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Abstract
Global interest in participatory mapping described as public participation GIS (PPGIS), participatory GIS

(PGIS), and volunteered geographic information (VGI) continues to grow, but systematic study of spatial

data quality and sampling effects is limited. This article provides a review and meta-analysis of Internet-

based PPGIS studies conducted during the period 2006–2015 (n526) to answer the following research

questions: (1) How does mapping effort, as a proxy measure for spatial data quality, differ by sampling

group? (2) Does the purpose and context of PPGIS influence mapping results? (3) What is the potential for

mapping bias through sampling design? (4) Given the results, what should be the focus of future PPGIS

research? Mapping effort was highest in sampling groups whose livelihoods were closely related to the pur-

pose of the study, there was greater mapping effort in household sampling groups compared to volunteer

groups, and participant domicile had strong effects on mapped results through spatial discounting. The use

of online Internet panels provides higher response rates but lower spatial data quality. Future research

should focus on increasing sampling response rates, assessing social trade-offs using alternative spatial

weighting schemes, and examining the capacity of the public to select land use alternatives as a comple-

ment to traditional expert-driven planning systems.

1 Introduction

The related fields of research and practice called public participation GIS (PPGIS), participatory

GIS (PGIS), and volunteered geographic information (VGI) describe participatory processes

where geographic information is a core component. PPGIS/PGIS promote the inclusion and

empowerment of marginalized or under-represented populations in the development and use of

spatial information while VGI describes a phenomenon where citizens create, assemble, and

disseminate geographic information. These fields have experienced significant growth as evi-

denced in the number of applications and academic publications (Brown and Kytt€a 2014). The

growing interest in PPGIS/PGIS/VGI over the last two decades has been accompanied by multi-

ple conferences, workshops, and special journal issues devoted to the subject (Mukherjee

2015). And yet, the social impact attributable to these spatial mapping methods has not been

evident due to multiple social and institutional constraints, including a lack of trust in the ori-

gin and quality spatial data generated (Brown 2012). Further, the promise and potential of new

mobile mapping technologies and social media to engage citizens in planning has been

described as “a lot of wishful thinking” (Kleinhans et al. 2015, p. 237). Thus, a significant gap

exists between participatory mapping processes and aspirational goals for public participation

which include increasing trust, reducing conflict, informing and educating the public,
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incorporating public values into decision making, and improving the quality and legitimacy of

decisions (Bierele 1999; Dietz and Stern 2008).

In practice and the academic literature, there is continuing ambiguity over the use of the

terms PPGIS, PGIS, and VGI. As noted by Tulloch (2008), researchers and practitioners from

different backgrounds have brought diverse vocabularies to the field of PPGIS, the original

term conceived in 1996 at meetings of the National Center for Geographic Information and

Analysis (NCGIA) to describe how GIS technology could support public participation for a

variety of applications (NCGIA 1996a, b; Sieber 2006). As described by Tulloch (2008), one

type of PPGIS involves public participation in mapping activities to inform planning processes

(the focus of this article) while another variant of PPGIS uses information and maps developed

with GIS to alter the outcome of a decision-making process. The term “participatory GIS” or

“PGIS” emerged from participatory approaches in rural areas of developing countries from the

merging of Participatory Learning and Action (PLA) methods with geographic information

technologies (Rambaldi et al. 2006). The term volunteered geographic information (VGI) was

introduced by Goodchild (2007) to describe the harnessing of tools to create, assemble, and dis-

seminate geographic data provided voluntarily by individuals. From a conceptual and research

perspective, VGI intersects with the more established field of PPGIS in the development of

Internet-based tools that facilitate the collection of spatial information (Hall et al. 2010).

Brown and Kytt€a (2014) provide some distinction between PPGIS, PGIS and VGI by differ-

entiating the concepts on the dimensions of mapping purpose, sponsors, global context, impor-

tance of spatial data quality, sampling approach, data collection and ownership, and mapping

technology. Whether a particular mapping application is described as PPGIS, PGIS, or VGI

remains subjective. PPGIS has typically been implemented by government planning agencies or

academics to enhance public participation in developed countries for urban, regional, and envi-

ronmental planning, often using digital mapping technology, with a primary focus on spatial

data quality. In contrast, PGIS has been typically been sponsored by NGOs in rural areas of

developing countries to build social capital using non-digital mapping technology, where spa-

tial data quality is of secondary importance. Both PPGIS and PGIS seek to include marginalized

or non-traditional participants in the generation and use of geographic information technology.

The issue of sampling, or who generates the spatial information, has been one of the more dis-

tinguishing characteristics in practice, with PPGIS often using random household sampling to

engage the “silent majority” in the process, PGIS using purposive sampling to engage commu-

nity leaders and stakeholder groups to identify and map current and historical connections to

place, and VGI tapping into volunteers and “crowds” with an active interest in spatial informa-

tion and technology. And yet, PPGIS and PGIS often include purposive and volunteer sampling

components, further blurring potential differences between use of the terms PPGIS, PGIS, and

VGI. For simplicity, the term PPGIS is used throughout this article to refer collectively to the

empirical PPGIS/PGIS/VGI studies and applications described herein, although some of the

studies could be described as PGIS or VGI.

Of the many institutional barriers to the implementation of PPGIS, understanding who the

“public” is in PPGIS (Schlossberg and Shuford 2005) and the quality of spatial information

generated for decision support appear central to expanded use of the methods by planning and

management authorities. The term “public” can include decision makers, implementers,

affected individuals (i.e. stakeholders), interested observers, or the random public (Schlossberg

and Shuford 2005, p. 22). Adding further complexity, the “public” can include geographic

populations proximate or distant from the focus area of the PPGIS process. As a general propo-

sition, local populations are more affected by land use planning and management decisions

because of the potential influence on local economic conditions and quality of life.
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There is no single or simple answer regarding who should participate in the generation of

spatial information with the potential to influence decisions about place. Normatively, a PPGIS

sampling design should consider individual vs. collective interests, direct vs. indirect interests,

and proximate vs. distant interests, or simply stated, “Whose voice counts”? The sampling

design should also consider who has the spatial knowledge needed for the process and the

potential for bias when targeting the various “publics” in the process. The purpose of this arti-

cle is to evaluate the potential effects of sampling choices when designing a PPGIS process.

Both trust in the quality of PPGIS spatial data and confidence that the participatory mapping

process is unbiased appear to be prerequisites for use of PPGIS spatial data for decision

support.

To assess the quality of PPGIS spatial data and the potential for bias attributable to sam-

pling, this study reviews empirical, Internet-based PPGIS studies completed between 2006 and

2015 (n526) to describe central tendencies and variability in data quality and sampling effects,

a type of meta-analysis. The challenge for this type of comparative research is the high degree

of inter-application variability characterized by diverse spatial attributes and mapping meth-

ods, heterogeneous human populations being sampled, and geographic variability in the places

that are mapped. Each PPGIS study or application may be viewed as a unique case study with

relatively limited external validity for extrapolation to other settings and populations. But even

with the large diversity in PPGIS studies, there is value in exploring and identifying patterns

across applications where commonalities do exist. The purpose of the review is to provide

some guidance for future research in PPGIS/PGIS/VGI applications.

1.1 PPGIS Spatial Data Quality

The validity and quality of traditional GIS data is typically evaluated using criteria such as spa-

tial resolution, position and attribute accuracy, logical consistency, and completeness. This

validity-as-accuracy perspective (Spielman 2014) has been applied to VGI systems where

assessments of spatial data quality examined the positional accuracy and completeness of vol-

unteer contributions to OpenStreetMap (OSM) against authoritative geospatial data (Haklay

2010; Girres and Touya 2010). For example, Haklay et al. (2010) found between between 80

and 86% spatial accuracy in a test case of OSM volunteer mapping in England. The validity-

as-accuracy has also been applied to some PPGIS studies for mapped spatial attributes corre-

sponding to physical landscape features. For example, Brown (2012) found relatively low spa-

tial error when public participants were requested to identify the location of native vegetation

in New Zealand, Cox et al. (2014) found high levels of accuracy in identifying suitable habitat

for threatened species conservation, Brown et al. (2015) found about 70% of mapped biologi-

cal/conservation values were spatially coincident (position accurate) with expert-modelled

areas of high conservation importance, and Cox et al. (2015) found variable spatial accuracy

when public participants were asked to identify places providing watershed services.

The special strength of PPGIS, however, is not generating spatial data that identify physical

landscape features. This task is much better suited to expert GIS systems that use remotely-

sensed data. Rather, the power in PPGIS is the capacity to generate spatially explicit, subjective

descriptors of place that can assess the social acceptability of land use planning and manage-

ment alternatives. Spatial attributes such as place values, activities, experiences, and preferen-

ces are commonly mapped using PPGIS, but these attributes lack objective benchmarks to

assess spatial accuracy. For most PPGIS applications, the relevance, representativeness, and

credibility of the participants to the mapping purpose is central to effective PPGIS outcomes.

This validity-as-credibility perspective assumes greater importance than validity-as-accuracy
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when evaluating the quality of the spatial data generated. Sampling design and implementation

is a critically important factor in assessing the credibility of a PPGIS process.

In the absence of objective benchmarks for subjective PPGIS data, Brown et al. (2012b)

proposed mapping effort to evaluate response quality in PPGIS applications. Low mapping

effort in PPGIS surveys may be indicative of participant “satisficing” or suboptimal responses

where respondents with lower motivation engage in satisficing rather than optimizing (Kamin-

ska et al. 2010; Krosnick 1991). In contrast, participants with greater interest and motivation

in the PPGIS process are likely to spend more time mapping, thus enhancing the quality of spa-

tial information generated. To evaluate these suppositions, a regional PPGIS study in Australia

compared the responses of an online Internet panel with random household and volunteer

PPGIS participants. Volunteer participants differ from random household and Internet panel-

ists in that their individual identity is not known in advance and they are not specifically

recruited to participate in the mapping activity. Volunteers can learn about a PPGIS process

through multiple information channels such as social media, stakeholder groups, and personal

referrals. Internet panelists were found to be less engaged with the PPGIS mapping process,

spending less time and mapping fewer markers compared to household or volunteer samples

(Brown et al. 2012b). The authors suggested that cognitive demands of PPGIS mapping activity

might amplify the satisficing effect, especially in sampling groups that are accustomed to com-

pleting easier text-based surveys where incentives are based on survey completion, not effort.

Mapping effort, as operationalized through clock time and number of markers mapped,

appears to be a reasonable proxy of PPGIS spatial data quality for subjective spatial attributes.

However, the cognitive challenge of mapping different types of spatial attributes may vary by

type of spatial attribute. For example, the mapping of place activities are hypothesized to be

less cognitively challenging than the mapping of place values (Brown 2012b) which can influ-

ence the amount of time participants spend mapping. This leads to a testable hypothesis that,

all else being equal, PPGIS applications where participants map place activities would take less

effort and time than applications where participants map place values. Thus mapping effort, as

an indicator of spatial data quality, would need to account for the type of spatial data

requested.

Adding further complexity to mapping effort as an indicator of spatial data quality is the

supposition that PPGIS mapping may involve a type of participant “judgment” about land use

that requires greater cognitive reflection than the mere expression of simple opinions (Brown

2015). Yankelovich (1991) defines public judgment as a type of high-quality opinion that is

firm, consistent, and consequential to the person holding the opinion. For many PPGIS applica-

tions, the goal is to have PPGIS participants express a type of judgment about appropriate and/

or future land use. If a type of public judgement is being measured in PPGIS, applications that

request participants to identify land use preferences, in addition to place values, would take

more time and effort to formulate and express those judgments. This leads to a testable hypoth-

esis that PPGIS applications involving place values and preferences would require greater time

and effort than applications that do not involve judgments about future land use.

1.2 Review of Sampling Effects

In response to declining response rates in survey research (a e.g. de Leeuw and de Heer 2002;

Curtin et al. 2005), PPGIS researchers have increasingly turned to other sources for participant

recruitment including online Internet panels, stakeholder groups, social media, and general

public appeals for participation. These latter types of recruitment constitute a type of volunteer
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sample that differs from conventional random household sampling or the use of online survey

panels.

The potential effects of sampling in PPGIS may be related to the motivation for participa-

tion. For example, a decision to participate can be motivated by a perceived change in partici-

pant position (gain or loss), or motives like personal responsibility that reflect a sense of civic

duty. Further, financial incentives may be used to increase PPGIS participation and may con-

found the interpretation of results. There are no published PPGIS studies that directly examined

the relationship between participant motivation and mapped spatial data, thus leaving the

effects of participant motivation to inference. In one of the few empirical studies to analyze

PPGIS mapped results of different sampling groups for national forest planning – randomly

sampled households compared to volunteers – the volunteer sample expressed stronger utilitar-

ian values and consumptive use preferences while the sampled households expressed more

amenity values (Brown et al. 2014a). The PPGIS results, if actually used by planning author-

ities, would lead to different planning decisions. Another PPGIS study examined different

stakeholder “interests” contained within a large volunteer sample and concluded that stake-

holder perspectives can influence place-based management preferences for public lands (Brown

et al. 2015). Thus, the limited research to date reinforces the perspective that “who” partici-

pates is critically important to PPGIS process outcomes.

Multiple PPGIS studies have used random sampling of households within and proximate

to the study region. The location of PPGIS participants relative to the study area is known to

influence the distribution of mapped attributes through a process called spatial or geographic

discounting (Hannon 1994; Brown et al. 2002; Pocewicz and Nielsen-Pincus 2013) wherein

people prefer to live close to positive place features and further away from negative place fea-

tures. Spatial discounting could result, for example, in sampled households mapping types and

quantities of spatial attributes different from volunteers who live further away from the study

area where land use changes are more indirect. This leads to the hypothesis that one would

expect PPGIS participants in households proximate to the study area to be more vested in land

use decisions and thus spend more time and effort in PPGIS mapping than volunteers less con-

nected to the study area.

These limited empirical studies suggest that sampling design and implementation is crit-

ically important to PPGIS outcomes. And yet, given the large diversity of PPGIS applications,

sampling effects may be contextually less important than the type of spatial information

requested and its intended use. For example, one might hypothesize that the mapping of place-

based activities, a largely descriptive mapping activity, would be less subject to sampling effects

than the mapping of place-based values and preferences that are more closely associated with

perceived participant gains or losses as a result of the PPGIS process. There is empirical evi-

dence that participants do translate some of their non-spatial values and preferences into

behavioral choices when mapping place-specific values and preferred uses (Brown 2013), sug-

gesting that sampling effects might be greater in PPGIS studies with clearer planning and man-

agement implications for participants. In practical terms, PPGIS studies that request

participants to identify specific future land use preferences by location have a closer nexus to

future land use decisions.

1.3 Research Questions

The purpose of this study is to identify the factors that can influence the quality spatial data

and potential sampling effects through analyses of participatory mapped data across multiple

PPGIS studies – a type of meta-analysis. This study seeks answers to the following research
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questions: (1) How does mapping effort, as a proxy measure for spatial data quality, differ by

sampling group (e.g. random household, volunteer, online internet panel)? (2) Does the pur-

pose and context of the PPGIS application, including the type of spatial information requested,

influence mapping effort and thus spatial data quality? (3) What is the potential for mapping

bias though sampling design? and (4) Given the results from the previous questions, what

should be the focus of future PPGIS research?

2 Methods

The data used for analysis were collected in Internet-based PPGIS studies (n526) between

2006 and 2015 (see Table 1). The studies span a wide range of applications, geographic loca-

tions, computer interfaces, and sampling methods. The specific purpose for each PPGIS study is

described in the referenced sources provided in Table 1. The majority of PPGIS studies were

implemented by academics to collect spatial data to inform or evaluate land use planning proc-

esses, with some studies sponsored by the government agencies responsible for planning. The

PPGIS studies were diverse and included applications for national forest and national park

planning, natural resource management, conservation planning, and urban planning. The ear-

liest PPGIS applications (2006-2009) used an AdobeVR Flash computer interface where partici-

pants would drag and drop markers representing place values onto a digital base map of the

study location (n55 studies). Later PPGIS applications (n521) used Google Maps with an

application programming interface (API) to create a “mash-up”. The first digital markers

mapped in PPGIS were place values (n54), but in subsequent PPGIS studies, the digital markers

were expanded to include place activities and/or experiences (n55), or a combination of place

values with management or development preferences (n515). Other PPGIS applications

mapped ecosystem services (n51) and coral reef conditions (n51). The majority of PPGIS stud-

ies used in this analysis were conducted in North America (n511) and Australia/New Zealand

(n511), with fewer studies in Europe (n53) and Asia (n51). The sampling groups consisted of

randomly sampled households (n519), volunteer samples (n516), online panels (n52), on-site

recruitment (n53), and sampling groups called “communities of interest” with a close nexus to

the PPGIS mapping purpose (n52). The sampling groups analyzed in this study are as follows:

1. Household: Residences are randomly sampled from a list of residential addresses in the

study area (sampling frame) and a specific individual is invited to participate. Household

sampling in all the reviewed studies was implemented through postal (rather than phone)

contact.

2. Volunteer: Individuals and/or groups are invited to participate through a range of com-

munication channels such as websites, social media, printed flyers, personal referrals,

and organized groups that distribute the invitation through mail or email lists.

3. Online panels: A company builds and maintains a database of individuals willing to par-

ticipate in survey research in exchange for some type of compensation. Study partici-

pants are selected from the database based on a “profile” that meets sampling criteria

such as living in the study area.

4. On-site recruitment: Individuals are recruited at a destination within the study area such

as a national park.

5. Communities of interest: Individuals or groups with a close nexus to the planning or

management outcomes in the study area, often identified by occupation or livelihood.
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2.1 Assessing Data Quality through Mapping Effort

With Internet-based PPGIS, participants are instructed to place digital markers in the study

area that identify attributes such as place values or management preferences. The number and

type of PPGIS markers mapped is recorded for each participant in a web-server database. Sam-

pling groups are identified by blocks of access codes distributed to targeted groups such as ran-

dom households. In contrast, volunteers request a dynamic access code on the website that is

unique from other sampling groups.

Each mapped marker is time-stamped and stored in the web-server database. Mapping

effort was operationalized as the elapsed clock time between the first and last marker placed by

each participant. Within each study, there were an estimated 10 and 15 participants with exces-

sively large elapsed clock time given the number of markers placed, indicating the participant

was likely engaged in other tasks while mapping or was away from the computer for a signifi-

cant period of time. For these participants, the response time was adjusted by averaging the

response times of other participants who had mapped the same number of markers.

In some studies, a very small number of participants mapped an excessively large number

of markers. These “super-mappers” represent outliers in terms of PPGIS response. To limit the

potential effect of outliers on the statistical results, the analysis was limited to participants who

mapped 350 or fewer markers. The one exception was a PPGIS study of coral reef conditions in

the US Virgin Islands that targeted “expert” occupational divers who were encouraged to map

as much knowledge about reef conditions as possible.

The mean number of markers and response times were plotted for all sampling groups.

Pearson product-moment correlations were calculated for all sampling groups, and separately

for the household and volunteer sampling groups. Statistical tests for difference in the mean

number of markers and response time were assessed using the independent variables of sam-

pling group, computer interface, location of study, and thematic content of the spatial attrib-

utes requested to be mapped.

2.2 Assessing Potential Bias by Sampling Group

The potential for bias in the mapped results was assessed by analyzing whether random house-

hold samples or volunteers were more or less likely as a sampling group to map land use prefer-

ences in the PPGIS studies that contained preference attributes (n510). Mapped preferences

were selected for this analysis because preferences have the closest nexus to management poli-

cies and/or land use allocation decisions. A bias in mapped preferences could result in incorrect

inferences about support for important future land use decisions. This analysis examined the

proportion of participants in each sampling group (household vs. volunteer) that mapped one

or more markers for a given preference using a chi-square test of independence and Fisher’s

exact test for small sample sizes.

3 Results

3.1 Mapping Effort

A scatterplot of the mean number of markers by response time for all sampling groups appears in

Figure 1a. The plot reveals considerable variability by sampling group, but a strong, overall linear

relationship between the number of markers placed and response time (r50.86, p< 0.001). The

relationship between the number of markers and response time was somewhat stronger for vol-

unteer groups (r50.71, p< 0.01) than household groups (r50.52, p< 0.05). The plot also shows

Sampling Effects and Response Bias in Internet Participatory Mapping 9
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that online panel groups (n52) had significantly lower mapping effort than household groups

and the majority of volunteer groups. Figure 1d shows the mapping effort for paired household

and volunteer sampling groups within the same study, revealing there is not a consistent pattern

in response across studies. In some studies, household effort exceeded volunteer effort, while in

other studies, the volunteer group exceeded the mapping effort of the household group.

Figure 1a contains one anomalous point with very low mapping effort labelled as

“incentive scam” group. The Kimberley region (Australia) study conducted in 2015 advertised

a $10 incentive (gift voucher) on the opening page of the website for participation, the only

PPGIS study to advertise this incentive on the main web page. Individuals with IP addresses

originating in the US learned of the PPGIS website and circulated the website URL to others.

More than 100 individuals with IP addresses originating outside Australia visited the website,

placed a few markers, and then answered text-based survey questions that clearly indicated

false responses such as how they learned about the study.

Figure 1 Scatterplots with mean number of markers and response time for: (a) all sampling
groups (b) random households; (c) volunteers; and (d) paired sampling groups in the same study.
Plots (b) and (c) show results across different PPGIS studies while connecting lines in (d) show
results of sampling groups within same PPGIS study

10 G Brown
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Figure 1a also shows two higher mapping effort outliers. One PPGIS study conducted in

southeast South Australia targeted individuals called “communities of interest” who identify

with livelihoods associated with the forestry, agriculture, and conservation sectors, interests

that are closely related to regional planning outcomes. Mapping effort (�x537.5 markers,

�x523.9 minutes) was significantly higher with this group than with other sampling groups in

the same study and the majority of other PPGIS sampling groups in other studies. The US Vir-

gin Islands PPGIS study in 2014 targeted occupational scuba divers who have extensive knowl-

edge of coral reef conditions. This group of participants were instructed to map as much of

their coral reef knowledge as possible. Their mean number of markers (84.3) and response time

(39.2 minutes) were considerably larger than all other sampling groups.

Figure 2 shows the distribution of sampling groups using a boxplot that displays minimum

and maximum values and quartiles. The household sampling groups (n519) mapped significantly

more markers (t52.3, df533, p� 0.05) on average (�x527.9) than volunteer groups (n516,

�x521.4) and household groups had a significantly longer response time (t52.7, df533, p� 0.05)

on average (13.6 minutes) than volunteer groups (10.4 minutes). The small sample of panel

groups (n52) and community of interest (n52) preclude meaningful statistical tests of difference,

but visually, the panel groups had significantly less mapping effort while the community of inter-

est groups had significantly more mapping effort than household and volunteer groups.

The PPGIS Internet studies used two different software interfaces. The early studies used

an Adobe Flash interface (2006-2009) while subsequent PPGIS studies used a Google Maps

interface. The sampling groups using the Flash interface (n55) and sampling groups using the

Google Maps interface (n517) were compared on the mean number of markers and response

time. There was no significant difference in the mean number of markers or response time with

the different software interfaces.

Figure 2 Boxplots of PPGIS sampling groups by mean number of markers and response time
(minutes). Boxplots show the minimum and maximum values, median, and first and third quartiles.
The “invalid/gaming” sampling group plots are associated with invalid responses in a PPGIS study
in the Kimberley region of Australia
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The geographic setting of the PPGIS studies were analyzed by the mean number of markers

and response time for three regions—North America (n511), Australia/NZ (n511), and

Europe (n53). The analysis was limited to household and volunteer sampling groups. The

mean number of markers mapped was significantly lower (t55.2, df517, p< 0.001) in Euro-

pean studies (�x519.0) than North American studies (�x529.6) and the mean response time was

also significantly less in Europe (�x59.5 minutes) than North America (�x513.7 minutes). These

results were similar when comparing Australia/NZ studies to Europe with the mean number of

markers (24.2 vs. 19.0) and response time (12.2 vs. 9.5 minutes) larger in the Australia/NZ

studies. There was no statistically significant difference in the mean number of markers or

response time between studies in North America and Australia/NZ.

The final independent variable to be examined was whether the thematic content of PPGIS

spatial attributes influenced participant mapping effort. Similar to location, data analysis was

limited to household and volunteer sampling groups. Studies were classified into those request-

ing the mapping of place values only (n54), activities/experiences (n55), and values with pref-

erences (n525). Values only studies had a mean number of markers of 29.2, followed by values

with preferences (�x524.8), and activities/experiences (�x519.4). The difference in means

between values only and activities/experiences was statistically significant (t53.1, df57,

p� 0.05). With regard to mean response time, values only studies had the longest mean

response time (12.8 minutes), followed by values and preferences (12.6 minutes), and activities/

experiences (9.0 minutes). The difference between values only and activities studies was statisti-

cally significant at a50.10 (t52.2, df57, p� 0.10). There was no significant difference in

response time between studies that mapped values only and values with preferences.

3.2 Potential Bias by Sampling Group

A chi-square test of independence was conducted to determine whether household or volunteer

sampling groups were proportionately more likely to map different types of land use preferen-

ces. There were 10 studies containing household and volunteer groups that requested the map-

ping of land use preferences, and a total of 173 separate preference markers to be mapped.

Statistically significant associations between the sampling group and land use preferences were

present in 4 of 10 studies (40%) with 19 of 173 preference markers (11%) indicating propor-

tional differences in mapping. See Table 1.

The significant associations were present in studies spanning different countries and study

contexts. In a study of forest management preferences in California (US), the household group

was more likely to map rural residential development as acceptable, and the following prefer-

ences as unacceptable: timber harvest, urban development, rural development, industrial devel-

opment, and energy development. In contrast, the volunteer group was more likely to map

fuels treatment as acceptable and wilderness designation as unacceptable. In a regional study in

the Tatras region of Poland, the household group was more likely to map preferences for

increasing grazing in the region than the volunteer group. In a study in the Sogn region of Nor-

way, volunteers were more likely to map preferences to increase all-terrain vehicle use, grazing,

and fishing than the household group. And in a study of marine and coastal values in the Kim-

berly region of Australia, the household sample was more likely to map preferences for adding

recreation facilities, increasing access in the region, new oil/gas development, and the develop-

ment of port facilities.

The Kimberley region study was the only study that requested the mapping of preferences

containing an online panel group that could be compared to household and volunteer groups.

Compared with online panel participants, volunteer groups were more likely to map

12 G Brown
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preferences to increase conservation while mapping more preferences to preclude commercial

fishing, new oil/gas development, and the development of new port facilities. In contrast, the

household sample, when compared to the panel, was more likely to map preferences to increase

recreation facilities, increase access, and develop new port facilities, but also more likely to

map preferences that preclude commercial fishing and new oil/gas development.

Overall, these results indicate a reasonably high potential (40%) for some type of response

bias between household and volunteer groups in the same study, but the potential for bias on a

per marker basis was relatively low (11%). Almost half of the marker preferences showing the

potential for bias (n59) were in the California study.

4 Discussion

This study examined Internet-based PPGIS mapping effort as an indicator of spatial data qual-

ity across multiple studies and evaluated the potential for mapping bias given the sampling

design. Mapping effort was highest in PPGIS studies that targeted sampling groups whose live-

lihoods were closely related to the purpose of the study. This outcome can be attributed to both

participant motivation and familiarity with the study area. For the most common sampling

groups (household and volunteer), there was greater mapping effort in household groups, on

average, compared to volunteer groups, but this finding was not consistent across all studies

with almost half of the studies showing greater volunteer mapping effort. In two studies where

the geographic location of household participants was known to be closer to the study area

than volunteer participants, there was no significant difference in mapping effort, but there

were differences in the types of spatial attributes mapped indicating the effects of spatial

discounting.

The online panel groups included in the analysis revealed lower mapping effort than either

household or volunteer samples. Mapping effort by an online panel in the 2015 Kimberley

region study was greater than panel results reported by Brown et al. (2012b), but still signifi-

cantly less than the majority of sampling groups examined in this study. An online panel was

also used in a Netherlands study to identify highly valued places (de Vries et al. 2013).

Although mapping effort was not reported, spatial data quality problems were reported with a

significant number of participants placing markers outside designated study boundaries. Thus,

while online panels achieve higher response rates, spatial data quality appears to be lower com-

pared to other sampling groups.

There was evidence that the thematic content of spatial attributes influences mapping

effort, with the mapping of activities requiring less time than mapping place values or com-

bined place values with preferences. This finding supports the supposition by Brown (2012)

that PPGIS spatial attributes can be differentiated based on the cognitive challenge and/or com-

plexity of the spatial attributes requested to be mapped. The mapping of place values appears

more cognitively challenging than the mapping activities/experiences. Adding the mapping of

preferences to place values within a study did not appear to have a significant impact on map-

ping effort, suggesting that participant mapping effort is finite and will not increase simply by

adding additional types of markers.

The potential for bias from sampling design was present in four out of 10 PPGIS studies. A

closer examination of the four studies suggests two conditions that increase the potential for

mapping bias: (1) the inclusion of preferences for controversial uses associated with negative

externalities, and (2) spatial/geographic discounting caused by locational differences in domi-

cile between sampling groups. These two conditions can function independently or interact to
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create the potential for spatial bias in the results. In the case of the California national forest

study, the household sample targeted individuals living proximate to the national forest study

area that want to preserve their lifestyle and thus were more likely to oppose development

options with negative externalities, a “Not In My Backyard” (NIMBY) phenomenon. The

domicile of volunteers was more distant from the study area and these individuals may have

been mobilized for participation by interest groups favouring increased use of national forest

resources (Brown et al. 2014a). Two particular issues—fuels treatment and the designation of

wilderness areas have historically been controversial in national forest management. Fuels

treatment is controversial because it imposes risks and/or burdens on individuals living proxi-

mate to the treatment area (e.g. smoke, increased risk of fire, logging activity). Wilderness des-

ignation tends to be a polarizing issue because it limits most types of forest utilization including

logging and motorized use.

The results from the 2014 Poland study may also be attributable to the domicile of sam-

pling groups. In Poland, the household group lives within the Tatras region and supports

increased grazing activity as a part of their culture and livelihood (Brown et al. 2015). In con-

trast, the volunteer sampling group is more connected to the Tatras region through recreation,

tourism, and nature conservation values, purposes that may not be viewed as compatible with

grazing activity. Similarly, the results from the Kimberley coastal and marine study suggest the

small household sampling group living in the study region support greater economic develop-

ment in the form of oil/gas and new port development. In the Norway study, the relationship

between the domicile of sampling groups (household vs. volunteer) and the potential for map-

ping bias is less clear because the volunteer group lives in same region as the household group.

One possible explanation is that mapped values and preferences are influenced by the spatial

distribution of different land tenures located in the study region (Hausner et al. 2015).

While the potential for sampling bias is often associated with volunteer sampling, random

household sampling also deserves careful scrutiny, especially for non-response bias. In the Cali-

fornia, Poland, and Kimberley region PPGIS studies, the household sample response rates were

very low – in the single digits. Even when PPGIS participants appear demographically represen-

tative of the regional population based on census data, non-response bias in household sam-

pling presents a significant threat to the validity and representativeness of mapped results.

4.1 Implications for the Future of PPGIS Research

There are three explicit or implicit components to PPGIS/PGIS/VGI systems that provide a basis

for future PPGIS research: (1) Who participates (the “public” or “volunteer”); (2) How partici-

pation is implemented, including decisions (the “participation” or “participatory”); and

(3) The geographic information system (the “GIS” or “GI”). While the meta-analysis in this

study included all three components, the primary focus was on sampling or the “who” of

PPGIS.

To enhance PPGIS research and practice, a focus on the technological component of PPGIS

appears misplaced. The emergence of PPGIS in the 1990s was inspired by both the potential

and the critique of geographic information as a means to provide marginalized populations

(the “who”) with information that could influence important social outcomes (the “how”)

ranging from local land use decisions to exerting claims for indigenous land rights. Over time,

geospatial and mobile technologies (the “GIS” component) have received greater research

attention by academics because of the attraction of new technology, the academic quest for

novelty, and the sustained lack of evidence that “participatory” GIS processes actually produce

positive social change.
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The results of this meta-analysis and evidence from elsewhere indicate that the most rele-

vant future research would target the use and integration of PPGIS that achieves social impact,

not in the hypothetical, but through real-world examples. Given that a high-level purpose of

PPGIS/PGIS (and to a lesser extent VGI), is to assess social acceptability to inform place-based

decisions, who participates and how the spatial information is used (or not) will determine

PPGIS social impact, not mapping technology per se. The technology variable in this study

(Internet computer interface) showed no effect on spatial data quality while other studies cited

previously have found reasonably high spatial accuracy using a variety of mapping technolo-

gies. A continued research focus of new spatial mapping technologies for PPGIS applications

appears unnecessary when comparable spatial data quality and higher response rates can be

achieved through low technology, hardcopy mapping (Pocewicz et al. 2012). In other words,

there may be valid reasons for evaluating new mapping technology, but technology does not

appear to be the limiting factor in achieving social impact with PPGIS.

Future PPGIS research would benefit from focusing on the implications of this meta-

analysis. The following points provide some guidance:

1. Low response rates from random household sampling and low levels of participation

from volunteer and other sampling groups increase uncertainty about the representative-

ness of the spatial data and exacerbate known weaknesses in sampling. Previous PPGIS

research has established that random sampling does not result in a truly representative

sample of the general public – there is bias toward older, more formally educated male

participants with higher incomes, and under-representation of ethnic groups (Brown and

Kytt€a 2014). Sufficient data quality can be achieved using either household or volunteer

sampling, but volunteer sampling has the greatest potential for mapping bias. Online

panels offer a solution to lower response rates that reduce sampling error, but offer

lower spatial data quality and uncertainty about the representativeness of the panel, i.e.

increase the potential for non-sampling error. The effectiveness of PPGIS depends on

achieving high participation and response rates and thus shares a common fate with

effective general survey research. PPGIS research and practitioners should pay close

attention to developments in the field of survey research to achieve higher response and

participation rates. For example, social exchange theory (Dillman 1978), social psycho-

logical theories involving persuasion (Groves et al. 1992), and leverage-saliency theory

(Groves et al. 2001) may offer some insight to enhance PPGIS participation, but these

theories have not been specifically researched in PPGIS applications.

2. PPGIS is explicitly spatial and spatial discounting strongly influences the mapped results.

Response and participation must also account for spatial representativeness in sampling,

i.e. the domicile of participants matters. With household and community sampling, spa-

tial representativeness is an additional requirement to statistical representativeness and

merits greater research attention. But even when statistical and spatial representativeness

are achieved in PPGIS sampling, the uneven spatial distribution of human settlement rel-

ative to the study area will still pose vexing questions about whose voice should matter

more in decisions about land use. Spatial aggregation and weighting of PPGIS response

is not a technical issue, but a social issue confronted by questions about interests, power,

and equity. PPGIS has the capacity to identify stakeholder interests spatially (Brown

et al. 2015), but would benefit from future research that examines the social trade-offs

of alternative spatial aggregation and weighting schemes for social acceptability.

3. To date, the majority of PPGIS research has focused on the generation of spatial data to

inform spatial planning processes. As such, PPGIS is implemented early in a planning
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cycle to identify socially acceptable alternatives and trade-offs. Early participation is

sound practice, but PPGIS can be more than a planning tool – it can also function to

assess and adjudicate the social acceptability of planning alternatives after they have

been identified. In most governance systems, the relationship between political represen-

tation and future land use is indirect at best. Land use decisions are made by politicians

or administrative agencies under their control. What if PPGIS were explicitly linked to a

voting system wherein citizens could evaluate and select preferred land use futures? In

many jurisdictions in the US, for example, citizens must be consulted on important issues

of local taxation. Arguably, important land use decisions have much greater potential

impact on community quality of life than issues of taxation. With increased interest in

crowd-sourcing as a solution to complex problems, future PPGIS research should exam-

ine the capacity of the public to identify land use alternatives as a complement or poten-

tial replacement to traditional expert-driven planning systems (Brown 2015).

The view that geospatial technology embedded within PPGIS systems can, by itself, lever-

age positive social change within the dominant, inequitable social and political structures,

appears na€ıve. Land use planning and management decisions often involve wicked social value

problems that do not have technical solutions. For PPGIS to have social impact, it must evolve

from a perceived technical spatial tool into an impact analysis tool that identifies important

social trade-offs in the distribution of costs and benefits associated with land use planning and

management. But this evolution will require greater trust and credibility in the methods and the

mapped results. Addressing the sampling and data quality issues identified in this study would

be a reasonable place to start.
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