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3.3 Phase II: Quantitative Data Collection

Quantitative data collection was the central part of this research. For the quantitative study,
the same study areas and the population were used. A survey questionnaire was designed
considering the research objectives. Questionnaires were divided into two parts: demographic and
broad questions. The questionnaire had a total of 16 questions. Among them, five were
demographic, and eleven were within a broad category. For demographic questions, researchers
asked the participant’s gender, age, and state of residence. The research team collected data about
the frequency of visits in the welcome centers. No question containing identifiable characteristics
were asked in the survey questions.

For broad questions, most of the questions were designed using a 5-point Likert-scale. A
Likert scale is a psychometric scale commonly involved in research that employs surveys.
Respondents can specify their level of agreement or disagreement on a symmetric agree-disagree
range for a series of statements. Most indicators identified by the qualitative study were also the
same for these two-planting techniques. Participants were asked how important the factors were
to them. Five questions were designed utilizing 5-point Likert-scale about those indicators.
Respondents were told to rank the factors in order. For initial data collection, we collected survey
data without Augmented Reality (AR). Images of two planting techniques were used along with
the questionnaire.
Review of Questionnaire

The questionnaire was first piloted in May 2019. Surveys were administered at the
welcome center located at Port Wentworth. The study site was chosen because of its high visitor

number and proximity to Georgia Southern University. The questionnaire was tested so that the
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Figure 3.11: Screenshot from iPad showing the final output of AR (Matrix Planting)

Figure 3.12: Screenshot from iPad showing the final output of AR (Block Planting)

3.5 Data Collection with Augmented Reality
After developing the AR, data were collected again from three welcome centers. Three
welcome centers were surveyed each weekend from September 25" to October 20™. Before

conducting the survey, the project team asked for permission from the welcome center authorities.
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The surveys were conducted during the peak time of these centers around 9.00 AM to 5.00 PM.
During each visit, a table was set up on one corner of the visitor center. The visitors were
approached and asked whether they were willing to take a survey. All participants were offered a
small token from Georgia Southern University’s Civil Engineering & Construction Management

Department.

3.6 Data Analysis

Numerous data analysis methods were performed for this study. Demographic information
(gender, age, residence, duration of stay) of the participants from the visitor centers was analyzed.
Pearson correlation was determined using R programming, whether the parameters had any
correlation with each other or not. In the survey, participants were asked to rank different factors
based on the importance of various factors. To understand the relationship between different
parameters, one-way ANOVA was conducted. Analysis of variance (ANOVA) is a statistical
model. ANOVA indicates which variable is more significant than the others to determine the
dependent variables. R and python programming software were used for data analysis. In this
study, a weighted decision matrix (WDM) was utilized for recommending the better planting
technique for roadside planting. WDM is a simple tool that can be very useful in making complex
decisions because it is very efficient when many alternatives and criteria of varying importance

are being considered.
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CHAPTER 4
RESULTS AND DISCUSSIONS
This study consisted of a mixed-method survey where both qualitative and quantitative

surveys were conducted. For, the quantitative survey, two surveys were demonstrated: one without
AR and another with AR. Results from both the qualitative and quantitative surveys (both with
AR and one without AR) are presented in this chapter. This chapter is divided into three parts:

1. Results of Qualitative Survey

2. Results of Quantitative Survey without AR

3. Results of Quantitative Survey with AR

4.1 Results of Qualitative Survey

The main objective of this study was to measure public perception of different planting
techniques (block and matrix) that are commonly used at VICs and other ROW areas. A qualitative
survey was conducted to answer the first research question. Four welcome centers along the State
of Georgia borders were selected, as the study area, because travelers frequently use these centers
to obtain information and buy refreshments. Georgia welcome centers in Savannah, Augusta,
Ringgold, and Tallapoosa, were selected as study areas. The Savannah Welcome Center is the
most popular of all visitor centers in the State of Georgia. The Augusta Welcome Center is a
medium-range visitor center, however, it has a great number of visitors because of its proximity to
Atlanta. Welcome centers in both Ringgold and Tallapoosa have a high frequency of visitors as

they are close to Atlanta as well.
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During the qualitative study, respondents were given open-ended questions to mention the
most important factors to them about planting techniques in ROW. Focus group discussions were
also conducted to learn about people’s preferences. Most respondents expressed that while
observing one particular planting technique, they mostly noticed the color, pattern, and
combination of the planting. People consider sustainable vegetation as an important part of
roadside vegetation. One participant expressed, “if the planting technique is sustainable, they will
be beneficial to the environment and cost-effective, roadside plants should not need more
maintenance.” To most of the participants, both planting techniques looked similar, as both of
them contained similar plants. Participants interested in gardening noticed significant differences
between the two planting techniques. After screening qualitative survey data of 125 people, several

indicators that affect public perception about planting techniques were recognized. They are:

1. Aesthetics (Color, pattern/design, the combination of plants)

il. Restorative effect (level of comfort, rejuvenating)
iil. Environmental benefits (air purification, saving water, preventing pollution)
iv. Invasiveness (fast) growing, hard to control, native and non-native vegetation
V. Sustainability (little maintenance required)
vi. Establishment and maintenance cost

These factors matched with our literature review findings.
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4.2 Results of Quantitative Survey Results without AR
Participants Demographic Characteristics:

A total of 857 people participated in a quantitative survey during the summer of 2019 without
the augmented reality app. Among them, 426 were male and 431 were female. The average age of
the participants was 51.1 years (Figure 4.1). The distribution of the graph was uniform.
Specifically, 45% of the respondents were younger than 45 years old, and 55% of the population

were older than 45 years old.

Age Distribution of the Participants
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Figure 4.1: Age distribution of the participants’ (without AR)
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Figure 4.2: Residence profiles of the participants’ (without AR)
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70 % of the survey participants were from South Carolina, Florida, North Carolina, Tennessee,
and Alabama. 15.8% of the participants were from the State of Georgia (Figure 4.2).
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Figure 4.3: Frequency of visit of the participants’ (without AR)

In addition, participants visited Georgia welcome centers in all different frequencies (Figure 4.3).
Measuring Public Perception of Planting Techniques:

The respondents were asked to rank different factors, which could affect their perception of
one particular planting technique. The responses are shown in Figure 4.4. There was a total of
seven factors: color and aesthetics, environmental benefits, restorative effect, cost, sustainability,

invasiveness, and maintenance. No pattern was found from the responses of participants.
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Ranking of Impacting Factors of Planting Techniques
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Figure 4.4: Ranking of different factors based on planting choice (without AR)

Figure 4.5 shows public preferences for matrix or block planting techniques. A close
percentage was observed between these two plantings techniques. 51% of the total 858 participants

preferred block planting, and 49% of them preferred matrix over the block.

Preference to Planting Technique

Figure 4.5: Preference for one planting technique (data without AR)
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ANOVA and correlation analysis were used for data analysis. No direct correlation among
factors was found from the quantitative data collected without AR. Moreover, no relationship was
identified between demographic characteristics (age, gender, residence) and planting choice.
Cutting edge AR was used to get a better understanding of public perception about the planting

techniques.

4.3 Advantages of AR over Images
AR increases the user’s perception and encourages interaction with the real world. It
enhances the sense of reality by overlapping computer-generated objects and cues upon the
physical world in real-time. For the second phase of data collection, an i10S-based user-friendly
AR app was developed. The AR app showed a 3D representation of two plantings. Participants
could easily toggle between the plantings and select their preferred one. Participants were more

engaged with the questionnaire while AR was used.

4.4 Results of Data with Augmented Reality
Participants Demographic Characteristics
A total of 207 survey data was collected from three visitor centers (Savannah, Augusta,
Ringgold) using AR. Among them, 80 were received from Ringgold, 103 from Savannah, and 24
from Augusta. The participants' profiles consisted of 87 males and 119 females. The average age

of the participants was 55.43 years (Figure 4.6).
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Figure 4.6: Age distribution of the participants (data collected by AR)
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Figure 4.7: State of residence of the participants' group (data collected by AR)

According to figure 4.7, participants traveled from many states. The highest number of

participants were from Florida (34%), Tennessee (25%), and Georgia (22%).
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Time Spend of the Participants in Welcome Center
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Figure 4.8: Time spent by the participants in welcome centers (data collected by AR)

Frguency of Visiting Georgia Welcome Center
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Figure 4.9: Frequency of visiting Georgia welcome center of the participants (data collected by
AR)

Figure 4.8 shows that higher percentages of people usually spent around 10 to 20 minutes

during their visit. Figure 4.9 presents the frequency of visiting Georgia welcome centers. Around
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28% of the respondents were new visitors. Out of 207 respondents, 40% visited the center once a
year, 26% visited twice a year. Very few participants (6%) visited these welcome centers monthly
or weekly.
Measuring Public Perception of Planting Techniques for Data with AR:

From the qualitative survey, it was identified that environmental benefits, color and aesthetics,
sustainability, cost, and maintenance were significant factors that affect public perception.
Respondents were asked to express their opinion about these identified factors. Participants’

responses are presented in Figure 4.10 to Figure 4.14.

Statement : "Roadside(ROWSs) Planting has environmental benefits (air
purification,saving water, natural cooling, preventing pollution)”.
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Figure 4.10: Participants’ response to roadside (ROW) planting. Factor: environmental benefits
(data collected by AR)
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Figure 4.12: Participants’ response to Roadside (ROW) planting. Factor: restorative effect (data

collected by AR)



Percentage Participants

Figure 4.13: Participants’ response to roadside (ROW) planting. Factor: native or non-native

45%

35%

Percentage Participants

10%

5%

Figure 4.14: Participants’ response to roadside (ROW) planting. Factor: maintenance (data

T0%

20%

10%

0%

Statement: For roadside planting, doyou prefer Mativeplants over Non-

Native plants.

645
23%
10%
I

Somewhat Prefer Neiher Prefer nor  Somewhat Refuse  Extremely Refuse

Strongly Prefer

Refuse

Prefer/Refuse

plants (data collected by AR)

How important "Maintenance" of planting is toyou.

41%
37%
22%

Extremely
Important

Very Important Moderately
important

Important/MNotimportant

collected by AR)

Shghtly important Mot at all Important

55

Figure 4.10 summarizes the respondents’ answer to the statement, “Roadside planting has

environmental benefits.” 92% of the respondents overwhelmingly agreed to the statement.
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Besides, the majority of the respondents (70%) favored sustainable vegetation along the road
(Figure 4.11). Figure 4.12 represents how the public responded to the statement, “Roadside
planting has a restorative effect on you.” Most (63% of 207) of the population strongly agreed with
the statement.

Another important finding of this study was that 87% of the sample population greatly
preferred native plants over non-native plants for roadside planting (Figure 4.13). It could be
assumed that they chose native plants over non-native plants because native plants have more
environmental benefits and require less maintenance. Maintenance of roadside planting is also an
important factor for people. 78% of the respondents expressed that maintenance is very important
for planting. Additionally, 22% of the population recommended maintenance as moderately
important (Figure 4.14).

4.6 Perception of Different Planting Techniques
Among the 207 responses, 58% preferred block planting over matrix planting. 38% of the
respondents preferred matrix planting rather than block planting (Figure 4.15). They made the

decision based on color and aesthetics.

Public Prefernce to Matrix/Block
Planting

Matrix
F38%

m Matrix
m Block

= Blank

Figure 4.15: Participants’ preferences to one type of planting technique (with AR)
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ANOVA model and t-test were run in R programming to identify the relationship between

planting technique choice and demographic characteristics. The results from Table 4.1 show that

residence (p = .00183< 0.05) and gender (p = .0184) were significant factors for choosing a

planting technique.

Table 4.1: Results of ANOVA analysis between the choice of planting techniques and
demographic characteristics.

Df Sum_Sq
Gender 1 1.677
Age 1 0.001
Residence 1 2.962
Frequency I 0.321
Time 1 0.336
Residual 201 59.66

Mean sq

1.677

0.00076

2.96197

0.32084

0.3355

0.29682

F value

5.6502

0.0025

9.9791

1.0809

1.1305

Pr(>F)
0.018392 *
0.95979
.001828*
0.29974

0.288934

Although the sample chose block planting, the residence from the states of Florida (58%),

North Carolina (75%), and South Carolina (80%) showed a strong preference for matrix planting

while the residents from Georgia and Tennessee preferred block planting (Table 4.2). The findings

suggested that people from coastal regions preferred matrix planting over the block planting.
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Table 4.2: Relationship between the choice of planting techniques and residence.

State of Residence Planting Choice No of Responses
Georgia Matrix 17
Block 29
Florida Matrix 39
Block 28
Tennessee Matrix 18
Block 32
South Carolina Matrix 4
Block 1
North Carolina Matrix 6
Block 2
Others Matrix 6
Block 15
Alabama Matrix 0
Block 2

The results from Table 4.3 show that the choice of planting techniques varied based on
gender. Among male respondents, no variation was noticed in the results. The female respondents

showed a strong preference for block planting.



Table 4.3: Relationship between the choice of planting techniques and gender.

Gender Planting Choice No of % of Gender
Response
Male Matrix 44 48%
Block 41 48%
Female Matrix 41 31%
Block 71 64%

The majority (82% of 207) of the respondents preferred environmental benefits more than

color and aesthetics. Also, 61% of the participants selected sustainability over color and aesthetic

beauty (Table 4.4).

Table 4.4: Relationship between the choice of planting techniques and rank 1 for their preferences.

Planting Technique Rank 1 No of Response

Matrix Color & Aesthetics 11
Environmental Benefits 56
Sustainability 15
Maintenance 4

Block Color & Aesthetics 20
Environmental Benefits 62
Cost 6
Sustainability 23
Maintenance 1




Table 4.5: Ranking of different control indicators affecting public perception.

60

Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6

Color and Aesthetics 16% 10% 46% 17% 4% 10%
Environmental 59% 30% 11% 3% 4% 17%
Benefits

Restorative Effect 0% 17% 9% 20% 12% 36%
Cost 3% 14% 23% 32% 16% 7%
Sustainability 18% 20% 5% 13% 22% 21%
Maintenance 3% 9% 5% 15% 42% 9%

Respondents were asked to rank different factors for choosing

one particular planting

technique. Most respondents (59%) chose environmental benefits as their top priority.

Sustainability of planting was ranked second with 38 responses (18% of 207). People chose color

and aesthetics as the third priority. The cost was also an essential factor for people. Maintenance

was typically ranked as 5 priority by the sample (Table 4.5).

Ranking of Imapcting Factor Affect Preference of Planting
Technique
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Figure 4.16: Ranking of different control indicators affecting public perception (with AR)
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From the results (Table 4.5 and Figure 4.16), it could be concluded that the final ranking is
as follows :

1. Environmental benefits

2. Sustainability

3. Color and aesthetics

4. Cost

5. Maintenance

6. Restorative effect

Weighted Decision Matrix was designed considering the ranking of factors. Because

environmental benefit was the first priority to the public, it was given the highest weight: six.
Number six priority, the restorative effect was assumed weight one. As matrix planting has better
environmental benefits and sustainability, it was scored one in these criteria. Further, the block
was perceived as more aesthetically beautiful and had a more restorative effect on people. In color
and aesthetics, and restorative effect criteria, block scored a one. The matrix planting was
considered less expensive than the block. Moreover, matrix planting requires less maintenance. In
the cost and maintenance criteria, the matrix planting technique was recorded as one (Table 4.6).

Table 4.6: Weighted Decision Matrix for block and matrix planting

Criteria Weighting Block Matrix
Score Total Score Total

Environmental Benefits 6 0 0 1 6
Sustainability 5 0 0 1 5
Color and Aesthetics 4 1 4 0 0
Cost 3 0 0 1 3
Maintenance 2 0 0 1 2
Restorative Effects 1 1 1 0 0
Sum 5 16
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The total score of each criteri was determined by multiplying weight score with an individual
score. The overall score of matrix planting was sixteen, whereas the block planting scored only
five. This WDM matrix made it clear that matrix planting was more acceptable to individuals who

travel.
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CHAPTER 5
CONCLUSIONS

This study was conducted to measure public perception on optimal planting techniques (such
as block and matrix) that are aesthetically beautiful, cost-effective, and environmentally beneficial.
The following paragraphs describe public perception considering different planting techniques.

The main indicators that affect people’s preference for one planting technique over another
were identified through literature review and qualitative survey. The identified indicators were
color and aesthetics, environmental benefits, cost, sustainability, maintenance, and restorative
effect. There was a significant difference between the data collected using photographs and the
augmented reality (AR) app. People showed interest and enthusiasm during the surveys when AR
was used in this study.

The respondents strongly agreed that roadside vegetation has significant environmental
benefits. The majority of the respondents expressed that sustainable planting is a very important
element of roadside vegetation. The participants, in general, preferred native plants over non-
native as they require less maintenance. The respondents, in general, favored well-maintained
plants. One important finding of this study was the ranking of the identified factors. The ranking
is the following: 1. Environmental benefits 2. Sustainability 3. Color and aesthetics 4. Cost 5.
Maintenance 6. Restorative effect. The respondents believed that environmental benefit is the most
important element contributing to roadside vegetation. Respondents also preferred sustainable

roadside vegetation more than aesthetically beautiful planting.
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Regarding the choice of planting techniques, 58% of the sample selected block planting over
matrix planting based on color and aesthetics. However, when all the factors were considered, the

public largely preferred matrix planting, as it tends to be more beneficial to the environment.
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