are involved in CS activities means that more data can be collected, 

but also that projects can be diversified as new research questions and goals emerge. Civil society groups 

might only have the funding to conduct baseline or surveillance monitoring while more institutionalized 

monitoring on behalf of agencies like TRCA will incorporate a suite of monitoring strategies to not only 

collect baseline data in new jurisdictions, but to evaluate management projects within these. The type of 

monitoring (surveillance, implementation, adaptive, etc.) will change as projects develop new goals and 

management changes hands. For example, the scope of TRCA monitoring activities increased 

significantly through the development of a Terrestrial Natural Heritage Strategy. This Strategy 

consolidated monitoring activities with the goal of gaining a better understanding of how environmental 

change at small scales related to larger scale change across watersheds. As described by Forman (1995), 

understanding environmental change at different spatial and temporal units can help landscape planners 

and designers make better-informed decisions about land use.  

The collaborative nature of CS suggests that knowledge-sharing is both an essential driver of, and 

outcome for, CS-based monitoring activities. The interdisciplinary nature of Landscape Architecture 

positions it well to incorporate CS data at different stages of design. For example, experts are often 

consulted for site inventory in Landscape Architecture – CS data that is collected by experienced 

volunteers and verified by experts (and by skilled participants) has the potential to contribute to this stage 

of the design process.  
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Insights from the key informant interviews suggests that there is a culture of evaluation, both formal and 

informal, in CS activities. This exercise contributes to an adaptive approach to program development and 

implementation. If integrated into the Landscape Architecture design process, this practice would 

contribute to the iterative process demanded by plural design (Crewe & Forsyth, 2003) as well as to an 

adaptive approach to monitoring and evaluation (Lindenmayer & Likens, 2010).  

Levels of Participation in CS 

There was a parallel evolution of CS in both Tommy Thompson Park and Rouge Park. It emerged from a 

strong base of political advocacy from grassroots groups resisting top-down practices in greenspace 

planning (Friends of the Spit at TTP and Save the Rouge Valley System at Rouge Park). CS data 

consisted of somewhat informal baseline monitoring with the primary goal of providing evidence of the 

environmental value of these landscapes in order to protect them through policy. The monitoring 

activities of these groups were action-based, as defined in Wiggins and Crowston’s (2011) typology of 

CS, which categorizes projects based on their primary goals. High participation in monitoring activities 

conducted by civil society groups such as FOS and SRVS suggests that a level of citizen-control was 

evident in these projects (Arnstein, 1969). This high level of participation and leadership in the early 

monitoring activities of each study suggests that CS emerged from co-created models of participation in 

research (Bonney et al., 2009).  

Results from the cross-case comparison suggest that CS can occur on a sliding scale with levels of 

participation evolving alongside changing program and project goals.  

Key informants explained that citizen scientists who collected environmental data as a platform to 

influence past master planning at both TTP and Rouge Park have also been consistently involved in 

stewardship activities. This suggests that there can be overlap between the purpose and goals driving CS 

activities. Furthermore, while the goals of CS projects can evolve over time, so too can levels of 

participation. For example, Friends of the Spit developed a co-created model of CS to influence policy, 
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but environmental monitoring at the Spit then evolved to a contributory model where research is designed 

by TRCA monitoring staff and data is collected by volunteers. The level of participation in CS activities 

decreased in this case as the goals of the projects shifted from action-based, to conservation and 

education-based.  

CS activities follow a strict protocol developed by TRCA to answer research questions that were designed 

by TRCA to inform management practices that have been implemented by TRCA. That is, while 

stewardship and education incentives exist for participants, their role is primarily contributory. Similarly, 

CS activities in Rouge Park are organized by TRCA and Parks Canada to meet departmental goals for 

conservation, education, and investigation. However, the non-profit group Citizen Scientists has a strong 

presence in the park and it is entirely operated by citizens. This suggests that even within CS projects 

there can be varying levels of participation. For example, depending on the level of expertise of the 

participants, some might be involved in project design, implementation and analysis, while others may 

simply contribute to data collection.  

Ethical considerations were raised through the document analysis and key informant interviews that had 

not been addressed in the literature review. The issue of how CS-based data can reveal sensitive 

information about the environment was raised in the context of poaching, environmental degradation 

associated with recreation, and private property. However, additional considerations may relate to the 

roles and responsibilities of those involved in CS projects (e.g., establishing just decision-making 

processes) as well as careful consideration for the intended outcomes and audience of CS-generated data. 

The CLO has developed resources on ethical considerations for CS projects to consider throughout 

different stages of the research process10.  

                                                           
10 Key ethical considerations include: communicate expectations; be transparent in research; focus on collecting data 
(not blaming land users); gain permission for taking/using photos; consider cultural competencies in project design 
and evaluation; anticipate unintended harm to people and ecosystems; consider how project funders get their money; 
be aware of wildlife laws; have necessary permits for research with animals or people. See the CLO’s CS toolkit for 
additional ethical considerations: http://www.birds.cornell.edu/citscitoolkit/toolkit/design/ethics 
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The levels of participation illustrated in the cross-case comparison are consistent with the hierarchies 

developed by Bonney et al. (2009), Danielsen et al. (2009), and Wiggins and Crowston, (2011). The range 

of monitoring approaches, levels of participation, project goals, and models of participatory design that 

were represented in the case studies is illustrated in Table 22. This shows that there can be considerable 

overlap between these different approaches.  

Table 22. Matrix of the Different Monitoring Approaches, Levels of Participation, Program Goals and 
Models of Participatory Design Represented in CS Activities at TTP and Rouge Park 

 

 = Always    = Sometimes 

 
In both case studies, all levels of participation in CS have been represented in monitoring activities at one 

time or another (see Figure 8). This can also be related to the stage of the design process at which CS 

monitoring occurs. It makes sense that baseline monitoring will occur at the outset of a project, eventually 

to be replaced by ongoing monitoring designed to assess the effectiveness of a design (or designs) and its 

implementation. The boundaries of Rouge Park have grown with its recently obtained national urban park 

status; consequently, there is a new iteration of master planning that has formal public consultation 

processes and strategies to engage citizens in various stages of design from concept development to 

implementation and stewardship, as well as monitoring and evaluation. The Parks Canada Management 

Plan seeks to establish new baseline monitoring to complement the datasets that were historically 
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gathered by civil society groups and subsequently maintained by TRCA monitoring teams (with 

contributions from volunteers). Citizen scientists are thus being engaged in a contributory capacity in this 

stage of the new master planning process at Rouge Park. Civil society groups no longer play the same role 

in using environmental data to influence policy at Rouge Park so, in a sense, they have achieved their 

goals. 

Figure 8. Application of CS Activities / Data at Various Stages of the Design Process in TTP and Rouge 
Park (Adapted from LaGro, 2013, p. 17). Note: the closed circle represents TTP and the open circle 
represents Rouge Park. 

 

5.4 LIMITATIONS  

Only two cases were cross-compared for this research, given the constraints posed by time and resources. 

There is some debate regarding the ideal number of case studies used for qualitative research studies. 

While Creswell (2013) suggests that four to five cases are a safe baseline, Patton (1990) argues that a 

small sample (as is the case here) can provide a trade-off between breadth and depth. The small number 

of key informants (total = five) also limited the scope of the findings but, as described in the results, the 

interviews yielded rich descriptions that reflects a range of opinions on the two cases selected.   

Monitoring 
&  

Evaluation 
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5.5 KEY LESSONS FOR LANDSCAPE ARCHITECTURE 

The key lessons learned from the results of this study are summarized below: 

• Monitoring and evaluation should be incorporated more formally in the design process taught in 

Landscape Architecture education, informing subsequent professional practice;  

• Monitoring and evaluation can contribute to different stages of design and can be incorporated 

iteratively throughout the process; 

• Different approaches to monitoring and evaluation from disciplines related to Landscape 

Architecture respond to important questions about environmental change caused by the practice 

of landscape planning and design. Monitoring strategies include: surveillance/baseline, 

implementation, effectiveness, ecological effects, and adaptive monitoring;  

• CS-based monitoring can embed public participation throughout the design process. The main 

typologies of CS are based on level of participation: contributory, collaborative, and co-created; 

and project goals: action, conservation, investigation, virtual, and education;  

• Results of the cross-case comparison indicate that: 

1. CS can increase the capacity for monitoring and evaluation in Landscape Architecture at 

different stages of the design process. Key considerations include: spatial and temporal scale, 

knowledge mobilization between stakeholders, institutionalization, and evaluation of CS 

activities; 

2. Levels of participation achieved in CS activities vary depending on the purpose/goals of the 

project, the degree of ownership that participants feel for a landscape, and the hierarchy of 

expertise that exists within and between groups of participants.  

• The main benefits of CS include increased data collection capacity, knowledge-sharing, and 

opportunities for participation in land use planning and design; 

• Some of the main challenges facing CS include funding, accessibility, and mainstream acceptance 

of CS data.   
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CHAPTER 6: CONCLUSION  

 

The findings presented in this research help in understanding the importance of monitoring and evaluation 

in the design process, in turn supporting the growing demand for more accountable, evidence-based 

Landscape Architecture (Brown & Corry, 2011; Deming & Swaffield, 2011; Lovell & Johnston, 2009; 

Yang, Li, & Binder, 2015). Different approaches to environmental monitoring and evaluation can be 

transferred to Landscape Architecture research and practice, responding to the knowledge-sharing that is 

made possible through interdisciplinary collaboration. Results confirm that CS can contribute meaningful 

data to environmental monitoring programs, even as project goals and resources change over time.  

The local landscape knowledge that is generated through this form of data collection can help increase 

capacity for monitoring and evaluation in Landscape Architecture in addition to achieving higher levels of 

participation than traditional practice. The potential contributions of CS to the design process are twofold: 

First, CS can increase capacity for monitoring and evaluation at different stages of design. Second, CS, as 

a participatory approach to evaluation, can encourage plural design in Landscape Architecture. 

Incorporating citizen participation and localized landscape knowledge can make design and designers 

more responsive to local needs and encourage a sense of ownership and stewardship, ultimately 

contributing to longer-term success of designed landscapes.   

While CS has been widely studied in disciplines representing the natural sciences, this research is a 

preliminary step in exploring how CS can increase capacity for monitoring and evaluation in Landscape 

Architecture. This study examined the evolution of CS from civil-society-based monitoring to inform 

policy, to the institutionalization of these projects with the goal of providing ongoing monitoring for 

management. Future research should consider how to purposefully integrate CS as a primary goal in the 

design process, or explore existing cases where this is already occurring. The scope of this research was 

limited to CS used to collect and track environmental change but it is important to acknowledge that CS 

and other forms of public participation in research are prevalent in disciplines other than the natural 
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sciences. Evidence-based Landscape Architecture extends beyond measuring the success of projects in 

meeting environmental criteria for landscape performance. The study and design of cultural landscapes in 

Landscape Architecture might be an interesting area of research in which to consider the role of CS.  

CS has the dual benefit of contributing large quantities of environmental data at different stages of design, 

and also promoting public participation in a field where this practice is generally underappreciated. 

Results suggested that CS data directly benefits decision-making for design and implementation of master 

planning projects. Landscape Architects can harness this powerful data and in turn, provide more 

formalized and meaningful opportunities for citizens to engage in the design process.  
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APPENDIX A: KEY INFORMANT INTERVIEW QUESTIONS 

 

General  

1. Please state your job title / affiliation with ________________ (name of organization, institution, 
department, etc.).  

 

2. Please describe the types of stakeholders / partners you work with (e.g., the public, research 
institutions, non-profit organizations, governmental organizations, etc.) 

 

Citizen Science  

1. How long have you been involved with citizen science (CS) research?  
 

2. How were these CS projects initialized?  
- e.g., community-organized, institutions, government 

 
3. What are the main goals and objectives of the CS projects? (if not available online) 

 
4. How do CS activities address the goals of the projects? 

 
a. What is the range and diversity of projects? 

 
b. Are there site-specific elements that contribute to CS activities (e.g. research stations, 

permanent monitoring infrastructure)? If yes, please provide examples.  
 

5. Is the primary purpose of the CS projects to: 
a. Provide baseline monitoring data? (no pre-existing research question or objective)  

 
b. Contribute data to an ongoing research project?  

 
6. Briefly, please describe the overall methodology of the CS projects undertaken (e.g., developing 

research question, recruiting participants, training, etc.).  
 

7. Who is involved with the CS activities? 

 
8. Who analyzes the data collected?  

 
9. Is data quality a concern? If so, how is this addressed? 

 
10. What are the major outcomes for the CS projects? 

a. For participants 
b. For researchers 

 
11.  Have the CS projects met their goals? If not, why not? 

 
12. Have the CS projects changed since they were initialized? If yes, how, why? 
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13. How and when are the CS projects funded? 
 

14. What are the main benefits of the CS projects for you? 
 

15. What are the main challenges of CS projects for you? 
 

16. How can CS projects be improved? 
 

17. What do you think the future holds for CS monitoring? 

 

Thank you for taking the time to participate in this interview! 
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APPENDIX B: TRCA MONITORING LOCATIONS IN THE CITY OF TORONTO 
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