
Contents lists available at ScienceDirect

Resources, Conservation & Recycling

journal homepage: www.elsevier.com/locate/resconrec

Full length article

Consumer preferences for eco-friendly attributes in disposable dinnerware

MacKenzie B. Gill (Ms., M.S.)a, Kimberly L. Jensen (Dr., Ph.D.)b,⁎,
Dayton M Lambert (Dr., Ph.D.)c, Sreedhar Upendram (Dr., Ph.D.)d, Burton C English (Dr., Ph.D.)e,
Nicole Labbé (Dr., Ph.D.)f, Samuel W Jackson (Dr., Ph.D.)g, Robert J Menard (Mr., M.S.)h

a Department of Agricultural and Resource Economics, 302 Morgan Hall, 2621 Morgan Circle, The University of Tennessee, Knoxville, TN 37996, United States
bDepartment of Agricultural and Resource Economics, 302 Morgan Hall, 2621 Morgan Circle, The University of Tennessee, Knoxville, TN 37996, United States
c Department of Agricultural Economics, 411 Agricultural Hall, Oklahoma State University, Stillwater, OK 74078, United States
dDepartment of Agricultural and Resource Economics, 302 Morgan Hall, 2621 Morgan Circle, The University of Tennessee, Knoxville, TN 37996, United States
e Department of Agricultural and Resource Economics, 302 Morgan Hall, 2621 Morgan Circle, The University of Tennessee, Knoxville, TN 37996, United States
f Center for Renewable Carbon, CRC - Bioenergy Science & Technology Unit, The University of Tennessee, 2500 Jacob Drive, Knoxville, TN 37996, United States
gGenera Energy, Inc, 167 Tellico Port Rd, Vonore, TN 37885
hDepartment of Agricultural and Resource Economics, 302 Morgan Hall, 2621 Morgan Circle, The University of Tennessee, Knoxville, TN 37996, United States

A R T I C L E I N F O

Keywords:
Disposable
Dinnerware
Consumers
Recyclable
Certified
Biobased

A B S T R A C T

The United States (US) uses landfills to dispose paper cups at a rate of 40 percent. Landfill rates on plastic
disposable dinnerware are even higher at around 80 percent. This study examines consumer preferences for
single-use disposable dinnerware with the attributes: uses no trees; contains no plastic; made from agricultural
crop byproduct cellulose; cellulose from dedicated crops, and/or organically sourced cellulose; certified bio-
based; and compostable or recyclable. A Multiple Indicator Multiple Causes (MIMIC) model is used to estimate
the effects of demographics, expenditures, and consumer perceptions of disposable dinnerware made with ‘eco-
friendly’materials or processes. The attributes ‘no plastic’ and ‘recyclable’ appealed to consumers over the widest
range of preferences for eco-friendly attributes in disposable dinnerware. However, ‘no trees’ and ‘certified
biobased’ appeared to appeal to a narrower segment with the strongest preferences for eco-friendly attributes.
Demographic characteristics including gender, residential location, household income, household composition,
and environmental attitudes also correlated with preferences for single use products made with the attributes
examined.

1. Introduction

1.1. Background

The total amount of municipal solid waste (MSW) generated an-
nually in the United States (US) has increased almost every year since
1960. In 2015, a total of 262.4 million tons of municipal solid waste
(MSW) was generated in the US, which amounts to 4.48 pounds per
person per day. One contributor to single-use paper and plastic MSW is
disposable dinnerware, such as paper or plastic plates and cups. Paper
plates and cups represented 1,360,000 tons of MSW in 2015 (EPA,
2018), with about 40 percent eventually landfilled. Of the 1,050,000
tons of MSW generated from plastic plates and cups, 840,000 tons were
landfilled in 2015 (EPA, 2018). The food service industry is a sub-
stantial contributor to disposable dinnerware use, but shoppers may

also purchase disposable dinnerware at retail stores for at-home use.
Consumers weigh the convenience of their use of single-use ‘throw
away’ dinnerware against the environmental impacts of this disposable
dinnerware post-use when they make purchasing decisions. For ex-
ample, product attributes such as recyclability or compostability are
often considered. Consumers may also contemplate the environmental
impacts of the input sourcing for and manufacturing of disposable
dinnerware. Examples of pre-use attributes might include 1) whether
the product contains plastic; 2) the source of cellulose used in manu-
facturing paper plates (for example, tree cellulose, agricultural crops,
agricultural crop byproducts); 3) whether cellulose for paper products
was organically produced; or 4) if the product is certified as bio-based.

Consumer concern about the environment has been growing in re-
cent years. Research indicates that consumers place more value on post-
use attributes such as recyclability and compostability as they become
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more informed about sustainability issues (Klaiman, et al., 2016).
Dilkes-Hoffman et al. (2019) found that plastic in the ocean was con-
sidered the most serious among a set of environmental issues and that
there was strong support among consumers for reducing use of plastics.

Consumers may also be concerned about the environmental impact
of how the disposable dinnerware was manufactured and the cellulose
sourced. For example, dinnerware is now being molded from agri-
cultural byproducts such as bagasse cellulose from sugarcane or wheat
straw cellulose from wheat grain production. In other cases, cellulose is
derived from fast growing plants, such as bamboo, that are grown for
making alternative biobased fiber products like disposable dinnerware.
In a few cases, the United States Department of Agriculture (USDA) has
certified biobased products (USDA Bio-Preferred Program, 2019). The
USDA (USDA Bio-Preferred Program, 2019) defines biobased products
as those “…derived from plants and other renewable agricultural,
marine, and forestry materials. These products provide an alternative to
conventional petroleum derived products and include a diverse range of
offerings such as lubricants, detergents, inks, fertilizers, and bioplas-
tics.”

1.2. Prior research

A few studies have examined factors influencing the retail purchase
of bioplastics and other single-use disposable dinnerware substitutes.
Some found that consumer attitudes toward the environment influ-
enced use of or willingness to use disposable substitutes (Kainz, 2016;
Klein, et al., 2019; Loschelder, et al., 2019). Findings from other studies
have suggested that situational factors, such as where the product
would be used (for example, food retailers, events, etc.), prior experi-
ence with similar substitutes, or convenience inform purchasing deci-
sions (Ertz, 2017; Jahani, et al., 2019).

While few studies exist regarding consumer preferences for single-
use disposable dinnerware, other studies examined consumer pre-
ferences for attributes in food packaging and containers. Findings from
these studies hold some relevance to understanding consumer attitudes
toward disposable dinnerware. Results from prior research suggest that
females are more likely to be interested in environmentally friendly
products; hence, it is anticipated that female consumers might be more
likely to opt for eco-friendly attributes in single use disposable din-
nerware (Casadesus-Masanell et al., 2009; Kainz, 2016; Martinho et al.,
2015; Orset, et al., 2017; Yue et al., 2010). Some studies’ results suggest
that older consumers have stronger preferences for environmentally
friendly products; hence, these individuals are more likely to be inter-
ested in disposable dinnerware with eco-friendly attributes
(Kainz, 2016). Other research suggests that younger consumers more
accurately represent target markets for these products (Arboretti and
Bordignon, 2016; Martinho et al., 2015; Orset, et al., 2017; Yue et al.,
2010). Findings from a study by Casadesus-Masanell et al. (2009)
suggest that individuals living in rural milieus may be averse to pur-
chasing products imbued with eco-friendly attributes. Prior research
also suggests that decision makers with children are more likely prefer
eco-friendly attributes in disposable dinnerware (Kainz, 2016;
Yue et al., 2010). The effect of education on probability of preferring
eco-friendly attributes in disposable dinnerware is difficult to hy-
pothesize a priori. Some studies find that consumers with higher edu-
cational attainment are more likely interested in environmentally
friendly products (Arboretti and Bordignon, 2016; Yue et al., 2010),
while the study by Casadesus-Masanell et al. (2009) suggested the op-
posite. The effect of household income on preferences for en-
vironmentally friendly products is also unclear. Casadesus-
Masanell et al. (2009) and Yue et al. (2010) found a positive correlation
between preferences for eco-friendly products and income, whereas
Kainz (2016) found a negative relationship. Several studies find that
consumers who are more concerned with environmental issues are
more likely to substitute towards products with ecofriendly attributes
and/or packaging (Barnes et al., 2011; Herbes et al., 2018; Kainz, 2016;

Klaiman, Ortega, and Garnache, 2016; Klein et al., 2019; Kurka and
Menrad, 2009; Martinho et al., 2015; Orset, et al., 2017).

Concerning product attributes, several studies have examined which
may be more important in packaging and food containers. Prior re-
search finds that U.S. consumers place the highest value on recyclable
packaging, but place less importance on the material composition of
packaging and other stages of the production chain of packaging like
transport and retail use (Herbes et al., 2018). Other research suggests
that being locally produced and competitively priced were important
attributes in food containers (Barnes et al., 2011). Sijstema et al. (2016)
investigated consumer perceptions of a ‘bio-based’ label in Europe. The
results of Sijstema et al.’s study suggests that a subset of en-
vironmentally concerned consumers may be skeptical of company ad-
vertising of bio-based products, considering these maneuvers as efforts
to capitalize on desires for sustainable products (Sijtstema et al., 2016).
However, Kurka and Menrad (2009) found that respondents’ top rea-
sons for purchasing bioplastics in order as: to be more ecofriendly, to
conserve resources for future generations, for health reasons, to
strengthen the regional economy, to buy it for low price, to set an ex-
ample for others, and to ease one's conscience (Kurka and
Menrad, 2009).

Studies have examined factors influencing single-use disposable
dinnerware (Ertz et al., 2017; Jahani et al., 2019; Klein, et al., 2019;
Kainz, 2016, Loschelder et al., 2019). These studies provide important
insight into consumer preferences for single-use disposable items, but
they do not examine the importance of multiple pre- and post-use at-
tributes that consumers may perceive as ‘eco-friendly’ and important to
them. The importance of these attributes in single-use disposable din-
nerware could ultimately influence consumer purchasing decisions.
Furthermore, the previous studies did not examine how demographics,
expenditure patterns for disposable dinnerware, or consumers’ en-
vironmental attitudes influence the importance of attributes in dis-
posable dinnerware.

Markets for disposable dinnerware are emerging with new offerings
of attributes that may be perceived as eco-friendly. While several stu-
dies examined consumer perceptions of and preferences for eco-friendly
packaging attributes, few researched preferences for attributes which
consumers may perceive as ‘eco-friendly’ in single-use disposable din-
nerware for at-home use. In this study, we examine importance of eight
attributes that consumers may perceive as ‘eco-friendly’. Some of the
attributes examined are pre-use, while others are post-use. The pre-use
attributes considered include ‘no trees’, ‘contains no plastic’, ‘made
from a crop byproduct’, ‘made from cellulose from a dedicated crop’,
‘made from organically produced cellulose’, ‘USDA Certified Biobased’,
while the post-use attributes include ‘compostable, and recyclable’.
Furthermore, the effects of demographics, disposable dinnerware ex-
penditure patterns, and attitudes on probability of valuing the attri-
butes as important are measured to develop information about market
segments of consumers who may place the most importance on these
attributes.

1.3. Objectives

The objectives of this study are to:

a Provide information about the importance consumers place on eight
disposable dinnerware attributes that may perceive as eco-friendly.
Product attributes include that the dinnerware contains no cellulose
from trees (No Trees), contains no plastic (No Plastic), is made with
cellulose from a crop byproduct (Crop Byproduct), is made from
cellulose from a dedicated energy crop (Dedicated Crop), is made
from organically produced cellulose (Organic Cellulose), is USDA
Certified Biobased (USDA Certified Biobased), is compostable
(Compostable), or is recyclable (Recyclable);

b Estimate the effects of consumer demographics, expenditures, and
attitudes on the probability of selecting these attributes as important
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in disposable dinnerware; and
c Determine the effects of consumer demographics, expenditures, and
attitudes on the likelihood of selecting multiple disposable dinner-
ware attributes as important.

2. Data and methods

2.1. Survey and data

This study uses data from an online survey administered through
Qualtrics to 218 Tennessee respondents aged 18 or older in late August
2018. Qualtrics randomly recruits from its consumer panels, excluding
those under 18 and those who are not residents of Tennessee. The
sample size was limited by project budget. However, the margin of
error at the 95 percent confidence level with 218 sampled from the
population of Tennesseans aged 18 or older is 6.65 percent.1 The survey
was tested on students and staff before pre-testing with a consumer
panel. This information was used to modify the survey instrument be-
fore survey pre-testing. The final survey was revised based on pre-test
responses. The university-level institutional review board for com-
pliance with appropriate human subjects’ research protocols reviewed
the survey instrument and methods.

The survey contained several sections, including questions about
importance of attributes for disposable dinnerware, expenditures, de-
mographics, and attitudes. Table 1 summarizes the variable names and
definitions used in the survey instrument. The survey questions used in
this analysis are provided in a supplementary document.

For statistical modeling purposes, a dummy variable for each dis-
posable dinnerware attribute (No Trees, No Plastic, Crop Byproduct,
Dedicated Crop, Organic Cellulose, USDA Certified Biobased, Compostable,
and Recyclable) was created to indicate whether the consumer per-
ceived the attribute to be important (1 if somewhat to extremely im-
portant, 0 if not very important or not important at all). These variables
were based on responses to survey questions 4a.-4h. (see supplementary
document). An information screen on USDA Certified Biobased was
provided assuming that respondents may not have been familiar with
the term (question 3, supplementary document). An information screen
was included in the survey desrcribing the USDA Certified Biobased
program for those unfamiliar with this program (Fig. 1).

To build market profiles, information was collected through the
survey regarding expenditure patterns on disposable dinnerware and
demographics. Demographic variables included: Female (question 7);
age of respondent, Age (question 1); Rural/Small Town (dummy variable
created from question 9); presence of children under 18, Children
(dummy variable created from question 10); and college degree status,
College Graduate (dummy variable created from question 8). Income
and expenditure variables included pre-tax household income for 2017,
Household Income, (created using the mid-points from question 11), and
the percent of income spent on disposable dinnerware, Disp. Expend. Pct
of Income (created from midpoints of question 5 and Household Income).
Respondents were asked about their knowledge level regarding en-
vironmental issues (question 6e). An environmental knowledge dummy
variable, Envir. Knowledge, was created (1 if strongly or somewhat
disagreed with question 6e statement, 0 otherwise). Respondents were
also asked about their level of agreement with statements about the
environment through Likert scale questions (1 = strongly disagree,
5 = strongly agree). The Likert questions included statements about

their personal actions’ impact on the environment (Personal Actions,
question 6b); the ability of science and technology to solve environ-
mental damage and pollution (Science/Tech, question 6a); and their
perceived responsibility to future generations for the environment
(Future Generations, question 6c). Respondents were also asked if they
agreed or disagreed with a statement that research findings from the
survey could encourage disposable dinnerware manufacturers to offer
more alternative fiber products (Consequences, question 6d).

2.2. Econometric modeling of attribute preferences

The statistical analysis uses a Multiple Indicator Multiple Causes
(MIMIC) model to discern consumer preferences for eco-friendly,
single-use dinnerware products. The MIMIC model extends binary
choice models by allowing discrete variables to serve as indicators of an
underlying unobserved latent variable. The MIMIC model facilitates
simultaneous modeling of discrete variables in a general linear model
framework (Skrondal and Rabe-Heskath, 2004). The MIMIC model
consists of: a) a structural equation specifying the effects of causal
variables upon the latent variable, and b) measurement equations de-
fining the relationship between the latent variable and each of the in-
dicators (Fig. 2). The structural equation defines the relationship be-
tween the latent variable and the exogenous causal variables, for
example, age, education, other consumer demographics, expenditures,
and consumer attitudes (top portion of Fig. 2). The measurement
equations define the relationship between the probabilities of selecting
the indicator variables; in this study, the disposable dinnerware attri-
butes and the latent variable (bottom portion of Fig. 2). The latent
variable ENVIR is hypothesized to proxy consumer propensity to prefer
eco-friendly attributes in disposable dinnerware. The relationship be-
tween ENVIR and causal variables (i.e., demographic characteristics) is
parameterized as a linear regression:

= + +ENVIR γ Age γ Consequences ς* · ·1 12 (1)

where =γ γ γ( , )1 12 is a vector of parameters to be estimated and ς a
random error term. See Table 1 for the listing of all of the covariate
names and definitions.

The second set of equations are the measurement equations which
are estimated using logistic regression. The measurement equations
specify the relationship between the indicator variables, the importance
of the specific disposable dinnerware attributes, and the latent variable,
ENVIR. The measurement equations are:

= + +NoTrees λ λ ENVIR ε* ·NVIR
1
0

1 1 (2a)

= + +NoPlastic λ λ ENVIR ε* ·NVIR
2
0

2 2 (2b)

= + +CropByproduct λ λ ENVIR ε* ·NVIR
3
0

3 3 (2c)

= + +DedicatedCrop λ λ ENVIR ε* ·NVIR
4
0

4 4 (2d)

= + +OrganicCellulose λ λ ENVIR ε* ·NVIR
5
0

5 5 (2e)

= + +USDACertifiedBiobased λ λ ENVIR ε* ·NVIR
6
0

6 6 (2f)

= + +Compostable λ λ ENVIR ε* ·NVIR
7
0

7 7 (2g)

= + +Recyclable λ λ ENVIR ε* ·NVIR
8
0

8 8 (2h)

where the asterisks denote latency; the λj are parameters to be esti-
mated; and εj are error terms (Bollen, 1989). The disturbance terms ς
and errors ε are assumed to be independent and identically distributed
random variables with an expected value of zero and a constant var-
iance θj=π2/3 (Dell'Anno and Schneider, 2004; Lambert, et al., 2015).
For the purposes of identification, the variance of ENVIR (ς) is restricted
to one (Maddala, 1983). The reduced-form equations relating the in-
dicators with causal variables are2:

= + + + +NoTrees λ λ γ Age γ Consequences ς ε* ( · · )ENVIR
1
0

1 1 12 2 (3a)

1 Tennessee had a population aged 18 and older in 2018 of 5,257,068 (US
Department of Commerce, 2019). At a 95 percent confidence level with a
sample size of 218, the margin of error is 6.65 percent. The sample size (n) is
calculated as: n = [z2•p•(1 - p)/e2]/[1 + (z2•p•(1 - p)/(e2•N))], where z = 1.96
for a confidence level (α) of 95%, p = proportion (expressed as a decimal),
N = population size, and e = margin of error. Setting p = 0.5, N = 5,257,068,
and =n 218 and solving for the margin of error, e ≈ 0.0665.
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= + + + +NoPlastic λ λ γ Age γ Consequences ς ε* ( · · )ENVIR
2
0

2 1 12 2 (3b)

= + + + +CropByproduct λ λ γ Age γ Consequences ς ε* ( · · )ENVIR
3
0

3 1 12 3 (3c)

= + + + +DedicatedCrop λ λ γ Age γ Consequences ς ε* ( · · )ENVIR
4
0

4 1 12 4

(3d)

= + + + +OrganicCellulose λ λ γ Age γ Consequences ς ε* ( · · )ENVIR
5
0

5 1 12 5

(3e)

= + + +

+

USDACertifiedBiobased λ λ γ Age γ Consequences ς

ε

* ( · · )ENVIR
6
0

6 1 12

6 (3f)

= + + + +Compostable λ λ γ Age γ Consequences ς ε* ( · · )ENVIR
7
0

7 1 12 7 (3g)

= + + + +Recyclable λ λ γ Age γ Consequences ς ε* ( · · )ENVIR
8
0

8 1 12 8 (3h)

The predicted probability of the ith respondent choosing attribute j as
important is then:

⎜ ⎟= = ⎛
⎝

+ + ⎞
⎠

Attribute F λ λ γ Age γ ConsequencesPr( 1) ^ ^ (^ · ^ · )j j j
ENVIR

i iΛ
0

1 12

(4)

Table 1
Variable Names, Definitions, and Means

Variable Name Definition Mean(N=206)

MIMIC Model:
Indicator Variables
No Trees Contains no cellulose sourced from trees, 1 if important, 0 otherwise 0.437
No Plastic Contains no plastic, 1 if important, 0 otherwise 0.675
Crop Byproduct Made from cellulose that is a byproduct of grain production, 1 if important, 0 otherwise 0.568
Dedicated Crop Made from cellulose sourced from a dedicated crop, 1 if important, 0 otherwise 0.563
Organic Cellulose Made for organically produced cellulose, 1 if important, 0 otherwise 0.544
USDA Certified Biobased USDA Certified Biobased product, 1 if important, 0 otherwise 0.529
Compostable Product is compostable, 1 if important, 0 otherwise 0.587
Recyclable Product is recyclable, 1 if important, 0 otherwise 0.675
Latent Variable
ENVIR Latent variable for preferences for eco-friendly attributes in disposable dinnerware 3.42
Structural Variables
Female 1 if respondent is female, 0 otherwise 0.771
Age Age of respondent 43.2
Rural/Small Town 1 if respondent resides in a rural area or small town, 0 otherwise 0.558
Children 1 if children under age 18 reside in respondent's household, 0 otherwise 0.447
College Graduate 1 if respondent college graduate, 0 otherwise 0.306
Household Income 2017 pre-tax household income in $1,000 52.3
Disp. Expend. Pct of Income Percent of household income spend on disposable dinnerware 0.314
Envir. Knowledge 1 if have enough knowledge to make well-informed decisions on environmental issues, 0 otherwise 0.383
Personal Actions Personal actions have a significant impact on the environment (1=strongly disagree, …, 5=strongly agree) 3.57
Science/Tech Science and technology will come up with ways to solve environmental damage and pollution(1=strongly disagree, …,

5=strongly agree)
3.53

Future Generations We have a responsibility to future generations to protect the environment (1=strongly disagree, …, 5=strongly agree) 4.34
Consequences Responses to this survey could cause disposable dinnerware manufacturers to offer more alternative fiber products that don't use

trees (1=strongly disagree, …, 5=strongly agree)
3.84

Logit Model:
5 or Greater Attributes 1 if number of disposable dinnerware attributes chosen as important is 5 or greater, 0 otherwise 0.534

Figure 1. USDA Certified Biobased Product Label Information Screen

2 The gsem procedure in STATA/SE (Version 14.0) was used to estimate the
MIMIC model (STATACorp, 2015).
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where FΛ is the logistic cumulative distribution function and the cir-
cumflexes indicate estimated parameters.

The marginal effects (ME) are calculated to determine the average
change in probability of a respondent selecting a particular attribute as
important with a unit change in a given causal variable. The marginal
effect of the nth causal variable on the probability of selecting the jth
product attribute as important for the ith individual is:

⎜ ⎟

=
∂ =

∂

= ⎛
⎝

+ + ⎞
⎠

ME
Attribute

x

γ λ f λ λ γ Age γ Consequences

Pr( 1)

^ · ^ · ^ ^ (^ · ^ · )

i
j

in

n j
ENVIR

j j
ENVIR

i iΛ
0

1 12
(5)

where fΛ is the logistic probability density function. The MEi are
averaged over respondents to obtain an average marginal effect.

2.2. Measuring preference intensity

The average number of disposable dinnerware attributes the re-
spondents believed were important was 4.58. In order to measure the
intensity of preferences for attributes of disposable dinnerware, a logit
model is also estimated with the dependent dummy variable indicating
whether respondents believed greater than the average number of at-
tributes (4.58) would be important in disposable dinnerware. Based on
this number, a (0,1) dependent dummy variable was created to indicate
a respondent believed that five or more attributes were important (1 if 5
or more attributes were important, 0 otherwise). This dummy variable
was used as a proxy measure of intensity of preferences for the attri-
butes in disposable dinnerware. Whether the respondents’ indicated
five or greater attributes as important is hypothesized to be influenced
by their demographics, expenditures, and attitudes. The probability of
selecting five or more attributes for the ith respondent as being im-
portant is:

= = + + +or more attributes F β β Age β ConsequencesPr(5 1) ( · · · )i i iΛ 0 1 12

(6)

where the …β β, , n0 are estimated parameters and FΛ is the logistic
cumulative distribution function. For this model, the marginal effects
for the nth explanatory variable are calculated as:

∂ =
∂

= + + +

or more attributes
x

β f β β Age β Consequences

Pr(5 1)

· ( · · · )
n

n i iΛ 0 1 12 (7)

where fΛ is the logistic distribution function. The average of the in-
dividual marginal effects is then calculated. The software STATA/SE
(Version 14.0) was used to estimate the logit regressions
(STATACorp, 2015).

3. Results and discussion

3.1. Sample demographics

There were 206 observations available for the statistical analysis
after removing records with incomplete data. The average age of re-
spondents was just under 44 years, and 77 percent were female
(Table 1). About 31 percent were college graduates. The average pre-
tax household income for 2017 was $52,330. These demographics were
compared with Tennessee residents using Census Bureau estimates. The
average age of respondents was similar to the median age of Tennessee
residents. According to the Census Bureau, the median age of Tennessee
residents is 37 years (U.S. Department of Commerce, 2019). The
median household income for the state in 2017 was $51,340
(U.S. Department of Commerce, 2019), while the sample average was
$52,330. The percent of Tennessee residents aged 25 and older who
attained a college degree was 27 percent for 2018 (U.S. Department of
Commerce, 2019), while 31 percent of the sample were college grad-
uates. While most of the sample demographics were similar to the po-
pulation demographics, the largest difference was the percentage of
females. Sventy-seven percent of the respondents were female, which is
higher than the the state's 52 percent (U.S. Department of Commerce,
2019). The survey focused on disposable dinnerware purchases, pro-
ducts which are likely purchased by a primary household food shopper
whom prior research has found as more likely to be female (57 percent)
(Food Marketing Institute, 2015). This difference should be kept in
mind as the findings are discussed.

Figure 2. MIMIC Model of Propensity to Choose Eco-Friendly Attributes As Important in Disposable Dinnerware
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3.2. Preferences for disposable dinnerware attributes

Table 1 reports the proportion of respondents believing that each
attribute is important. The attributes Recyclable and contains No Plastic
each were rated as ‘important’ by more than 67 percent of the re-
spondents. About 57 percent believed the dinnerware made from a Crop
Byproduct was important, while 56 percent believed dinnerware made
from a Dedicated Crop was important. This suggests that consumers do
not view dinnerware sourced from crop by-products or dedicated crops
very differently from each other. Additionally, 54 percent of the re-
spondents believed the cellulose for the dinnerware was organically
(Organic Cellulose) sourced was important, while 53 percent felt the
dinnerware labeled USDA Certified Biobased was important. Interest-
ingly, the attribute least commonly cited as important was that that the
product contained no cellulose derived from trees (No Trees) at under
44 percent of the respondents indicating importance.

The covariates included in the MIMIC model significantly explain
preferences for disposable dinnerware as indicated by the log likelihood
ratio (LLR) test (Table 2). The second and third columns of Table 2
contain the estimated coefficients for each logit measurement equation
in the MIMIC model. The λ0j parameters are the intercepts of the
measurement equations for each attribute. The λENVIRj parameters are
the estimated coefficients for the latent variable ENVIR, corresponding
with each logistic equation (equations 3(a)-3(h)). The fourth column of
Table 2 reports the percent of the observations that each logit equation
correctly classified. This information provides an overview on model fit,
indicating how well the covariates categorized observed respondent
choices. The sixth column of Table 2 contains the regression coefficients
(λn) relating the causal variables (for example the demographic char-
acteristics of the respondents) to the dependent variable ENVIR (from
equation 1). For both the estimated coefficients in the logit equations
and those in the regression equation portion of the MIMIC model, the
asterisks indicate whether the coefficient was statistically different from
zero at the 99 percent (***), 95 percent (**) and 90 percent (*) con-
fidence levels, respectively.

For the structural variables, a multicollinearity analysis was con-
ducted. Multicollinearity may inflate the standard errors of estimates
and compromise inference. Variance inflation factors (VIF) exceeding
10 indicate multicollinearity may be inflating standard errors
(Kutner, et al. 2004). The mean of the variance VIFs was 1.28, sug-
gesting multicollinearity was not serious enough to warrant concern
with respect to inference.

As can be seen in the fourth column of Table 2, the logit models

correctly classified from 77.2 percent of the observations for Crop By-
product to 88.8 percent for Compostable. Both the intercept term λ0j and
the estimated coefficient on the latent variable ENVIR, λENVIRj, are
significant for all measurement equations. This suggests that the attri-
butes for disposable dinnerware are reasonable indicators of the un-
derlying latent variable; propensity to value eco-friendly attributes as
important (ENVIR).

Among the structural variables in the measurement equation
(column 6, Table 2), several variables significantly influenced ENVIR.
These included: Female, Age, Rural/Small Town, Children, Household
Income, Envir. Knowledge, Science/Tech, and Consequences. Variables not
exhibiting a significant influence included College Graduate, Disp. Ex-
pend. Pct of Income, and Future Generations.

Being female (Female) and located in a rural area or small town
(Rural/Small Town) were found to have negative associations with
ENVIR. The result for female gender is contrary to prior research
findings of positive effects of female gender on preferences for sus-
tainable packaging (Casadesus-Masanell et al., 2009; Kainz, 2016;
Martinho et al., 2015; Orset, et al., 2017; Yue et al., 2010). However,
findings by Casadesus-Masanell et al. (2009) regarding negative influ-
ence of rural residence on preferences for eco-friendly attributes in
packaging is similar to the results in this study for disposable dinner-
ware. Variables found to have a positive influence include respondent
age (Age), having children under 18 in the household (Children), and
household income (Household Income). The positive effects of age are
similar to findings by Kainz (2016), but dissimilar to those from other
research by (Arboretti and Bordignon, 2016; Martinho et al., 2015;
Orset, et al., 2017; Yue et al., 2010). The finding of positive effects on
ENVIR from children in the household is similar to prior research
findings for sustainable packaging (Kainz, 2016; Yue et al., 2010).
While this study found positive influence of household income on
ENVIR, the findings from prior research regarding the effects of income
are mixed (Casadesus-Masanell et al., 2009; Yue et al., 2010;
Kainz, 2016). Other variables with a positive influence on ENVIR in-
cluded being self-described as environmentally knowledgeable (Envir.
Knowledge), being in greater agreement with the statements that science
and technology will come up with ways to solve environmental damage
and pollution (Science/Tech), and that responses to the survey could
cause disposable dinnerware manufacturers to offer more alternative
fiber products (Consequences). The results regarding the positive influ-
ence of environmental attitudes are similar to previous findings from
the literature (Klein, et al., 2019; Loschelder, et al., 2019; Kainz, 2016).

The results did not indicate a significant link between the percent of

Table 2
MIMIC Model Estimates of Attribute Importance in Disposable Dinnerwarea

Indicator Equations Measurement Equation

Estimated Coefficientsb Pct. Correctly Classified Estimated Coefficients γn
Indicator Variables Intercept λ0j ENVIRλENVIRj Structural Variables
No Trees -5.63 *** 1.49 *** 78.6 Female -0.444 **
No Plastic -5.12 *** 1.81 *** 83.7 Age 0.017 ***
Crop Byproduct -5.59 *** 1.72 *** 77.2 Rural/Small Town -0.334 *
Dedicated Crop -6.30 *** 1.92 *** 81.1 Children 0.568 ***
Organic Cellulose -5.87 *** 1.75 *** 80.1 College Graduate 0.192
USDA Cert. Biobased -4.83 *** 1.42 *** 81.7 Household Income 0.004 *
Compostable -8.47 *** 2.63 *** 88.8 Disp. Expend. Pct. Inc. 0.126
Recyclable -5.67 *** 1.99 *** 85.0 Envir. Knowledge 0.423 **

Personal Actions -0.074

Science/Tech 0.218 **
Future Generations 0.150
Consequences 0.375 ***

Log likelihood =-842
N=206
Likelihood ratio test against intercept only (LLR), χ2(12df)=72.8***

a *** indicates significant at α=0.01, ** indicates significant at α=0.05, and * indicates significant at α=0.10.
b For purposes of identification, the variance of the latent variable, ENVIR, is restricted to 1.
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income spent on disposable dinnerware (Disp. Expend. Pct of Income)
and ENVIR. This suggests that consumers with relatively high ex-
penditures on disposable dinnerware as a percentage of income have
about the same propensity to prefer eco-friendly attributes as those with
a relatively low percentage of their income spent on these products.
Unlike previous studies (Arboretti and Bordignon, 2016; Yue et al.,
2010), the results did not reflect a significant influence of education
level (College Graduate).

The estimated coefficients from Table 2 and the data were used to
estimate the marginal effects (equation 5) (Table 3). Each column in
Table 3 includes the marginal effect of a covariate on probability of
selecting a particular eco-friendly attribute. The marginal effects in-
dicate the effect of a 1-unit change in the covariate on the probability of
selecting an eco-friendly attribute. The asterisks associated with each
marginal effect indicate at which level the effect was significant. For
each attribute, the marginal effects of the variables on Compostable are
largest, while the smallest are on No Plastic and USDA Certified Biobased.

Among the dummy variables, the largest positive marginal effects
were associated with having children in the household, which increases
the probabilities of choosing the attributes by 13.0 percent (USDA
Certified Biobased or No Plastics) to 15.4 percent (Compostable). The
largest negative marginal effects among the dummy variables were for
the respondent being female, which decreases the probabilities of
choosing the attributes, ranging from 10.1 percent (USDA Certified
Biobased or No Plastics) to 12.1 percent (Compostable).

For the continuous variables, each year of age positively affects the
probabilities of selecting the attributes as important by 0.4 percent to
0.5 percent. Therefore, for example, a decade older age would posi-
tively influence the probabilities of believing the attributes are im-
portant in disposable dinnerware by 4.0 to 5.0 percent. Each $1,000 of
household income increased the probabilities by about 0.1 percent. For
example, a $10,000 increase in household income would increase
probabilities of choosing the attributes by 1 percent.

Those who considered themselves as environmentally

Table 3
Marginal Effects of the Causal Variables on the Probability of Eco-Friendly Attributes Being Important in Disposable Dinnerware a,b

No Trees No Plastic Crop Byproduct Dedicated Crop Organic Cellulose USDA Cert. Biobased Compostable Recyclable

Female -0.102 ** -0.101 ** -0.108 ** -0.113 ** -0.110 ** -0.101 ** -0.121 ** -0.105 **
Age 0.004 *** 0.004 *** 0.004 *** 0.004 *** 0.004 *** 0.004 ** 0.005 *** 0.004 ***
Rural/Small -0.077 * -0.076 * -0.081 * -0.085 * -0.083 * -0.076 * -0.091 * -0.079 *
Children 0.131 *** 0.130 *** 0.139 *** 0.144 *** 0.141 *** 0.130 *** 0.154 *** 0.134 ***
College Graduate 0.044 0.044 0.047 0.049 0.048 0.044 0.052 0.045
Household Income 0.001 * 0.001 * 0.001 * 0.001 * 0.001 * 0.001 * 0.001 * 0.001 *
Disp. Expend. Pct of Income 0.029 0.029 0.031 0.032 0.031 0.029 0.034 0.030
Envir. Knowledge 0.097 ** 0.096 ** 0.103 ** 0.107 ** 0.105 ** 0.096 ** 0.115 ** 0.100 **
Personal Actions -0.017 -0.017 -0.018 -0.019 -0.018 -0.017 -0.020 -0.017
Science/Tech 0.050 ** 0.050 ** 0.053 ** 0.055 ** 0.054 ** 0.050 ** 0.059 ** 0.051 **
Future Generations 0.035 0.034 0.037 0.038 0.037 0.034 0.041 0.035
Consequences 0.086 *** 0.086 *** 0.091 *** 0.095 *** 0.093 *** 0.086 *** 0.102 *** 0.088 ***

a *** indicates significant at α=0.01, ** indicates significant at α=0.05, and * indicates significant at α=0.10.
b Standard errors around the estimates to conduct the statistical tests of significance were calculated using the Delta method (Greene, 2018).

Figure 3. Probability of Eight Eco-Friendly Attributes Chosen as Important in Disposable Dinnerware across ENVIR
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knowledgeable (Envir Knowledge) were around 9.6 percent more likely
to choose No Plastic or USDA Certified Biobased and 11.5 percent more
likely to choose Compostable. In addition to the demographic variables,
attitudes and beliefs variables had significant marginal effects on
probabilities of choosing the dinnerware attributes as important. For
example, compared with a person who strongly disagrees that science
and technology could provide environmental solutions (Science/Tech), a
person who strongly agrees with this statement is estimated to be 23.6
percent more likely to choose Compostable. This increase in agreement
with Science/Tech is estimated to increase probability of choosing No
Plastic or USDA Certified Biobased by 20 percent. Also, compared with a
person who strongly disagrees that the survey results could influence
product offerings (Consequences), a person who strongly agrees with
this statement is estimated to be 40.8 percent more likely to choose
Compostable. This increase in agreement with Consequences is estimated
to increase probability of choosing No Plastic or USDA Certified Biobased
by 34.4 percent.

Fig. 3 illustrates how the level of ENVIR influences the probabilities
of choosing the disposable dinnerware attributes as important. The
curves that increase more steeply as ENVIR increases reflect attributes
that have a wide appeal, even among those with low levels of pre-
ferences for environmental attributes (ENVIR). Notably, the prob-
abilities of No Plastic and Recyclable being chosen emerge at relatively
low levels of ENVIR. This suggests wide appeal of these attributes
among consumers, even at low levels of ENVIR. The attribute Compo-
stable emerges rapidly among consumers with moderate levels of
ENVIR. The probability curve for No Trees increases the most slowly as
ENVIR increases, suggesting that this attribute may be popular only
among those with stronger preferences for perceived eco-friendly at-
tributes.

The estimated logit model of the probability of the respondent in-
dicating five or greater eco-friendly attributes would be important to
their disposable dinnerware decision is shown in Table 4. The LLR test
indicates the model is significant overall. The pseudo-R2 is 0.156 and
the model correctly classifies 71.4 percent of the observations. The
estimated coefficients are in column 2, with asterisks indicating coef-
ficient significance. The estimated marginal effects of each variable on
the probability of selecting five or greater eco-friendly attributes are
shown in column 3. These were calculated using the data, estimated
coefficients, and equation 7. The asterisks indicate the statistical sig-
nificance of each estimated coefficient and marginal effect.

The marginal effects in the third column of Table 4 show how each
variable influences the intensity of preferences for the disposable din-
nerware attributes as measured by the respondent choosing at least five
of the attributes as important. Being female (Female) negatively affects
the probability of choosing at least five attributes as important by 15.8
percent compared with males. Residing in a rural area or small town
(Rural/Small Town) also has a negative impact. Compared with metro or
suburban respondents, respondents residing in rural/small town areas
are 15.7 percent less to choose at least five attributes as important.
However, each additional year of age (Age) positively influences the
probability of choosing at least five attributes by 0.4 percent. Having
children in the household (Children) positively influences the prob-
ability by 14.4 percent compared with households without children. If
the respondent believed they had enough knowledge to make informed
environmental decisions (Envir. Knowledge), they were 13.2 percent
more likely to indicate five or greater attributes. Furthermore, if re-
spondents strongly agree the survey results could influence disposable
dinnerware manufacturers (Consequences) they are 54.4 percent more
likely to choose at least five attributes than those who strongly disagree
with survey response consequences. These results suggest that the
market segments most likely to believe multiple attributes are im-
portant in disposable dinnerware are older males residing in an urban
area, who have children living with them in the household. These in-
dividuals perceive themselves to be knowledgeable enough to make
environmentally responsible purchasing decisions, and more likely to
agree that this research will encourage disposable dinnerware manu-
facturers to offer more disposable dinnerware from alternative fibers.

In examining the results, it is important to note that this study has
several limitations. First, the study region was limited to Tennessee.
Effective marketing of these emerging products would require a na-
tional study of consumers’ preferences. Second, female response was
disproportionate to males. Additional research should stratify the
sample according along gender lines. As the results are examined, these
caveats should be kept in mind. Third, additional research might in-
clude focus groups to identify which attributes are identified as most
eco-friendly and are most valued by shoppers. Fourth, additional re-
search should likely include other dinnerware attributes, such as stur-
diness, absorption, and other functionality attributes. Furthermore, the
study did not include price effects. Additional research should extend
this research by integrating prices along with the attributes in the study
using a conjoint analysis to elicit willingness to pay for attributes in a
disposable dinnerware product.

4. Conclusions

With a variety of product alternatives and labels being introduced
into the market, it is helpful to build an understanding of how different
segments of consumers perceive the importance of eco-friendly attri-
butes in disposable dinnerware. Shoppers are more frequently offered
the opportunity to purchase disposable dinnerware that is recyclable,
compostable, made from organic cellulose, or cellulose from alternative
fibers to trees. With paper plates and cups landfilled at rates of 40
percent, and plastic ware at 80 percent, wider acceptance of market-
based alternatives could help reduce some of these landfilling rates.
Some consumers may prefer to purchase products made from fibers
from sources (crop byproducts or fast-growing dedicated crops) that are
alternatives to tree harvest. Some single-use disposable dinnerware
items are being registered as USDA Certified Biobased. This study
aimed to provide information about which attributes (among eight of-
fered), might be most important to consumers. The study also provides
a market profile of consumers who might be more likely to believe these
attributes are important in disposable dinnerware.

The results have several implications for the associated market.
First, consumers appear to prefer strongly products being recyclable
and containing no plastic, with nearly 68 percent choosing these at-
tributes as important. An interesting finding is that disposable

Table 4
Estimated Logit Model of Probability of Choosing Five or Greater Disposable
DinnerwareAttributes as Important and Marginal Effectsa

Probability of Choosing Five or Greater Attributes as
Important:

Variables Estimated Coefficients Marginal Effects
Intercept -3.49 *** —–
Female -0.793 * -0.158 *
Age 0.021 * 0.004 *
Rural/Small Town -0.787 ** -0.157 **
Children 0.724 ** 0.144 **
College Graduate 0.191 0.038
Household Income 0.004 0.001
Disp. Expend. Pct of Income -0.047 -0.009
Envir. Knowledge 0.659 * 0.132 **
Personal Actions -0.240 -0.048
Science/Tech 0.078 0.016
Future Generations 0.214 0.043
Consequences 0.683 ⁎⁎⁎ 0.136 ⁎⁎⁎

Log likelihood =-120 Pseudo
R2=0.156

LLR test against intercept only
Chi2(12df)=44.5⁎⁎⁎

Percent Correctly
Classified=71.4%

a*** indicates significant at α=0.01, ** indicates significant at α=0.05, and
* indicates significant at α=0.10.
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dinnerware made from crop byproducts or dedicated crops were about
equally acceptable to consumers. One might posit a priori that con-
sumers believe that using crop byproducts would be more eco-friendly
than producing dedicated crops for their cellulose; however, this did
not appear to be the case. This suggests that disposables derived from
cellulose from crop byproducts such as wheat straw or bagasse may be
about equally acceptable as disposables derived from cellulose from
crops produced specifically for their cellulose. Perhaps consumer edu-
cation about the benefits of using crop byproducts, instead of, for ex-
ample, burning them for disposal or landfilling might help differentiate
these two sources of cellulose. Also, despite the ‘no trees’ label already
being used in the marketplace, this label held the narrowest appeal of
all the attributes, appealing to less than half the consumers. The results
regarding relative importance of these attributes to consumers could
help inform disposable dinnerware manufacturers in prioritizing
market provision of dinnerware with the respective attributes.

Furthermore, the results from this study provide information about
market segments which may place greater importance on the attributes.
This information could be helpful in target marketing disposable din-
nerware products with the associated attributes. Male, urban, those
with children in the household, and having higher incomes have a
greater propensity to view the dinnerware attributes as important. The
findings are consistent with those from prior research about consumer
preferences for eco-friendly packaging with the exception of gender. In
several studies, female gender has been found to positively influence
preferences for ecofriendly packaging. One potential reason may be the
differences in product, being disposable dinnerware rather than
packaging material. However, this result merits further investigation.

Those self-described as environmentally knowledgeable are more
likely to select the dinnerware attributes. Those with greater confidence
that science and technology would come up with ways to solve en-
vironmental problems are also more likely to select the dinnerware
attributes as important. This could indicate that consumers who are
confident of product innovation and development are more likely to
believe the dinnerware attributes are important. This confidence in the
ability of the industry to adapt is likely reflected in the positive effect of
beliefs in consequentiality of the survey results. In other words, con-
sumers who believe their responses are likely to be used in product
development by the industry are more likely to believe the dinnerware
attributes are important.

While this study represents a case study for a state-level geographic
region, because so few studies have examined consumer preferences for
disposable dinnerware, future research is needed on a national scale to
fully measure the consumer preferences for eco-friendly attributes in
disposable dinnerware. Future research should likely also include en-
vironmental impact information about the attributes, such as Life Cycle
Analysis, to quantify more fully potential environmental impacts of
attributes. In addition, future research should investigate the influence
of the attributes considered on consumers’ willingness to purchase a
disposable dinnerware product. Additional research should also con-
sider consumer willingness to pay premiums for disposable dinnerware
with eco-friendly attributes compared with conventional disposable
dinnerware.
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