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ABSTRACT

LIFECYCLE ASSESSMENT MODELING AND ENCOURAGING REUSE IN THE CORRUGATED PACKAGING

INDUSTRY USING PERSUASION AND OPERANT CONDITIONING

Greenhouse gas emission is @ major contributor to climate change and global warming. Many
sustainability efforts are aimed at reducing greenhouse gas emissions. These include recycling and the use
of renewable energy. In the case of recycling, the general population is typically required to at least
temporarily store, and possibly haul, the materials rather than simply throwing them away. This effort
from the general population is a key aspect of recycling, and in order for recycling to work, some
investment of time and effort is required by the public. In the case of corrugated cardboard boxes, it has
been observed that there is less motivation for the general population to recycle them. Also, the
manufacturing of a product such as a corrugated cardboard box (CCB) includes the extraction of a variety
of raw materials in addition to supply chain efforts to get the raw materials to the industry. The extraction
of raw material and its supply chain as well as the unproper end of lifecycle phase can significantly impact
the carbon emission of a product over its lifecycle. This research explores different means of motivating
people to reuse, and not just recycle, with different types of incentives. It addresses the use of persuasion
techniques and operant conditioning techniques together to incentivize the general population to adopt
sustainable efforts. Further, this study makes an attempt to segment the general population based on
age, gender, persuasion preferences, operant condition preferences, personality types, awareness of
environment/climate change as well as current recycling effort of the participants to use different forms
of incentives and motivational work unlike any approaches found in the literature review. Four types of
persuasion techniques and four types of operant conditioning are combined to give 16 different types of

incentives. Three online surveys are conducted, and their data are analyzed (using entropy, Hamming



distance, t-test, chi-square, and ANOVA). The results indicate that “positive reinforcement + ethos” is a
cost-effective way to incentivize the general population. This study also conducts a Lifecycle Assessment
(LCA) that gives the carbon emission of each phase of the product and a quantitative estimate of the
overall product carbon footprint and its effect on the environment. This gives impetus to
recommendations for improving the phases of the lifecycle to minimize carbon emissions. This research
uses LCA to evaluate the carbon emission in each phase of the lifecycle of a typical 1 kg corrugated
cardboard box in the United States. Carbon emission for the proposed “reuse” phase is also calculated,
and the results are compared. To examine if the incremental cost of reusing the CCBs is less than the
environmental and economic cost of reducing the extraction and supply chain of raw materials, this study
explores the economic feasibility of the proposed “reuse” method that incentivizes the general population
to reuse the CCBs instead of recycling or landfilling them. Economic tools such as willingness-to-pay vs.
marginal cost curves and benefit-cost analyses are used to evaluate economic feasibility. The results
indicate that the “reuse” method for CCBs is economically and environmentally feasible. It also supports
the approach of using analytics, economics, and LCA to create a model that can be used for other products
and processes as an evaluative process to determine if businesses can benefit from the reduction (or
removal) of material extraction costs from the supply chain. The results of this study can be applied to a
wide range of applications such as solar panels, incentives for vaccination, and other areas wherein

sustainability-centric behavior is encouraged.
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1  GENERALINTRODUCTION

The rise in e-commerce has increased the use of corrugated cardboard boxes (CCB) [1]. CCBs are
widely used for the shipping and transportation of goods. Corrugated cardboard boxes are made up of
corrugated board which is made from corrugated sheets. As it is an important part of the supply chain for
a large number of goods, it is worth exploring its manufacturing process and addressing its underlying
problem from a holistic view. The manufacturing of CCB starts with harvesting softwood and hardwood.
This harvesting process consists of cutting, de-limbing, loading, and transportation of the logs. These logs
then go through the process of de-barking and chipping to produce wood chips. Companies also purchase
wood chips from sawmills and chip mills. The wood chips are then converted into pulp (virgin wood pulp)
and then mixed with pulp from recovered fiber (pulp from the recovered fiber is generated from recycling
old corrugated cardboard boxes). Wood chips are then cooked at high temperatures and pressure with
recycled pulp and other chemicals at specific parameters to get desired properties in the pulp. This pulp
is then separated, screened, and washed before sending it into the paper-making machine. The paper-

making process is shown in Figure 1.1.

Headbox Wire Section Prasses Pre-drying  Size Press  Final Drying Winding
R 11 |1 | | | | |

OhlAbibiiiiiriire WioWoll CJQ , Q0 .
"'---.D.--—-"'D"-——%%% OOO‘* ﬁ[::ij(:)a o®

Figure 1.1 Paper-making process [2]

The pulp enters from headbox where a homogenous sheet with specific width is made and fed into the
wire section. In the wire section the water is drained from the slurry and fibers are then fed into the

presses. The fibers then go through a series of presses and drying stages with additions of starch and other



chemicals as needed. After drying the containerboard is then cut into the required size and rolled for

transportation.

The containerboard is then transported to converting plants, where it is converted into a
corrugated cardboard box. Figure 1.2 shows the process of converting the containerboard to corrugated

board.

Single facer

Corrugating

Liner 1

Starch glue

T Hot plates

Liner 2

Figure 1.2 Converting process [3]

There are two types of containerboards: liner board and corrugating medium. The corrugating medium
containerboard is fluted between the two liner boards to create a single-layered corrugated board. As
shown in Figure 1.2, the corrugated medium is fluted, and starch glue is applied to the tips of the flute.
This fluted tip with starch glue is then glued to the inner surface of the linerboard. The starch glue is then

applied to the other side of the fluted tips and glued with the inner surface of another linerboard. Thus, a



single-wall corrugated board is manufactured. This corrugated board is then dried and slit into the
required shapes. The final stage of this process is folding, gluing, and printing the corrugated boards in
the required box shapes. These final products are then stacked are packed for shipping. It isimportant to
note that the corrugated boards have different board styles (single wall/double wall/ triple wall) and flute
types (F flute/E flute/C flute/B flute/A flute). The corrugated cardboard boxes also differ in shape and size

with respect to their end application.

Each year approximately 100 billion CCBs are manufactured in the United States. Approximately,
70-75% of 100 billion boxes are received for recycling each year [4,5]. In 2018 out of the total CCBs
received (33.3 million tons) for recycling, 2.82% (0.94 million tons) were mixed with landfilled, 0.69% (0.23
million tons) was combusted and 96.5% (32.1 million tons) was recycled [6]. Although a recycling rate of
96.5 % is impressive, it applies to the number of CCBs received for recycling. The CCBs that are not received
for recycling end up in a landfill. In order to recycle a CCB, an individual has to take them to a recycling
center or place them in a recycling bin, if/where available. It has been observed that 90% to 100 % of the
boxes received by big-box stores and grocery stores are sent back for recycling. Betsy Dorn, director of
RSE USA stated in an article by USA Today [7] that “nationally, consumers send back 25% of their CCBs”.
This shows that the general population is not motivated enough to recycle. There are many reasons why
individuals are not inclined to recycle CCBs. One of the reasons is that in order to fit big CCBs in recycling
bins, individuals have to fold them and/or cut them. On the other hand, according to Recycling
Partnership’s “State of Curbside Recycling” report [8], curbside recycling services are only available to 60%
of US homes. That means 40% of US homes do not sign up / do not have access to curbside recycling
services. Apart from the lack of motivation in the general population to recycle the CCBs, a typical CCB is
made up of 50% virgin fibers and 50% recycled fibers [9,10]. This means the need to cut down trees to
manufacture CCBs will still be in place even if all the CCBs are recycled. Thus, recycling CCBs is not an

absolute solution and needs further improvement. Also, a huge amount of carbon is emitted during the



extraction process of virgin fiber from trees and recycled fibers from the recycling phase [11]. Thus, in
order to address the shortcoming of the current state of the lifecycle of CCB, it is important to develop a
new process and additional research in testing the feasibility of that proposed process. This research
proposes a new process of “reusing” the CCB multiple times before recycling it. This reuse process includes
incentivizing the general population to allocate the CCBs they received to a “reuse” container. A truck
would collect these CCBs and transport them to a location where CCBs are checked for damages and
resold to the general population. The CCBs that are damaged or are not in a condition to be reused shall
be then assigned for recycling. This research goes on to evaluate the different motivational approaches
as well as collection methods and calculates carbon emission from the reuse phase. Further, the research

goes to evaluate the economic feasibility of the solution.



2 AIMS AND OBJECTIVES

The objective of this study is to propose a new process that increases sustainability efforts and

addresses the underlying problem regarding the current lifecycle of CCBs. To achieve this goal, the study

endeavors to answer the following research questions:

1.

How to incentivize the general population to motivate them towards making a sustainable effort
like reusing the CCBs instead of recycling or landfilling them?

Which type of incentives would be most effective with respect to the cost of motivation? And how
much would it cost?

To evaluate if segmenting the general population would be more beneficial to efficiently motivate
them to make sustainable efforts like reusing CCB?

How much carbon emission is saved by reusing the CCBs instead of recycling or landfilling them?

Is the reusing process economically feasible?



3.1

3 ENCOURAGING REUSE IN THE CORRUGATED PACKAGING INDUSTRY USING PERSUASION AND

OPERANT CONDITIONING

Introduction
Pollution is a major current global problem, as it leads to global warming and associated
climate change due to the depletion of the ozone layer, increase in global temperature, rise in sea
level, melting of glaciers, and other adverse events. According to the United States Environmental
Protection Agency (EPA), pollution is defined as “Any substances in water, soil, or air that degrade the
natural quality of the environment, offend the senses of sight, taste, or smell, or cause a health hazard.
The usefulness of the natural resource is usually impaired by the presence of pollutants and

contaminants” [12].

To reduce global warming and climate change, humans can turn to the use of renewable fuels,
use sustainable transportation, reduce waste, promote recycling, and other measures. One of the key
aspects of all these solutions is to reduce the emission of greenhouse gases (GHGs). According to the
Intergovernmental Panel on Climate Change (IPCC) fourth assessment report, “Recycling reduces GHG
emissions through lower energy demand for production (avoided fossil fuel) and by substitution of
recycled feedstocks for virgin materials” [13] (p. 602). In short, recycling leads to indirect energy-
saving and an avoidance of/reduction in GHG emissions. The recycling process in the United States
started as early as 1960 with the manufacturing of paper with recycled fibers from cotton and linen
rags. Since then, the recycling industry has evolved and is applied worldwide for many different
products and materials in addition to paper. The United States passed the Solid Waste Disposal Act in
1965 and the Resource Conservation and Recovery Act in 1976, both aimed at reducing waste and

decreasing pollution. Although the recycling process is currently well established, the recycling rate in



the United States in 2019 was only 32% [14]. The US Environmental Protection Agency (EPA) calculates
recycling rates as the percentage of total municipal solid waste (MSW) recycled. The “recycling rate”
metric can be confusing, as it accounts for the total waste received with respect to the percentage of
waste that was recycled. Recent studies in the field of sustainability efforts have tried to identify the
problems and barriers experienced in the recycling process in different fields and different parts of
the world [15-19]. Another example of poor recycling efforts can be seen in the fact that 91.3% of all
the plastic waste that is generated in the US was not recycled in the year 2018 [14]. Overall, limited

improvement is observed in the US with respect to recycling rates [18].

A particular product of interest in the recycling/reuse arena is the “Corrugated Cardboard
Box” (CCB). The CCB is widely used in the packaging industry and is made from wood. Approximately
100 billion boxes are manufactured in the US each year. Out of the 100 billion boxes, approximately
70-75% of these boxes are received for recycling each year [4,5]. The remaining 25-30% of the boxes
are not received for recycling, and thus cannot be recycled. In 2018, 96.5% of corrugated cardboard
boxes that were actually received for recycling were recycled, whereas 2.82% of these boxes were
mixed with landfills and 0.69% of these boxes were combusted [6]. In 2018, corrugated boxes were
the largest single product category received as municipal solid waste in the US. Approximately 33.3
million tons of CCBs were received, out of which 0.94 million tons were mixed with landfills, 0.23

million tons were combusted, and 32.1 million tons were recycled.

Even if the above numbers are impressive, there are certain underlying problems with the
recycling process of CCBs. According to the Corrugated Packaging Alliance [9] and the Fiber Box
Association [10], a typical corrugated cardboard box is made up of 50% of recycled fiber. This also
implies that, on average, every CCB contains 50% recycled fibers and 50% virgin fibers that are
produced from trees. Thus, even if humankind manages to recycle all the CCBs ever produced, there

will still be a need to cut down trees for virgin fibers to manufacture new CCBs. As [20] states “the



process of manufacturing of raw materials also causes pollution”. Even though recycling helps in
reducing the overall carbon emissions of a CCB over its lifecycle, it is not an absolute solution to the
main problem. There is a need to further improve this process to reduce carbon emissions. Another
problem with recycling CCBs is that the number of boxes received for recycling is low. Recycling a CCB
can be achieved by taking the box to a recycling center or by placing the box in a recycling bin, if/where
available. It has been observed that grocery stores and big-box stores recycled 90% to 100% of their
CCBs. In an article by USA Today [7] Betsy Dorn, director of RSE USA, states that nationally, consumers
send back 25% of their CCBs. The reasons that the general population is not inclined to recycle the
CCB vary. One of the major reasons is that consumers need to cut down the boxes in order to fit in
the recycle bin and to be accepted by recycling service providers. The article further states that the
general population is not particularly motivated to participate in that kind of extra work. According to
the Recycling Partnership’s “State of Curbside Recycling” Report [8], only 60% of US homes have
curbside recycling services. Thus, about 40% of US homes either do not have access to, or do not sign
up for, curbside recycling. These are the main reasons for not receiving many of the CCBs for recycling

with respect to the number manufactured each year.

In order to increase sustainable efforts, a new process needs to be established that tries to
reuse the CCB multiple times before recycling it, and we also need to find a way to incentivize and
motivate the general population towards accompanying sustainable efforts. The term “reuse” can be
confusing as it is interpreted in different ways. The authors define “reusing the corrugated box” as
using the corrugated box multiple times for packaging needs before discarding/recycling it. Although
the “reuse” process has existed for decades, implementation of the reuse process of corrugated boxes
by the general population using incentive strategies tied to personality was not found in the literature
review. In this chapter, the authors investigate different means to incentivize the general population

towards sustainable efforts at a low cost. The hypothesis this chapter evaluates is that segmenting



the general population based on different personality types and motivational attributes, such as
persuasion and operant condition types, will be beneficial for motivating them to reuse corrugated

packaging.

3.2 Materials and Method

There are many ways to motivate an individual. Guay et al. [21] refer to motivation as the
reason underlying behavior. Gredler [22] defines motivation as “the attribute that moves us to do or
not do something”. As discussed before, there is a need to motivate the general population to reuse
CCB. To motivate the general population, there needs to be a way to incentivize individuals, which is,
in effect, the attribute/reason to be motivated. Incentives can be broadly categorized into two
categories: financial incentives and non-financial incentives. In order to incentivize the general
population, this research divides the incentive procedure into two parts. The first part of an incentive
procedure can be stated as the grabbing of attention of the target population (persuasion). The
second part of the incentive procedure can be stated as modifying behavior to repeat the required

task (operant conditioning).

Grabbing the attention of the target population is addressed through persuasion techniques.
Perloff [23] states that persuasion involves communication that is focused on altering behavior and
attitude. O’Keefe [24] states that persuasion is non-coercive and intentional communication that
effectively changes the behavior with a change in mental state. There are four types of persuasion
techniques that are used in this research: ethos, pathos, logos, and aesthetics. These four types of

persuasion techniques are defined below.

e Ethos—A persuasive technique that appeals via aspects of ethics, morals, conscience, values,

standards, and principles.



Pathos—A persuasive technique that appeals via emotions. These include aspects of memory,
nostalgia, and shared experience.

Logos—A persuasive technique that appeals via logic and reasoning. They usually include
statistics, facts, and data.

Aesthetics—A persuasive technique that appeals to beauty and people’s appreciation of

things.

In order to potentially influence the behavior of the target population to repeat the required

task, this research explores the method of operant conditioning. B.F. Skinner [25] first introduced the

concept of operant conditioning and defined it as “controlled by its consequences” [26]. There are

four types of operant conditioning techniques that are used in this research: positive reinforcement,

negative reinforcement, positive punishment, and negative punishment. These four types of operant

conditioning techniques are defined below.

Positive Reinforcement—Positive reinforcement is adding a pleasant consequence that leads
to repeating the behavior.

Negative Reinforcement—Negative reinforcement is taking away unpleasant consequences,
which leads to repeating the behavior.

Positive Punishment—Positive punishment is adding an unpleasant consequence that leads
to avoiding the repetition of the behavior.

Negative Punishment—Negative punishment is taking away a pleasant consequence, which

leads to avoiding the repetition of the behavior.

With both sets of four related incentives defined and explained, it is worth restating that in

this research, the incentives comprise two parts: operant conditioning and persuasion. Thus, Table

3.1 below gives the 16 types of incentive that are explored in this research.
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Table 3.1 List of 16 types of incentives.

Positive
Reinforcement Logos

Negative
Reinforcement Logos

Positive Punishment
Logos

Negative Punishment
Logos

Positive
Reinforcement Ethos

Negative
Reinforcement Ethos

Positive Punishment
Ethos

Negative Punishment
Ethos

Positive Punishment
Pathos

Positive
Reinforcement Pathos

Negative
Reinforcement Pathos

Negative Punishment
Pathos

Positive Negative Positive Punishment | Negative Punishment
Reinforcement Reinforcement Aesthetics Aesthetics
Aesthetics Aesthetics

These 16 types of incentive are created by combining the four operant conditioning
techniques and four persuasion techniques. It is argued that these 16 types of incentive should be
tested for relative suitability for incenting sustainable efforts. In order to test these incentive

methods, two surveys were conducted.

The authors also explored metrics that could influence or relate to the proposed 16 types of
incentive. There are many examples of previous research where researchers have tried to pair the
Myers—Briggs Type Indicator (MBTI) with different behavioral traits [27-30]. MBTI is widely accepted
in the industry and many other organizations [30]. MBTI is often used for hiring and managerial
training in order to study the behavior of the candidate and account it for the required job
responsibilities. MBTI consists of 16 types of personality. This chapter investigates whether there is
any influential relationship between the 16 types of personality with respect to the proposed 16 types
of incentive. The 16 types of personality are based on 4 main factors with a continuum of personality
scores or affinities, which are further simplified into two categories each: Energy (Introversion(l) or
Extroversion(E)), Information (Intuition(N) or Sensing(S)), Decisions (Thinking(T) or Feeling(F)), and

Organization (Judging(J) or Perceiving(P)). The combination of these 4 factors gives 16 different types
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of personalities. Data are collected by conducting surveys, and various analyses are performed to elicit

the results from the data.

The methodology used in this chapter is to test the hypothesis of segmenting the general
population with respect to persuasion preference, operant condition preference, and personality
type. This segmentation is hypothesized to be effective for motivating the general population to reuse

the CCB.

3.2.1 Survey #1
There were 62 questions in total on this survey. The objective of this survey was to identify
the operant conditioning and persuasion preference of each participant. This survey estimates each
participants’ personality typing with 12 questions instead of the traditional 93 questions. This survey
also tries to understand the participants’ perspectives on the 16 types of incentive that are proposed

in this research. Below are the types of questions that were included in this survey:

1. Questions to assess personality type (12 questions)
a. True or False questions (8 questions)
b. Multiple-choice questions (4 questions)
2. Questions to assess persuasion preference (25 questions)
a. c. Likert-type questions (20 questions)
b. d. Multiple-choice questions (5 questions)
3. Questions to assess operant conditioning preference (25 Questions)
a. e. Likert-type questions (20 questions)

b. f. Multiple-choice questions (5 questions)

Survey #1 identified and assigned the operant conditioning preference, persuasion preference,

and personality type of the participant. Survey #1 includes Likert scale questions to examine the need and
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possibility to customize the incentive methods for a specific population group. These different types of
questions help to evaluate whether there is a need to customize the incentive type with respect to
individual preference (customized incentivization) over a single method of incentivization (universal
incentivization). The main output from this survey was to understand the preference of the target
population regarding the 16 types of incentive. It was also important to find how much each incentive
method would cost, and to estimate the cost required to move a participant from their preferred incentive

type to a new one.

Therefore, to address these new questions regarding the financial aspect of the incentives, the

authors conducted a second survey (survey #2).

3.2.2 Survey #2

There were 25 questions in total in this survey. The objective of this survey was to analyze the
financial aspects of each of the 16 incentives. The questions were also worded to identify how much it
would cost to move someone from their preferred operant conditioning type to a new one by using their
preferred persuasion type. This survey also tried to understand participants’ perspectives on these
incentives by asking them qualitative questions. Below are the types of questions that were included in

this survey.

1. One multiple-choice question to assess how much it would take for participants to be motivated
in their own preferred type of incentive.

2. Twelve multiple-choice questions to assess how much of an incentive would be required for them
to choose from one operant conditioning type over another associated with their preferred
persuasion type (12 questions for 12 transitions between four operant conditioning types).

3. Twelve qualitative questions about their views on every single transition between the four

operant conditioning types.
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Survey #2 identifies how much would it cost to motivate a particular individual to make a
preferred effort at reuse. Additionally, it identifies and quantifies how much would it cost to change their

operant conditioning and still motivate them to carry out sustainable efforts.

3.3 Results

3.3.1 Survey #1 Results

Survey #1 was published online on the “LinkedIn” social media platform, as well as being sent to
the email lists of the students, faculty, and staff of Colorado State University. The Qualtrics tool was used
to create the survey and collect the responses online. Survey #1 was active for 26 days and received 156
responses. The metadata from Qualtrics show that survey #1 received responses from participants in four

countries. The median time to complete Survey #1 was 18.15 min.

Operant conditioning preferences and persuasion preferences were elicited based on the
participant’s response to multiple-choice questions that compared the four options to each other,
respectively. The personality types of the participants were based on 12 questions, out of which 4
guestions were taken from an article published on the internet [31], and the remaining 8 questions were
created by authors in true/false format. For each of the four categories of personality type, the “best of
three” rule was used to classify participants’ preferences. Figures 3.1-3.3 show the data that were

collected from survey #1 for 156 participants.

3.3.2  Analysis of Survey #1

There were five types of analysis performed on the survey #1 data, as detailed in 3.3.2.1t0 3.3.2.5.

3.3.2.1 Comparing Multiple-Choice Questions to Likert Scale Questions
The primary goal behind this survey was to identify participants’ preferences for operant
conditioning, persuasion, and personality type. As stated previously, it is also important to identify

whether there is a need for customization with respect to the individual participant or group of
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participants. In order to identify if there is a need for customization, this chapter compares the Likert scale
guestion to multiple-choice questions with respect to their output on participants’ operant condition
preferences and persuasion preferences. The hypothesis used here is that when the results of operant
conditioning and persuasion are compared for both multiple-choice questions and Likert scale questions,
if the percentage of results from both question sets is more than the expected values (25% on random
guessing), then the customization approach may be valuable and shall be considered. On the other hand,
if the percentage of results from both question sets is less than or equal to the “randomly” expected value

(25%), then the customization approach is deemed less valuable.

Operant Conditioning .
Persuasions
70
70
64
60 60 58
50
>0 46
40 40
40 > 40
| c 35
(]
-~ =]
o
(0]
30 30
20 20 17
12
10 10
0 0
negative positive positive negative Pathos Ethos  Aesthetics Logos
reinforcement punishment reinforcement punishment

(a) (b)

Figure 3.1 Survey results for (a) number of participants belonging to each of the four operant
conditioning preferences; (b) number of participants belonging to each of the four persuasion
preferences.
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Negative punishment aesthetics d 21

Positive reinforcement logos d 20

Negative punishment ethos d 16

Positive punishment aesthetics d 14

Positive punishment logos d 13
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Positive reinforcement aesthetics d 6

Negative punishment pathos | ——r 5
Negative reinforcement aesthetics | ——— 5
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Figure 3.2 Survey results for number of participants belonging to each of the 16 types of incentives.
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Figure 3.3 Survey results for the number of participants belonging to each of the 16 personality types.

Five Likert scale questions were included in survey #1 for each of the four types of operant

conditioning and persuasion types. Weighting from 1 to 5 was assigned to five options of the Likert scale
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question (strongly disagree, somewhat disagree, neither agree nor disagree, somewhat agree, strongly
agree) and participants’ preferences were based on the highest scores in their respective categories for
the operant conditioning and persuasion question set. Out of 156 responses, 33 responses were
indeterminate (same score for two or more categories of operant conditioning or persuasion); therefore,
they were excluded from this particular analysis only. Table 3.2 below gives the results for 123 (of 156
possible) responses, which shows that the accuracy between these question sets is less than the expected

value.

Table 3.2 Comparison of results from multiple-choice questions to those of Likert scale questions.

Same Results from
Multiple-Choice

Different Results from
Multiple-Choice

Randomly Expected

Questions and Likert Questions and Likert Value (%)
Scale Questions (%) Scale Questions (%)
Operant conditioning 17.07% 71.54% 25%
Persuasion 28.46% 82.93% 25%

3.3.2.2 Self-Assessments of Questions

This chapter also examines the questions that were asked in survey #1. This analysis is important
enough that each question is assessed to check if it is confusing. In order to assess the questions, entropy
calculations were performed. Entropy, in simple terms, is a measure of randomness. Entropy calculation
is based on the number of responses received by each option that is provided by the question. Entropy is
high or maximum for a particular question when the total responses are equally divided between the

available options. On the other hand, the entropy of a particular question is low, or near minimum, when
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the total responses are focused on only one option from the available options. Equation 3.1 below gives

the formula to calculate the entropy [32].

Equation 3.1 Formula to calculate the entropy:

N
e= —Z piln (p;)
i=1

Here, | is the particular bin, pi is the percentage of the events in bin (i), and N is the number of bins.

3.3.2.2.1 Likert Scale Question

Survey #1 includes a total of 40 Likert scale questions, wherein each question is intended to
evaluate participant preference type. Each Likert scale question consists of five options, as elaborated in
the previous analysis. This question type tests participants’ views on the question based on agreement or
disagreement. Therefore, the expected results for the population of response are to be concentrated
around two options (strongly agree or strongly disagree). The higher the entropy of the Likert scale
response, the less general agreement there is on a particular question. High entropy in the Likert scale
response can also be computed for questions that are less clear. Table 3.3 below gives the question

numbers, ranked with respect to their entropy value for each category.

Table 3.3 Calculated entropy results and ranking of questions based on entropy from Likert scale
questions evaluating (a) persuasion preference and (b) operant conditioning preference.

(@) (b)

Question Entropy Ranking Question Entropy Ranking

Number Number
Q11 1.87 1 Q28 1.99 1 3,
Q9 1.96 2 — Q31 2.06 2 >3
Q7 2.10 3 R Q29 2.11 3 3 &
Qs 2.17 4 ” Q30 2.14 4 3 5
Q10 2.19 5 Q27 2.21 5 S
Q16 1.46 1 Q36 1.29 1 3.
Q12 1.57 2 m Q33 1.48 2 S &
Q14 1.92 3 3 Q34 1.98 3 8=
Q15 1.99 4 ’ Q35 2.04 4 35
Q13 2.11 5 Q32 2.16 5 E
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(a) (b)

Question Entropy Ranking Question Entropy Ranking

Number Number
Q20 1.61 1 Q41 1.33 1 -
Q21 1.95 2 o Q39 1.43 2 5 2
Q17 2.03 3 ;:’ Q40 1.90 3 S ‘é:
Q18 2.06 4 @ Q38 2.25 4 o o
Q19 2.09 5 Q37 2.25 5 -
Q23 1.77 1 > Q42 1.87 1 -
Q25 1.89 2 ® Q44 2.09 2 5 z
Q24 2.02 3 = Q43 2.21 3 =%
Q26 2.22 4 g Q45 2.21 4 o 3
Q22 2.27 5 Q46 2.26 5 -

3.3.2.2.2 Multiple-Choice Questions

Survey #1 includes 8 multiple-choice questions, four for operant conditioning preferences and
four for persuasion preferences. The entropy method is again used to evaluate the multiple-choice
guestions for confusion. However, in this case, a single question compares four categories. Therefore, the
expected results for the population of responses are to be distributed over the four available options. The
higher the entropy of multiple-choice responses, the less general agreement there is on a particular
guestion. Low entropy in multiple-choice responses can also be computed for questions that are less clear.

Table 3.4 provides the question numbers, ranked with respect to their entropy value for each category.

Table 3.4 Calculated entropy results and ranking of questions based on entropy from multiple-choice

questions.
Question number Entropy Ranking Comparing
Q49 1.97 1 Persuasion
Q47 1.90 2
Q48 1.89 3
Q50 1.87 4
Q52 1.58 1 Operant conditioning
Q51 1.55 2
Q53 1.54 3
Q54 1.44 4
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3.3.2.3 Chi-Square Test

Survey #1 had 12 questions that assessed the personality type of the participant. These questions
were asked to identify whether there is any influential relationship between the 16 types of personality
and 16 types of incentive. In order to test this hypothesis, a Chi-square test was conducted. The Chi-square

test is used to statistically evaluate the goodness of fit between the expected values and measured values.
Equation 3.2 Formula for chi-square test:
4= Z (0; — Ey)?
E;

The data were analyzed for four types of personality traits (Energy, Information, Decisions, and
Organization) with respect to the four types of persuasion and four types of operant conditions. The

results are provided in Table 3.5.

Table 3.5 Chi-square score and p-value results for personality traits with respect to persuasion and
operant conditioning.

Chi-Square Score and p-Value
Personality Traits Persuasion Operant Conditioning
Score p-Value Score p-Value
Energy (Introversion(l) or Extroversion(E)) 0.362 0.9479 9.58 0.0198 *
Information (Intuition(N) or Sensing(S)) 5.504 0.1383 7.829 0.0496 *
Decisions (Thinking(T) or Feeling(F)) 2.508 0.4736 0.3531 0.9497
Organization (Judging(J) or Perceiving(P)) 1.789 0.6712 5.241 0.1549

In Table 3.5, an asterisk (*) indicates that the results are statistically significant at p < 0.05

Thus, the results demonstrate that Energy and Information traits may have an influential

relationship with operant conditioning preference.

3.3.2.4 ANOVA Test
Larson [33] states that “Analysis of variance (ANOVA) is a statistical technique to analyze variation
in a response variable (continuous random variable) measured under conditions defined by discrete

factors (classification variables, often with nominal levels).” In other words, this chapter uses the ANOVA
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test to investigate whether there is any influential relationship between the different types of categories
with respect to persuasion preferences or operant conditioning preferences. Tables 3.6 and 3.7 provide a
list of dependent variables and independent variables which were analyzed with each other (80 tests in

total).

Table 3.6 List of independent variables and dependent variables used in ANOVA test.

Independent variable Dependent variable

Extrovert (E) &and Introvert (1) Aesthetics
Intuition (N) and Sensing (S) Logos
Thinking (T) and Feeling (F) Ethos

Judging (J) and Perceiving (P) Pathos

Positive or Negative oriented

Positive Reinforcement

Reinforcement and Punishment

Negative Reinforcement

Operant conditioning (4 types)

Negative Reinforcement

Appeal (4 types)

Negative Punishment

Personality type (16 types)

Motivation approach (16 types)

Table 3.7 Significant results (p-value < 0.05) of ANOVA tests with significance value between dependent
variable and independent variables.

Independent Variable Dependent Variable Significance Value
Operant conditioning (4 types) Logos <0.001
Motivation approach (16 types) Negative Punishment 0.001
Motivation approach (16 types) Ethos 0.005

Thinking (T) and Feeling (F) Negative Reinforcement 0.008
Thinking (T) and Feeling (F) Negative Punishment 0.008
Motivation approach (16 types) Logos 0.01
Extrovert (E) and Introvert (I) Negative Reinforcement 0.016
Personality type (16 types) Ethos 0.019
Intuition (N) and Sensing (S) Logos 0.041

The main purpose of this test was to identify whether there is any statistically meaningful
relationship between different categories with respect to persuasion or operant conditioning preference.

The results in Table 3.7 give all the possible influential relationships that are possible and are significant.
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3.3.2.5 Hamming Distance for Personality Test

Hamming [34] proposed this method to estimate the error in telecommunication by counting the
number of flipped bits in a binary word. The sum of unmatched bits is the Hamming distance. Saad et al.
[35] states that the “Hamming distance is known for its ability in calculating the difference between two
sets/elements”. Smaller Hamming distances correspond to a closer similarity between two elements. The
Hamming distance is used to evaluate and compare the personality type questions. Two types of question
sets are compared here. In the first type, participants were asked 12 questions in order to assign a
personality type. In the second type, participants were provided with a single qualitative question with an
external link to the official website of 16 personalities [36] where participants answered 93 questions to
find their personality type and entered their results as an answer to this question. Thus, this chapter
compares the results of the 12-question set with the 96-questions set. The Hamming distance is calculated
by comparing two words in a letter-to-letter format to find out the discrepancies between them. Table

3.8 provides an example comparing two results from both question sets.

Table 3.8 Example for Hamming distance calculation.

12-Question set E N F J
93-Question set | N F
Hamming distance 1 0 0

The Hamming distance for the above example is 2 because of discrepancies in the first and last
categories (Energy and Organization). Figure 3.4 shows the results for 84 participants who reported their
personality type from the 93-question set. As seen in Figure 3.4 a & b, when the 12-question set was
compared to an extensive 93-question set, the 12-question set resulted in 65.8% agreement when
compared using the Hamming distance. Out of 84 cases, there were 40 cases wherein the difference

between the personality type was just a single letter (a trait in terms of personality category).
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Figure 3.4 (a) Results for percentage correct and incorrect when 12-question set is compared to the 93-
question set; (b) results for Hamming distance for personality test comparing 12-question set to 93-
question set.

3.3.3  Survey #2 Results and Analysis

Survey #2 was sent to the participants of survey #1 (156 individuals) as a follow-up survey. Out of
156 participants, 96 participants responded to survey #2 (it was active for 54 days). Thus, survey #2 had a
response rate of 61.5%. Qualtrics was used again to create the survey and to collect the responses online.
The median time to complete survey #2 was 8.25 min. After completion of survey #2, the participants
received an email about their personality type, persuasion preferences, and operant conditioning

preferences, which were determined by their responses to survey #1 and survey #2.

The survey #2 results and analysis can be divided into four parts, as given below in the sections

labeled (Sections 3.3.3.1-3.3.3.3).

3.3.3.1 Quantitative Analysis—Persuasion Approach
Survey #2 included multiple-choice questions that asked about how much would be required, in

terms of a monetary incentive, for a participant to select a different operant condition rather than their
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identified preferred operant condition. There were 12 questions for 6 transitions in both directions, as

explained below:

e Positive reinforcement <-> Negative reinforcement
e Positive reinforcement <-> Positive punishment

e Positive reinforcement <-> Negative punishment

o Negative reinforcement <-> Positive punishment

e Negative reinforcement <-> Negative punishment

e Positive punishment <-> Negative punishment

Table 3.9 gives results for these 12 questions, which are categorized with respect to the

persuasion type used to move one’s preference of operant condition.

Table 3.9 Results of cost in S for the transition from one operant condition to another operant condition
by using different types of persuasion.

Cost in $ with Respect to Persuasion Type

Transition Aesthetics Ethos Logos Pathos
Pos. Rein to Neg. Rein 2.33 1.84 2.65 2.56
Neg. Rein to Pos. Rein 2.47 2.16 2.53 4.44
Pos. Rein to Neg. Punish 2.60 1.63 2.85 2.11
Neg. Punish to Pos. Rein 2.27 2.16 2.29 2.11
Pos. Rein to Pos. Punish 2.73 1.74 2.82 2.11
Pos. Punish to Pos. Rein 2.27 1.84 2.35 3.00
Neg. Rein to Pos. Punish 2.47 1.74 2.88 1,67
Pos. Punish to Neg. Rein 2.47 1.95 2.65 3.22
Neg. Rein to Neg. Punish 2.40 1.74 2.71 2.56
Neg. Punish to Neg. Rein 2.20 1.53 2.12 2.56
Pos. Punish to Neg. Punish 2.73 1.84 2.76 2.56
Neg. Punish to Pos. Punish 2.47 1.32 2.85 2.11
Mean for transition 2.45 1.79 2.62 2.58

3.3.3.2 Quantitative Analysis—Operant Conditioning Approach
In the survey #2 questionnaire, one question was asked to every participant to identify how much

money they would require to be motivated for sustainable efforts in their own preferred incentive type,
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which was determined in survey #1. The question was based on the participant’s preferred operant
conditioning type. Table 3.10 provides the result for this question, which is given by calculating the mean

monetary incentive for each category of operant conditioning.

Table 3.10 Results of amount of monetary incentive required per box for participants to stay in their
preferred operant condition.

Operant Conditioning Cost (S/Box)
Positive Reinforcement 1.81
Positive Punishment 2.10
Negative Reinforcement 2.17
Negative punishment 2.41

3.3.3.3 Comparing Survey #1 to Survey #2

The analysis of survey #1 provided the persuasion preferences and operant condition preferences
of the participants. From Survey #2, the participants’ responses were examined to determine the operant-
conditioning-based question for which they selected the least amount of money to reuse the corrugated
boxes. Based on their response, an operant conditioning preference was inferred. Thus, participants’
operant conditioning preferences based on survey #1 and survey #2 were compared and a Hamming
distance was used for their analysis. Below are the results of the Hamming distance. As shown in Figure
3.5, 84.2% of the time, the operant conditioning results (positive vs. negative, reinforcement vs.
punishment) were in agreement after comparing operant conditioning preferences from both surveys for
each participant. Additionally, it can be seen from the bar graph that out of 92 cases, there were 72 cases
(78.3%) wherein the difference between the operant conditioning preferences in terms of Hamming

distance is zero.
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Figure 3.5 (a) Results for percentage correct and incorrect on comparing operant conditioning
preferences from both surveys; (b) results for Hamming distance on comparing both surveys for operant
conditioning preferences.

3.3.3.4 Qualitative Analysis

As the qualitative questions were optional, out of the 96 responses to survey #2, only 32
participants answered the qualitative questions. Qualitative questions allow for the collection and study
of the reasoning behind the answers to the quantitative questions, as well as of the whole study. Below

is the summary of the responses to these questions —

e The most-mentioned comment by participants was that they do not need any special incentive
and would reuse the cardboard boxes voluntarily.

e Participants selected $3 because it is a good balance between $1 and $5.

e Participants felt like threatening (positive punishment and/or negative punishment) is not a good
method of providing incentive and they did not like it.

e Participants had questions and comments on practicality, such as the space that the box would
require in their home and the effort of finding someone who would be in need of the boxes and

then donating it to them.
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e Participants thought that when there is a risk of being threatened, reminding them to reuse is
important.

e The point of the survey was confusing to a small set of participants.

e Participants thought that there is a risk in reusing a box as they speculated that it would break

during transit.

3.4 Discussion

There were 40 Likert scale questions asked in survey #1, designed to cover the possibility of any
type of customization that may be required for incentivization. The results of Table 3.2 indicate that when
both the multiple-choice questions and the Likert scale questions are compared, their percentage
accuracy (eliciting the same results) is less than that of the randomly expected value (25%). Using entropy,
the questions asked in survey #1 were evaluated. It was important to assess the questions to find out if
they included leading/confusing questions that might affect the results. Assessing the questions based on
entropy helps to set a baseline for future researchers or for a researcher who is trying to replicate this
research. Table 3.3 compares Likert scale questions to each other with respect to entropy. It can be stated
that Q11, Q16, Q20, and Q23 are the least confusing questions in the logos, ethos, pathos, and aesthetics
categories, respectively, or that they have the greatest overall agreement among survey respondents.
Questions Q28, Q36, Q41, and Q42, by the same measure, are the least confusing questions for the
positive reinforcement, negative reinforcement, positive punishment, and negative punishment
categories, respectively. Table 3.4 compares multiple-choice questions based on entropy, and it can be
stated that Q49 for persuasion and Q52 for operant conditioning are the least confusing questions,

respectively, or that they have the least agreement among respondents.

This chapter also evaluated whether there is an influential relationship between the 16 types of

personality and the 16 types of incentive. The results for the chi-square test from Table 3.5 indicate that
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the 16 types of personality have no strong influential relationship with the 16 types of incentive. In order
to see if there is any influential relationship between different types of variables, an ANOVA test was
carried out. Table 3.7 gives the significant results that were found by comparing ten independent variables
with 8 dependent variables. These results indicate that there are differently influenced subpopulations.
Survey #1 also introduced a 12-question set to elicit the personality type of the participant. This 12-
guestion set was then compared to the more traditional 93-question set. The accuracy of the 12-question
set was found to be 65.8% using the Hamming distance. Thus, the main result of survey #1 was to develop
a generic method of incentivization for the general population. Building on that result, survey #2 was
conducted to elicit how much it would cost to incentivize the general population to adopt sustainable
efforts. Survey #2 evaluated the cost factor of the incentives and an incentivization method that was cost-
effective as well as being motivational to the general population for sustainable efforts. From Table 3.9,
it can be argued that the “ethos” persuasion technique was the most cost-effective method to motivate
participants to change their preferred operant conditions, while still motivating them to adopt sustainable
efforts. Similarly, from Table 3.10, in terms of operant conditioning, “positive reinforcement” appeared
to be the most cost-effective method for sustainable efforts. In order to motivate the general population
towards sustainable efforts, “positive reinforced ethos” was, based on the results presented here, an
effective yet cost-efficient method of incentivizing the general population. One of the pieces of feedback
from the qualitative questions was about not liking the positive punishment and negative punishment
types of incentive. This further supports the recommendations of the study, which is to use ethos and

positive reinforcement to influence people to reuse CCBs.

There were no similar studies found in the literature review, where incentives were used for the
“reuse” process over the recycling process for the general population. Past and current research have
tried to incentivize the general population to make a sustainable effort such as recycling waste

[15,16,19,37]. The authors of papers [38-40] talk about indirect incentives to the general population
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based on waste management service charges. The authors of [38-40] test the effects of indirect financial
incentives by using pay-by-weight or pay as you throw (PAYT) which means to pay a customized trash
service fee instead of a fixed service that depends on the weight of the trash. All three reference papers
conclude that incentives do make a positive difference in the current situation. Reference [41] talks about
the use of financial incentives in terms of virtual currency to motivate the general population to increase
plastic recycling. Thus, research that yields a unique method and cost to motivate the general population

was not found.

One of the issues/challenges for the proposed method is how the general population would
accept that the packaging they are using/received has been reused multiple times. Another challenge is
installing a new system to collect and store the used corrugated boxes: this will be a challenge as they
would need to be handled gently compared to other waste of recycling goods and would require more
storage space as boxes would need to be in their proper forms to be reused again. Lastly, the feasibility
of using a corrugated box multiple times to carry packages would need to be explored and researched.
Although it has been observed that corrugated boxes can be used 20-30 times to transport products in
an industrial setting [42,43], research on the reuse of corrugated boxes outside of industrial use can be

explored in the future.

3.5 Conclusions

The purpose of the research in this chapter was to find a way to motivate the general population
to adopt more sustainable efforts. This chapter addressed finding a low-cost solution to incentivize the
general population. Considering the results and analyses, it can be concluded that segmenting the general
population based on different personality types and motivational attributes such as persuasion and
operant condition types would not add significant value in motivating them to reuse the corrugated
packaging. Survey #2 also tested the consistency of participants’ preferences, as survey #2 had small

changes in the questions to evaluate fine-tuned sensitivity for different ways of incentivizing while
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comparing two incentives. It was expected that the participants would change their preference or confuse
their preference from survey #1; however, this was not observed. In fact, participants were consistent

with their views from survey #1 while answering survey #2.

It can be observed that incenting the general population with a generic method appears to be
more effective than trying to craft a customized method for a specific set of people grouped by the
persuasion, operant conditioning, and personality types explored. Thus, the recommendation from this
research would be to use “positive reinforcement + ethos” as an incentive to motivate the general
population to reuse the corrugated boxes instead of recycling them. The recommendation and output
from this chapter may impact the mindset of the general population to reuse their own corrugated boxes
and those of others, rather than placing the corrugated boxes into the normal flow of the trash or

recycling.

The future scope and prospects of this study include how to put across the message of the
incentive, to evaluate how to better incentivize the general population. Framing the incentive message to
be more efficient and effective is important. Furthermore, this study could act as a basis for future studies.
There is a strong possibility of the use of these paired sets of incentive approaches for sustainable cars,
solar panels, vaccinations, etc. The authors have also made sure to evaluate their questions from the
survey, so that future researchers can replicate or use the questionnaire (included in Appendices B and

C), accordingly, for future studies.
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4  ALIFECYCLE ANALYSIS AND ECONOMIC COST ANALYSIS OF CORRUGATED CARDBOARD BOX REUSE

AND RECYCLING IN THE UNITED STATES

4.1 Introduction

The current lifecycle of corrugated cardboard boxes (CCB) starts with the manufacturing of the
CCBs with raw materials such as hardwood, softwood, and adhesives. These raw materials are collected
and transported to the location of the pulp-making operation. The pulp is made out of softwood and
hardwood to form fibers which are then combined with recycled fibers to manufacture paper. Next, the
manufactured paper is transported to the location of the converting operation. Two types of paper are
used in manufacturing the CCBs: liner and medium. CCBs comprise a corrugated board that is made up of
three layers of corrugated sheets (an inside liner, an outside liner, and a medium that goes between the
two, which is fluted). The corrugated board is formed in the required shape and size of CCBs. Once the
CCBs are formed, they are shipped to the required location (e.g., retail stores), where they start their use
phase. In this phase, they are mainly used as outer packaging material for the transportation and shipping
of goods and products. In the disposal phase, the CCBs are either recycled or landfilled. A huge amount of
the supply chain goes into extracting raw materials, such as cutting hardwood and softwood trees and
processing them. Additionally, extraction plays a role in the recycling phase, where the recycled fibers are

extracted from old CCBs.

The previous chapter laid the groundwork for this chapter. This previous work discussed pollution
and the current efforts to reduce global warming and climate change. It focused on recycling waste and
the two main shortcomings of recycling corrugated cardboard boxes (CCB). First, out of 100 billion boxes
produced in the U.S. each year, only 70-75% of the boxes are received for recycling [4,5]. Second, a typical

CCB contains only 50% of its fibers from recycled fibers [9,10]. Previous work showed that one of the main
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reasons for the low recycling rate is the lack of motivation in the general population. In order to address
this, the authors proposed a way to “reuse” the CCB instead of recycling it in addition to testing different
types of motivation tools. Previous chapter proposed a new motivation means by combining persuasion
techniques (ethos, pathos, logos, and aesthetics) and operant condition techniques (positive
reinforcement, positive punishment, negative reinforcement, and negative punishment). After
conducting two surveys and analyzing the data with various tools, the chapter recommended using
“positively-reinforced ethos” as an incentive for the general population to reuse the CCB over recycling or
landfilling it. Lastly, the chapter also gave the cost of positive reinforcement ($1.81) and the cost of ethos
($1.79). This mean value is used in this study, with the cost of motivating the general population using
positive reinforcement ethos being assigned a value of $ 1.80. The proposed “reuse” cycle includes the
general population allocating the CCB they received to “reuse” containers. Then these boxes would be
collected by a truck and transported to the location where the CCBs are checked and resold to the general
population. When the CCBs are not in a condition to be reused, they are assigned to recycling. Reuse is
generally thought to be more sustainable for industries because it will eliminate/decrease certain supply
chains and/or extraction of raw materials. Thus, it is important to examine if the environmental and

economic cost of reducing the extraction is able to offset the additional cost of recollection and incentives.

Thus, the previous chapter answers questions on motivation and incentives that will work to
motivate the general population to reuse and the cost of the incentive to motivate. However, from a
systems standpoint, it is also (possibly more) important to determine the amount of carbon that is saved
by reusing the CCB instead of recycling it or landfilling it. Moreover, is the reusing process economically
feasible? Thus, this chapter evaluates the carbon emission of CCB with different disposal scenarios
(reusing, recycling, and landfilling). It will also evaluate the economic aspects of the “reuse” process to

test its economic feasibility.
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4.2 Materials and Methods

There are many methods to evaluate the carbon emission of a product. Based on the scope, it can
be broadly categorized into two types, cradle-to-gate and cradle-to-grave. The cradle-to-gate method
includes all the pollution from raw material gathering to packaging and shipping of the final product. It
excludes the use phase and disposal phase. The cradle-to-grave method, in contrast, includes all the

emissions over the entire life of the product.

4.2.1 Lifecycle Assessment

A Life Cycle Assessment (LCA) approach was used to calculate the carbon emission of CCB over its
life cycle. Ref. [44] defines an LCA as “an environmental accounting and management approach that
considers all the aspects of resources use and environmental releases associated with an industrial system
from cradle-to-grave.” The lifecycle of a corrugated cardboard box can be divided into four parts: pulp-
making, converting, use phase, and end of the lifecycle. To calculate the carbon emission in these stages
and to estimate total carbon emission over the life cycle of a corrugated cardboard box, LCA is carried out.
The LCA methodology used in this research follows the international organization for standardization’s

ISO 14040 and ISO 14044. The methodology to conduct an LCA consists of four steps:

e Set Goal and Scope;
e Life Cycle Inventory (LCl) Analysis;
o Life Cycle Impact Assessment (LCIA);

e Interpretation of Results.

4.2.1.1 Set Goal and Scope
The main product under study is a single-walled corrugated cardboard box. A recent study [10]
conducted by Fibre Box Association shows that an average corrugated cardboard box is made up of 50 %

recycled fibers. Thus, the product that is modeled and considered in this study is assumed to be
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manufactured with 50% recycled fibers. The function assumed for the product under this study is the
domestic use of the average corrugated cardboard box produced in the U.S., namely, that of using the
corrugated box mainly as a secondary packaging of products for shipping and transportation. The
functional unit is defined as the domestic use of 1 kg of an average single-walled corrugated cardboard
box produced in the United States. The goods that the corrugated cardboard box would carry are not

considered in this study.

The system boundary includes the following four steps of the lifecycle of the corrugated box,
which is set concerning a cradle-to-grave approach, i.e., from raw material extraction to the disposal of

the product:

1. Pulp-making: This includes forest operations (cutting down the trees), transportation of the
wood, chipping operation (converting wood into small chips), production of pulp from the
chips, paper-making operation from pulp, conversion into a roll, and all the support
operations such as steam/heat generation, chemical generation, etc.

2. Converting: Thisincludes the transportation of paper to converting operations, the converting
operation, which includes converting the liner board and corrugated medium into a
corrugated box, and all the other supporting operations.

3. Use: This includes the transportation to use phase and the assumed transportation of the box
in its use phase.

4. End-of-lifecycle (EolL): This includes the transportation of corrugated boxes from the use
phase to the EoL phase and the energy and emission from the EolL processes such as

landfilling, recycling, and burning.

Capital equipment, maintenance, transport of employees, and operation of support equipment

are not included in the scope of this study. The energy required to pack a product in the use phase is also

34



not considered in the scope. Wood and coal ashes are considered residual waste in the production process
of CCB. The co-products—turpentine and tall oil—that are produced during the manufacturing process of
CCB are very small in number and quality compared to CCB. Thus, co-product allocations are ignored as

different allocation procedures are likely to have insignificant effects on the results.

4.2.1.2 Life Cycle Inventory Analysis

In the Life Cycle Inventory Analysis step, a description of the material used in the lifecycle of the
product is expected. It also includes energy flows within the system as well as the system’s interaction
with the environment. The life cycle inventory data for a corrugated cardboard box is taken from a report
[2] published by NCASI in 2017 as a reference, and the model is built upon it. The reference report has
collected data with the help of surveys from corrugated cardboard manufacturing industries in the United

States. Inventory data is divided in terms of stages of the lifecycle and are specified below.

4.2.1.2.1 Pulp-Making Phase
The pulp-making process consists of many different processes, inputs, and outputs that are

outlined in Figure 4.1.

Logs and Chips ————
Water ——
— Containerboard
Recovered fiber 74’{ Pulp and paper making operation
— Waste and By-products
Electricity ——
Chemicals — |

Figure 4.1 Inputs and outputs of pulp and paper-making operation.

Thus, the above figure outlines a part of the life cycle process of the corrugated box, from raw

materials such as wood logs and wood chips to the end product of the containerboard. It also specifies
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the energy consumed as well as the byproducts of this process. It is also important to specify the input-

output to the production of the containerboard unit process per functional unit, as given in Table 4.1.

Table 4.1Input/Output material and energy for production on containerboard [2].

Input/Output ‘ Quantity ‘ Unit
INPUTS
Resources
Water intake ‘ 30.9 ‘ kg
Fiber raw material
Hardwood logs 0.14 kg
Softwood logs 0.58 kg
Purchased hardwood chips 0.10 kg
Purchased softwood chips 0.32 kg
Recovered fiber 0.57 kg
Chemicals
Sodium hydroxide (Caustic) 7.6x1073 kg
Sulfuric Acid 1.2x 1072 kg
Aluminum Sulfate 2.7x1073 kg
Starch 5.4x 1073 kg
Lime 9.0x1073 kg
Soda 3.6x1073 kg
Pitch dispersant 6.0x10°° kg
Strength agents 7.0x1073 kg
Other fillers 5.5x 1073 kg
Energy
Electricity 8.55 MJ
Purchased power 1.66 M)
Purchased steam 0.77 MJ
OUTPUTS
Products and co-products
Containerboard 1.10 kg
Turpentine and tall oil 0.017 kg
Sold power 0.07 kWh
Emission to air
Nitrogen oxides (NOx) 1.56x 1073 kg
Sulfur oxides (Sox) 1.15x 1073 kg
Total reduced sulfur (TRS), as H,S 7.71x107 kg
Particulates 6.11x 10™* kg
Carbon monoxide (CO) 2.57x 107 kg
Carbon dioxide (CO;), biogenic 1.23 kg
Carbon dioxide (CO,), fossil 0.331 kg
Methane (CHa), biogenic 1.22x 1073 kg
Methane (CHa), fossil 1.3x107 kg
Nitrous oxide (N,O) 5.01 x 107 kg
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Input/Output Quantity Unit

Evaporated water 3.67 kg
Emissions to water

Process effluent 26.8 kg
Cooling water discharges 1.82 kg
Adsorbable Organic Halides (AOX) 4.21x10°® kg
Biochemical oxygen demand (BOD5) 9.73x10™ kg
Total suspended solids (TSS) 1.34x 1073 kg
Total nitrogen 2.04 x10™ kg
Total phosphorus 3.45x%x 107 kg
Residuals

Wastewater treatment plant residuals 0.036 kg
Wood ashes 0.023 kg
Coal ashes 0.006 kg
Other solid wastes 0.049 kg

4.2.1.2.2 Converting Phase

Converting process consists of many different processes that are outlined in Figure 4.2.

Containerboard

Water — Corrugated product
*  Converting operation |——
Electricity Waste and By-products
Chemicals

Figure 4.2 Inputs and outputs of converting operation.

Thus, the above figure outlines the life cycle process of the corrugated box’s converting process,
which gets the containerboard as input from the pulp-making step, which is then converted to a
corrugated cardboard box. It also specifies the energy consumed as well as the byproducts of this process.
It is also important to specify the input-output to converting unit process per functional unit, as given in

Table 4.2 below.
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Table 4.2 Input/Output material and energy for production on corrugated boxes [2].

Input/Output | Quantity ‘ Unit
INPUTS
Resources
Water intake ‘ 0.457 ‘ kg
Fiber raw material
Containerboard ‘ 1.10 ‘ kg
Chemicals
Starch 2.00 x 1072 kg
Wax 3.76 x 1073 kg
Ink 1.30 x 1073 kg
Adhesive 1.61x 1073 kg
Coating 5.13x10™ kg
Borax 3.03x10™ kg
Resin 3.38x10™ kg
Sodium hydroxide (Caustic) 5.51x10™ kg
Energy
Electricity 1.40 M)
Purchased power 0.142 M)
Purchased steam 2.41x103 MJ
OUTPUTS
Products and co-products
Corrugated cardboard box 1.0 kg
Emission to air
Nitrogen oxides (NOx) 5.09 x 10~ kg
Sulfur oxides (Sox) 1.03x 107 kg
Particulates 437 %107 kg
Carbon monoxide (CO) 5.44 x 107 kg
Carbon dioxide (CO,), fossil 8.51x 1072 kg
Methane (CHa), fossil 1.46 x107® kg
Nitrous oxide (N»O) 2.37x107 kg
Non-methane VOCs 1.39 x 10™ kg
Evaporated water 0.215 kg
Emissions to water
Effluent, direct 0.0133 kg
Effluent, indirect and other 0.252 kg
BOD, direct 453 x10°® kg
TSS, direct 2.52x10° kg
Residuals
Converting losses to recycling 0.125 kg
Other solid wastes 0.049 kg
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4.2.1.2.3 Use Phase

This phase consists of the use of the corrugated box to ship other products by various consumers.
Calculating carbon emission for this phase is very difficult, as it depends on the content inside the
corrugated box and distance, as well as the mode of transport used for shipping purposes. Thus, certain
assumptions are made to calculate carbon emissions in this phase. The United States Census Bureau’s
data on commodity flow is used as the reference data to calculate the shipping distance of a

representative corrugated box in the United States. This data was published in 2017 in the CFS preliminary

report: Shipment characteristics by total modal activity [45]. Below is the available data in Table 4.3.

Table 4.3 Data from 2017 CFS preliminary report: Shipment characteristics by total modal activity.

Mode of Transport | Year | (ULINE | o ) | smement
Truck 2017 1,347,240 43 186
Rail 2017 1,460,158 46.6 969
Water 2017 216,794 6.9 439
Air 2017 6560 0.2 1006
Other 2017 27,189 0.8 886

4.2.1.2.4 End-of-Lifecycle

The End-of-Lifecycle of the corrugated cardboard box is modeled with respect to the data from

the United States Environmental Protection Agency (EPA) from 2018 as shown in Table 4.4 [6].

Table 4.4 Total paper and paperboard containers and packaging in MSW by weight (in thousands of U.S.

tons).
Management Pathway 2000 2005 2010 2015 2017 2018
Generation 39,940 39,640 37,680 39,920 41,060 41,900
Recycled 21,040 23,610 26,850 31,200 30,080 33,890
Composted - - - - - -
Combustion with Energy
Recovery 3670 2920 1920 1710 2160 1570
Landfilled 15,230 13,110 8910 7010 8820 6440
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Thus, the end of the life cycle of corrugated cardboard boxes is modeled with respect to the
recently available data from 2018. Recycling of CCB is 80.88%, landfill of CCB is 15.37%, and combustion
of CCB is 3.75%. Apart from the material use and energy consumption data, it is also important to specify
the reference data on the electricity generation and transportation values used as assumptions for
modeling. Data on the U.S. average electricity grid fuel consumption mix used for 2021 is shown in Table

4.5 below (U.S. Energy Information Administration) [46].

Table 4.5 U.S. utility-scale electricity generation by source, amount, and share of the total in 2021.

Energy Source Billion kWh Share of Total
Total—all sources 4108

Fossil fuels (total) 2508 61.0%
Natural gas 1579 38.4%
Coal 898 21.9%
Petroleum (total) 19 0.5%
Petroleum liquids 12 0.3%
Petroleum coke 8 0.2%
Other gases 11 0.3%
Nuclear 778 18.9%
Renewables (total) 815 19.8%
Wind 378 9.2%
Hydropower 252 6.1%
Solar (total) 115 2.8%
Photovoltaic 112 2.7%
Solar thermal 3 0.1%
Biomass (total) 54 1.3%
Wood 36 0.9%
Landfill gas 9 0.2%
Municipal solid waste (biogenic) 6 0.1%
Other biomass waste 2 0.1%
Geothermal 16 0.4%
Other sources 12 0.3%

All energy used in the input of the operations is considered electricity. Thus, electricity is modeled

in OpenLCA, as given in Table 4.6 below.
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Table 4.6 Electricity modeling in OpenLCA by source, share, and values.

Energy Source Share of Pulp-Making Converting (1.544 M)J)
Total Operations (10.98
MJ)
Coal 21.90% 2.24 0.42
Petroleum 0.50% 0.05 0.01
Natural gas 38.40% 3.92 0.73
Nuclear 18.90% 1.93 0.36
Wind 9.20% 0.94 0.18
Hydropower 6.10% 0.62 0.12
Biomass 1.30% 0.13 0.02
Average Electricity mix 3.80% 0.39 0.07

The amount of electricity is based on the national average (mean) in the United States. Since the
database did not include electricity produced from solar, other gases, geothermal, and other sources, they
are all added to the “average electricity mix.” Data on transportation distances were modeled using the

NCASI report [2] from 2017, which is given in Table 4.7 below.

Table 4.7 Transportation data for distance, mode of transportation, and its share.

Material Truck Train Boat, Barge | Boat, Ocean
% | km % km % km % km
Wood logs to Pulp & Paper mills 98.4 | 159 | 1.6 | 1577
Wood chips to Pulp & Paper mills 94.5|299 | 5.5 | 1674
Recovered fiber to pulp and paper mills | 85.4 | 241 | 12.6 | 505 | 2.0 | 822
Pulp to pulp and paper mills 80.1 | 262 | 19.8 | 1511
Chemicals 58.1| 217 | 28.0 | 1333 | 12.8 | 674 | 1.0 | 2992
Containerboard to converting 80.1 | 262 | 19.8 | 1511
Corrugated sheets 80.1 | 262 | 19.8 | 1511
Corrugated product to use 95.7 | 283 | 4.3 | 2446

4.2.1.3 Life Cycle Impact Assessment (LCIA)

This step includes describing the selected impact categories for LCA analysis as well as describing
the method used to calculate the impact category. There are many impact categories as a list of commonly
used categories is specified in 1ISO 14047 Technical Report (ISO2012a): global warming, human toxicity,

stratospheric ozone depletion, depletion of abiotic resources, photo-oxidant formation, nitrification,
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ecotoxicity, acidification, and the depletion of biotic resources. Since this study focuses on the carbon
emission of 1 kg of corrugated cardboard box over its lifecycle, three impact categories are used as

follows:

e Global warming, Fossil;
e Global warming, Biogenic, GWP 20 years;

e Global warming, Biogenic, GWP 100 years.

The impact category listed above are custom-made impact categories that are formed by

combining the following standard impact categories:

e GHG Protocol;
e Environmental Footprint;
e |PCC2013 GWP 20;

e [PCC2013 GWP 100.

Impact categories depend on the impact factors included in their respective category. Impact
factors for the three impact categories used in this study can be made available upon request to the

authors at ketkale15@gmail.com. It is important to note that the Global Warming Potential (GWP) values

for the impact factors are mainly derived from the Fifth Assessment Report (AR5) of IPCC (IPCC 2013,

Table 8.A.1) [47].

4.2.1.4 Interpretation of Results

This step is done in the sub-chapters 4.4.3 and 4.4.4 of this research.

4.2.2 Economic Model
It is also important to look at the economics of reusing corrugated cardboard boxes instead of

landfilling them or recycling them. Two concepts are used in this research to study and model the
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economics of this proposed “reuse” of corrugated boxes—benefit cost analysis and marginal cost—

willingness-to-pay curve.

Benefit-cost analysis is simply a method to evaluate something by considering its potential cost
and benefits. According to Ref. [48], “Benefit-cost analysis is for the public sector what a profit-and-loss
analysis is for a business firm or a budget is for a household.” Benefit-cost analysis is a tool used from
society’s standpoint to make a public decision instead of a single profit-making firm. The basic framework

for benefit-cost analysis is used with reference to Ref. [48], which includes the following four steps:

e Clearly specify the project or program;
e Describe the inputs and outputs of the program quantitatively;
e Estimate the value of social costs and benefits of these inputs and outputs;

e Compare these benefits and costs.

Marginal cost, or willingness-to-pay curves, can simply be imagined as supply and demand graphs
with respect to the prediction of demand and ability to supply. According to Ref. [48], a “willingness-to-
pay for a given consumption level is the total amount a person would be willing to pay to attain that
consumption level rather than go without the good entirely.” In other words, willingness-to-pay is the
maximum amount an individual is willing to pay to acquire a good/service. According to Ref. [49],
“Marginal cost is the increment in cost that occurs when the output produced is increased by one unit.”
Therefore, marginal cost is the difference in total cost that is experienced when the quantity of production

is increased or the cost of producing one additional product is.
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4.3 Results

4.3.1 Carbon Emission for Pulp-Making and Converting Operations
LCA modeling was conducted on OpenLCA software version 1.11.0 for pulp-making and
converting operations. The databases specified under Table 4.8 were combined and used to model the

pulp-making and converting operations.

Table 4.8 List of databases that were combined in OpenLCA.

Database Name Source

Agribalyse v3.0.1 French Agency for Ecological Transition [50]
BioEnergieDat German BioEnergieDat Project [51]
Ecoinvent v3.7 Ecoinvent [52]

Environmental Footprint | European Commission’s Single Market for Green Products initiative [53]
v2.0

ELCD v3.2 European reference of Life Cycle Database of the Joint Research Center
(54]

Exiobase v3.4 Multi-regional Environmentally Extended Supply and Use/Input-Output
database (MR EE SUT/IO) [55]

NEEDS New Energy Externalities Developments for Sustainability [56]

OpenlLCAv2.1.3 OpenLCA [57]

OzLCl 2019 The Evah Institute [58]

Worldsteel 2020 (EF The World Steel Association [59]

3.0)

Thus, baseline data is used from these databases. OpenlLCA is used to calculate the carbon
emission for pulp-making and converting operations (excluding transportation). Table 4.9 below shows

the results from OpenlLCA software for the two phases.

Table 4.9 OpenLCA results for pulp-making and converting operations.

Emission Type Pulp-Making Converting
(kgCOr-eq) (kgCO1-eq)
Fossil 2.03313 0.36044
Biogenic (GWP 20 years) 1.33393 -
Biogenic (GWP 100 years) 1.26464 -
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4.3.2 Carbon Emissions from Transportation

Carbon emission from the transportation of goods is calculated by using the following formula:

Carbon emission (kgCO2-eq) = (Weight of the product in kg) x (Distance traveled per vehicle/mode of
transport in km) x (Emission factor for respective vehicle/mode of

transport in kgC0O2-eq/kg.km)

The product’s weight and travel distance are specified in the Life cycle inventory section. The
emission factors are from the United States Environment Protection Agency‘s GHG emission factors Hub,
as shown in reference Table 8 (April 2022) [60]. Below are the results in Table 4.10 and Table 4.11 for the

transportation based on phases of the lifecycle.

Table 4.10 Carbon emission from transportation in pulp-making operations.

Emission CO;
Material Mode of Percentage | Distance KexKm Factor Emission
Transport Used (km) J (kgCOz-eq/ | (kgCO»-
kgxkm) eq)

Wood log to P&P Truck 98% 159 112.6483 0.00037 0.04217

mill (0.72 ke) Train 2% 1577 | 18.1670 | 0.00004 | 0.00071

Wood chips to Truck 95% 299 118.6731 0.00037 0.04442
P&P mill (0.42 kg) -

Train 6% 1674 38.6694 0.00004 0.00151

Recovered fiber Truck 85% 241 117.3140 0.00037 0.04391

(0.57 kg)

Train 13% 505 36.2691 0.00004 0.00142

Boat, Barge 2% 822 9.3708 0.00007 0.00068

Pulp to paper mill Truck 80% 262 1.0493 0.00037 0.00039

(0.005 kg) Train 20% 1511 1.4959 | 0.00004 | 0.00006

Chemicals Truck 58% 217 5.8701 0.00037 0.00220

(0.04656 ke) Train 28% 1333 | 17.3781 | 0.00004 | 0.00068

Boat, Barge 13% 674 4.0168 0.00007 0.00029

Boat, Ocean 1% 2992 1.3931 0.00007 0.00010

Total Carbon emission in kgCO,-eq 0.1385

45



Table 4.11 Carbon emission from transportation in converting operation.

Emission o,
Mode of Percentage | Distance factor emission
Material KgxKm (kgCO:-
transport used (km) eq/ (kgCO:-
kgxkm) eq)

Chemicals Truck 58% 217.00 3.5774 0.00037 0.00134
(0.0283 kg)

Train 28% 1333.00 10.5907 0.00004 0.00041

Boat, 13% 674.00 2.4480 0.00007 0.00018

Barge

Boat, 1% 2992.00 0.8490 0.00007 0.00006

Ocean
Containerboard Truck 80% 262.00 230.8482 0.00037 0.08641
(1.1 kg)

Train 20% 1511.00 329.0958 0.00004 0.01284
Corrugated Truck 80% 262.00 209.8620 0.00037 0.07855
sheets (1 kg)

Train 20% 1511.00 299.1780 0.00004 0.01168
Corrugated Truck 96% 283.00 270.8310 0.00037 0.10138
product to use
(1kg) Train 4% 2446.00 | 105.1780 0.00004 | 0.00410

Total Carbon emission in kgCO,-eq 0.2970

4.3.3 Carbon Emission for Use Phase

It is difficult to identify/calculate the distance traveled by an average CCB and its mode of
transport. In general, corrugated cardboard boxes are mainly used for packaging and transporting
products. Usually, this phase is ignored, and the carbon emission from the use phase of CCB is allocated
to the product that CCB holds for the sake of its transportation. To approximately calculate carbon
emissions from this phase, the mean distance traveled by the average corrugated box with respect to the

mode of transport is given in Table 4.12 which is obtained from the United States Census Bureau’s CFS
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Preliminary Report (CF1700P2): Shipment characteristics by total modal activity (2017) [45]. Here, the

mass of the product is considered to be 1 kg as the functional unit in this research is 1 kg of CCB.

Table 4.12 Carbon emission in the use phase for CCB.

Mode of Average Distance Emission Factor in kgCO,- Emission
Transportation Traveled (mile) eq/kg-Mile (kgCOz-eq)
Truck 186 0.00023 0.0433
Rail 969 0.00002 0.0235
Air 1006 0.00128 1.2919
Water 439 0.00005 0.0198
Total Carbon emission in kgCO,-eq 1.3785

4.3.4 Carbon Emission for the End-of-Lifecycle (EolL) Phase

To calculate carbon emission at the EoL phase of 1 kg of CCB, it is important to understand the
waste management methods used and emissions from respective methods. The reference data from 2018
is specified under the lifecycle inventory step in Table 4.4. Out of the total waste collected, 81% is recycled,
4% is combusted, and 15% is landfilled. To calculate the carbon emission from each of the above
management pathways, the authors use emission factors from the United States Environment Protection
Agency’s GHG emission factors Hub, as shown in reference Table 9 (April 2022) [60]. The emission factors
from this reference data include the actual emission from the management pathway as well as the
transport of the waste. Table 4.13 shows the data for emission factors of CCB for different waste

management methods.
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Table 4.13 Emission factors for CCB w.r.t waste management method.

Emission Factor in Metric Tons CO,-eq/Short Ton Material
Material Recycled Landfilled Combusted
Corrugated 0.11 0.90 0.05
Container

Carbon emission from EoL phase = Weight of CCB (kg) x percentage of management pathway x emission

factor for respective management pathway (kgCO2-eq/kg).

Carbon emission from EoL phase = (1 x 0.81 x 0.12125) + (1 x 0.04 x 0.05511) + (1 x 0.15 x 0.9920).

Carbon emission from EoL phase = 0.2492 kgCO2-eq.

4.3.5 Carbon for the Newly Proposed “Reuse” Phase

The “Reuse” phase proposes collecting used corrugated boxes similar to trash/recycling waste
and then checking for usability and reselling the box to be reused. The proposed phase is imagined as a
truck driving toward the individual’s location to collect old CCB as well as to collect trash. To calculate the
carbon emission in the transportation of CCB from a general person’s location to a local collection point
to reuse the CCB, it is important to identify the average distance the collection truck would travel. The
United States Environment Protection Agency‘s Waste Transfer Stations, a manual for decision making
reports, was used [61]. The report refers to the break-even point between the hauling cost and round-trip
distance. The break-even point is 35 miles round trip from the waste source to the disposal. Thus, the
transportation for this “reuse” phase is assumed to be 35 miles round trip. For emission factors, the United
States Environment Protection Agency‘s GHG emission factors Hub (April 2022) was used and is shown in

reference Table 8 [60].

Carbon emission from “Reuse” phase = Weight of waste (kg) x Distance of travel (mile) x Emission factor

(kgCO2-eq/kg-mile)
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Carbon emission from the “Reuse” phase =1 x 35 x 0.00023

Carbon emission from the “Reuse” phase = 0.00805 kgC02-eq

Thus, the carbon emission for each phase of the lifecycle is given in Table 4.14

Table 4.14 Overall carbon emission of CCB over its lifecycle with all the phases.

.. Pulp-Making Converting Use Reuse
Emission Type Operation Operation Phase Phase Eol Phase
Fossil kgCO,-eq 2.17163 0.65744 1.3785 | 0.00805 0.2492
Biogenic KgC0,-eq
(GWP 20 years) 1.33393
Biogenic KgC0O,-eq
(GWP 100 years) 1.26464

Thus, below are the overall results:

e The carbon emission of a CCB over its lifecycle (excluding the Reuse phase) is 4.45677 kgCO2-eq
for single use;

e The carbon emission of a CCB reused once (including the Reuse phase once and Use phase twice)
is 5.84332 kgC0O2-eq, i.e., 2.92166 kgCO2-eq per use;

e The carbon emission saved by the “reuse” cycle for every use would be 4.45677 - 2.92166 =

1.53511 kgCO2-eq per use.

In order to show relative comparisons among multiple studies, Table 4.15 compares these results

with the previous literature conducted on carbon emissions from CCBs.
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Table 4.15 Comparison of carbon emission with the other literature.

Source Car(l:(cg;g (I)E:\;;s)ion Functional Unit (kg) Carbon I;km;s(;ir;:/elzgl;g of CCB
[62] 9.9 4 2.475
[63] 3.046 1 3.046
[64] 0.876 0.546 1.60
This chapter
4.4567 1 4.4567

4.3.6 Economic Modeling: Benefit-Cost Analysis

The functional unit considered in this research is 1 kg of CCB. Thus, a CCB of 18 3/8 x 18 3/8 x 18
5/8" (x1/8") dimension is considered. The mass of this particular CCB is 1.01 kg. This particular CCB is
currently (December 2022) sold at $2.83 [65]. It is assumed that the cost of a new CCB ($2.83) includes
the cost of manufacturing, transportation, and profits (i.e., there is no net external subsidization). The
cost of motivation for reuse with a “Positive Reinforced Ethos” incentive is $1.80, as mentioned in previous
chapter. Also, it is important to assume and evaluate the cost of reselling CCB. The selling price of a used
box to resell is assumed to be $2. Another assumption made for this calculation is that the benefit-cost
analysis is carried out for a total of 100,000 boxes. This means we assume there is a need to use 100,000
boxes. Now in this scenario, it can be the use of 100,000 new CCBs or 50,000 boxes which are reused once
in their lifecycle as proposed. To perform a benefit-cost analysis, it is important to identify benefits and

costs for the newly proposed “reuse” phase.

Benefits:

e Social cost: It is also important to evaluate the social cost of carbon emissions to use in economic

modeling. According to Ref. [66], the social cost of carbon could be $900/tCO2, i.e., $ 0.9/kgC0O2;
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Cost:

Cost saving for second use: This is the cost that is saved by using a used box instead of a new box.
Basically, it is the cost of production, transportation, and profit of the new box that is saved. In
other words, the number of reused boxes is multiplied by the cost of the new box ($1.83). This is

beneficial as the “reuse” cycle saves the cost of manufacturing and operating costs.

Cost of motivation: This is the cost that is needed to motivate the general population to assign
their CCBs to the “reuse” cycle. This cost is $1.80 per box;

Cost of reselling the CCBs: This is the cost that individuals pay to buy the reused boxes. This cost
includes the operation cost plus the profit for the entity that would coordinate the whole “reuse”

cycle.

Thus, the benefits-cost analysis is shown in Table 4.16.

Table 4.16 Benefit-cost analysis for CCB.

New box $2.83
Base Used box $2.00
costs

Cost for motivation $1.80

Social cost (1.5351 x 0.9 x 100,000 x 1.01) $131,603.27

Benefit | The cost saved by reusing (2.83 x 50,000) $141,500.00

Total benefit $273,103.27

Motivation cost (1.80 x 50,000) $90,000.00
Cost Resell used boxes (operating costs plus profits) (2 x $100,000.00

50,000)

Total cost $190,000.00

Net Benefit (Total benefit — Total cost) $83,103.27

Benefit-Cost ratio (Total benefit/Total cost) $1.44
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4.3.6.1 Sensitivity Analysis

Case |: Lowest cost of a new box ($1.17) for the “reuse” cycle to be profitable as shown in Table

4.17.
Table 4.17 Benefit-cost analysis with the lowest cost of a new box.
New box $1.17
Base
costs | Used box $2.00
Cost for motivation $1.80
Social cost (1.5351 x 0.9 x 100,000 x 1.01) $131,603.27
Benefit | The cost saved by reusing (1.17 x 50,000) $58,500.00
Total benefit $190,103.27
Motivation cost (1.80 x 50,000) $90,000.00
Cost Resell used boxes (operating costs plus profits) (2 x 50,000) $100,000.00
Total cost $190,000.00
Net Benefit (Total benefit - Total cost) $103.27
Benefit-Cost ratio (Total benefit/Total cost) 1.00
Case II: The highest cost of a used box ($3.66) for the “reuse” cycle to be profitable as shown in
Table 4.18.

Table 4.18 Benefit-cost analysis with the highest cost of a used box.

New box $2.83
Base
COStS Used bOX $3.66
Cost for motivation $1.80
Social cost (1.5351 x 0.9 x 100,000 x 1.01) $131,603.27
Benefit [ The cost saved by reusing (2.83 x 50,000) $141,500.00
Total benefit $273,103.27
Motivation cost (1.80 x 50,000) $90,000.00
Cost Resell used boxes (operating costs plus profits) (3.66 x $183,000.00
50,000)
Total cost $273,000.00
Net Benefit (Total benefit - Total cost) $103.27
Benefit-Cost ratio (Total benefit/Total cost) 1.00
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Case llI: Highest cost for motivation ($3.46) for the “reuse” cycle to be profitable as shown in Table

4.19.

Table 4.19 Benefit-cost analysis with the highest cost for motivation.

Base New box $2.83
Used box $2.00
costs —
Cost for motivation $3.46
Social cost (1.5351 x 0.9 x 100,000 x 1.01) $131,603.27
Benefit | The cost saved by reusing (2.83 x 50,000) $141,500.00
Total benefit $273,103.27
Motivation cost (3.46 x 50,000) $173,000.00
Cost Resell used boxes (operating costs plus profits) (2 x $100,000.00
50,000)
Total cost $273,000.00
Net Benefit (Total benefit — Total cost) $103.27
Benefit-Cost ratio (Total benefit/Total cost) 1.00

4.3.7 Economic Modeling: Marginal Cost—Willingness-to-Pay Curves

Willingness-to-pay (WTP) for a new CCB is evaluated by considering eight CCBs with different
dimensions and thicknesses as shown in Table 4.20. The reference data is used from “Uline” company’s

catalog. It is made sure that the mean weight of all eight CCBs is equal to 1 kg.

Table 4.20 Willingness-to-pay for a new CCB.

Price per Box ($)
Dimension of Weight 25 100 250 500 1000
CCB (kg)
20x 18 x 16" [67] | 0.98 4.26 3.97 |3.73 3.52 3.27
20x 16 x 20" [68] | 1.01 4.25 4.04 |3.8 3.71 3.43
20x12x12"[69] | 0.98 4.83 439 |3.97 3.64 3.38
19 x 19 x 19" [70] | 0.95 4.36 3.97 | 3.86 3.52 3.29
18 x 18 x 8" [71] 1.09 5.52 5.16 | 4.79 4.49 4.3
18 x18 x 12" [72] | 0.94 2.45 2.45 2.45 2.45 2.45
18 x 18 x 18" [65] | 1.01 2.83 2.83 |2.83 2.83 2.83
20x18x18"[73] | 1.07 4.42 415 |3.91 3.72 3.39
Average 1.00 4,115 3.87 | 3.6675 3.485 3.2925
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Although WTP for old CCBs is not available, we assumed that the WTP curve for old CCBs would
be proportionate to that of the WTP curve of new CCBs. Thus, the slope of the WTP curve for the new
CCBs was calculated. In order to draw the WTP curve for old CCBs, the mean of all the prices from Table
4.20 (i.e., $3.686) is taken and is assumed to be proportionate to $2, which is the assumed cost for old
CCBs. Thus, that is how values of cost for different numbers of old CCBs are evaluated, as shown in Table

4.21.

Table 4.21 Willingness-to-pay for old CCB.

Price per Box ($)
Weight (kg) 25 100 250 500 | 1000
Old CCBs 1.00 2.23 2.10 1.99 1.89 1.79

The marginal cost curves are evaluated from the database collected for survey #1 & #2. In this
survey, we asked 13 quantitative questions related to incentives with the help of specific persuasion
techniques. Thus, a mean of 13 quantitative questions was taken for each of the 92 participants and
categorized them with respect to persuasion techniques. Therefore, there are four marginal cost curves
for aesthetics, ethos, logos, and pathos. To plot the WTP and marginal curves, the number of boxes (x-
axis) is normalized from 0 to 1. The marginal cost curves show the relation of money to acquire more
boxes via the “reuse” cycle. The willingness to pass curve shows the relation of money to consumers

buying the number of boxes. Thus, Figure 4.3 below shows WTP and marginal cost curves for CCB.
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WTP curves vs Marginal Cost curves
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Figure 4.3 Cost curves: WTP curve vs. Marginal cost curve.

4.4 Discussion

OpenLCA software is a tool that uses different databases to get the baseline values and properties
of the materials and processes. Thus, multiple databases listed under Table 4.8 were combined to get
more precise and specific data to model the CCB lifecycle. Once the model is complete, emission analysis
is carried out with a custom impact method, as explained in the methodology section. There are two types
of carbon emissions: fossil and biogenic carbon emissions. The only difference between both is their
source of carbon emissions. For fossil carbon emission, the source is fossil fuels, and it exposes carbon to
the atmosphere, which was trapped in geological reserves for many years. On the other hand, biogenic
carbon emission is from woody biomass. The carbon emission from biomass is not trapped for a long time,
as the carbon is absorbed from the atmosphere by the biomass. For this research, we considered overall
carbon emissions (excluding biogenic CO2 emission). Thus, the results from OpenLCA software consist of

the production of CCB ignoring the transportation of the material. As explained in the introduction, pulp
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making operations use more energy and have more steps in order to convert the raw material into a paper
sheet which explains the high carbon emission in pulp-making operations compared to converting
operations. In terms of the transportation of materials and products in pulp-making operations and
converting operations, the carbon emission in the converting phase is more than that of the pulp-making
operation. One of the main reasons for this is the transportation of containerboard and corrugated sheet
to the converting operations, as these are mainly done with the help of trucks. In addition, the
transportation of corrugated products to use phase uses trucks as a primary mode of transportation which
further adds to carbon emissions. The carbon emission in the use phase is the second highest contributor
to the carbon emission of CCB over its lifecycle. One of the main reasons for the high carbon emission in
the use phase is the transportation of packages by air. The transportation of CCB by air alone contributes
to 93.7% of total carbon emissions in the use phase. From the EoL phase, it is important to notice that the
emission factor for recycling waste is more than from the combustion of waste. Thus, 59.7% of the carbon
emission in the EolL phase is due to landfilling of CCBs, and 39.4% is due to the recycling of CCBs. The
carbon emission of the reuse phase is just 0.18% of all the other phases combined (the current CCB
lifecycle). Thus, the current CCB lifecycle carbon emission is 4.46 kgCO2-eq (single-use CCB). Although the
carbon emission from CCB is higher compared to the other literature, as shown in Table 4.15, it is
important to note that the carbon emission values heavily depend upon the scope and assumptions of
the LCA process. Another reason for higher carbon emissions could be because the authors have tried to
be more compressive/exhaustive about all the possible carbon sources compared to other papers. The
carbon emission for a reused box (used once and reused once) is 2.92 kgCO2-eq per use. Thus overall, the
reused CCB would save 1.54 kgCO2-eq for the second time it is used as well, as it will save on the efforts

of producing a new CCB.

The overall result from the benefit-cost analysis shows that for the assumed 100,000 uses of a

CCB, the 50,000 reused CCBs would give a net profit of $83,103 with a benefit-cost ratio of 1.44. Although
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the benefit-cost analysis depends on the assumption made with respect to the operating cost of reuse
and resell value of the reused box, sensitivity analysis is carried out to test the boundaries of this business
model. The business can break even without making a profit if the cost of the new box is lowered to $1.17,
if the reused box is sold at its maximum price of $3.66, or if the cost for motivation is increased to its
highest limit of $3.46. Going above the limit specified will adversely affect the profitability of the reuse
cycle. The marginal cost and WTP curves give a brief idea of the supply and demand of the CCBs. It can be
observed from the graph that the marginal cost of ethos is significantly less than that of the marginal costs
of aesthetics, logos, and pathos. Thus, motivating the general population with ethos will have more
individuals participating in the reuse cycle at a lower cost. The WTP of the new CCB is included for
reference, but the main output of the graph is the intersection point between the WTP of the old CCB and
the marginal curves. The point of intersection between the marginal cost curve and the WTP curve is the
economic efficiency point. The point of intersection “X” is where the cost of motivation for the used CCB
is just exactly equal to the marginal value of the CCB. Thus, the quantity “Qx (0.6022)” at value ‘Px
(51.825)’ is efficient because it produces a balance between the marginal worth of CCB and what it costs

to motivate the general population as measured in the marginal cost curve.

4.5 Conclusions

The purpose of this study was to introduce a new sustainable, feasible way of handling the
disposal of CCBs. This chapter calculates the carbon emission of CCBs for their current lifecycle, which is
4.46 kgCO2-eq. The chapter also explains the proposed “reuse” phase, which allows individuals to use a
single CCB multiple times. If the CCB is reused once, then it consists of two use phases which means the
overall carbon emission for each use drops from 4.46 kgCO2-eq to 2.92 kgCO2-eq. This significantly
decreases carbon emissions of CO2 by approximately 34.44%. Thus, by conducting a life cycle analysis, it

can be concluded that “reuse” is more sustainable compared to recycling in terms of environmental gains.
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It was observed that in terms of economic analysis, the benefit-cost analysis gave a benefit-cost
ratio of 1.44 for base assumptions. The sensitivity analysis gave a brief idea of the boundary conditions
for this model to keep the benefit-cost ratio above or equal to one. Marginal cost versus willingness-to-
pay curves indicated that out of the four available persuasion techniques, the use of ethos for
incentivization yielded more boxes to be reused at the lowest cost. This further supports the
recommendation of a previous chapter to use ethos to motivate the general population. Thus, it can be
concluded from the benefit-cost analysis and cost curves that “reuse” is more sustainable compared to
recycling in terms of economic feasibility. The approach that authors took in this research chapter—
simultaneously including analytics, WTP and marginal cost curves, and LCA—suggests a model
repurposable for use in other products and processes where one can incentivize the general population
to take pressure off of the extraction industry as a part of the business. This will allow businesses to take

out or lower the extraction needs from similar industries, which would promote sustainable efforts.

The future scope and prospects of this research include how to assess other sustainable efforts
for their feasibility across the whole lifecycle and how to evaluate the monetary aspect of the sustainable
effort with the help of economics. Although it is well-known that CCBs can be used multiple times in an
industrial setting [42,43], it is also important to explore the feasibility and practicality of the
implementation of the proposed reuse process. There is a strong possibility of the use of this framework

to evaluate other sustainable efforts, such as promoting the use of sustainable cars.
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5 SURVEY #3

5.1 Introduction

The United States Environmental Protection Agency defines sustainability as “everything that we
need for our survival and well-being depends, either directly or indirectly, on our natural environment. To
pursue sustainability is to create and maintain the conditions under which humans and nature can exist
in productive harmony to support present and future generations” [74]. Thus, promoting sustainability
efforts is important as humans are directly or indirectly dependent on the environment. According to the
United Nations Climate Action [75], the largest contributor to global climate change is the use of fossil
fuels and carbon emissions from that. The seven causes identified by the United Nations Climate Action
are — generating power, manufacturing goods, cutting down forests, using transportation, producing food,
powering buildings, and overconsumption. Thus, this research tries to reduce carbon emissions from five
(apart from producing food and overconsumption) of the seven categories mentioned in the case of CCBs.
Thus, promoting sustainable efforts is important, which is why this chapter focuses on studying the
incentives techniques and recommendations from the previous chapter in depth. Chapter 3 concludes
that in terms of motivating the general population for sustainable efforts, segmenting the general
population into groups and incenting each group according to their preference is ineffective. Thus, it
proposes to incentivize the general population with a generic method. In order to effectively motivate the
general population for sustainable efforts, it is important to evaluate this claim of segmentation by
additional segmenting options. While conducting surveys, it is a common practice among researchers to
collect demographic data and analyze the overall data based on the subcategories. In this chapter, we
explore additions segmenting options based on demographic data like age, gender, awareness of

environment/climate change, and based on current recycling efforts.
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One of the causes mentioned by the UN for climate change is transportation. It is important in
terms of the lifecycle of CCB to evaluate the transportation option for the proposed reuse phase. Thus, it
is worth exploring the options in the collection of CCBs for the reuse phase. One approach is to have the
general population assign the used CCBs to a specific bin called the “reuse” bin. These CCBs will then be
collected by a truck and transported to a specific location for further processing. The other option would
be that individuals gather their used CCBs and drive to the nearest specific location (collection site) by
themselves to drop them off. The two options explored are very different and require different levels of
motivation and carbon emissions. As more effort is required for individuals to drive to the collection site,
they would need to be motivated more compared to the other option of assigning the CCBs to the reuse
bins. The carbon emissions vary in both options, as the option where individuals would need to drive to
the collection site would have more carbon emissions as more vehicles will be used which results in more
carbon emissions. Thus, this chapter tests the hypothesis that segmenting the general population based
on age, gender, recycling efforts, and awareness about environment/climate change would have a

significant impact on their preference over incentives.

5.2 Materials and Methods

Chapter 3 concludes that motivating the general population by segmenting them into different
groups did not add significant value In order to further examine this in-depth for proving an efficient
incentive methodology for carrying sustainable efforts from the general population, another survey was
carried out. In order to carry out the surveys (survey #1, #2, & #3), survey questions and methodology
were reviewed and approved by Colorado State University’s Institutional Review Board (IRB). We received
approval following both protocols — protocol number 1932 for surveys #1 & #2 and protocol number 3265
for survey #3. The methodology used in this chapter is similar to chapter 3 as we conducted survey #3 and
analyzed data to test their hypothesis. Chapter 3 also uses entropy calculations to determine the

quality/clarity of questions with respect to participants’ responses. It is important to test the hypothesis

60



behind the use of entropy as a unit of measure to evaluate the clarity of questions. The authors found a
few questions from survey #1 which can be categorized as confusing or double barrels questions. These
guestions could have been confusing to the participants, which was proven by entropy values. Thus,
rephrasing the questions for clarity and evaluating entropy change would prove that entropy gives reliable

results.

5.2.1 Survey #3

There were 58 questions in total on this survey. The objective of this survey was to further
evaluate and test the results and conclusions from chapter 3 about incentivizing the general population
without the necessity of performing market segmentation. This survey evaluates the preferences of the
general population with respect to two different ways of collecting processes for the reuse phase
(assigning & returning). This survey also evaluates the “entropy” tool used in chapter 3 by rephrasing the

guestion with high entropy. Below are the types of questions that were included in this survey.

1. Six questions to note the demographics of the participants participating in this survey.
2. Questions to evaluate the collection process by assigning CCBs to reuse bins.
a. Multiple-choice questions (12 questions)
3. Questions to evaluate the collection process by returning CCBs to a specific location.
a. Multiple-choice questions (12 questions)
4. Questions to assess persuasion preferences.
a. Likert-type questions (20 questions)
5. Questions to evaluate entropy change by rephrasing.

a. Likert-type questions (5 questions)
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Survey #3 evaluates the possibility of adding value in motivation by segmentation of the general
population with respect to demographics. Additionally, it identifies the preferences of the general

population over the collection process of CCBs for reusing.

5.3 Results and Analysis

Survey #3 was published online on the social media platform LinkedIn. The survey was also sent
to participants from survey #1. Additionally, survey #3 was distributed to students, faculty, and staff of
Colorado State University. The survey was created, and the responses were collected online in Qualtrics
tool. Survey #3 was active for 50 days and received 151 responses. Qualtrics metadata shows that survey

#3 received responses from seven countries. The median time to complete survey #3 was 9.18 minutes.

5.3.1 Results and analysis for Assigning method.

5.3.1.1 Results for multiple choice questions

Multiple choice questions were asked with two options representing two persuasion techniques
or two operant conditions each for assigning approach. Thus, the four persuasion techniques (Ethos,
Pathos, Logos, and Aesthetics) and four operant conditions (Positive reinforcement, Negative
reinforcement, Positive punishment, and Negative punishment) were compared to each other within their

respective category. Table 5.1 gives the results for multiple-choice questions for assigning the CCBs.

Table 5.1 Results for multiple choice question on assigning method.

Q7 Ethos 130 Q.19 Positive Reinforcement 85
’ Pathos 21 : Positive Punishment 66
Q.8 Ethos 93 Q.20 Positi\{e Reinforcement 92
Logos 58 Negative Punishment 59
Q.9 Aesthetics 85 Q.21 Negative Reinforcement 85
’ Ethos 66 ’ Positive Reinforcement 66
Q.10 Pathos 76 Q.22 Posm\{e Punls.hment 87
Logos 75 Negative Punishment 64
Aesthetics 121 Negative Reinforcement 87

A1 2
Q Pathos 30 Q.23 Positive Punishment 64

- 1 - ; 1

Q12 Aesthetics 08 Q.24 Negat!ve Reln.forcement 09
Logos 43 Negative Punishment 42
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5.3.1.2  Analysis of multiple-choice questions

To analyze the answers for the general population’s preference, a Chi-square test was conducted
to evaluate if one of the two options was significantly preferred by the participants. As mentioned in
Chapter 3, the Chi-square test is used to statistically evaluate the goodness of fit between the expected

values and measured values. The total number of participants in Survey #3 was 151; thus, the expected

value here is considered to be 75.5. Table 5.2 and 5.3 give the analysis results for assigning the CCBs.

Table 5.2 Chi-square analysis results for persuasion techniques for assigning approach.

Question Persuasion Observed Expected Chi-square
. p-Value
number technique score score score
Ethos 130 78.68 <0.00001
Q.7 Pathos 21 75:5
Eth A1 .0044
Q.8 thos 93 755 8.113 0.00
Logos 58
Aesthetics 85 2.391 0.12206*
. 75.
Q.3 Ethos 66 >
Path 7 .007 . 14*
Q.10 athos 6 755 0.00 0.935
Logos 75
Aesthetics 121 54.841 <0.00001
A1 75.
Q Pathos 30 >
Q12 Aesthetics 108 755 27.98 <0.00001
Logos 43

In Table 5.2, an asterisk (*) indicates that the results are statistically insignificant at p < 0.01.

Table 5.3 Chi-square analysis results for operant conditioning for assigning approach.

Question Operant condition Observed | Expected | Chi-square o-Value
number score score score
Positive Reinforcement 85 2.391 | 0.12206*
Q.19 Positive Punishment 66 753
iti i 2 212 .0072
Q.20 Posm\{e Relnforcement 9 755 7 0.00725
Negative Punishment 59
Negative Reinforcement 85 2.391 | 0.12206*
Q.21 Positive Reinforcement 66 755
Q.22 Posm\{e Punls'hment 87 755 3.503 | 0.06125
Negative Punishment 64
Negative Reinforcement 87 3.503 | 0.06125*
Q.23 Positive Punishment 64 755
i i . <0.
Q.24 Negat!ve Rem'forcement 109 755 29.728 | <0.00001
Negative Punishment 42
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In Table 5.3, an asterisk (*) indicates that the results are statistically insignificant at p < 0.01

5.3.2 Results and analysis for Returning method.
5.3.2.1 Results for multiple choice questions

Multiple choice questions were asked with two options representing two persuasion techniques
or two operant conditions each for returning approach. Thus, the four persuasion techniques and four
operant conditions were compared to each other within their respective categories. Table 5.4 gives the

results for multiple choice questions for returning the CCBs.

Table 5.4 Results for multiple choice question on returning method.

Ethos 129 Positive Reinforcement 93
Q.13 Q.25

Pathos 22 Positive Punishment 58

Ethos 81 Positive Reinforcement 105
Q.14 Q.26

Logos 70 Negative Punishment 46

Aesthetics 82 Positive Reinforcement 79
Q.15 Q.27

Ethos 69 Negative Reinforcement 72

Logos 86 Positive Punishment 86
Q.16 Q.28

Pathos 65 Negative Punishment 65

Aesthetics 123 Negative Reinforcement 82
Q.17 Q.29

Pathos 28 Positive Punishment 69

Aesthetics 90 Negative Reinforcement 105
Q.18 Q.30

Logos 61 Negative Punishment 46

5.3.2.2  Analysis for multiple choice questions
A chi-square test is again conducted to evaluate if one of the two options was significantly
preferred by the participants. The expected value here is considered to be 75.5 as mentioned earlier.

Table 5.5 and 5.6 give the analysis results for returning the CCBs.
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Table 5.5 Chi-square analysis results for persuasion techniques for returning approach.

Question Persuasion Observed Expected Chi-square
. p-Value
number technique score score score
Ethos 129
Q.13 Pathos > 75.5 75.821 <0.00001
Eth 1
Q14 (oS 8 75.5 0.801 0.3707*
Logos 70
Aesthetics 82 N
Q.15 Ethos 69 75.5 1.119 0.29009
Logos 86 "
Q.16 Pathos 65 75.5 2.921 0.08746
Aesthetics 123
Q.17 Pathos )3 75.5 59.768 <0.00001
Qg [Aesthetics 20 75.5 5.57 0.01828*
Logos 61

In Table 5.5, an asterisk (*) indicates that the results are statistically insignificant at p < 0.01.

Table 5.6 Chi-square analysis results for operant conditioning for assigning approach.

Question Operant condition Observed | Expected | Chi-square o-Value
number score score score
Positive Reinforcement 93
Q.25 75.5 8.113 0.0044
Positive Punishment 58
Positive Reinforcement 105
Q.26 - - 75.5 23.053 <0.00001
Negative Punishment 46
Positive Reinforcement 79
Q.27 75.5 0.325 0.5689*
Negative Reinforcement 72
Positive Punishment 86
Q.28 - - 75.5 2.921 0.08746*
Negative Punishment 65
Negative Reinforcement 82
Q.29 — - 75.5 1.119 0.29009*
Positive Punishment 69
Negative Reinforcement 105
Q.30 - - 75.5 23.053 <0.00001
Negative Punishment 46

In Table 5.6, an asterisk (*) indicates that the results are statistically insignificant at p < 0.01

5.3.3 Results and analysis for Likert-scale questions

5.3.3.1

Results for Likert scale questions

Likert scale questions were asked to evaluate the general population’s preferences over

persuasion techniques. Likert scale questions include five options as follows: strongly agree, somewhat
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agree, neither agree nor disagree, somewhat disagree, and strongly disagree. To evaluate the results
based on the responses, a linear scoring scale was considered with strongly disagree as 1 and strongly

agree as 5. Table 5.7 gives the results for the Likert scale questions.

Table 5.7 Results for Likert scale questions

2:2:1:?3; Question number Score Zl:iig
Q35 4.37
Q40 4.31

Aesthetics Q45 4.32 4.28
Q50 4.28
Q54 4.13
Q32 4.19
Q36 4.25

Ethos Q41 4.28 4.21
Q46 4.07
Q51 4.26
Q34 4.06
Q39 4.06

Logos Q44 3.80 3.46
Q48 2.21
Q53 3.15
Q33 3.56
Q38 4.04

Pathos Q42 3.99 3.98
Q47 4.05
Q52 4.28

5.3.3.2 Analysis of Likert scale questions
To analyze the data from Likert scale questions, an independent t-test was calculated to compare
each pair of persuasion technique scores. Table 5.8 gives the results of the independent t-tests on the

Likert scale questions.
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Table 5.8 Independent t-test results.

Comparison of persuasion techniques t-value p-value
Ethos (4.21) with Pathos (3.98) 2.25 0.024
Ethos (4.21) with Logos (3.46) 2.59 0.013
Aesthetics (4.28) with Ethos (4.21) 1.57 0.073*
Aesthetics (4.28) with Pathos (3.98) 2.94 0.007
Aesthetics (4.28) with Logos (3.46) 2.84 0.008
Logos (3.46) with Pathos (3.98) 1.61 0.069*

In Table 5.8, an asterisk (*) indicates that the results are statistically insignificant at p < 0.05

5.3.4 Results and analysis of data based on demographics.

5.3.4.1 Results based on demographics.
In total, six demographic questions were asked. These questions help to identify
participant’s age, gender, awareness of climate change, and their current recycling efforts. Figure

5.1 shows the results of the distribution of participants based on the respective demographic

information.
Participants based on Age Participants based on
60 - Gender
53
90
50
80 69 7
40 38 70
60
30 50
40
20
30
10 . 20
. 10 2 3
0 O — [ |
18to30 31to45 46plus Prefere not Male Female Non-binary Prefer not
to mention to mention

(a) (b)
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Very Little | 0 Very Little ] 3
tittte [ 4 tice [ 14
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Tremendous _ 24 Tremendous . 7
0 20 40 60 80 0 20 40 60 80

() (d)

Figure 5.1 Results for participant’s demographics based on (a) age, (b) gender, (c) awareness, and (d)
recycling efforts.

5.3.4.2 Analysis of data based on demographics.

The data is partitioned by demographic groups and analyzed based on the question types.
Multiple choice questions were analyzed by conducting a chi-square test, whereas t-tests were employed
to evaluate data from Likert scale questions. The results of data analyzed based on demographics are

given in Appendix A.

5.3.5 Results and analysis for entropy calculations.
5.3.5.1 Results for entropy calculation questions.

In total, five questions were asked in Survey #3 to examine the entropy change. These questions
(originally from Survey #1) were reworded for clarity. Table 5.9 shows the answers for five Likert scale

questions from Survey #3 (reworded originally from Survey #1).
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Table 5.9 Results for Likert scale question for entropy calculation

Survey #1 reference Survey #3
. . Score
guestion number guestion number
Q13 Q55 3.66
Q14 Q56 4.54
Q17 Q57 3.60
Q27 Q58 3.46
Q32 Q59 4.14

5.3.5.2 Analysis for entropy calculations.
Definition of entropy and method to calculate entropy is provided in Chapter 2. Similarly, the
entropy is calculated for the questions from Survey #3. Entropy values from Survey #1 that are specified

in chapter 2 are taken and the differences between the two values are calculated as shown in Table 5.10.

Table 5.10 Entropy calculations for reworded questions.

Survey #1 Survey #3 Entropy Entropy
reference Entropy values | question values from Entropy difference
guestion number | from survey #1 | number survey #3 difference | in %
Q13 2.11 Q55 2.10 0.01 0.47%
Q14 1.92 Q56 1.30 0.62 32.29%
Q17 2.03 Q57 2.11 -0.08 -3.94%
Q27 2.21 Q58 2.11 0.10 4.52%
Q32 2.16 Q59 1.74 0.42 19.44%

5.4 Discussion

In total, 24 multiple-choice questions were asked on Survey #3. As these multiple-choice
guestions had two options comparing each other, a Chi-square test was carried out to evaluate the
participant’s preference. Thus, four options compared to each other would lead to six pairs in total. Table
5.1 and Table 5.4 give the preference results for assigning the CCBs to reuse bin and returning the CCBs
to specific locations, respectively. For assigning the CCBs with respect to persuasion techniques, it can be

observed from Table 5.2 that the general population significantly responds more willingly ethos and
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aesthetics over logos and pathos. The difference between ethos and aesthetics is not statistically
significant, and the difference between pathos and logos is also not statistically significant. For assigning
the CCBs with respect to operant conditions, it can be observed from Table 5.3 that positive reinforcement
is statistically significantly preferred over negative punishment, and negative reinforcement is statistically
significantly preferred over negative punishment. The other four comparisons of operant conditions to
each other are not statistically significantly different. For returning the CCBs with respect to persuasion
techniques, it can be observed from Table 5.5 that the general population statistically significantly prefers
ethos over pathos and aesthetics over pathos. The difference between logos and both aesthetics and
pathos is not statistically significant, whereas the difference between ethos to logos and aesthetics is not
statistically significant. For returning the CCBs with respect to operant conditions, it can be observed from
Table 5.6 that positive reinforcement is statistically significantly preferred over both negative punishment
and positive punishment. Also, negative reinforcement is statistically significantly preferred over negative
punishment. The difference between positive punishment with both negative punishment and negative
reinforcement is not statistically significant. Whereas the difference between positive punishment and
negative reinforcement is not statistically significant. Table 5.7 shows the results for Likert scale questions
that evaluate the persuasion preferences of participants. The questions are scored on a scale of 1 to 5,
where 1 is strongly disagree (not preferred) and 5 is strongly agree (preferred). Aesthetics scored highest
followed by ethos with a small margin (0.07), followed by pathos, followed by logos. The t-value test shows
that at p<0.05, ethos and aesthetics are statistically significantly different compared to pathos and logos.
It also shows that the difference between ethos and aesthetics as well as logos and pathos is not

statistically significant.

This chapter mainly evaluates if segmenting the general population based on their demographic
information would be an effective approach for motivating the general population to adopt desired

sustainable efforts. Based on the age of participants, the results of chi-square test is given in Table A.1.
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The results for assigning and returning the CCBs for the age 18 to 30 group show that participants prefer
ethos, logos, and aesthetics over pathos. Among ethos, logos, and aesthetics, the preference is unclear
for assigning or returning CCBs. In the case of operant conditions, the age group of 18 to 30 never
statistically significantly preferred negative punishment for assigning nor for returning the CCBs. Among
positive reinforcement, positive punishment, and negative reinforcement the preference is unclear with
respect to assigning or returning the CCBs. In the case of age group of 31 to 45 and 46 plus, pathos and
logos were never statistically significantly preferred for assigning or returning CCBs. The preference on
ethos and aesthetics is unclear. For the age group of 31 to 45, positive reinforcement and negative
reinforcement are statistically significantly preferred over negative punishment for assigning as well as
returning of CCBs. For assigning and returning with operant conditions, the age group 46 plus statistically
significantly preferred positive reinforcement over positive punishment and negative reinforcement over
both negative punishment and positive punishment. For assigning and returning of CCBs the prefer not to
mention age group statistically significantly preferred ethos over pathos and negative reinforcement over

positive punishment.

Chi-square results for the gender of participants are given in Table A.2. The results show that both
male and female participants for assigning the CCBs statistically significantly preferred ethos, aesthetics
over pathos and aesthetics over logos. The female participants statistically significantly preferred ethos,
logos, and aesthetics over pathos for returning the CCBs. On the other hand, male participants for
returning the CCBs statistically significantly preferred aesthetics over logos and both ethos and aesthetics
over pathos. For male participants for assigning CCBs, negative reinforcement was statistically significantly
preferred over negative punishment. For returning the CCBs, male participants statistically significantly
preferred positive reinforcement over positive punishment and negative reinforcement over both positive
punishment and negative punishment. In the case of female participants for assigning as well as returning

CCBs, positive reinforcement, negative reinforcement, and positive punishment were statistically

71



significantly preferred over negative punishment. For the gender group of non-binary and prefer not to
mention, no statistically significant preference between persuasion techniques and operant conditions

were observed for both assigning and returning the CCBs.

Chi-square results for the awareness of participants are given in Table A.3. The preference for
assigning the CCBs to the reuse bin for participants with tremendous, high, and moderate awareness was
observed similar to other experiments, with a statistically significant preference for ethos over pathos and
for aesthetics over both pathos and logos. Preferences of participants with tremendous, high, and
moderate awareness were similar in the case of returning the CCBs as they statistically significantly
preferred ethos and aesthetics over pathos. For assigning the CCBs, participants with tremendous
awareness statistically significantly preferred negative reinforcement over both negative punishment and
positive reinforcement. Whereas participants with tremendous awareness for returning the CCBs,
statistically significantly preferred negative reinforcement over negative punishment. Negative
reinforcement over negative punishment was statistically significantly preferred for assigning the CCBs by
participants with high awareness. For returning the CCBs, participants with high awareness statistically
significantly preferred negative reinforcement over negative punishment, and positive reinforcement
over both negative punishment and positive punishment. The preference on assigning the CCBs by
participants with moderate awareness was statistically significantly towards positive reinforcement,
positive punishment, and negative reinforcement over negative punishment. Whereas for returning the
CCB, the participant with moderate awareness statistically significantly preferred positive reinforcement
over negative punishment. For participants with little awareness, no statistically significant preference
between persuasion techniques and operant conditions was observed for both assigning and returning
the CCBs. The survey did not receive any responses from any participants that identified as having very

little awareness of the environment and climate change.
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The chi-square test results for recycling efforts of participants are given in Table A.4. For
participants with tremendous recycling efforts, no statistically significant preference was found for
assigning and returning the CCBs apart from negative reinforcement over negative punishment for
assigning the CCBs. For assigning, participants with high and moderate recycling efforts statistically
significantly preferred aesthetics over logos, and both aesthetics and ethos over pathos. For returning,
participants with high recycling efforts statistically significantly preferred aesthetics over logos, as well as
ethos, logos, and aesthetics over pathos. The preference for assigning the CCBs by participants with high
recycling efforts was statistically significantly towards negative reinforcement over negative punishment.
For returning the CCBs, participants with moderate recycling efforts statistically significantly preferred
both aesthetics and ethos over pathos. Both positive punishment and negative reinforcement over
negative punishment are statistically significantly preferred for assigning the CCBs by participants with
moderate recycling efforts. For returning CCBs, the participants with moderate recycling efforts
statistically significantly preferred positive reinforcement, negative reinforcement, and positive
punishment over negative punishment. In the case of assigning and returning the CCBs, participants with
little recycling efforts statistically significantly preferred ethos over pathos as well as aesthetics over both
ethos and pathos. For assigning the CCBs, participants with little recycling efforts statistically significantly
preferred positive reinforcement over negative punishment. For participants with very little recycling
efforts, no statistically significant preference between persuasion techniques and operant conditions was

observed for both assigning and returning the CCBs.

Likert scale questions and analysis of the t-test for varying ages of participants are given in Table
A.5 and Table A.6. For the age group of 18 to 30, participants statistically significantly preferred both
aesthetics and ethos over pathos. For the age group of 31 to 45, participants statistically significantly
preferred ethos over logos as well as aesthetics over both logos and pathos. Participants over the age of

40 statistically significantly responded more readily to ethos over logos persuasion, along with pathos
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over logos, as well as aesthetic over ethos, pathos, and logos. Participants under the age group of “prefer
not to answer” also statistically significantly preferred aesthetics over pathos. Likert scale questions and
analysis of the t-test for varying participant gender are given in Table A.7 and Table A.8. It can be observed
that male participants statistically significantly preferred ethos over logos as well as aesthetics over ethos,
pathos, and logos. Participants that identified as female and non-binary statistically significantly preferred
ethos over both logos and pathos as well as aesthetics over both pathos and logos. For participants under

prefer not to mention, no statistically significant preferences were observed.

Likert scale questions and analysis of the t-test for varying awareness of participants are given in
Table A.9 and Table A.10. Participants with tremendous awareness statistically significantly preferred
pathos over logos, ethos over both logos and pathos, as well as aesthetics over ethos, pathos, and logos.
The participants with high and little awareness had similar preferences as they statistically significantly
preferred ethos over logos and aesthetics over both pathos and logos. Lastly, participants with moderate
awareness statistically significantly preferred aesthetics over both pathos and logos. Likert scale questions
and analysis of the t-test for variable participant recycling effort are given in Table A.11 and Table A.12.
Participants with tremendous and moderate recycling efforts had similar preferences as they statistically
significantly preferred aesthetics over ethos, pathos, and logos. Participants with high recycling efforts
statistically significantly preferred ethos over logos as well as aesthetics over both pathos and logos.
Participants with little recycling efforts statistically significantly preferred both ethos and aesthetics over
pathos. Lastly, participants with very little recycling effort statistically significantly preferred pathos over
logos as well as both aesthetics and ethos over logos. Table 5.9 shows the results for entropy calculations
as well as gives the reference questions from survey #1 that were reworded. It can be observed from Table
5.10 that entropy decreased for Q55, Q56, Q58, and Q59. Only Q57 had an increase in entropy by 3.94%.

Overall, for 5 questions, the entropy decreased by 10.56%.
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5.5 Conclusion

The purpose of this chapter was to further examine the results from Chapter 3 regarding
segmenting the general population to effectively motivate them for sustainable efforts. From the results
and analysis of the multiple choice questions, it can be observed that for assigning the CCBs to the reuse
bin, the general population preferred aesthetics and ethos over pathos and logos. This indicates that both
ethos and aesthetics persuasion techniques are preferred by the general population for assigning CCBs.
In the case of assigning the CCBs with respect to operant conditions, no significant preference was found.
In the case of returning the CCBs with the help of persuasion techniques and operant conditions, no
significant preference of a single persuasion technique over another or a single operant condition over
another was found. In the case of Likert scale questions, the results are similar to that of assigning the
CCBs to reuse bins, the general population preferred both ethos and aesthetics over logos and pathos.
This implies that both aesthetics and ethos are preferred by the general population to motivate
themselves for sustainable efforts. Survey #3 segments the general population based on their gender,
age, awareness of environment/climate change, and their current recycling efforts. The authors
conducted t-test and chi-square tests on the results and evaluated each sub-category for assigning/
returning the CCBs with respect to persuasion techniques and operant conditions. It can be concluded
that no significant trend in the preferences was observed. This chapter also reexamines the use of entropy
to evaluate questions for confusion and/or for being double-barreled. The results for the five reworded
questions from survey #1 show that overall, the entropy decreased by 10.56%. As these five questions
were identified by authors to be confusing and double-barreled in survey #1, they reworded them to make
them clearer and more direct. It can be concluded that entropy may be used in some cases to evaluate

the clarity/quality of the survey questions.

Overall, it can be concluded that the segmentation of the general population based on

demographics does not yield an effective way of incentivizing the general population for sustainable
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efforts. Also, to motivate the general population to conduct sustainable efforts, ethos and aesthetics are
preferred. This supports the claim from Chapter 3 about not segmenting the general population for
motivation as well as using ethos to motivate the general population. In terms of assigning the CCBs to
reuse bin and returning the CCBs to a specific location, it can be concluded that assigning the CCBs to the
reuse bin is preferred by the general population over returning them, which is considered in the life cycle

analysis for reusing the CCBs in Chapter 4.

The future scope and prospects of this study include identifying a way to convey the incentive
message as well as exploring different incentive delivering methods. As seen from the entropy
calculations, it is important to frame a clear incentive message which would need further research. The
use of the entropy concept as a tool to evaluate questionnaires would help future researchers to evaluate

their questions and improve them accordingly.
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6 GENERAL CONCLUSION

The purpose of this research was to propose a new process that increases sustainability efforts
and addresses the underlying problem regarding the current lifecycle of CCBs. Objectives number 1 and 2
of this research were addressed in Chapter 3. The results of Chapter 3 indicate that to incentivize the
general population to make certain sustainable efforts, a combined approach of persuasion techniques
and operant conditions can be used. Although the chapter explores 12 different types of incentives based
on combining persuasion techniques and operant conditions, it concludes that the most effective and
cost-efficient incentive is “positive reinforcement + ethos”. Here the general population is persuaded by
using ethos and to keep the general population in the loop to continue the sustainable effort multiple
times, positive reinforcement is used. The cost of positive reinforcement ethos incentive methods is $1.80
for each sustainable effort (reusing CCB in this case). Objective number 3 is addressed in Chapters 3 and
5. Both these chapters provide support for the conclusion that incenting the general population with a
generic method would be the most effective way of motivating them instead of segmenting the general
population. The research tries to segment the general population by their personality type, persuasion
type, operant conditions, age, gender, awareness of environment/climate change, and based on their
current recycling efforts. This research also explored two ways of collecting CCBs for reuse based on the
general population assigning the CCBs to reuse bins and the general population returning the CCBs to a
specific collection location. Chapter 5 results support the interpretation that the general population
preferred assigning the CCBs to a reuse bin over returning the CCBs. Objectives number 4 and 5 are
addressed in Chapter 4. It goes in-depth with the carbon emission of each phase of CCB. The life cycle
analysis conducted on CCB in Chapter 4 supports the interpretation that the current carbon emission of
CCBs is 4.46 kgCO;-eq. The chapter also conducts a life cycle analysis of CCB based on the proposed reuse

approach. The carbon emission of CCB over its life cycle (used once and reused once) as proposed would
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result in a carbon emission of 2.92 kgCO»-eq. Thus, the carbon emission saved by the reuse cycle for every
use is calculated to be 1.53 kgCOs-eq (34.44% less than current emissions). Chapter 4 also evaluates the
economic feasibility of the proposed reuse phase by conducting benefit-cost analysis as well as with
willingness-to-pay and marginal cost curves. The chapter concludes that from a financial and
environmental standpoint, the proposed reuse approach is economically feasible. This research also

concludes that entropy may be used to evaluate the questions from the survey for its clarity.

Overall, this research establishes a framework for a sustainability approach with economics,
analytics, and lifecycle analysis as elements to evaluate the scope of improvement in order to save carbon
emissions and promote sustainable solutions from a holistic approach. The future scope of this research
would be to figure out an effective way to put across the message of the incentive. Delivering the incentive
and implementing the reuse method physically would be additional future areas of research. This research
could be a basis to evaluate other sustainability efforts by using the proposed framework. Exploring the
application of the 16 types of incentives to different sustainable efforts would be important follow on of

this dissertation.
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APPENDIX A

Table A.1 Analysis of multiple-choice questions based on age.

18 to 30 31to 45 46 plus Prefer not to mention
Score | Chi*2 value P-value | Score | Chi*2 value P-value | Score | Chi*2 value P-value | Score | Chi*2 value | P-value
Ethos 46 46 33 5
Q7 28.69 24.89 20.63 5.00
Pathos 7 9 5 0
Ethos 28 36 26 3
Q8 0.17 0.68 5.26 5.16 0.20 0.6547
Logos 25 19 12 2
Ethos 20 24 20 2
Q9 3.19 0.0742 0.89 0.3452 0.11 0.7456 0.20 0.6547
Aesthetics 33 31 18 3
Pathos 17 33 23 3
Q10 6.81 2.20 0.138 1.68 0.19437 0.20 0.6547
Logos 36 22 15 2
Pathos 8 12 9 1
Ql1 25.83 17.47 10.53 1.80 0.1797
Aesthetics 45 43 29 4
Logos 22 14 6 1
Q12 1.53 13.26 17.79 1.80 0.1797
Aesthetics 31 41 32 4
Ethos 46 45 33 5
Q13 28.69 22.27 20.63 5.00
Pathos 7 10 5 0
Ethos 22 33 23 3
Q14 1.53 2.20 0.13801 1.68 0.19437 0.20 0.6547
Logos 31 22 15 2
Ethos 20 28 19 2
Q15 3.19 0.02 0.89274 0.00 1 0.20 0.6547
Aesthetics 33 27 19 3
Pathos 17 25 20 3
Qle 6.81 0.46 0.50018 0.11 0.7456 0.20 0.6547
Logos 36 30 18 2
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18 to 30 31to 45 46 plus Prefer not to mention
Score | Chi*2value | P-value | Score | Chi*2value | P-value | Score | Chi*2value | P-value | Score | Chi*2value | P-value
Pathos 8 9 10 1
Q17 25.83 24.89 8.53 1.80 0.1797
Aesthetics 45 46 28 4
Logos 29 23 8 1
Q18 0.47 0.4922 1.47 0.22492 12.74 1.80 0.1797
Aesthetics 24 32 30 4
Positive Reinforcement 23 30 28 4
Q19 0.93 0.3363 0.46 0.50018 8.53 1.80 0.1797
Positive Punishment 30 25 10 1
Positive Reinforcement 30 36 23 3
Q20 0.93 0.3363 5.26 1.68 0.19437 0.20 0.6547
Negative Punishment 23 19 15 2
Positive Reinforcement 24 22 18 2
Q21 0.47 0.4922 2.20 0.13801 0.11 0.7456 0.20 0.6547
Negative Reinforcement 29 33 20 3
Positive Punishment 40 36 10 1
Q22 13.76 5.26 8.53 1.80 0.1797
Negative Punishment 13 19 28 4
Positive Punishment 30 25 9 0
Q23 0.93 0.3363 0.46 0.50018 10.53 5.00
Negative Reinforcement 23 30 29 5
Negative Punishment 19 17 5 1
Q24 4.25 8.02 20.63 1.80 0.1797
Negative Reinforcement 34 38 33 4
Positive Reinforcement 31 29 29 4
Q25 1.53 0.2164 0.16 0.68583 10.53 1.80 0.1797
Positive Punishment 22 26 9 1
Positive Reinforcement 41 36 24 4
Q26 15.87 5.26 2.63 0.10476 1.80 0.1797
Negative Punishment 12 19 14 1
Positive Reinforcement 32 28 17 2
Q27 2.28 0.1308 0.02 0.89274 0.42 0.51641 0.20 0.6547
Negative Reinforcement 21 27 21 3
Positive Punishment 39 32 14 1
Q28 11.79 1.47 0.22492 2.63 0.10476 1.80 0.1797
Negative Punishment 14 23 24 4
Positive Punishment 36 26 7 0
Q29 6.81 0.16 0.68583 15.16 5.00
Negative Reinforcement 17 29 31 5
Q30 | Negative Punishment 21 2.28 0.1308 16 9.62 -I 9 10.53 0 5.00
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18 to 30 31to 45 46 plus Prefer not to mention
Score | Chi*2value | P-value | Score | Chi*2value | P-value | Score | Chi*2value | P-value | Score | Chi*2value | P-value
Negative Reinforcement 32 39 29 5
Table A.2 Analysis of multiple-choice questions based on gender.
Male Female Prefer not to mention Non-binary
Score | Chi*2 value P-value | Score | Chi*2 value P-value | Score | Chi*2 value | P-value | Score | Chi*2 value | P-value
Ethos 60 65 3 2
Q7 37.70 369.48 3.00 0.08326 2 0.1573
Pathos 9 12 0 0
Ethos 42 47 2 2
Q8 3.26 0.07095 3.75 0.05271 0.33 0.5637 2 0.1573
Logos 27 30 1 0
Ethos 32 32 1 1
Q9 0.36 0.54722 2.20 0.13848 0.33 0.5637 0 1
Aesthetics 37 45 2 1
Pathos 39 34 2 1
Q10 1.17 0.2786 1.05 0.30506 0.33 0.5637 0 1
Logos 30 43 1 1
Pathos 12 18 0 0
Qi1 29.35 21.83 3.00 0.08326 2 0.1573
Aesthetics 57 59 3 2
Logos 16 26 1 0
Q12 19.84 8.12 0.33 0.5637 2 0.1573
Aesthetics 53 51 2 2
Ethos 59 65 3 2
Q13 34.80 369.48 3.00 0.08326 2 0.1573
Pathos 10 12 0 0
Ethos 41 37 2 1
Q14 2.45 0.11758 0.12 0.73244 0.33 0.5637 0 1
Logos 28 40 1 1
Ethos 34 33 1 1
Q15 0.01 0.90418 1.57 0.21 0.33 0.5637 0 1
Aesthetics 35 44 2 1
Pathos 36 26 2 1
Qle 0.13 0.71798 8.12 0.33 0.5637 0 1
Logos 33 51 1 1
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Male Female Prefer not to mention Non-binary
Score | Chi*2value | P-value | Score | Chi*2value | P-value | Score | Chi*2value | P-value | Score | Chi*2 value | P-value
Pathos 13 15 0 0
Q17 26.80 28.69 3.00 0.08326 2 0.1573
Aesthetics 56 62 3 2
Logos 25 34 1 1
Q18 5.23 1.05 0.30506 0.33 0.5637 0 1
Aesthetics a4 43 2 1
Positive Reinforcement 41 41 3 0
Q19 2.45 0.11758 0.33 0.56881 3.00 0.08326 2 0.1573
Positive Punishment 28 36 0 2
Positive Reinforcement 39 51 P 0
Q20 1.17 0.2786 8.12 0.33 0.5637 2 0.1573
Negative Punishment 30 26 1 2
Positive Reinforcement 30 32 2 2
Q21 1.17 0.2786 2.20 0.13848 0.33 0.5637 2 0.1573
Negative Reinforcement 39 45 1 0
Positive Punishment 33 53 0 1
Q22 0.13 0.71798 10.92 3.00 0.08326 0 1
Negative Punishment 36 24 3 1
Positive Punishment 27 36 0 1
Q23 3.26 0.07095 0.33 0.56881 3.00 0.08326 0 1
Negative Reinforcement 42 41 3 1
Negative Punishment 18 22 1 1
Q24 15.78 14.14 0.33 0.5637 0 1
Negative Reinforcement 51 55 2 1
Positive Reinforcement 45 45 3 0
Q25 6.39 2.20 0.13848 3.00 0.08326 2 0.1573
Positive Punishment 24 32 0 2
Positive Reinforcement 42 59 3 1
Q26 3.26 0.07095 21.83 3.00 0.08326 0 1
Negative Punishment 27 18 0 1
Positive Reinforcement 35 41 2 1
Q27 0.01 0.90418 0.33 0.56881 0.33 0.5637 0 1
Negative Reinforcement 34 36 1 1
Positive Punishment 34 50 0 2
Q28 0.01 0.90418 6.87 3.00 0.08326 2 0.1573
Negative Punishment 35 27 3 0
Positive Punishment 26 41 0 2
Q29 4.19 0.33 0.56881 3.00 0.08326 2 0.1573
Negative Reinforcement 43 36 3 0
Negative Punishment 22 23 0 1
Q30 9.06 12.48 3.00 0.08326 0 1
Negative Reinforcement 47 54 3 1

Table A.3 Analysis of multiple-choice questions based on awareness.
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Tremendous High Moderate Little Very Little
Chir2 p- Chir2 Chir2 Chin2 P- Chin2 | P-
Score Score P-value | Score P-value | Score Score
value value value value value value value | value
Ethos 20 66 41 3 0
Q7 10.67 45.46 22.22 1 0317 - -
Pathos 4 8 8 1 31 0
Ethos 12 49 29 3 0
Q8 0.00 1 7.78 1.65 0.1985 1 0317 - -
Logos 12 25 20 4 1 31 0
Ethos 12 31 20 3 0
Q9 0.00 1 1.95 0.1630 1.65 0.1985 1 0.317 ) )
Aesthetics 12 43 2 29 4 1 31 0
Pathos 9 0.220 40 25 2 0
Q10 1.50 0.49 0.4855 0.02 0.8864 0.00 1 - -
Logos 15 67 34 24 2 0
Pathos 5 13 10 2 0
Q11 8.17 31.14 17.16 0.00 1 - -
Aesthetics 19 61 39 2 0
Logos 7 20 15 1 0
Q12 g 4.17 15.62 7.37 1 0317 - -
Aesthetics 17 54 34 3 31 0
Ethos 20 66 41 2 0
Q13 10.67 45.46 22.22 0.00 1 - -
Pathos 4 8 8 2 0
Ethos 12 43 23 6682 3 31 0
Q14 0.00 1 1.95 0.18 0.668 1 0317 - -
Logos 12 31 26 4 1 31 0
Ethos 12 37 18 2 0
Q15 0.00 1 0.00 1 3.45 0.0632 0.00 1 - -
Aesthetics 12 37 31 9 2 0
Pathos 9 33 20 3 0
Q16 150 0.220 0.87 0.3523 165 0.1985 1 0.317 ) )
Logos 15 67 41 8 29 4 1 31 0
Pathos 5 14 7 2 0
Q17 8.17 28.60 25.00 0.00 1 - -
Aesthetics 19 60 42 2 0
Logos 8 31 20 2 0
Q18 2.67 0.102 1.95 0.1630 1.65 0.1985 0.00 1 - -
Aesthetics 16 47 43 2 29 4 2 0
Positive
X 12 44 28 1 0
Q19 Ezls?;c\)/;cement 0.00 1 265 0.1236 1.00 0.31173 1 0.:117 ) )
. 12 30 21 3 0
Punishment
Positive 0.220 0.1630 0.317
Q20 Reinforcement 15 1.50 67 43 1.95 ) 33 5.90 - 1 1 31 0 - -
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Tremendous High Moderate Little Very Little
Chir2 P- Chir2 Chir2 Chir2 P- Chir2 P-
Score Score P-value | Score P-value | Score Score
value value value value value value value | value
Negative
Punishment 9 31 16 - 3 0
Positive
6 37 22 1 0
Reinfi . .
Q21 [ o aEmE 6.00 0.00 1 os1 | 470 N . .
eative 18 37 27 3 0
Reinforcement
Pomishment 12 40 3 2 0
Q22 Negative 0.00 1 0.49 0.4855 5.90 0.00 1 - -
Punishment 12 34 16 2 0
Positive
R 8 33 21 2 0
Q23 :‘;”':E\Ze”t 267 | %% og7 | 03% oo | 037 0.00 1 . -
€ 16 41 28 2 0
Reinforcement
Negative
3 23 15 1 0
Punish :
Q24 N‘;n':ti\ze”t 13.50 10.60 7.37 1 0 :117 ; -
g 21 51 34 3 0
Reinforcement
Positive
. 15 49 27 2 0
Q25 Eg's?tfi‘\’/;ceme”t 1.50 0'62720 7.78 0.51 0.00 1 ; -
Punishment ? 25 22 2 0
Positive
X 15 51 36 3 0
Q26 Eee'"::riement 1.50 0'62720 10.60 10.80 1 0'33117 ; -
gatv 9 23 13 1 0
Punishment
Positive
10 40 28 1 0
Reinf t . . .
Q27 Nee'"a;\rfeeme“ 0.67 03214 049 | 0.4855 1.00 031173 1 033117 ; -
g 14 34 21 3 0
Reinforcement
Positive
Punishment 13 0.683 39 0.6419 31 0.0632 3 0.317 0
Q28 Neeati 0.17 09 0.22 4 3.45 9 1 31 - -
egative 11 35 18 1 0
Punishment
Positive
9 33 25 2 0
Punish t . :
Q29 N‘;”:ﬁ\'/‘;e” 150 | © 6?720 0.87 038523 0.02 | 0.8864 0.00 1 ; ;
6 15 41 24 2 0
Reinforcement
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Tremendous High Moderate Little Very Little
Chir2 Chir2 Chir2 P- Chir2 P-
Score Score P-value | Score P-value | Score Score
value value value value value | value
Negative
Pur%ishment 3 23 18 0.0632 2 0
Q30 Negative 10.60 3.45 ’ 9 0.00 1 - -
.g 21 51 31 2 0
Reinforcement
Table A.4 Analysis of multiple-choice questions based on recycling efforts.
Tremendous High Moderate Little Very Little
HAS in in HAS in
Score Chi"2 P-value Score Chir2 P-value Score Chit2 P-value Score Chin2 P-value | Score Chit2 P-value
value value value value value
Ethos 5 0.2568 62 50 12 1
Q7 1.29 ' 39.56 34.57 7.143 0.333 0.5637
Pathos 2 4 9 6 2 2
Ethos 4 0.7054 45 35 7 2
Q8 0.14 ' 5.09 3.50 0.06137 0 1 0.333 0.5637
Logos 3 6 26 21 7 1
Ethos 4 0.7054 28 29 3 2
Q9 0.14 ’ 3.17 0.07505 0.07 0.78927 4,571 0.333 0.5637
Aesthetics 3 6 43 27 11 1
Pathos 3 35 31 5 2
Qlo 0.14 0.7054 0.01 0.90553 0.64 0.42268 1.14 0.2850 0.333 0.5637
Logos 4 6 36 25 9 5 1
Pathos 2 0.2568 13 11 2 2
Q11 1.29 28.52 20.64 7.143 0.333 0.5637
Aesthetics 5 4 58 45 12 1
Logos 3 18 17 4 1
Q12 0.14 0.7054 7.25 8.64 2.571 0.1088 0.333 0.5637
Aesthetics 4 6 53 39 10 1 2
Ethos 5 0.2568 63 49 11 1
Q13 1.29 ’ 42.61 31.50 4,571 0.333 0.5637
Pathos 2 4 8 7 3 2
Ethos 3 0.7054 35 34 7 2
Q14 0.14 ’ 0.01 0.90553 2.57 0.10881 0 1 0.333 0.5637
Logos 4 6 36 22 7 1
Ethos 4 0.7054 32 29 2 2
Q15 0.14 ’ 0.69 0.40612 0.07 0.78927 7.143 0.333 0.5637
Aesthetics 3 6 39 27 12 1
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Tremendous High Moderate Little Very Little
HAY A A LY HAY
Score Chir2 P-value | Score Chir2 P-value | Score Chit2 P-value Score Chi"2 P-value | Score Chi*2 P-value
value value value value value
Pathos 3 25 30 5 2
Ql6 0.14 0.7054 6.21 0.29 0.59298 1.14 0.2850 0.333 0.5637
Logos 4 6 46 26 9 5 1
Pathos 2 0.2568 12 10 2 2
Q17 1.29 ’ 31.11 23.14 7.143 0.333 0.5637
Aesthetics 5 4 59 46 12 1
Logos 4 0.7054 26 23 7 1
Q18 0.14 5.09 1.79 0.18145 0 1 0.333 0.5637
Aesthetics 3 6 45 33 7 2
Positive 6 40 30 7 2
Q19 Reinforcement 3.57 0.5878 1.14 0.28547 0.29 0.59298 0 1 0.333 0.5637
Positive Punishment 1 31 26 7 1
Positive
4 42 33 11 2
Reinf .
Qo [Reinforcement 01a | 07054 238 | 0.12288 179 | 0.18145 4571 0333 | 0.5637
Negative 6
: 3 29 23 3 1
Punishment
Positive
4 32 21 7 2
Reinf .
Q21 |Seinforcement 01a | 07054 069 | 0.40612 350 | 0.06137 0 1 0333 | 0.5637
Negative 6
h 3 39 35 7 1
Reinforcement
Positive Punishment 3 0.7054 39 37 7 1
Q22 [TNegative 0.14 ' 0.69 | 0.40612 5.79 0 1 0333 | 0.5637
. 4 6 32 19 7 2
Punishment
Positive Punishment 2 29 27 6 0
Q23 ["Negative 129 | 0268 238 | 0.12288 0.07 0.78927 0.29 0-929 3 0.0832
. 5 4 42 29 8 8 3 6
Reinforcement
Negative
. 0 15 19 8 0
Q24 Z‘;”:E\Ze"t 7.00 23.68 5.79 0.29 0'5:29 3 0'0232
6 7 56 37 6 3
Reinforcement
Positive 6 44 33 7 3 0.0832
Q25 Reinforcement 3.57 0.5878 4.07 1.79 0.18145 0 1 3 ' 6
Positive Punishment 1 27 23 7 0
Positive
. 4 50 38 10 3
Q26 ’F\{lzlnfsrcement 014 0.7254 11.85 714 2571 0.1;)88 3 0.0:32
gative 3 21 18 4 0
Punishment
Positive
. 4 38 26 9 2
qp7 | Reinforcement 014 | 07054 035 | 055292 029 | 059298 114 | 02850 0333 | 0.5637
Negative 6 5
) 3 33 30 5 1
Reinforcement
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Tremendous High Moderate Little Very Little
Score Chin2 P-value Score Chi"2 P-value Score Chi"2 P-value Score Chin2 P-value | Score Chin2 P-value
value value value value value
Positive Punishment 3 39 36 6 2
0.7054 0.5929
Q28 N 0.14 0.69 0.40612 457 0.29 0.333 | 0.5637
Negative 4 6 32 20 8 8 1
Punishment
Positive Punishment 1 30 30 8 0
0.5929 0.0832
Q29 Negative ; 3.57 0.5878 i 1.70 0.19174 e 0.29 ) 0.29 o ; 3 .
Reinforcement
Negative
: 1 17 19 9 0
Q30 ZZ;':E\TM 357 | 05878 19.28 5.79 1.14 0‘2;350 3 0‘0232
Reinforcement 6 >4 37 > 3
Table A.5 Results of Likert scale questions based on age.
Pref tt
1810 30 31to0 45 46 plus reternotto
answer
Aesthetics 4.3962 4.3091 4,1474 3.8400
Ethos 4.4038 4.2509 3.9684 3.5600
Logos 3.6302 3.4327 3.2684 3.3200
Pathos 4.0566 4.0509 3.8737 3.3200
Table A.6 Analysis of Likert scale questions based on age.
Pref tt
18 to 30 31to45 46 plus reternotto
) . . answer
Comparison of persuasion techniques
t-value t-value | p-value | t-value | p-value | t-value | p-value
Ethos with Pathos 2.4775 1.6998 0.0638 0.6957 0.2532 1.5492 0.0800
Ethos with Logos 1.8073 0.5535 | 0.2975
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Aesthetics with Ethos

0.1021

Aesthetics with Pathos

2.5767

Aesthetics with Logos

1.8009

Logos with Pathos

0.9654

Table A.7 Results of Likert scale questions based on gender.

Male Female Non-binary Prf::;:ig';to
Aesthetics 4.2667 4.3169 4.3000 3.8000
Ethos 4.1362 4.2961 4.3000 3.6667
Logos 3.4667 3.4753 2.9000 3.1333
Pathos 3.9362 4.0494 3.9000 3.4667
Table A.8 Analysis of Likert scale questions based on gender.
Male Female Non-binary Prefer n‘ot to
Comparison of persuasion techniques mention
t-value | p-value | t-value | p-value | t-value | p-value | t-value | p-value
Ethos with Pathos 1.5922 | 0.0750 | 1.9404 1.5000 | 0.0860
Ethos with Logos 2.5019 | 1.9151 | 2.4558 0.9631 | 0.1819
Aesthetics with Ethos 2.1502 | 0.3018 | 0.3852 | 0.0000 1.0000 | 0.1733
Aesthetics with Pathos 2.5099 | 2.2410 | 2.5298 1.7678 | 0.0575
Aesthetics with Logos 2.9573 | 1.9739 | 2.4558 1.1704 | 0.1378
Logos with Pathos 1.6080 | 0.0733 1.3060 | 0.1139 1.7678 | 0.0575 0.5852 0.2873
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Table A.9 Results of Likert scale questions based on awareness.

Tremendous High Moderate Little
Aesthetics 4.4417 4.2892 4.1592 4.7500
Ethos 4.5167 4.2216 4.0204 4.5000
Logos 3.2750 3.5027 3.4694 3.5500
Pathos 4.0833 4.0541 3.8286 4.0000

Table A.10 Analysis of Likert scale questions based on awareness.

Comparison of persuasion techniques

Tremendous

High

Moderate

Little

t-value

Ethos with Pathos

3.1853

Ethos with Logos

3.0815

Aesthetics with Ethos

1.1339

Aesthetics with Pathos

2.6849

Aesthetics with Logos

2.9016

Logos with Pathos

1.9279

0.1448

t-value

p-value

t-value

p-value

t-value | p-value

1.6430

20052

0.0695

1.1981

0.1326

1.5811 | 0.0763

1.5162

0.0840

3.1667

1.7712

0.0572

00250 | 100> [ho0den

1.8257

Table A.11 Results of Likert scale questions based on recycling efforts.

Tremendous High Moderate Little Very Little
Aesthetics 4.0000 4.4423 4.1714 3.9714 4.7333
Ethos 3.6857 4.4225 4.0250 3.9714 5.0000
Logos 2.9143 3.4676 3.5429 3.4286 3.0000
Pathos 3.7429 4.2056 3.8250 3.4286 4.8667
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Table A.12 Analysis of Likert scale questions based on recycling efforts.

Comparison of Tremendous High Moderate Little Very Little
persuasion techniques t-value p-value t-value | p-value | t-value | p-value | t-value t-value p-value

Ethos with Pathos 0.4851 | 03203 | 17764 | 0.0568 | 1.3724 | 0.1036 | 3.5590 1.0000 | 0.1733
Ethos with Logos 15335 | 0.0818 | 2.4008 1.5081 | 0.0850 | 1.6522

Aesthetics with Ethos 2.5575 0.0000 | 0.5000 | 1.3720 | 0.1037
Aesthetics with Pathos 2.4495

Aesthetics with Logos 2.1705

Logos with Pathos 1.6605
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APPENDIX B

Survey questionnaires for Survey #1:

Q1. Select one from the following options that you feel describes you the best of the four choices.

Q2.

While walking in the park, when | see a plastic bag on a footpath, | pick up the bag and throw it
in the recycling bin to reduce pollution.

| participate in a survey only if the organizer will give me some kind of cash reward.

| would participate in a charity fundraiser program to help the needy.

| prefer things based on their appearance over their performance.

Select one of the following that suits you best.

If my company would give a reward to the employees who work on weekends, | would definitely
work on some/all the weekends to get that reward.

| prefer working late hours sometimes just to prevent the long lectures from my boss about not
completing the task.

Even if the street is empty, | would prefer to walk the extra distance to cross the street at a
crosswalk rather than jaywalking. The penalty for jaywalking in Colorado can be up to $100.
After hearing that | can be a potential candidate for a promotion, | am working more than usual

because | fear | might lose the promotion opportunity if | don’t work hard.

Q3. You are totally exhausted because of a busy week which was difficult and disappointing. How do you

plan to spend your weekend? (Question modified from one originally presented on the Brightside

website).
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¢ | would call my friends to check on their plans for the weekend. | would then plan with everyone
to go to one of the following: the newly-opened restaurant/the new highly-rated comedy in the
cinemas/the paintball club.

e | will turn my phone to “silent mode” and stay at home. | would watch the new episode of my

favorite TV series, do a puzzle, and take a long bath with a novel.

Q4. Which of the following descriptions suits you more? (Question modified from one originally

presented on the Brightside website).

e | pay attention to details and assess real situations, because the most important thing for me is
about what’s happening now and here.
e Facts are not so exciting! | love to play and dream over upcoming events in my mind as | rely

more on intuition than on information.

Q5. A competitor of your current employer is trying to entice you. You have some doubts because the
salary is much higher there when compared to the current employer. But the staff at your current
employer is great. Moreover, the head of your department hinted that he will recommend you to be the
boss when he retires. How are you going to make a decision? (Question modified from one originally

presented on the Brightside website).

¢ | will find all the available information about the competitor and ask my HR manager for advice. |
would then draw a chart with all the merits and demerits of both the companies. In such cases,
it is important to weigh up all the advantages and disadvantages and assess the situation with a
calm mind.

e | usually follow my heart! So, | will just listen to my feelings and make a decision.

Q6. Your close friends’ wedding is just two weeks away. How are your preparations going? (Question

modified from one originally presented on the Brightside website).
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¢ Three weeks ago, | brought a new suit for the wedding/chose the keyboard player who will play
a medley of our school songs/collected the couple’s photo love story/wrote a poem/made an
appointment with the stylist. | prefer to be fully prepared.

e Why prepare? | will be enjoying myself at the party and having fun. | will improvise my wedding

toast. The best things happen spontaneously.

Likert Scale questionnaire:

Five Options to each question below—(Strongly agree, Somewhat agree, Neither agree nor disagree,

Somewhat disagree and Strongly disagree.)

Q7. | take additional effort to complete a task if | receive a cash reward after completing it.

Q8. | sometimes ignore going the extra mile even if | know | will be rewarded with cash.

Q9. | would walk for a mile to get to my destination rather than book a cab to save money.

Q10. | will devote a couple of hours per month to watch a short lecture per month if | receive a cash

reward.

Q11. I don’t participate in a survey if they don’t give me some kind of reward (cash, coupon, etc), as |

think it is a waste of my time.

Q12. I do things that are ethically correct even if | don’t necessarily want to do them.

Q13. I would prefer driving an electric car over gasoline cars, even if the electric cars are costlier,

because | believe it will reduce pollution.

Q14. | prefer plastic bags over fabric bags in grocery stores because fabric bags are expensive and plastic

bags are free.
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Q15. | would help my friend on an exam even if it is against my ethics because a friend in need is a friend

indeed.
Q16. | would participate in an activity that is against my ethics if | get a suitable reward for it.

Q17.1 sometimes feel bad for the less fortunate, so | donate food/money to them while coming from

grocery shopping.

Q18. | would make a donation for cleaning random lakes or beaches in the world, because | fear that

aquatic life will be affected by man-made pollution.
Q19. | would bring a souvenir from a fun place as a memory.

Q20. | try to reduce carbon emissions from my side because | fear global warming will affect human

beings in the future.
Q21. I would choose the decision made by my mind over the heart.

Q22. | would choose a stylish car that has a great color/artwork on it over a boring-looking car with high

mileage.

Q23. | prefer a restaurant with good food quality over a restaurant with a pleasant ambience.
Q24. | wear clothes that look good on me even if they are not that comfortable.

Q25. | like to decorate my room with the cool things that I like.

Q26. | would buy option “b” over “a”. Even if “b” is expensive. (Refer Figure Al).

a b

- o
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Figure Al. Reference figure comparing two glasses.

Q27. 1 tend to complete my work on time, before deadline, to impress my boss and receive praise.

Q28. If | know | could receive a reward for completing some tasks, | give my 100% to complete that task.

Q29. | would think of buying an electric car because the federal government gives tax credits to those

who buy an electric vehicle.

Q30. | tend to make an extra effort in my work only when | know | will be rewarded for doing it.

Q31. | would usually travel an extra mile for a coffee if | know | will be rewarded by the best coffee in the

town!

Q32. | like to clean my work desk every day so that | avoid losing important documents/things.

Q33. I try to complete assignments before deadline to avoid penalties.

Q34. | always charge my phone/carry a power bank before leaving home to avoid having a discharged

phone.

Q35. While cooking | tend to use less salt than the recipe calls for, as | can always add salt later.

Q36. | tend to charge my laptop before a meeting to avoid running out of power during the meeting.

Q37. | avoid working overtime, even if my work is past deadline, since | could be penalized for going into

overtime.

Q38. | avoid jaywalking even on a side street to avoid a fine.

Q39. | try to pay my credit card bill on time because if | don’t, they would penalize me.

Q40. | try to pay my rent on time because if | don’t, my landlord penalizes me.

Q41. | always avoid parking my car in no parking area because if | do, the authorities can tow my vehicle.
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Q42. | pay the Wi-Fi bill on time because if don’t then | could lose Wi-Fi as well as my TV privileges that

come with it.

Q43. | work hard at my job because | know my boss can demote me if | don’t.

Q44. | keep on subscribing to Amazon prime so that | can get prime delivery as well as prime video

privileges.

Q45. | always maintain the minimum balance on my debit card to avoid losing my cash reward.

Q46. | avoid being late to work because | don’t like to miss the best parking slot. Multiple-choice

questions below:

Q47. Select one of the following options which appeal to you the most for recycling cardboard boxes.

Congratulations! Recycling this box will give you “5” dollars. Recycling 2 boxes/month could give

you “120” dollars/year!

Congratulations! You are contributing to saving the planet earth!

Thank you! Your recycling of this box is contributing to healing the ozone layer!

Good job! By recycling this box you are keeping our environment clean.

Q48. Select one of the following options which appeal to you the most for recycling cardboard boxes.

Recycling this box will save 20% of the shipping charges on your mail.

e Recycling “20” boxes will save “5” liters of oil which would contribute to preventing Global
Warming.

e Thank you! Your recycling of this box is contributing to saving Florida panthers.

e Good job! By recycling this box you are preventing it from adding it to the landfill.
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Q49. Select one of the following options which appeal to you the most for recycling cardboard

boxes.

Failing to recycle this box will get you off the priority delivery option for your mail/package
delivery: only people who recycle 5 boxes/month get to be on the priority delivery list.

¢ Failing to recycle this box will increase pollution by 3 kgCO2eq. amount of carbon emission.
¢ Failing to recycle this box will increase global warming.

¢ Failing to recycle this box will increase the dirty landfills.

Q50. Select one of the following options which appeal to you the most for recycling cardboard

boxes.

Failing to recycle this box will prevent you from getting a discount on the shipping cost.

Failing to recycle this box will increase the depletion of fossil fuels.

Failing to recycle this box will decrease the chances of saving polar bears.

Failing to recycle this box will make our environment dirty.

Q51. Select one of the following options which appeal to you the most for recycling cardboard

boxes.

Congratulations! Recycling this box will give you “5” dollars. Recycling 2 boxes/month could give
you “120” dollars/year!

¢ Recycling this box will save 20% of the shipping charges on your mail.

¢ Failing to recycle this box will get you off the priority delivery option for your mail/package
delivery: only people who recycle 5 boxes/month get to be on the priority delivery list.

¢ Failing to recycle this box will prevent you from getting a discount on the shipping cost.
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Q52. Select one of the following options which appeal to you the most for recycling cardboard

boxes. Z

Congratulations! You are contributing to saving the planet!

e Recycling “20” boxes will save “5” liters of oil which would contribute to preventing Global
Warming.

¢ Failing to recycle this box will increase pollution by 3 kgCO2eq. amount of carbon emission.

e Failing to recycle this box will increase the depletion of fossil fuels.

Q53. Select one of the following options which appeal to you the most for recycling cardboard

boxes.

Thank you! Your recycling of this box is contributing to healing the ozone layer!

Thank you! Your recycling of this box is contributing to saving Florida panthers.

Failing to recycle this box will increase Global warming.

Failing to recycle this box will decrease the chances of saving polar bears.

Q54. Select one of the following options which appeal to you the most for recycling cardboard

boxes.

Good job! By recycling this box, you are keeping our environment clean.

Good job! By recycling this box, you are preventing it from being added to the landfill.

Failing to recycle this box will increase the size of the landfill.

Failing to recycle this box will make our environment dirty.

Q55. Please provide your personality type if you can. (If you don’t know, you can use this website

36] (optional). Text entry -

True or False questions below:
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Q56.

Q57.

Q58.

Q59.

Q60.

Q61.

Q62.

Q63.

It is easy for me to make new friends.

| like to initiate talking even if it is with a stranger.

| tend to think more about the future than the present.

| tend to think more conceptually than practically.

For me, fair judgment is more important than compassion.

For me, appreciation is more important than the medals | receive.

| prefer my vacations to be spontaneous rather than planned.

| don’t like routines.
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APPENDIX C

Survey questionnaires for Survey #2:

The first question is different in survey #2. This question was dependent on the participants’ operant
conditioning preferences and persuasion preferences. The four options for this question were $1/reused
cardboard box, $3/reused cardboard box, $5/reused cardboard box, and another amount which is more

than $5/reused box (please specify). So, there are fifteen unique first questions as follows:

Positive Reinforcement Aesthetic:

We want to incentivize you by donating to the charitable organization of your choice that prevents the
addition of trash in the landfills for each cardboard box you reuse. What is the minimum amount of

money that should be donated for you to reuse the boxes instead of disposing of them?

Positive Reinforcement Logos:

We want to incentivize you by giving a cash reward for each cardboard box you reuse. What is the
minimum amount of money that should be rewarded for you to reuse the boxes instead of disposing of

them?

Positive Reinforcement Ethos:

We want to incentivize you by donating to the charitable organization of your choice that is trying to
reduce pollution to save the planet for every cardboard box you reuse. What is the minimum amount of
money that should be donated for you to reuse the boxes instead of disposing of them? Positive

Reinforcement Pathos:
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We want to incentivize you by donating to the charitable organization of your choice that is making an
effort to heal the ozone layer for each cardboard box you reuse. What is the minimum amount of

money that should be donated for you to reuse the boxes instead of disposing them?

Negative Reinforcement Aesthetics:

We want to incentivize you by donating to the charitable organization of your choice that cleans the
trash in your city for each cardboard box you reuse. What is the minimum amount of money that should

be donated for you to reuse the boxes instead of disposing of them?

Negative Reinforcement Logos:

We want to incentivize you by saving money off your shipping charges on your mail for every cardboard
box you reuse. What is the minimum amount of money that should be saved in the shipping charges for

you to reuse the boxes instead of disposing of them?

Negative Reinforcement Ethos:

We want to incentivize you by donating to the charitable organization of your choice that is making an
effort to prevent global warming for each cardboard box you reuse. What is the minimum amount of

money that should be donated for you to reuse the boxes instead of disposing of them?

Negative Reinforcement Pathos—No participant in this category

Positive Punishment Aesthetics:

We want to incentivize you by threatening to eliminate the donation to the charitable organization that
is making an effort to decrease the dirty landfills for every cardboard box you fail to reuse. What is the
minimum amount of money that, if eliminated from the donation, would incentivize you to reuse the

boxes instead of disposing of them?
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Positive Punishment Logos:

We want to incentivize you by threatening to increase the shipping charges on your mail for every
cardboard box you fail to reuse. What is the minimum amount of money that, if increased in the

shipping cost would incentivize you to reuse the boxes instead of disposing of them?

Positive Punishment Ethos:

We want to incentivize you by the threat of eliminating the donation to the charitable organization of
your choice that is making an effort to decrease pollution for every cardboard box you fail to reuse.
Thus, failing to reuse the cardboard box would increase pollution. What is the minimum amount of
money that, if eliminated from the donation, would incentivize you to reuse the boxes instead of

disposing of them?

Positive Punishment Pathos:

We want to incentivize you by threatening to eliminate the donation to the charitable organization of
your choice that is making an effort to decrease global warming for each cardboard box you fail to
reuse. Eliminating this donation increases global warming. What is the minimum amount of money if

eliminated from the donation would incentivize you to reuse the boxes instead of disposing them?

Negative Punishment Aesthetics:

We want to incentivize you by the threat of eliminating the donation of your share to the charitable
organization that is making an effort to keep our environment clean for every cardboard box you fail to
reuse. What is the minimum amount of money that, if eliminated from the donation, would incentivize

you to reuse the boxes instead of disposing of them?

Negative Punishment Logos:
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We want to incentivize you by threatening to eliminate the cash reward for every cardboard box you fail
to reuse. What is the minimum amount of money that, if eliminated from the cash reward, would

incentivize you to reuse the boxes instead of disposing of them?

Negative Punishment Ethos:

We want to incentivize you by the threat of eliminating the donation to the charitable organization of
your choice that is making an effort to decrease the depletion of fossil fuel for every cardboard box you
fail to reuse. What is the minimum amount of money that, ifeliminated from the donation, would

incentivize you to reuse the boxes instead of disposing of them?

Negative Punishment Pathos:

We want to incentivize you by threatening to eliminate the donation to the charitable organization of
your choice that is making an effort to save polar bears for each cardboard box you fail to reuse. What is
the minimum amount of money if eliminated from the donation would incentivize you to reuse the

boxes instead of disposing of them?

The remaining 12 multiple-choice questions were dependent upon the participants’ persuasion
preferences. The four options to this question were $1/reused cardboard box, S3/reused cardboard box,
S5/reused cardboard box, and another amount which is more than $5/reused box (please specify). So,
below are the four sets of 12 questions that were asked in survey #2 depending upon the participants’

persuasion preferences:

Persuasion preferences—Aesthetics:

Q2. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that prevents the addition of trash to the landfill for each cardboard box you reuse. (New

plan)—We want to incentivize you by donating to the charitable organization of your choice that cleans
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the trash in your city for each cardboard box you reuse. We want to move you from your current
incentivization plan to the new one. What is the minimum amount of money that should be donated in

the new plan for you to reuse the boxes instead of disposing of them?

Q3. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that cleans the trash in your city for each cardboard box you reuse. (New plan)—We want to
incentivize you by donating to the charitable organization of your choice that prevents the addition of
trash in the landfills for each cardboard box you reuse. We want to move you from your current
incentivization plan to the new one. What is the minimum amount of money that should be donated in

the new plan for you to reuse the boxes instead of disposing of them?

Q4. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that cleans the trash in your city for each cardboard box you reuse. (New plan)—We want to
incentivize you by the threat of eliminating the donation of your share to the charitable organization
that is making an effort to keep our environment clean for every cardboard box you fail to reuse. We
want to move you from your current incentivization plan to the new one. What is the minimum amount
of money that, if eliminated from the new plan, would incentivize you to reuse the boxes instead of

disposing of them?

Q5. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization that is making an effort to keep our environment clean for every cardboard box
you fail to reuse. (New plan)—We want to incentivize you by donating to the charitable organization of
your choice that is trying to keep our environment clean for every cardboard box you reuse. We want to
move you from your current incentivization plan to the new one. What is the minimum amount of

money that should be donated in the new plan for you to reuse the boxes instead of disposing of them?
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Q6. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is keeping our environment clean for each cardboard box you reuse. (New plan)— We
want to incentivize you by threatening to eliminate the donation to the charitable organization that is
making an effort to decrease the dirty landfills for every cardboard box you fail to reuse. We want to
move you from your current incentivization plan to the new one. What is the minimum amount of
money that, if eliminated from the new plan, would incentivize you to reuse the boxes instead of

disposing of them?

Q7. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization that is making an effort to decrease the dirty landfills for every cardboard box
you fail to reuse. Eliminating this donation increases the dirty landfills in your city. (New plan)—We want
to incentivize you by donating to the charitable organization of your choice that is making an effort to
keep our environment clean for each cardboard box you reuse. We want to move you from your current
incentivization plan to the new one. What is the minimum amount of money that should be donated in

the new plan for you to reuse the boxes instead of disposing of them?

Q8. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that prevents the addition of waste in landfills for each cardboard box you reuse. (New
plan)—We want to incentivize you by threatening to eliminate the donation to the charitable
organization that is making an effort to decrease the dirty landfill for each cardboard box you reuse. We
want to move you from your current incentivization plan to the new one. What is the minimum amount
of money that, if eliminated from the new plan, would incentivize you to reuse the boxes instead of

disposing of them?

Q9. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the

charitable organization that cleans the trash in your city for each cardboard box that you fail to reuse.
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Eliminating this donation increases the dirty landfills in your city. (New plan)—We want to incentivize
you by donating to the charitable organization of your choice that prevents the addition of waste in the
landfills for each cardboard box you reuse. We want to move you from your current incentivization plan
to the new one. What is the minimum amount of money that should be donated in the new plan for you

to reuse the boxes instead of disposing of them?

Q10. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that prevents the addition of waste in the landfills for each cardboard box you reuse. (New
plan)—We want to incentivize you by the threat of eliminating the donation to the charitable
organization that is making an effort to keep our environment clean for each cardboard box you reuse.
We want to move you from your current incentivization plan to the new one. What is the minimum
amount of money that, if eliminated from the new plan, would incentivize you to reuse the boxes

instead of disposing of them?

Q11. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization that is making an effort to keep our environment clean for each cardboard
box you reuse. Eliminating this donation would make our city dirty. (New plan)—We want to incentivize
you by donating to the charitable organization of your choice that is making an effort to prevent the
addition of waste to the landfills for every cardboard box you reuse. We want to move you from your
current incentivization plan to the new one. What is the minimum amount of money that should be

donated in the new plan for you to reuse the boxes instead of disposing of them?

Q12. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization that cleans the trash in your city for each cardboard box you reuse.
Eliminating this donation would increase the trash in the city. (New plan)—We want to incentivize you

by the threat of eliminating the donation to the charitable organization that works to clean up trash in
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the city and landfill for each cardboard box you reuse. Eliminating this donation will take away the
chances of cleaning our city. We want to move you from your current incentivization plan to the new
one. What is the minimum amount of money that, if eliminated from the new plan, would incentivize

you to reuse the boxes instead of disposing of them?

Q13. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization that works to clean up trash in the city and landfill for each cardboard box
you reuse. Eliminating this donation would take away the chances of cleaning our city. (New plan)—We
want to incentivize you by the threat of eliminating the donation to the charitable organization that
cleans the trash in your city for each cardboard box you reuse. Eliminating this donation will increase the
trash in the city. We want to move you from your current incentivization plan to the new one. What is
the minimum amount of money that, if eliminated from the new plan, would incentivize you to reuse

the boxes instead of disposing of them?

Persuasion preferences—Logos:

Q2. (Current plan)—Currently you are being incentivized by getting a cash reward for each cardboard
box you reuse. (New plan)—We want to incentivize you by saving money off your shipping charges on
your mail for every cardboard box you reuse. We want to move you from your current incentivization
plan to the new one. What is the minimum amount of money that should be saved in the new plan for

you to reuse the boxes instead of disposing of them?

Q3. (Current plan)—Currently you are being incentivized by saving money off your shipping charges on
your mail for every cardboard box you reuse. (New plan)—We want to incentivize you by giving you a
cash reward for each cardboard box you reuse. We want to move you from your current incentivization
plan to the new one. What is the minimum amount of money that should be rewarded in the new plan

for you to reuse the boxes instead of disposing of them?
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Q4. (Current plan)—Currently you are being incentivized by getting a cash reward for each cardboard
box you reuse. (New plan)—We want to incentivize you by threatening to eliminate the cash reward for
every cardboard box you fail to reuse. We want to move you from your current incentivization plan to
the new one. What is the minimum amount of money that, if eliminated from the new plan, would

incentivize you to reuse the boxes instead of disposing of them?

Q5. (Current plan)—Currently you are being incentivized by the threat of eliminating the cash reward for
every cardboard box you fail to reuse. (New plan)—We want to incentivize you by giving a cash reward
for each cardboard box you reuse. We want to move you from your current incentivization plan to the
new one. What is the minimum amount of money that should be rewarded in the new plan for you to

reuse the boxes instead of disposing of them?

Q6. (Current plan)—Currently you are being incentivized by getting a cash reward for each cardboard
box you reuse. (New plan)—We want to incentivize you by threatening to increase the shipping charges
on your mail for every cardboard box you fail to reuse. We want to move you from your current
incentivization plan to the new one. What is the minimum amount of money that, if increased in the

shipping cost in the new plan, would incentivize you to reuse the boxes instead of disposing of them?

Q7. (Current plan)—Currently you are being incentivized by the threat of increasing the shipping charges
on your mail for every cardboard box you fail to reuse. (New plan)—We want to incentivize you by
giving a cash reward for each cardboard box you reuse. We want to move you from your current
incentivization plan to the new one. What is the minimum amount of money that should be rewarded in

the new plan for you to reuse the boxes instead of disposing of them?

Q8. (Current plan)—Currently you are being incentivized by saving money off your shipping charges on
your mail for every cardboard box you reuse. (New plan)—We want to incentivize you by threatening to

increase the shipping charges on your mail for every cardboard box you fail to reuse. We want to move
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you from your current incentivization plan to the new one. What is the minimum amount of money that,
if increased in the shipping cost in the new plan, would incentivize you to reuse the boxes instead of

disposing of them?

Q9. (Current plan)—Currently you are being incentivized by threatening to increase the shipping charges
on your mail for every cardboard box you fail to reuse. (New plan)—We want to incentivize you by
saving money off your shipping charges on your mail for every cardboard box you reuse. We want to
move you from your current incentivization plan to the new one. What is the minimum amount of

money that should be saved in the new plan for you to reuse the boxes instead of disposing of them?

Q10. (Current plan)—Currently you are being incentivized by saving money off your shipping charges on
your mail for every cardboard box you reuse. (New plan)—We want to incentivize you by threatening to
eliminate the cash reward for every cardboard box you fail to reuse. We want to move you from your
current incentivization plan to the new one. What is the minimum amount of money that, if eliminated

from the new plan, would incentivize you to reuse the boxes instead of disposing of them?

Q11. (Current plan)—Currently you are being incentivized by threatening to eliminate the cash reward
for every cardboard box you fail to reuse. (New plan)—We want to incentivize you by saving money off
your shipping charges on your mail for every cardboard box you reuse. We want to move you from your
current incentivization plan to the new one. What is the minimum amount of money that should be

saved in the new plan for you to reuse the boxes instead of disposing of them?

Q12. (Current plan)—Currently you are being incentivized by the threat of increasing the shipping
charges on your mail for every cardboard box you fail to reuse. (New plan)—We want to incentivize you
by the threat of eliminating the cash reward for every cardboard box you fail to reuse. We want to move
you from your current incentivization plan to the new one. What is the minimum amount of money if

eliminated from the new plan would incentivize you to reuse the boxes instead of disposing of them?
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Q13. (Current plan)—Currently you are being incentivized by the threat of eliminating the cash reward
for every cardboard box you fail to reuse. (New plan)—We want to incentivize you by threatening to
increase the shipping charges on your mail for every cardboard box you fail to reuse. We want to move
you from your current incentivization plan to the new one. What is the minimum amount of money if
increased in the shipping cost in the new plan would incentivize you to reuse the boxes instead of

disposing of them?

Persuasion preferences—Ethos:

Q2. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is trying to reduce pollution to save the planet for every cardboard box you reuse. (New
plan)—We want to incentivize you by donating to the charitable organization of your choice that is
making an effort to prevent global warming for each cardboard box you reuse. We want to move you
from your current incentivization plan to the new one. What is the minimum amount of money that

should be donated in the new plan for you to reuse the boxes instead of disposing of them?

Q3. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort to prevent global warming for each cardboard box you reuse. (New
plan)—We want to incentivize you by donating to the charitable organization of your choice that is
trying to reduce pollution to save the planet for every cardboard box you reuse. We want to move you
from your current incentivization plan to the new one. What is the minimum amount of money that

should be donated in the new plan for you to reuse the boxes instead of disposing of them?

Q4. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is trying to reduce pollution to save the planet for every cardboard box you reuse. (New
plan)—We want to incentivize you by the threat of eliminating the donation to the charitable

organization of your choice that is making an effort to decrease the depletion of fossil fuel for every
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cardboard box you fail to reuse. We want to move you from your current incentivization plan to the new
one. What is the minimum amount of money that, if eliminated from the new plan, would incentivize

you to reuse the boxes instead of disposing of them?

Q5. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization of your choice that is making an effort to decrease the depletion of fossil fuel for
every cardboard box you fail to reuse. (New plan)—We want to incentivize you by donating to the
charitable organization of your choice that is trying to reduce pollution to save the planet for every
cardboard box you reuse. We want to move you from your current incentivization plan to the new one.
What is the minimum amount of money that should be donated in the new plan for you to reuse the

boxes instead of disposing of them?

Q6. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is trying to reduce pollution to save the planet for every cardboard box you reuse. (New
plan)—We want to incentivize you by the threat of eliminating the donation to the charitable
organization of your choice that is making an effort to decrease pollution for every cardboard box you
fail to reuse. Thus, failing to reuse the cardboard box would increase pollution. We want to move you
from your current incentivization plan to the new one. What is the minimum amount of money that, if

eliminated from the new plan, would incentivize you to reuse the boxes instead of disposing of them?

Q7. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization of your choice that is making an effort to decrease pollution for every cardboard
box you fail to reuse. Thus, failing to reuse the cardboard box would increase pollution. (New plan)—We
want to incentivize you by donating to the charitable organization of your choice that is trying to reduce

pollution to save the planet for every cardboard box you reuse. We want to move you from your current
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incentivization plan to the new one. What is the minimum amount of money that should be donated in

the new plan for you to reuse the boxes instead of disposing of them?

Q8. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort to prevent global warming for each cardboard box you reuse. (New
plan)—We want to incentivize you by the threat of eliminating the donation to the charitable
organization of your choice that is making an effort to decrease pollution for every cardboard box you
fail to reuse. Thus, failing to reuse the cardboard box would increase pollution. We want to move you
from your current incentivization plan to the new one. What is the minimum amount of money that, if

eliminated from the new plan, would incentivize you to reuse the boxes instead of disposing of them?

Q9. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization of your choice that is making an effort to decrease pollution for every cardboard
box you fail to reuse. Thus, failing to reuse the cardboard box would increase pollution. (New plan)—We
want to incentivize you by donating to the charitable organization of your choice that is making an effort
in preventing global warming for each cardboard box you reuse. We want to move you from your
current incentivization plan to the new one. What is the minimum amount of money that should be

donated in the new plan for you to reuse the boxes instead of disposing of them?

Q10. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort to prevent global warming for each cardboard box you reuse. (New
plan)—We want to incentivize you by threatening to eliminate the donation to the charitable
organization of your choice that is making an effort to decrease the depletion of fossil fuel for every
cardboard box you fail to reuse. We want to move you from your current incentivization plan to the new
one. What is the minimum amount of money that, if eliminated from the new plan, would incentivize

you to reuse the boxes instead of disposing of them?
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Q11. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization of your choice that is making an effort to decrease the depletion of fossil fuel
for every cardboard box you fail to reuse. (New plan)—We want to incentivize you by donating to the
charitable organization of your choice that is making an effort in preventing global warming for each
cardboard box you reuse. We want to move you from your current incentivization plan to the new one.
What is the minimum amount of money that should be donated in the new plan for you to reuse the

boxes instead of disposing of them?

Q12. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization of your choice that is making an effort to decrease pollution for every
cardboard box you fail to reuse. Thus, failing to reuse carboard box would increase pollution. (New
plan)—We want to incentivize you by threatening to eliminate the donation to the charitable
organization of your choice that is making an effort to decrease the depletion of fossil fuel for every
cardboard box you fail to reuse. We want to move you from your current incentivization plan to the new
one. What is the minimum amount of money that, if eliminated from the new plan, would incentivize

you to reuse the boxes instead of disposing of them?

Q13. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization of your choice that is making an effort to decrease the depletion of fossil fuel
for every cardboard box you fail to reuse. (New plan)—We want to incentivize you by threatening to
eliminate the donation to the charitable organization of your choice that is making an effort to decrease
pollution for every cardboard box you fail to reuse. Thus, failing to reuse the cardboard box would
increase pollution. We want to move you from your current incentivization plan to the new one. What is
the minimum amount of money that, if eliminated from the new plan, would incentivize you to reuse

the boxes instead of disposing of them?
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Persuasion preferences—Pathos:

Q2. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice (that is making an effort to heal the ozone layer) for each cardboard box you reuse. (New
plan)—We want to incentivize you by donating to the charitable organization of your choice that is
making an effort to save Florida panthers for each cardboard box you reuse. We want to move you from
your current incentivization plan to the new one. What is the minimum amount of money that should be

donated in the new plan for you to reuse the boxes instead of disposing them?

Q3. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort to save Florida panthers for each cardboard box you reuse. (New
plan)—We want to incentivize you by donating to the charitable organization of your choice that is
making an effort to heal the ozone layer for each cardboard box you reuse. We want to move you from
your current incentivization plan to the new one. What is the minimum amount of money that should be

donated in the new plan for you to reuse the boxes instead of disposing them?

Q4. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort to heal the ozone layer for each cardboard box you reuse. (New
plan)—We want to incentivize you by threatening to eliminate the donation to the charitable
organization of your choice that is making an effort to save polar bears for each cardboard box you fail
to reuse. We want to move you from your current incentivization plan to the new one. What is the
minimum amount of money if eliminated from the new plan for you to reuse the boxes instead of

disposing them?

Q5. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization of your choice that is making an effort in saving polar bears for each cardboard

box you fail to reuse. (New plan)—We want to incentivize you by donating to the charitable organization
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of your choice that is making an effort to heal the ozone layer for each cardboard box you reuse. We
want to move you from your current incentivization plan to the new one. What is the minimum amount

of money that should be donated in the new plan for you to reuse the boxes instead of disposing them?

Q6. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort to heal the ozone layer for each cardboard box you reuse. (New
plan)—We want to incentivize you by threatening to eliminate the donation to the charitable
organization of your choice that is making an effort to decrease global warming for each cardboard box
you fail to reuse. Eliminating this donation increases global warming. We want to move you from your
current incentivization plan to the new one. What is the minimum amount of money if eliminated from

the new plan for you to reuse the boxes instead of disposing them?

Q7. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization of your choice that is making an effort to decrease global warming for each
cardboard box you fail to reuse. Which increases the global warming. (New plan)—We want to
incentivize you by donating to the charitable organization of your choice that is making an effort in
healing the ozone layer for each cardboard box you reuse. We want to move you from your current
incentivization plan to the new one. What is the minimum amount of money that should be donated in

the new plan for you to reuse the boxes instead of disposing them?

Q8. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort in saving Florida panthers for each cardboard box you reuse. (New
plan)—We want to incentivize you by threatening to eliminate the donation to the charitable
organization of your choice that is making an effort in decreasing global warming for each cardboard box

you fail to reuse. Eliminating this donation increases global warming. We want to move you from your
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current incentivization plan to the new one. What is the minimum amount of money if eliminated from

the new plan for you to reuse the boxes instead of disposing them?

Q9. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to the
charitable organization of your choice that is making an effort to decrease global warming for each
cardboard box you fail to reuse. Eliminating this donation increases global warming. (New plan)—We
want to incentivize you by donating to the charitable organization of your choice that is making an effort
to save Florida panthers for each cardboard box you reuse. We want to move you from your current
incentivization plan to the new one. What is the minimum amount of money that should be donated in

the new plan for you to reuse the boxes instead of disposing them?

Q10. (Current plan)—Currently you are being incentivized by donating to the charitable organization of
your choice that is making an effort to save Florida panthers for each cardboard box you reuse. (New
plan)—We want to incentivize you by threatening to eliminate the donation to the charitable
organization of your choice that is making an effort to save polar bears for each cardboard box you fail
to reuse. We want to move you from your current incentivization plan to the new one. What is the
minimum amount of money if eliminated from the new plan for you to reuse the boxes instead of

disposing them?

Q11. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization of your choice that is making an effort to save polar bears for each
cardboard box you fail to reuse. (New plan)—We want to incentivize you by donating to the charitable
organization of your choice that is making an effort to save Florida panthers for each cardboard box you
reuse. We want to move you from your current incentivization plan to the new one. What is the
minimum amount of money that should be donated in the new plan for you to reuse the boxes instead

of disposing them?
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Q12. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization of your choice that is making an effort to decrease global warming for each
cardboard box you fail to reuse. Eliminating this donation increases global warming. (New plan)—We
want to incentivize you by the threat of eliminating the donation to the charitable organization of your
choice that is making an effort to save polar bears for each cardboard box you fail to reuse. We want to
move you from your current incentivization plan to the new one. What is the minimum amount of

money if eliminated from the new plan for you to reuse the boxes instead of disposing them?

Q13. (Current plan)—Currently you are being incentivized by the threat of eliminating the donation to
the charitable organization of your choice that is making an effort to save polar bears for each
cardboard box you fail to reuse. (New plan)—We want to incentivize you by threatening to eliminate the
donation to the charitable organization of your choice that is making an effort to decrease global
warming for each cardboard box you fail to reuse. Eliminating this donation increases global warming.
We want to move you from your current incentivization plan to the new one. What is the minimum

amount of money if eliminated from the new plan for you to reuse the boxes instead of disposing them?

The remaining 12 questions were qualitative questions, following every question from Q2 onwards. The
gualitative question was an optional and open-ended question. The question asked was: “Please justify

your answer to the previous question if possible. (Optional question)”.
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APPENDIX D

Survey questionnaires for Survey #3:

Q1 Definitions:

Recycling process — You place the cardboard box in the dedicated recycle bin or return it to the

dedicated recycling yard, which is then recycled to make a new cardboard box.

Reusing process — You place the cardboard box in the dedicated reuse bin or return it to the dedicated
reuse yard, where it is reused for shipping goods, and then the cardboard box is cleaned and prepared

for another use.

e | understood the difference between these two processes.

Q2 Please enter your email id -

Q3 What gender do you identify as?

Male

Female

e Non-binary

Prefer not to answer

Q4 What is your age?

0-17 years old

18 — 30 years old

31-45yearsold

o A6+
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e Prefer not to answer

Q5 What are your current recycling efforts?

e Very lLittle
o Little
e Moderate
e High

e Tremendous

Q6 How much awareness do you have of the environment and climate change?

e Very lLittle
o Little
e Moderate
e High

e Tremendous

Q7 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e A charitable organization committed to preventing environmental degradation gets a suitable

donation for each box | assign to the reusing process.
e A charitable organization committed to helping Florida panthers from going extinct gets a

suitable donation for each box | assign to the reusing process.
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Q8 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e Acharitable organization committed to preventing environmental degradation gets a suitable
donation for each box | assign to the reusing process.

e | get a suitable cash reward for each box | assign to the reusing process.

Q9 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e Acharitable organization committed to preventing environmental degradation gets a suitable

donation for each box | assign to the reusing process.

e A charitable organization committed to keeping my city clean gets a suitable donation for each

box | assign to the reusing process.

Q10 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e A charitable organization committed to helping Florida panthers from going extinct gets a
suitable donation for each box | assign to the reusing process.

e | get a suitable cash reward for each box | assign to the reusing process.

Q11 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e A charitable organization committed to helping Florida panthers from going extinct gets a

suitable donation for each box | assign to the reusing process.

e A charitable organization committed to keeping my city clean gets a suitable donation for each

box | assign to the reusing process.
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Q12 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e | get a suitable cash reward for each box | assign to the reusing process.
e A charitable organization committed to keeping my city clean gets a suitable donation for each

box | assign to the reusing process.

Q13 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e A charitable organization committed to preventing environmental degradation gets a suitable
donation for each box | return to the reuse yard.
e A charitable organization committed to helping Florida panthers from going extinct gets a

suitable donation for each box | return to the reuse yard.

Q14 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e A charitable organization committed to preventing environmental degradation gets a suitable
donation for each box | return to the reuse yard.

e | get a suitable cash reward for each box | return to the reuse yard.

Q15 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e Acharitable organization committed to preventing environmental degradation gets a suitable

donation for each box | return to the reuse yard.
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e Acharitable organization committed to keeping my city clean gets a suitable donation for each

box | return to the reuse yard.

Q16 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e A charitable organization committed to helping Florida panthers from going extinct gets a
suitable donation for each box | return to the reuse yard.

e | get a suitable cash reward for each box | return to the reuse yard.

Q17 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e A charitable organization committed to helping Florida panthers from going extinct gets a
suitable donation for each box | return to the reuse yard.
e Acharitable organization committed to keeping my city clean gets a suitable donation for each

box | return to the reuse yard.

Q18 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e | get a suitable cash reward for each box | return to the reuse yard.
e A charitable organization committed to keeping my city clean gets a suitable donation for each

box | return to the reuse yard.

Q19 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—
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e | get a suitable cash reward for each box | assign to the reuse process.

e | get penalized with a suitable cash penalty for not assigning the boxes to the reuse process.

Q20 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e | get a suitable cash reward for each box | assign to the reuse process.
e My product discount is taken away from me which was offered to me for every cardboard box |

assign to the reuse process.

Q21 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e | get a suitable cash reward for each box | assign to the reuse process.

e My shipping charges are waived after | assign a suitable number of boxes to the reuse process.

Q22 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e | get penalized with a suitable cash penalty for not assigning the boxes to the reuse process.
e My product discount is taken away from me which was offered to me for every cardboard box |

assign to the reuse process.

Q23 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e | get penalized with a suitable cash penalty for not assigning the boxes for the reusing process.

e My shipping charges are waived after | assign a suitable number of boxes to the reuse process.
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Q24 Which one is more likely to influence you for assigning the cardboard box to the reuse bin rather

than the recycling bin—

e My product discount is taken away from me which was offered to me for every cardboard box |
assign to the reuse process.

e My shipping charges are waived after | assign a suitable number of boxes to the reuse process.

Q25 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e | get asuitable cash reward for each box | return to the reuse yard.

e | get penalized with a suitable cash penalty for not returning the boxes to the reuse yard.

Q26 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e | get a suitable cash reward for each box | return to the reuse yard.
e My product discount is taken away from me which was offered to me for every cardboard box |

return to the reuse yard.

Q27 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e | get a suitable cash reward for each box | return to the reuse yard.

e My shipping charges are waived after | return a suitable number of boxes to the reuse yard.

Q28 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —
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e | get penalized with a suitable cash penalty for not returning the boxes to the reuse yard.
e My product discount is taken away from me which was offered to me for every cardboard box |

return to the reuse yard.

Q29 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e | get penalized with a suitable cash penalty for not returning the boxes to the reuse yard.

e My shipping charges are waived after | return a suitable number of boxes to the reuse yard.

Q30 Which one is more likely to influence you for returning the cardboard box to the reuse yard rather

than the recycling yard —

e My product discount is taken away from me which was offered to me for every cardboard box |
return to the reuse yard.

e My shipping charges are waived after | return a suitable number of boxes to the reuse yard.

Q31 | am likely to assign a cardboard box to the reuse process rather than assigning it to the recycling
process if — (Strongly disagree, Somewhat disagree, Neither agree nor disagree, Somewhat agree , and

Strongly agree) (NO QUESTION)

Q32 A charitable organization committed to preventing environmental degradation gets a suitable

donation for each box | assign to the reuse process.

Q33 A charitable organization committed to helping Florida panthers from going extinct gets a suitable

donation for each box | assign to the reuse process.

Q34 | get a suitable cash reward for each box | assign to the reuse process.
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Q35 A charitable organization committed to keeping my city clean gets a suitable donation for each box |

assign to the reuse process.

Q36 A charitable organization trying to reduce global warming gets a suitable donation for each box |

assign to the reuse process.

Q37 | am likely to assign a cardboard box to the reuse process rather than assigning it to the recycling
process if — (Strongly disagree, Somewhat disagree, Neither agree nor disagree, Somewhat agree, and

Strongly agree) (NO QUESTION)

Q38 A charitable organization trying to repair the ozone layer gets a suitable donation for each box |

assign to the reuse process.

Q39 | save money off my shipping charges for each box | assign to the reuse process.

Q40 A charitable organization committed to preventing the addition of trash into landfills gets a suitable

donation for each box | assign to the reuse process.

Q41 A charitable organization committed to reducing pollution gets a suitable donation for each box |

assign to the reuse process.

Q42 A charitable organization committed to helping polar bears from going extinct gets a suitable

donation for each box | assign to the reuse process.

Q43 | am likely to assign a cardboard box to the reuse process rather than assigning it to the recycling
process if — (Strongly disagree, Somewhat disagree, Neither agree nor disagree, Somewhat agree, and

Strongly agree) (NO QUESTION)

Q44 | get a suitable discount on my favorite shopping brands for each box | assign to the reuse process.
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Q45 A charitable organization committed to cleaning the trash in my city gets a suitable donation for

each box | assign to the reuse process.

Q46 A charitable organization trying to decrease the depletion of fossil fuel gets a suitable donation for

each box | assign to the reuse process.

Q47 A charitable organization committed to helping endangered species gets a suitable donation for

each box | assign to the reuse process.

Q48 | get public recognition after | assign a suitable number of boxes to the reuse process.

Q49 | am likely to assign a cardboard box to the reuse process rather than assigning it to the recycling
process if — (Strongly disagree, Somewhat disagree, Neither agree nor disagree, Somewhat agree, and

Strongly agree) (NO QUESTION)

Q50 A charitable organization committed to keeping our environment clean gets a suitable donation for

each box | assign to the reuse process.

Q51 A charitable organization committed to reducing climate change gets a suitable donation for each

box | assign to the reuse process.

Q52 A charitable organization committed to preserving the environment for future generations gets a

suitable donation for each box | assign to the reuse process.

Q53 | get a gift card for my favorite fast-food brand for each box | assign to the reuse process.

Q54 A charitable organization committed to decreasing dirty landfills gets a suitable donation for each

box | assign to the reuse process.

Q55 | prefer driving sustainable electric cars over gasoline-powered cars.

Q56 | prefer environment-friendly fabric bags over cheap plastic bags in grocery stores.
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Q57 | routinely donate food/money to the less fortunate.

Q58 | work hard to receive praise from my boss.

Q59 | avoid losing important documents by organizing them in the first place.
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