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CHAPTER 2 – METHODS 
 

 

2.1 Scope and Study Region 

2.1.1 Study Area 

The study region for this project encompassed the entire state of California. Although we 

were interested specifically in urban and community forestry (U&CF) activities, we did not 

attempt to constrain the study area by differentiating between urban and non-urban areas of the 

state. Such strict delineation would inevitably preclude smaller communities where urban 

forestry activities take place but are not necessarily urban in character.  

2.1.2 Study Population 

Working with California ReLeaf, we requested urban and community forestry 

professionals in California to participate in an online survey to assess economic and employment 

activities and to examine perceptions of emerging challenges and opportunities for urban 

forestry. Urban and community forestry was defined for the purposes of this study as all 

activities that support or care for the trees—including producing, planting, maintaining, and 

removing trees—in cities, towns, suburbs, and other developed areas. Subjects were recruited 

into the study using a mixed methods sampling approach, which included convenience sampling 

by way of email, newsletters, websites, and advertisements directed toward urban forest 

professionals. In addition, random sampling was used to recruit private sector participants from 

two lists: (i) a public online directory from California’s Contractors State License Board, and (ii) 

purchased contacts from SICCODE.COM. The survey campaign morphed into three rounds of 

recruitment due to our challenges in obtaining an adequate sample in the first and second rounds. 
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Table 1. Valid survey responses gathered during each survey round for the nonprofit, public, and 

private sectors. 

Sector Round 1 Round 2 Round 3 Total 

Nonprofit 17 20 -- 37 

Public 2 30 14 46 

Private 20 81 5 106 

Total 39 131 19 189 

 

We asked six sectors to complete the survey. The sectors included private green 

industries, private utility companies, city and county agencies (referred to as the public sector), 

state agencies, higher education institutions, and nonprofit organizations. While survey responses 

were gathered for respondents in each of the six sectors, only three sectors provided a sufficient 

number of responses for analysis: the nonprofit sector (n=37), the public sector (n=46), and the 

private green industry sector (n=106) (Table 1). Therefore, the methods used in this study will 

focus only on these three sectors.  

The relative size of the study population was inferred based on the size of our various 

distribution lists and online research. The tabulation (Table 2) provides an estimate of the 

number of people reached by each of the distribution methods described in Section 2.3. Our 

estimation provides a relative sense for the size of the study population, but convenience 

sampling may have resulted in an increased likelihood of double-counting as well as gaps in the 

sampling frame.  

To estimate the population of each of the sectors, we used various online sources. For the 

public agencies sector, 482 municipalities are located within California. In California’s nonprofit 

sector, about 75 nonprofit organizations focus on urban and community forestry (California 
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ReLeaf, 2023), while numerous other nonprofit organizations in California are engaged in the 

broader mission of environmental sustainability. As for the private sector, our compilation of 

contacts from the Contractors State License Board accumulated to around 12,000 unique private 

businesses in landscaping, tree care, or nursery production. 

2.1.3 Sampling Frame Development   

When defining a ‘suitable respondent’ for the survey, two challenges arose: (i) finding 

the right person to respond on behalf of a business/organization, and (ii) minimizing double-

reporting on behalf of a business/organization. We defined the most suitable respondent for a 

business or organization as the individual who had knowledge of and access to employment 

numbers and annual spending, as well as an understanding of their urban forestry activities from 

the field and office personnel perspective. 

We delineated the sampling frame for each sector in several ways. The sectors that 

received the most individualized effort were the private sector and the public sector. The 

sampling frame for the private sector was delineated based on two sector-specific recruitment 

methods: postcards and batched emails. For mailed postcards, we identified suitable respondents 

from the private sector by compiling and filtering a public list of green businesses from an online 

business directory from the Contractors State License Board in California (Contractors State 

License Board, 2023). Businesses that classified themselves as Landscape Contractor or Tree 

Service Contractor were considered green businesses. From this list, we removed duplicate 

businesses based on business name, city, and phone number. Next, we removed businesses that 

we inferred not to be involved in the management of trees based on a key word search on the 

business name. We used a list of 18 key words, including lawn, pool, irrigation, and 

construction, to flag 1,440 businesses that conducted landscape work unrelated to trees. All 
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flagged businesses underwent a screening process of the full business name to determine if the 

business could potentially work with trees. To pass the screening, businesses needed to include 

the key words “tree”, “shrub”, or “landscape construction.” All businesses that were not flagged 

were included in the master list of private sector green businesses with the business name and 

address listed. This filtered list was later used to mail postcards to a random sample of green 

businesses requesting survey participation. 

In the postcards, we defined the suitable respondent by using the language “California 

Tree Care Professionals and Landscape Companies.” The term “tree care professional” was more 

clearly defined in the introduction of the online survey. The definition of “private sector” in the 

online survey read as follows: “Private Sector - Respond on behalf of a company that grows, 

plants, maintains, or manages trees in urban and community forests. Examples include nurseries, 

landscape installation/maintenance contractors, tree care companies, utility vegetation 

management contractors, consulting arborists, companies providing urban forest management 

services.” For our second method of recruiting participants from the private sector, we used 

SICCODE.COM to purchase industry-specific contact lists that were used to email survey 

requests to targeted respondents. The contact lists were sorted by SIC/NAICS Codes that relate 

to activities in urban and community forestry, as established in previous regional economic 

analysis studies. A total of 4,076 contacts were purchased. 

We identified public sector municipalities to recruit based on a previously compiled list 

of California municipal contacts made through the efforts of the Viginia Tech and Cal Poly 

research team. The list was updated during each survey round with new and replacement emails 

found for cities and counties with bounced email addresses. The replacement emails were found 

through online research on the staff directory page of the city’s or county’s website. Staff 
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members targeted to complete the survey typically worked in the parks and recreation 

department or the public works department. The most appropriate staff member was selected 

based on job title. Staff with job titles that included “Manager”, “Superintendent”, or “Director” 

were chosen as the most appropriate point of contact. Further research was conducted on the 

city/county website to determine whether the urban forestry activities are coordinated through 

the parks and recreation department or the public works department. In some cases, both 

departments’ email addresses were included in the updated list. Ideally, only one department 

representative would respond to the survey.  

The nonprofit sector was targeted through newsletter advertisements with California 

ReLeaf and direct phone calls from California ReLeaf to Network Members. All sectors were 

recruited through convenience sampling approaches likely to be trafficked by these sectors, 

including public social media campaigns, half-page newsletter advertisements with a variety of 

stakeholder organizations, and California ReLeaf webinars where the survey link was shared.  

  Measures were taken to ensure the sampling frame aligned reasonably well with the 

target population. The survey was designed to preclude participants that did not fit within the 

suitable respondent definition by requiring, at the beginning of the survey, that respondents read 

the definition of each sector and selected the appropriate sector description. If the respondent 

determined that none of the definitions aligned with their business or organization, the survey 

ended, and the response was not counted.  

Based on previous iterations of this research conducted in the United States, our research 

team expected the greatest gap in the sampling frame to be from the private sector. We put extra 

effort toward increasing private sector responses through the previously mentioned purchased 
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contact list and online business directory for California. The second round of the survey was 

intended to fill gaps in sampling frame coverage from each of the sectors. The third round of the 

survey was targeted specifically to fill in gaps in the public sector. Ultimately, we did not receive 

adequate coverage for the utility sector, state agencies sector, or the higher education sector, thus 

these sectors were not included in the scope of this research paper. 

2.2 Survey Design and Testing 

The survey was designed for the primary objective of (i) collecting data for the IMPLAN 

model, and the secondary objective of (ii) gathering perceptions of the challenges and 

opportunities associated with urban and community forestry activities in California. All aspects 

of the research protocol, survey design, and participant recruitment were reviewed and approved 

by the Institutional Review Board of North Carolina State University (IRB #25150). The survey 

was designed in Qualtrics using flow tools and skip logic to route respondents through relevant 

sector questions. The types of questions ranged from fill in the blank, check box if true, yes/no, 

and rating scales. Yes/no questions sometimes included follow-up questions. Skip logic allowed 

respondents to answer the follow-up questions if they selected “yes” or skip the follow-up 

questions if they selected “no.”  The survey questions were formatted to be either required or 

optional for the respondent to answer. All questions needed to generate data for economic 

IMPLAN modeling were required, and all other questions were optional.  

The flow of questions began with a branching logic question to identify the respondent’s 

sector from the six options. Branching logic was used to direct the respondent to one of the six 

versions of the survey, individualized for the particular sector. The next question filtered out 

businesses that were not active in 2021, since the survey questions are based on the year 2021. 
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At the end of the survey-specific questions, all respondents were directed to a section regarding 

the respondent’s “demographics.” 

2.2.1 Survey Testing 

Stakeholders were involved in both the design and testing of the survey before its release 

to the public. The first stakeholder meeting occurred on February 1, 2022. Stakeholders involved 

in the virtual meeting included representatives from the Society of Municipal Arborists, 

American Society of Consulting Arborists, the Hispanic Arborist Association, the Plant 

California Alliance, the Western Chapter ISA, and San Diego Gas & Electric. Based on 

stakeholder feedback during the design phase, the questions related to challenges were 

customized for each urban and community forestry (U&CF) sector. Beta-testing of the survey 

was completed by 15 stakeholders on June 10, 2022. Internal beta-review was completed by the 

researchers involved in this study and collaborators at California ReLeaf. The internal review 

process checked for spelling and grammar errors as well as flow logic, readability, and ease of 

survey completion. 

2.2.2 Survey Questions 

The main themes of the survey included respondent demographics, personnel figures, 

financial figures, challenges and opportunities faced by the organization, and perceptions of 

COVID-19, climate change, and workforce diversity (see Appendix C). Since each sector was 

provided with survey questions in a different order or additional questions, the survey questions 

are not referred to by number. Further, survey questions that were not used for analysis in this 

study are omitted in the following section. 
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Survey respondents in all sectors were asked the following common questions: The first 

survey section asked respondents to categorize the county and region of their urban forestry 

operations. Employment questions asked about the number and type of employees and the 

percentage of time spent on urban and community forestry operations, as well as the number of 

volunteer hours provided to the business/organization. 

Since the private sector and nonprofit sector engage in a wide variety of business 

activities that may or may not be related to urban and community forestry, these two sectors 

were asked to select from the provided list all the business activities their organization was 

involved in and to provide the percentage of the 2021 revenue or budget that was devoted to each 

business activity. Business activities to choose from included “landscape or tree care services”, 

“nursery, greenhouse, and tree production”, “landscape architectural and design services”, 

“U&CF consulting services”, “nursery retail stores”, “nursery supply wholesalers”, and 

“equipment wholesalers.” 

Budget questions were phrased differently among the sectors. The private sector was 

asked about the approximate range of “total sales and revenue” for all products and services sold 

by their business in 2021 and the percentage of sales and revenue attributed to urban and 

community forestry (U&CF) activities. The public sector was asked to provide an estimate of 

their agency’s “expenditures on U&CF activities” in 2021 broken down by total salary and fringe 

benefits and total expenditures on equipment, supplies, and hiring of contractors. The nonprofit 

sector was asked to provide their organization’s “total operating budget from all sources of 

funding” in 2021 and the percentage of expenditures on U&CF activities. In addition, the public 

sector was asked to provide the percentage of the budget contracted out, which helped to reduce 

double-counting from the private sector. 
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The next section included questions that focused on challenges and opportunities. Two 

questions asked the respondents to rate their perception of challenges related to urban forestry 

operations and climate change impacts on the urban forest. Climate change impacts on urban 

forest operations were evaluated based on the respondent checking each box that applied. Four 

questions focused on respondents’ perception of the COVID-19 pandemic’s impact on their 

organization, applied adaptation measures, and future outlook after COVID-19. The public and 

nonprofit sectors were asked to rate COVID-19's impact on public demand and budget. 

The survey asked six questions related to workforce diversity. Questions were designed 

for respondents to rate their perception of their business/organization’s workforce diversity, from 

extremely low to extremely high diversity. Additionally, respondents rated the level of challenge 

and priority in improving workforce diversity. Two questions related to equitable access to urban 

and community forestry regarding the level of challenge and the focus of current efforts toward 

specific groups, such as low income, racial minorities, senior citizens, children, differently-abled 

individuals, and tribal nations. The survey ended with seven demographic questions that asked 

about occupation, education level, gender, race, age, years of professional experience, and 

professional organization involvement. 

2.3 Survey Distribution and Data Collection  

We intended for the survey to be distributed once, but additional recruitment efforts—a 

total of three survey rounds—were deemed necessary after reflecting on the low number of 

responses and its impact on generalizability of the data. The second survey round was deployed 

two months after the close of the first round. An incentive was offered during the second round 

to encourage greater recruitment, which consisted of awarding a randomized 25 respondents with   
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Table 2. Breakdown of outreach methods used during survey distribution and the number of 

people reached during each survey round. 

   Audience Reach 

Outreach Method 

Round 1 

(9/08/22 –

12/20/22) 

Round 2 

(1/06/23–

3/15/23) 

Round 3 

(5/10/23–

6/22/23) 

Social Media a 

 LinkedIn 5935 84 -- 

 Instagram Post 1025 423 -- 

 Instagram Story 5 2 -- 

 Twitter 1356 382 -- 

 Facebook 545 325 -- 

 Facebook share (100K Trees 4 Humanity) 469 -- -- 

Newsletter Advertisements 

 Los Angeles Conservation Corps 2358 -- -- 

 American Public Gardens Association 850 -- -- 

 California Society of American Foresters 430 -- -- 

 California Landscape Contractors Association 1200 -- -- 

 California Urban Forests Council 4000 -- -- 

 California Licensed Foresters Association 560 -- -- 

 California Municipal Utilities Association 1800 -- -- 

 Santa Clara County Office of Sustainability 30 -- -- 

 California ReLeaf E-Newsletters 1257 1257 -- 

 Western Chapter ISA -- 4000 -- 

Stakeholder email distribution 

 Utility Arborist Association 5000 5000 -- 

 California Landscape Contractors Association 2358 -- -- 

 California Department of Water Resources 380 -- -- 

 California ReLeaf Network Members -- 309 -- 

Purchased Private Sector List (SICCODE.COM) 3828 3549 3346 

Postcards 3000 3000 -- 

Municipal Contact List -- 354 341 

Phone calls to California ReLeaf Network Members -- 25 -- 

Conference Outreach  (1/26 - 2/08/23) -- 87 -- 

Total Reach per round  36,386 18,797 3,687 

Qualtrics completed & valid surveys b 39 131 19 

a Audience reach for social media platforms refers to the number of people who viewed the post. 

b Qualtrics completed & valid surveys includes only the public, private, and nonprofit sectors.  
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a $100 Amazon gift card. This incentive resulted in fraudulent responses from suspected internet 

bots, which required additional effort and the creation of a process to identify and remove 

fraudulent responses from the dataset. A third survey round was deployed specifically to target 

municipalities due to the low number of responses from this sector. No incentive was offered 

during the third round. Out of the six sectors targeted for this survey, only three sectors provided 

a sufficient number of responses to be usable for analysis: the nonprofit sector (n=37), private 

sector (n=106), and public sector (n=46). After all of this careful effort to recruit participants and 

remove fraudulent responses, we ultimately collected 189 valid survey responses from the three 

sectors analyzed in this study. 

2.3.1 First Round of Survey 

The first round of the survey was released to the public on September 8, 2022. Qualtrics 

survey analytics showed 101 people began the survey and 49 people completely finished the 

survey by December 20, 2022. Of the 49 respondents, 39 of them were from the nonprofit, 

public, and private sectors. A survey portal was created on the website of California ReLeaf 

where prospective survey participants could review the scope and aim of the study, request 

further information from the investigators, and ultimately opt into study participation by clicking 

a link to the Qualtrics survey. The Cal ReLeaf website that hosted the survey link received 569 

page views over the course of two months between September 8 and November 14, 2022. During 

this time, social media platforms were used to spread the advertisement. Through California 

ReLeaf accounts, the following advertisements were published online over the course of two 

weeks: a LinkedIn post (purchased for $140), a Facebook campaign of eight posts, an Instagram 

campaign of eight posts, and twelve Twitter posts. Other Twitter accounts helped distribute the 

advertisement, including @vtarborist (Dr. P. Eric Wiseman) and @caufc (California Urban 
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Forest Council). Facebook accounts from our stakeholders helped distribute the message, 

including 100K Trees 4 Humanity and Riverside-Corona Resource Conservation District. E-

Newsletters were sent out by California ReLeaf each week for four weeks. A total of 9,335 

people viewed the posts across the social media platforms, but this number may include possible 

double counting of the same individuals across platforms.  

Digital advertisements in newsletters were placed during the advertisement window of 

September and October 2022. A personal email from California ReLeaf director was sent to all 

project stakeholders (23 total) to request their help in distributing the survey through their email 

lists (see Appendix A). Stakeholder organizations also helped distribute our advertisement in 

their monthly or quarterly newsletters by using our half-page advertisement (see Appendix B). 

These organizations included Los Angeles Conservation Corps, American Public Gardens 

Association, California Society of American Foresters, California Landscape Contractors 

Association, California Urban Forests Council, California Licensed Foresters Association, 

California Municipal Utilities Association, and Santa Clara County Office of Sustainability. Nine 

other stakeholder organizations were unable to distribute the survey during the advertisement 

window and twenty stakeholder organizations were unresponsive to our initial request for 

assistance.  

Private sector contact lists were purchased through SICCODE.COM and directly emailed 

in batched emails during the months of September and October 2022. Per IRB guidelines, we 

emailed each contact three times, with an initial email and two reminder emails at two-week 

intervals. We emailed a total of 3,828 private sector contacts. After the first batch of emails, 219 

emails failed to deliver to invalid addresses and replacement emails were found for 72 private 
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sector businesses. The 72 new emails were included in the second and third round of batch email 

reminders.  

Postcards were sent to a random sample of green businesses. As described above, a 

master list of green businesses was compiled from an online business directory (Contractors 

State License Board). Businesses that classified themselves as Landscape Contractor or Tree 

Service Contractor were considered green businesses and organized in a spreadsheet with the 

business name and address listed. Duplicate businesses and non-target businesses were removed. 

The final list was filtered down from 13,488 businesses to 11,956 businesses. A stratified 

random sample of 3,000 businesses was used to select the addresses for mailing postcards. The 

sample was stratified based on county. Each county was weighted based on the number of 

businesses in the county out of the total number of businesses in the list of 11,956 businesses. 

The 3000 postcard addresses were randomly selected to geographically represent each county 

proportional to the number of green businesses in the state. For example, Alameda County 

contained 3.45% of the total number of businesses, which resulted in 103 randomly selected 

businesses from this county.  

2.3.2 Second Round of Survey   

To increase the survey response and sample size, we relaunched on January 19, 2023, 

after making some adjustments in advertising and recruitment strategies. This survey round 

resulted in a total of 131 valid survey responses from the nonprofit, public, and private sectors. 

In this survey round, a raffle-based incentive for a $100 Amazon gift card to 25 randomly 

selected email addresses was offered to participants who completed the survey. Additionally, 

postcards were mailed to a new random sample of 3,000 contacts selected from the master list of 

11,956 green businesses compiled previously. The postcard design was updated to include 



KEY CHALLENGES & OPPORTUNITIES IN U&CF IN CALIFORNIA 25 

information about the $100 Amazon gift card raffle. A half-page advertisement was placed in 

Western Chapters ISA Magazine Winter 2022 edition. Other organizations (13 total) were 

contacted to request advertisements in their newsletter, but no other organizations were able to 

include our advertisement.  

 Effort was made to identify potential reasons the survey received a low number of 

responses. In the first round of the survey, we had opted to distribute the email invitation through 

the mail server of California ReLeaf, believing that name recognition of the organization would 

compel recipients to take the survey. However, through later testing of the email distribution 

method, we discovered that emails sent from the Cal ReLeaf email address were routinely 

marked as spam and sent to the recipient’s spam folder. Therefore, for the second and third 

survey rounds, we changed the email delivery method to be sent through the Qualtrics system. 

A mass email was sent through Qualtrics to 3,549 private industry contacts purchased 

previously from SICCODE.COM. This list excluded the non-deliverable email addresses from 

the first survey round. A list of municipal contacts was sourced from a collaborating researcher 

at Cal Poly, and 354 municipal contacts were sent a mass email invitation to complete the survey 

through Qualtrics. Many of the emails from the municipality contact list bounced (131 out of 

354), likely due to employee turnover or retirement since the initial list was created several years 

ago. New contacts were located online and replaced the email contacts that bounced. The new, 

replacement municipality email addresses were contacted through a mass email invitation a week 

later. A first reminder email was sent to the private contacts and municipal contacts after three 

weeks. A second reminder email was sent 3 weeks after the first reminder, concluding the second 

round of email recruitment on February 16, 2023. 
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Social media campaigns were again conducted on LinkedIn, Facebook, Instagram, and 

Twitter through the California ReLeaf account. No advertisement was purchased through 

LinkedIn during this survey round. During the seven-week period, posts were published weekly 

on Facebook, Instagram, and Twitter and reached a combined total of 1,216 people, with 

possible double counting across platforms. Advertisements were included in E-Newsletters sent 

to California ReLeaf subscribers (1,257 recipients). Three E-Newsletters with the survey 

advertisement were sent, each two weeks apart. Individual emails to ReLeaf Network Members 

were sent a week after. 

2.3.3 Third Round of Survey   

 A third and final round of survey recruitment was conducted in May 2023 with the goal 

of increasing the number of responses from the public sector and private sector. A total of 19 

valid survey responses were received during this round. On May 12, 2023, municipalities 

(n=348) were sent personalized email invitations from the graduate students’ perspective and 

given the option to complete the survey online or print out the pdf version of the survey and mail 

the completed survey to our collaborators at North Carolina State University. The option of 

returning the survey by mail was introduced during this round to add convenience for 

municipality workers by providing flexibility to fill in the survey over the course of two weeks 

rather than in one sitting at the Qualtrics interface. Email analytics showed 49 emails were 

undeliverable, so our team found 42 replacement email addresses linked to unresponsive 

municipalities. On May 23, 2023, A reminder email was sent to municipalities (n=341) using the 

new list of email addresses. Email analytics showed 103 individuals opened the email.  

To increase the number of responses from the private sector, a private sector contact list 

from SICCODE.COM was purchased. On June 13, 2023, a batch of emails (n=3,346) was sent 
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through Qualtrics. Email analytics showed 1,002 people opened the email and 20 people began 

the survey. Only 5 respondents from the private sector completed the survey during this third 

round. 

2.4 Fraudulent Survey Response Removal 

With the introduction of a monetary incentive for survey participation during the second 

survey round, fraudulent actors began using internet bots (computer code) to target and fill out 

the survey for a chance to win one or more of the $100 Amazon gift cards. The survey was 

relaunched on January 19, 2023. On January 29, an unusual spike in response numbers from state 

agencies prompted further investigation, which revealed numerous responses with IP addresses 

sourced from outside of the United States and suspicious email addresses entered in the raffle. 

2.4.1 Using ReCaptcha to Prevent Fraudulent Responses 

Internet bot responses threatened the integrity of our survey data, so swift action was 

taken to eliminate the fraudulent responses by adding an extra layer of security into Qualtrics as 

soon as our team suspected this issue. During the initial survey design in June 2022, we 

incorporated Qualtrics’ captcha verification question (completely automated public turing test to 

tell computers and humans apart) to filter out automated programs attempting to take the survey, 

but we did not add the supplemental bot detection feature into Qualtrics until February 1, 2023.  

Included in the initial survey design, the Qualtrics’ captcha V2 verification question 

required respondents to select “I’m not a robot”, then complete a picture or word challenge 

successfully to proceed. For example, a respondent may be presented with a picture segmented 

into nine squares and asked to correctly select the squares within the image that contain a 

specific object, such as a stoplight, bridge, or crosswalk. If the respondent fails to accurately 
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complete the challenge, they will not be able to continue the survey. Qualtrics categorizes these 

responses as an incomplete survey response or a response in progress.  

On February 1, 2023, an additional bot detection feature in Qualtrics was added, called 

Google’s invisible reCaptcha V3. Google’s reCaptcha V3 program runs during the survey to 

passively identify the likelihood of respondents being bots based on user behavior, such as 

mouse movement, browsing history, and response time (Qualtrics, 2023). The score ranges from 

0 to 1, with a score less than 0.5 indicating the respondent is likely not a human. When the 

respondent has finished the survey, Qualtrics assigns a score and flags responses with a score 

below 0.5. Flagged responses can be filtered out during export of the data from Qualtrics. 

Despite the added layer of security from internet bots integrated into Qualtrics, internet 

bots were still able to pass the 0.5 accuracy threshold required for flagging. Qualtrics flagged 

39.8% of the total responses as bots, while later bot removal efforts on our end indicated 94% of 

all responses were bots.  

2.4.2 Creating Our Bot Removal Process 

To remove bot responses, our team performed a literature review on internet survey bots 

and identified extraction methods used by other researchers. Studies recommended several bot 

removal strategies, including removal of duplicate email and IP addresses, suspiciously short 

completion times, and suspicious open-ended responses. Our bot removal process implemented 

these elements of previous research findings and incorporated a new approach to identify bot 

clusters. A bot is defined by Storozuk as a “malicious software application programmed to 

complete automated tasks online,” (Storozuk et al., 2020). A bot cluster is defined for the 

purpose of our filtering process as a group of four or more responses completed by one internet 
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bot, with responses having duplicate start times or start times within 1-3 minutes of each other. 

This definition of an internet bot assumes that one internet bot is completing multiple surveys 

concurrently or in succession.  

The filtering process used in this study draws upon previous research suggestions from 

Storozuk, including screening email addresses, screening open-ended responses, monitoring time 

of survey completion, and monitoring speed of survey completion (Storozuk et al., 2020). 

Additionally, we included a filter for latitude and longitude coordinates outside of the United 

States. 

2.4.3 The Seven-Filter Bot Removal Process 

The filtering process to remove internet bots comprised seven steps. At the end of the 

process, the number of responses was reduced from 2190 to 131 valid responses. 

• Filter 1: Responses within bot clusters 

• Filter 2: Qualtrics flagged responses 

• Filter 3: Duplicate IP addresses and emails 

• Filter 4: Latitude and longitude outside U.S. 

• Filter 5: Short duration responses (< 5 minutes) 

• Filter 6: Suspicious free responses 

• Filter 7: Suspicious email addresses 

The first filter identified bot clusters by combining the spreadsheet of flagged responses 

with the spreadsheet of all other responses to identify groups of responses that start and end 

within minutes of each other. We assumed a high likelihood of Qualtrics flagging at least one 
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response in the bot cluster, which helped to identify the unflagged responses that fell within the 

same short window of completion and exhibited similar characteristics in their answers. The 

spreadsheet was sorted by oldest to newest response start time, and the flagged bot responses 

were used as a visual cue to identify bot clusters. One inherent flaw in this filtering step is the 

potential of removing valid responses from the dataset. To mitigate this, all responses flagged as 

bot clusters were checked for distribution channel and open-ended responses. If the distribution 

channel was “email”, this meant the survey link was accessed directly from the batch emails sent 

to targeted lists, thus the response was valid. The open-ended responses were checked for logical 

sentences and non-duplicate responses. If unique, logical sentences were provided in open-ended 

responses, then the response was categorized as valid. This filter identified 732 additional 

responses as bots beyond those flagged by Qualtrics.  

The second filter removed the responses flagged by Qualtrics’ bot detection with a score 

of 0.5 or less. To avoid removing valid responses, each flagged response was reviewed for a 

legitimate email address and logical open-ended responses. We found no valid responses were 

flagged by Qualtrics. The 872 responses flagged by Qualtrics were removed during this step. A 

third filter was applied to remove duplicate IP addresses and duplicate email addresses. This 

filter removed 314 responses.  

The fourth filter identified respondents with latitude and longitude coordinates outside of 

the United States. The United States was used as the geographic boundary for valid survey 

responses rather than the state of California since it was possible that respondents lived in 

California in 2021 and have since moved, or respondents were travelling in other areas of the 

United States during the time they completed the survey. Latitude and longitude data were 

passively collected for each recorded response within Qualtrics. The most northern, southern, 
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eastern, and western point of the contiguous United States served as the outer bounds of valid 

responses. Respondents were removed if their coordinates exceeded the following rectangular 

boundaries of the contiguous United States: valid north to south latitude coordinates fell within 

49N and 25N; valid east to west longitude coordinates fell within 66W and 124W. This filter 

identified and removed 71 responses outside of the United States.  

The fifth filter removed responses with an unusually short duration, which we classified 

as responses completed in 5 minutes or less. Qualtrics analytics provided an estimate of 20 

minutes as the average time needed to complete the survey. Our team chose the duration of 5 

minutes as an appropriate lower limit because of our judgment that thoughtful, valid responses to 

all the survey questions would require at least 5 minutes. This filter removed 9 responses with a 

duration of 5 minutes or less.  

The sixth filter identified suspicious open-ended responses by screening all remaining 

responses for duplicate or illogical open-ended responses. This filter removed 30 responses that 

were either duplicate sentences or illogical sentences. The seventh filter screened suspicious 

email addresses by finding trends in email address structure. The criteria to flag suspicious email 

addresses included “first name” + “last name” + string of numbers. Obvious suspicious email 

addresses were a string of random letters, or a string of misspelled words followed by 3 to 8 

numbers. This filter identified 31 responses as invalid email addresses. After the seven-filter 

process, the remaining valid responses totaled 131.  

Additional valid responses were added to the dataset from the first survey round and the 

third survey round. The responses from the first and third survey round did not need to go 

through the filter process because the survey was not advertised publicly and no survey incentive 
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was offered in these rounds, thus no motivation existed for internet bots to complete the survey. 

After removing all suspected internet bots, the remaining responses from all survey rounds 

totaled 199. The actual number of responses used in this study was reduced to 189 due to the 

removal of three sectors that provided an insufficient number of responses. 

2.5 Analysis of Survey Data 

Analysis of the survey data focused on two priorities: (i) characterizing the urban forestry 

sectors using descriptive statistics methods, and (ii) comparing the urban forestry sectors using 

inferential statistics methods. For numerical data, summary statistics were calculated to discern 

central tendency and dispersion of the data. For categorical data, percentages were calculated 

from response counts to compare the average response among sectors. In addition, Fisher’s exact 

test was performed on categorical data to discern statistical differences between sectors. Many 

survey questions used a 5-point rating scale that generated categorical data; these categories were 

condensed into three categories during analysis to make the data compatible with contingency 

analysis through the Fisher’s exact test. When binomial responses were provided in the survey 

instrument, for example “yes” or “no”, a left and right tailed T-test with the Fisher’s exact test 

was performed to assess which sector had a greater probability of responding “yes” compared to 

the null hypothesis of no difference in probability. Statistical tests of the null hypothesis were 

considered significant at p-value less than .05 and marginally significant at p-value greater than 

or equal to .05 and less than .075. All data manipulations and analyses were performed using 

Microsoft Excel and JMP Pro 16. 

 


