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Abstract

The e-commerce market is rapidly growing, driven by increased non-face-to-face services
and digital convenience. However, the expansion of parcel deliveries has substantially
increased packaging waste, raising environmental concerns. As ESG (environmental,
social, and governance) considerations become critical for sustained competitiveness, eco-
friendly packaging has emerged as an important issue in e-commerce logistics. While
prior studies have examined consumer attitudes toward eco-friendly packaging, limited
attention has been paid to how consumers evaluate and trade off delivery-related eco-
friendly packaging attributes at the attribute level. To address this gap, this study applies
Latent Dirichlet Allocation (LDA) topic modeling to news articles to identify socially salient
eco-friendly packaging attributes and subsequently employs conjoint analysis to examine
their relative importance based on consumer-stated preferences. The results indicate that
delivery speed (27.2%), ease of recycling (20.2%), and price (19.4%) are the most influential
attributes, suggesting that traditional delivery factors and eco-friendly considerations
jointly shape consumer preferences in e-commerce delivery contexts. By disaggregating
eco-friendly packaging into delivery-related attributes and empirically analyzing their
relative importance and trade-offs, this study provides data-driven insights into consumer
preference structures, contributing to the literature on sustainable consumption and e-
commerce logistics.

Keywords: conjoint analysis; e-commerce; customer perspective; eco-friendly packaging;
LDA topic modeling; Republic of Korea

1. Introduction

The e-commerce market is rapidly expanding due to increased non-face-to-face ser-
vices and digital convenience, accelerated by COVID-19 [1,2]. Enhanced customer demands
for same-day and next-day deliveries further drive market growth [3]. Particularly, Repub-
lic of Korea’s e-commerce market, a primary focus of this study, is experiencing significant
growth, with the second-highest share of e-commerce in retail sales globally [4]. Republic
of Korea uniquely stands out, as its e-commerce sales represent 79% of its GDP, the highest
worldwide [5].

This rapid growth is due to economies of scale achieved through high internet pene-
tration, dense population, and advanced logistics infrastructure. However, the continuous
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rise in parcel deliveries per capita exacerbates packaging waste, posing significant envi-
ronmental challenges that conflict with global ESG standards. Both governmental bodies
and private companies are actively promoting eco-friendly packaging solutions, including
injtiatives such as the “Comprehensive Measures for Recycling Waste Management” intro-
duced in 2018 and regulatory updates promoting recycling, reusable boxes, buffer paper,
and eco-friendly ice packs.

Many companies are making efforts to become eco-friendly (Table 1). Since September
2019, Market Kurly has transformed its expanded polystyrene (EPS) box into an eco-
friendly paper box and minimized the use of plastic, EPS, and vinyl. 11st uses all five types
of delivery boxes with recycled paper and has replaced the vinyl tape with paper tape.
SSG.com has introduced “RB-bag,” a semi-permanently reusable cooling bag, and Coupang
has recently signed a memorandum of understanding (MOU) with LG Chem to recover
plastic waste and establish a virtuous cycle ecosystem for recycling resources. To increase
the recycling rate, Samdasoo has introduced labelless, colorless bottles, and colorless
lids to help consumers easily separate and discharge them. Amazon has introduced the
Frustration-Free Packaging method and strives to protect products, making them 100%
recyclable and easy to open. It uses computer modeling to reduce waste by optimizing
the size and weight of packaging boxes to match the size of the product. Coca-Cola
has implemented the World Without Waste initiative to collect and recycle all beverage
packaging by 2030 and replace 50% of all packaging materials with recycled materials. It is
also developing paper beverage bottles in collaboration with Faboco, a European packaging
container venture.

Walmart has announced that it will convert plastic product packaging into paper to
reduce the amount of packaging waste associated with online orders and consolidate several
items into one to reduce the number of deliveries. Similar to Amazon, it is transitioning
to packaging technology that creates customized outer packaging materials for various
product sizes.

Eco-friendly packaging has emerged as a critical area of innovation in the logistics and
distribution sectors, driven by increasing environmental concerns and regulatory pressures.
Traditionally, the development and implementation of eco-friendly packaging strategies—
such as the adoption of reusable materials, reduction in refrigerants, and minimization of
buffer materials—have been spearheaded by distributors and logistics companies [2,6]. In
the context of parcel delivery, packaging responsibilities are typically bifurcated: in some
cases, distributors manage the entire process from packaging to delivery, while in others,
packaging and delivery are handled separately, with couriers responsible solely for the
latter stages. In both scenarios, decisions regarding packaging are predominantly made by
the delivery company or the online retailer [7].

As a result, the majority of existing research has focused on the provider perspective,
emphasizing the development of eco-friendly materials, cost optimization, and supply
chain efficiency from a corporate standpoint [2,8]. Studies examining consumer perspec-
tives or the cost burdens associated with eco-friendly packaging in e-commerce delivery
remain limited.

However, as consumers become increasingly aware of the environmental impacts of
their consumption behaviors, the need for research from the consumer perspective has
grown. Orzan et al. (2018) [9] underscores the importance of consumer awareness in
shaping sustainable consumption patterns, noting that packaging and packaging materials
are increasingly perceived as integral components of the product itself. Understanding
consumer perceptions and preferences is therefore essential for the development of effective
and widely accepted eco-friendly packaging strategies. This study adopts an exploratory
approach to analyze consumer preferences for eco-friendly packaging in an online shopping
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context. The primary objective is to identify how consumers evaluate multiple packaging
attributes and to reveal preference patterns emerging from realistic choice scenarios.

Table 1. Company overview.

Company Market Share of Each Business Overview
(Region) Company in the Industry
It was established in 2014 and is divided into two main
service areas: Market Kurly, specializing in food sales,
Market Kurly and Beauty Kurly, specializing in cosmetics sales.

(Republic of Korea) 8.4% It has a strong advantage in delivering fresh food

through its representative early-morning delivery service
called “Early bird Delivery.”

It started its service as an open market in 2008.

11st

(Republic of Korea) 6% gt Currgntly offers nfxt-day delivery service through
Shooting delivery.
It was founded in August 2010 as an online
Coupan shopping mall.
(Re ublicpo P I%orea) 13% Through its internally built logistics network, it has
p experienced rapid growth, with its service “Rocket
Delivery” offering next-day shipping.
Established on 1 March 2019, it is an integrated online
shopping mall under the umbrella of the
Shinsegae Group.
(Re Elflci;c;((j)(f)rlr(lorea) 15% It is transitioned from a food-focused service called “SSG
p Delivery” to introducing “SSG 1 day Delivery,” to expand
its product range and complement and expand its
existing “SSG Delivery” service.
Established in 1998, it offers “Samdasoo,” a volcanic rock
Samdasoo 439, water, in the market.
(Republic of Korea) ? It has constantly maintained the top market share
position since its launch.
Established in 1994, it is a U.S. company providing
Amazon . .
(US) 38% e-commerce and cloud computing services under the
" name Amazon and Amazon Web Service.
Coca-Cola 46°% Established in 1892, it is a cola brand launched by the
(U.s.) ? Coca-Cola Company in the U.S.
Wal Mart 6.3% Established in 1969, it is a distribution company that
(Us.) e holds 19% of the grocery sales in the U.S.

Conjoint analysis is employed as an appropriate methodological tool for this purpose,
as it allows consumer evaluations to be decomposed into part-worth utilities associated
with individual attributes [10].

By presenting respondents with multiple alternatives that vary across key attributes,
conjoint analysis approximates real-world market decision contexts and enables a quan-
titative assessment of trade-offs among competing packaging features [11]. In this sense,
the analysis focuses on uncovering preference structures rather than modeling cognitive
decision-making processes.

Accordingly, the findings provide descriptive and practical insights into consumer
valuations of eco-friendly packaging attributes and serve as an empirical foundation for
future theory-driven or longitudinal research. Accordingly, this study employs text-mining
techniques to identify socially salient eco-friendly packaging attributes reflected in public
discourse. Building on these attributes, the study examines how consumers evaluate
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and trade off delivery-related eco-friendly packaging features at the attribute level. By
estimating the relative importance and part-worth utilities of individual attributes, this
study provides empirical insights into the internal structure of consumer preferences for
eco-friendly packaging in e-commerce delivery contexts.

The remainder of this paper is organized as follows: Section 2 examines previous
research from the consumers’ perspective related to eco-friendly packaging and introduces
the methodologies used in this study: Latent Dirichlet Allocation (LDA) topic modeling
and conjoint analysis. Section 3 identifies the social trends and information on eco-friendly
packaging through topics and keywords derived from LDA topic modeling analysis. Then,
topics and keywords are reorganized into attributes and attribute levels for use in the
conjoint analysis. Section 4 presents the results derived from the conjoint analysis. Fi-
nally, Section 5 concludes the study by summarizing the key findings and discussing the
limitation and scope for future research.

2. Literature Review and Theory
2.1. Literature on Consumer Perspectives on Eco-Packaging

The packaging industry is closely related to consumers in terms of resources and the
environment [12]. Consumers are well aware of the impact of packaging on the environ-
ment and waste of resources and prefer packaging that suits their needs [9,13]. Accordingly,
interest in the impact and factors of eco-friendly packaging on consumers’ purchase inten-
tions is increasing. Koenig-Lewis et al. (2014) [14] finds that the emotional evaluation of
eco-friendly packaging has a direct effect on environmentally friendly purchase intention.
In addition, the authors of Hao et al. (2019) [15] suggest that environment friendliness,
packaging quality, commodity, and package price significantly influence consumers’ pur-
chase intention for packaging. Song et al. (2023) [16] observe that the purchase intention for
eco-friendly packaging is significantly affected by individual norms, attitudes, environmen-
tal interests, and willingness to pay. Seo et al. (2016) [17] assert that consumers evaluate the
level of eco-friendliness of a package before a purchase; therefore, the higher the level of
eco-friendliness of the package, the more positive the product purchase intention. Martinho
et al. (2015) [12] examines the factors affecting consumers’ product purchasing behavior
by dividing them into groups that strongly feel the importance of eco-friendly packaging
and those that do not. Martinho et al. (2015) [12] and Hao et al. (2019) [15] and Prakash
et al. (2017) [18] state that price still affects consumer behavior concerning encouraging
sustainable packaging use.

Generally, eco-friendly products are more expensive than conventional products [18],
and therefore, it is essential to consider price in terms of its impact on the purchase intention
of eco-friendly products. According to [18,19], the more interested the consumers are in the
environment, the less sensitive they are to prices, and the higher the prices they allow.

Early studies show that eco-friendly packaging is valued but secondary to price, and
in beverages, price and taste remain non-negotiable [20,21]. More recent work shifts from
price to norm-based drivers: in reusable express packaging, personal norms—activated
by awareness of consequences and ascription of responsibility—most strongly predict
intention; subjective norms, shaped by media influence and perceived policy effective-
ness, along with environmental concern, further raise intention [16]. Complementing
this, the eco-design stream shows that consumers read structural, graphical/iconic, and
informational cues, which trigger perceived benefits and sacrifices under time pressure [22].
Overall, adoption reflects price trade-offs, normative mechanisms, and cue-based inference,
implying that policy /media signals and thoughtful cue design should complement pricing
to promote reuse. Additionally, Yang et al. (2025) [23] finds the acceptance of eco-friendly
packaging to be related to other determinants in consumers’ product choices; however, they
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observe that a detailed consumer preference study on the factors constituting eco-friendly
packaging itself is insufficient.

Prior research has extensively examined consumer responses to eco-friendly packag-
ing, focusing on outcomes such as purchase intention, willingness to pay, and environmen-
tal attitudes [20,24]. These studies consistently find that consumers prefer environmentally
friendly packaging materials, such as recycled paper, and hold negative attitudes toward
non-recyclable plastic packaging.

However, much of this literature adopts a generalized perspective by treating eco-
friendly packaging as a single construct. As a result, it pays limited attention to the distinct
packaging attributes that operate within delivery-related decision-making processes.

More recent studies have begun to examine sustainable delivery options, highlight-
ing consumer trade-offs between environmental considerations and traditional service
attributes such as delivery speed or price. While these studies demonstrate the growing
importance of environmental factors in delivery choices, they offer limited insight into how
consumers evaluate and trade off specific packaging attributes across different stages of the
delivery process.

Taken together, although consumer-focused research on eco-friendly packaging is
well established, existing studies largely overlook attribute-level preference structures and
delivery-specific choice contexts [25]. To address this gap, the present study disaggregates
eco-friendly packaging into delivery-related attributes and empirically examines their
relative importance and trade-offs using conjoint analysis.

2.2. LDA Topic Modeling

Text mining extracts valuable information from unstructured text data [26], enabling
users to go beyond simple information retrieval, identify connections, and discover cat-
egories within texts [27]. Topic modeling, a popular text-mining technique, automati-
cally identifies inherent themes and topics in extensive document collections [28]. Latent
Dirichlet Allocation (LDA), a widely used probabilistic topic modeling method, represents
documents as mixtures of latent topics based on word frequency and distributions [29,30].
LDA explicitly associates documents with topics through probability distributions [31].
Concurrently, there is a growing use of news data for topic modeling due to its immediacy
and stakeholder insights, facilitating analysis of contemporary social issues and trends [32].

The authors of Wang et al. (2020) [33] analyze over 1100 news articles and 5500 com-
ments during the COVID-19 pandemic using LDA topic modeling. Consequently, the
degree of topic inconsistency between articles and comments is within the normal range,
and people pay more attention to the spreading situation rather than treatment-related
topics such as “vaccine”. Park et al. (2025) [34] uses the BIGKINDS news big data analysis
service to collect news data on ESG management. Then, they apply LDA topic modeling
to analyze key ESG management keywords and topics to propose strategic directions for
successful ESG management in business. Similarly, inspired by China’s Belt and Road
Initiative, recent research explores the international expansion of Chinese cross-border
e-commerce. For example, Wang et al. (2025) [35] analyzes consumer reviews of mobile
phones to compare domestic and overseas customer behavior using LDA topic modeling.
The results show that foreign consumers emphasize product quality and technical specifi-
cations, while domestic consumers focus more on customer service and provide general
comments. These insights suggest that strategic adjustments in product communication
and customer engagement are essential for successful cross-border e-commerce operations.

This study analyzes the trends and key factors related to eco-friendly packaging in the
context of e-commerce companies’ delivery services by analyzing suitable news data. To
achieve this, we utilize LDA topic modeling as the primary research method. Using this
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approach, we reveal valuable insights into eco-friendly packaging practices adopted by
e-commerce companies during their delivery processes.

In this study, news data are not intended to serve as a proxy for individual consumer
preferences. Rather, they are used exclusively at the attribute generation stage to identify
socially salient themes and factors related to eco-friendly packaging in the context of
e-commerce delivery services. By applying LDA topic modeling, the study captures
sustainability-related issues that are repeatedly emphasized in public discourse and are
therefore likely to be encountered by consumers.

Potential biases inherent in news data—such as the influence of policy agendas,
corporate messaging, or activist framing—are acknowledged. However, these biases do
not directly affect preference estimation, as consumer evaluations are obtained separately
through a conjoint survey. In the subsequent analysis, the relative importance and trade-offs
among the LDA-derived attributes are empirically assessed based on consumer responses,
ensuring a clear separation between attribute derivation and preference measurement.

2.3. Conjoint Analysis

Conjoint analysis estimates respondents’ preferences and utilities for products or
services, predicting their preferred choices [11]. Utilities are calculated through responses
for each attribute and attribute level, helping researchers identify attributes essential
for market competitiveness [36]. Consumers typically consider multiple attributes si-
multaneously, making conjoint analysis effective as it mirrors realistic decision-making
environments [37-40]. Conjoint analysis utilizes preference models, categorized into vec-
tor, ideal point, and part-worth function models [11]. The vector model evaluates each
attribute’s impact, the ideal point model assumes utility decreases as attributes deviate
from ideal levels, and the part-worth model considers utility variations across categorical
attribute levels [41]. While a few studies have applied conjoint analysis in the logistics field,
several studies, including [42], used conjoint analysis to understand preference in this field.

This study applied conjoint analysis to evaluate consumer utility and attribute impor-
tance for eco-friendly packaging attributes identified via LDA topic modeling.

In this study, a rating-based conjoint approach was adopted instead of more recently
popular methods such as choice-based conjoint (CBC) or best-worst scaling (BWS). This
choice reflects the exploratory objective of the study, which aims to examine the relative
importance and preference structures of multidimensional eco-friendly packaging attributes
derived from LDA topic modeling, rather than to predict discrete choices or estimate
market shares.

In particular, several of the attributes considered in this study are relatively abstract
or may be unfamiliar to consumers. In such contexts, forced-choice tasks can increase
cognitive burden and potentially compromise response quality. A rating-based approach
allows respondents to provide more gradual and nuanced evaluations, making it well
suited for exploratory analyses focused on attribute structuring and preference assessment.

3. Methods

This study identifies social interests and trends in eco-friendly packaging by extracting
keywords and topics and deriving and presenting the importance and utility of attributes
related to eco-friendly packaging from the consumers’ perspective. Consequently, after
collecting news related to eco-friendly packaging from BIGKINDS, a news big data platform,
preprocessing was conducted for LDA topic modeling. Subsequently, important attributes
related to eco-friendly packaging were set using topics and keywords derived from LDA
topic modeling. Based on these attributes, questionnaires were constructed and distributed
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to consumers and their responses were collected. The relative importance and utility of
each attribute were derived using conjoint analysis, and the results were presented.

The BIGKINDS database was used to identify social interest in eco-friendly packaging
(Figure 1). In this study, news data were collected using the search terms “eco-friendly”
and “packaging.” To reflect the packaging trend after the COVID-19 outbreak, the data
collection period was limited from January 2020 to November 2022. Therefore, 8538 eco-
friendly packaging-related news data were collected. The collected news data constituted
19 columns such as “News Identifier,” “Date,” “Media,” “Contributor,” “Title,” “Inte-
grated Classification 1,” “Integrated Classification 2,” “Integrated Classification 3,” “Inci-
dent/Accident Classification 1,” “Incident/Accident Classification 2,” “Incident/Accident
Classification 3,” “Person,” “Location,” “Institution,” “Keyword,” “Characteristic Extrac-
tion,” “Main text,” “URL,” and “Exclusion from analysis (yes or no).” Among them, data
preprocessing was performed using the “Characteristic Extraction” column. It contains key-
words considered important in the news using a Text Rank algorithm that determines the
central words in a document through network analysis. Unnecessary spaces and symbols
were removed, and keywords consisting of only nouns, adjectives, and roots were extracted
using Python 3.11’s KoNLPy Mecab engine. Subsequently, Python 3.11’s Gensim library
was used to exclude infrequent or highly frequent words from the analysis. Consequently,
5341 keywords were extracted and analyzed.

Phase I Phase II Phase I Phase IV
Data Collection LDA Topic Modelling Conjoint Analysis Conclusions and Limitations
and preprocessing (Analysis methodology) (Analysis methodology)

Process

BIGKINDS Organize questionnaires
News Database / v
Ex_tract important Collecting responses from Presenting Conclusion
topics and keywords consumers
Derive importance and
Data Preprocessing

utility by attributes

Figure 1. Framework of the study.

Given the relatively large number of attributes derived from LDA topic modeling, a
fractional factorial design was employed to construct a manageable set of profiles while
preserving orthogonality among attribute levels. A total of 16 profiles were generated
to balance information efficiency and respondent cognitive burden, which is a common
practice when the primary objective is to estimate main effects rather than to predict
discrete choices.

Each respondent evaluated all profiles using a 10-point rating scale, reflecting overall
preference. This rating-based conjoint approach was selected because the study aims to
explore relative attribute importance and preference structures, rather than to simulate
market choices or estimate choice probabilities. To reduce cognitive burden, respondents
were provided with an example task prior to the survey to ensure familiarity with the eval-
uation format. Accordingly, the estimated part-worth utilities are interpreted as indicators
of relative preference patterns rather than precise utility magnitudes.

4. Data Analysis

To identify topics based on the collected documents, LDA topic modeling was per-
formed using Python 3.11’s Gensim library. LDA topic modeling involves determining the
appropriate number of topics and designating their names. In this study, the perplexity
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and coherence scores were used to determine the number of topics. The perplexity score
indicates how efficiently the model predicts new data; the lower the score, the higher the
accuracy [43]. The coherence score measures whether the keywords in the topic match
semantically; the higher the score, the higher is the accuracy [43]. Using the score, this
study determines 12 as the number of topics. Finally, 10 keywords were derived for each of
the 12 topics. The results of 10 keywords are shown in Table Al. Additional keywords were
extracted (although not extracted as the top 10 keywords for each topic) by considering the
CAGR of words to derive meaningful keywords according to the purpose of the study. Thus,
news articles from 2020 to 2022 were classified by year, and the frequency of occurrence by
year was calculated for all keywords. The CAGR of the keywords is calculated as follows:

CAGR — V202 = Vaoo 4
V2020

7

where Vt is the frequency of words occurring in year t.

Among the words that were not derived as the top 10 keywords for each topic and
showed a positive CAGR, keywords related to eco-friendly packaging were extracted.
Table 2 shows the results. Considering the results derived from LDA topic modeling and
additional results derived based on CAGR, both eco-friendly materials and recyclability, as
well as the usability for actual users, should be considered simultaneously when designing
eco-friendly packaging (Table A2).

Table 2. Keyword extraction result using CAGR.

Keywords Frequency CAGR
Paper cup 133 46%
Shopping bag 132 97%
Each piece 53 25%
Convenience 50 4%
Wrapping paper 93 25%
Reusable container 125 178%
Polypropylene 81 90%
Paper box 54 4%
Durability 67 53%
Plastic 487 13%
Eco-friendliness 71 63%
One-time 119 16%
Recyclable materials 57 24%
Reusable 226 105%
Deposit 61 87%
Recycling rate 60 28%
Eco-bag 78 18%
Sugar cane 86 13%
Microplastic 53 11%
Corrugated cardboard 88 50%
Overpackaging 134 39%
Paper 507 22%
Container 391 37%

This study provides a basis for securing strategies related to eco-friendly packaging
by identifying trends in eco-friendly packaging materials and key attributes that affect
consumers’ choices and related awareness. Hence, LDA topic modeling was conducted to
ascertain social interests and major factors in eco-friendly packaging by deriving them as
topics and keywords.
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Next, by conceptualizing them as attributes and attribute levels and using them for
conjoint analysis, we identify the priorities and utility of attributes that customers consider
important in eco-friendly packaging for delivery.

Meanwhile, the eco-friendly packaging experienced by customers in the delivery
process can be considered in terms of the packaging attached to the product, the outer and
inner packaging materials used to protect the product, and the form of packaging.

Accordingly, four themes were matched to the packaging process. The results are
presented in Table A2. Attributes and attribute levels suitable for each packaging process
were constructed by referencing the results of topic and keyword extraction through LDA
analysis and additional keyword extraction results using CAGR (Table 3).

Table 3. Attributes and attribute levels.

Attribute Level

Attribute Level Descriptions and Examples

Packaging Process Attribute

Packaging attached to Ease of recycling of packaging

the product Fase of recycling High/medium/low materials attached to products
. Packaging material Paper/reusable eco bag Dlsposal?le o reus.able pack.agmg
Outer packaging materials used in packaging
for delivery Pa
per/transparent .
Tape box tape Types of tape used for packaging
Buffer material Paper/vinyl bgbble Types of.buffer me.iterial used
Inner packaging for wrap/plastic in packaging
delivery Types of ice packs used when
Ice pack Water-type/gel-type packaging ((ex) fresh food))
. . When several products are packaged
Form of packaging Form of packaging Individual packagmg/ individually or in batches at the time
bundle packaging .
of delivery
. Same-day /next- How long it takes to receive
Delivery speed day/more than 2 days the product
Delivery service KRW 3000
Price (USD 2.30)/KRW 4500 Price of a delivery service
(USD 3.46)

Price was additionally incorporated as a control attribute to capture cost-related trade-
offs in delivery decisions. The price levels (KRW 3000 and KRW 4500) were determined
based on commonly observed delivery fee ranges in the South Korean e-commerce market
and were intended to reflect a realistic cost increase associated with the adoption of eco-
friendly packaging. These values were selected to represent a noticeable yet plausible price
difference, while avoiding extreme levels that could unduly bias preference responses.

However, from the perspective of a company, the transition to eco-friendly packaging
entails cost consideration, and cost and price are the factors that greatly affect customers’
choice of delivery services [44,45]. For example, in the case of a paper box, the initial
logistics cost is cheaper than that of a reusable cooler bag. However, in the case of multiple
uses, it becomes more expensive than a reusable cooler bag that can be reused after washing.
In the case of general ice packs used in the industry, the average unit price based on 500 g is
approximately KRW 175 (USD 0.13), but the average unit price of eco-friendly ice packs is
about KRW 213 (USD 0.16). Thus, the transition to eco-friendly packaging is accompanied
by cost changes, which may be partially passed on to consumers.

Furthermore, delivery speed is an important factor in consumers’ choice of last-mile
delivery services [46] and an important competitive attribute for e-commerce companies [2].
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Currently, many e-commerce companies provide services with fast delivery speeds, such
as next-day and early-morning deliveries, highlighting the advantages of establishing their
own logistics networks. Therefore, price and delivery speed, the traditional competitive
attributes of e-commerce companies, were introduced as additional attributes to identify
the differences in importance from the attributes related to eco-friendly packaging.

To understand the utility and importance of consumers regarding the attributes and
attribute levels presented above, a conjoint analysis was conducted using a questionnaire
comprising a combination of attributes and attribute levels (Table A3). When organizing a
questionnaire, a trade-off method and full-profile approach can be used. The full-profile
approach evaluates all attributes simultaneously, while the trade-off method receives
responses for pairs at each attribute level, considering only two attributes together. We
used the full-profile approach as the number of attributes used was small and to reduce
contradictions between responses by considering all attributes simultaneously.

Data for this study were collected through an online survey administered via Google
Forms. A purposive non-probability sampling method was adopted, targeting active e-
commerce users in Republic of Korea who had made at least one online purchase within
the past three months. To identify relevant participants, we first administered a prelimi-
nary screening questionnaire to 150 individuals, assessing their recent e-commerce usage
and awareness or experience with eco-friendly packaging. At the end of the screening,
respondents were briefly introduced to the concept and format of the conjoint analysis
and then asked whether they would be willing to participate in the full survey. As a
result, 70 individuals agreed and provided complete responses, which were used for the
main analysis.

To address the potential for non-response bias, we compared basic demographic
variables (e.g., age, gender, frequency of online purchases) between respondents and
non-respondents. The analysis revealed no statistically significant differences (p > 0.05),
suggesting that non-response bias is unlikely to have affected the results.

After confirming participation from 70 respondents, a detailed explanation along
with example profiles was provided prior to the main conjoint tasks to ensure participants
clearly understood how to interpret and evaluate the presented attribute combinations.
Respondents were asked to select scores ranging from 1 (least favorite) to 10 (most fa-
vorite) for each question (Appendix A). To ensure that the respondents were familiar with
the responses to the questionnaire, we provided examples before starting the survey to
aid understanding.

The sample consisted of 67% male and 33% female respondents, with a strong concen-
tration in younger age groups. Specifically, 67% of respondents were in their 20s, followed
by those in their 30s (20%), 40s (7%), 50s (4%), and 60s (2%). This age distribution reflects
the characteristics of the target population, as the survey focused on active e-commerce
users, who are more prevalent among younger consumers. Accordingly, the findings of
this study are most applicable to young, active online shoppers rather than to the entire
Korean consumer population.

With respect to sample size, prior methodological studies suggest that exploratory
research in business and social sciences does not require large samples to generate mean-
ingful insights. Sekaran et al. (2016) [47] indicates that sample sizes between 30 and 500
are generally appropriate for exploratory research, while [48] notes that samples of 30
or more observations allow sampling distributions to approximate normality under the
Central Limit Theorem. In addition, prior conjoint analysis studies have demonstrated that
relatively small samples can yield stable estimates of attribute-level preferences [49,50].
Taken together, the final sample size of 70 respondents is considered sufficient for the
exploratory objective of identifying relative preference structures among eco-friendly
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packaging attributes, while population-level generalization remains outside the scope of

this study.

According to the conjoint analysis, the most important attribute of eco-friendly pack-

aging for delivery is delivery speed (27.2%), followed by ease of recycling (20.2%), price
(19.4%), buffer materials (10.2%), tape (7.3%), ice packs (6.7%), form of packaging (6.5%),
and packaging materials (2.6%) (Figure 2). Delivery speed and price attributes, which are

competitive attributes of traditional e-commerce companies, are significant, and ease of

recycling and buffer materials indicate high significance in eco-friendly packaging. Table 4

summarizes the utility values by attribute level.

30

27.2
25
20.2
20 19.4
15
10.2
10
7.3 6.7 6.5
| l l
2.6
. ]
Ease of Packaging Tape Buffer Ice pack Form of Delivery Price
recycling material material packaging speed
Figure 2. Important attribute of eco-friendly packaging.
Table 4. Result of conjoint analysis.
Attribute Attribute Level Utility Standard Error
High 0.462 0.156
Ease of recycling Medium 0.267 0.183
Low —0.729 0.183
Packaging material RPapﬁ; 0.077 0-117
pusab’e ~0.077 0.117
Eco bag
Tape Paper tape 0.214 0.117
P Transparent box tape —-0.214 0.117
Paper 0.300 0.156
Buffer material Vinyl bubble wrap —0.002 0.183
Plastic —0.298 0.183
Water-type 0.196 0.117
lce pack Gel-type ~0.19% 0.117
. Individual packaging —0.191 0.117
Form of packaging Bundle packaging 0.191 0.117
Same-day 0.781 0.156
Delivery speed Next-day 0.040 0.183
More than 2 days —0.821 0.183
Pri KRW 3000 (USD 2.30) 0.570 0.117
rice KRW 4500 (USD 3.46) —0.570 0.117
C lati Pearson’s R Kendall’s tau
orrelation 0.978 0.933

Regarding “Ease of recycling,” the utility analysis clearly demonstrates a strong

consumer preference toward higher convenience in recycling. Specifically, the highest
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utility value (0.462) corresponds to “High” ease of recycling, followed by “Medium” ease
(0.267). In contrast, “Low” ease of recycling exhibits a significantly negative utility (—0.729),
clearly indicating consumer aversion. Thus, packaging that is inconvenient to recycle
could negatively impact consumer acceptance. To effectively address this preference, it
would be beneficial to enhance consumer convenience, such as by adopting packaging that
can be easily detached from the product for separate disposal or by implementing label-
free designs.

Regarding the “Packaging material” attribute, the utility analysis shows consumers
prefer “Paper” (0.077) over “Reusable eco bag” (—0.077). Although both options are envi-
ronmentally friendly, reusable eco-bags have faced ongoing issues due to delayed collection,
increasing consumer dissatisfaction. For the “Tape” attribute, “Paper tape” (0.214) is clearly
favored compared to “Transparent box tape” (—0.214). Consumers find paper tape easier
to remove from packaging, reinforcing its perception as more environmentally friendly.
Regarding “Buffer material,” consumers significantly prefer “Paper” (0.300) over “Vinyl
bubble wrap” (—0.002) and “Plastic” (—0.298). This is primarily because plastic-based
buffer materials are harder to dispose of and produce harmful environmental impacts.
As plastic buffering is least preferred, its usage should be minimized. Concerning the
“Ice pack” attribute, “Water-type ice packs” (0.196) are favored over “Gel-type ice packs”
(—0.196), primarily due to the convenience of disposal. Gel-type ice packs require special-
ized collection, complicating disposal processes.

For the “Form of packaging,” consumers prefer “Bundle packaging delivery” (0.191)
rather than “Individual packaging delivery” (—0.191). This reflects concerns regarding
excessive packaging waste associated with individual deliveries.

Regarding “Delivery speed,” “Same-day delivery” shows the highest preference
(0.781), followed by “Next-day delivery” (0.040), while delivery taking more than two
days is highly undesirable (—0.821). This indicates that faster delivery is crucial for com-
petitive advantage in e-commerce.

Lastly, concerning “Price,” the standard delivery fee of KRW 3000 (USD 2.30) (0.570) is
strongly preferred over the increased fee of KRW 4500 (USD 3.46) (—0.570). This highlights
consumer sensitivity to delivery costs, emphasizing that additional fees could negatively
impact consumer acceptance of eco-friendly packaging.

Overall, the analysis model demonstrates excellent suitability, supported by a high
Pearson’s R-value of 0.978, indicating a strong correlation between observed and esti-
mated preferences. Additionally, Kendall’s tau value of 0.933 confirms the validity of the
16 questionnaires extracted through orthogonal design, further emphasizing the robustness
of the results.

5. Discussion

Delivery services, specifically delivery speed and price, have traditionally been re-
garded as competitive attributes critical for e-commerce companies. However, these at-
tributes now predominantly function as order qualifiers rather than order winners, prompt-
ing companies to identify alternative competitive factors to succeed in the increasingly
saturated market. Recent shifts—including stringent government environmental regula-
tions, the rising prominence of ESG criteria, heightened eco-friendly consumer awareness,
and increased value-driven consumption—have positioned eco-friendly packaging as a
critical differentiator for competitive advantage in e-commerce.

In this study, key topics and keywords related to eco-friendly packaging were identi-
fied through LDA topic modeling using recent news data, followed by conjoint analysis
based on these derived attribute levels. Results highlight that, besides traditional attributes
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(delivery speed and price), eco-friendly attributes—particularly ease of recycling and buffer
materials—are increasingly significant to consumers.

Interestingly, the ease of recycling was found to surpass even the price attribute in
importance, indicating a strong consumer preference for packaging materials that facilitate
easy separation and disposal directly from product packaging. This suggests that efforts
to transition toward eco-friendly packaging should prioritize convenience in recycling
practices. Consequently, e-commerce companies, particularly those outsourcing their
packaging, need to actively collaborate with product suppliers to ensure packaging designs
align with consumer recycling convenience preferences. Given that consumers prioritize
this attribute over cost concerns, companies transitioning to eco-friendly packaging have
an encouraging opportunity to offset the potential cost implications involved.

Notably, in the stated-preference context of this study, ease of recycling was ranked
higher than price. This finding should not be interpreted as evidence that cost consider-
ations have generally weakened in actual market behavior. Rather, it reflects a context-
dependent preference structure observed when consumers are explicitly prompted to
evaluate sustainability-related attributes.

When eco-friendly packaging features are made salient in the evaluation context,
recycling convenience may emerge as a relatively more important consideration compared
to traditional delivery attributes. This underscores the role of evaluative framing in shaping
expressed consumer preferences and highlights the importance of distinguishing between
stated preferences and revealed market behavior.

More broadly, the contribution of this study lies in disaggregating eco-friendly pack-
aging into multiple internal attributes and empirically demonstrating how these attributes
are hierarchically evaluated relative to traditional delivery factors. By grounding attribute
selection in social discourse through LDA-based topic modeling, this study provides a
data-driven perspective on which dimensions of eco-friendly packaging are most salient to
consumers in contemporary e-commerce contexts.

The study found that the specific type of packaging material itself held the lowest
relative importance. In contrast, buffer materials were deemed more significant, empha-
sizing that consumers have a stronger eco-friendly awareness regarding inner packaging
compared to outer packaging. Consumers demonstrated clear preferences for specific
attribute levels, including paper-based materials, easy separation and disposal features,
bundled packaging delivery, expedited shipping, and lower delivery costs.

Overall, these insights suggest that e-commerce companies can effectively allocate
resources by prioritizing attributes that resonate most strongly with consumers, thereby
differentiating themselves from competitors and enhancing their market competitiveness
through strategic eco-friendly packaging practices.

This study provides valuable insights for both academic researchers and industry
practitioners. From an academic perspective, the contribution of this study lies in applying
established analytical methods—LDA topic modeling and conjoint analysis—to examine
eco-friendly packaging attributes in the context of e-commerce delivery.

Unlike prior studies that primarily relied on literature reviews or researcher judgment
to derive attributes and levels for conjoint analysis, this study incorporates text-mining
results from recent news data at the attribute identification stage, thereby reflecting socially
salient sustainability issues in a more timely and structured manner. In doing so, the
study offers empirical insights into attribute-level consumer preference structures related
to eco-friendly packaging, rather than proposing a new methodological framework.

Moreover, the findings expand our theoretical understanding of consumer preferences
within the context of sustainability, particularly highlighting the substantial shift toward
valuing recycling convenience over cost considerations. This underscores the necessity for
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future research to continuously monitor and integrate dynamic consumer preferences and
trends in environmental consciousness, particularly as these factors increasingly influence
market competition.

From a practical perspective, the findings provide strategic guidance for e-commerce
companies and supply chain stakeholders aiming to differentiate themselves in an increas-
ingly competitive market. Specifically, the study highlights the strategic importance of
prioritizing eco-friendly attributes—particularly ease of recycling and buffer materials—
in packaging decisions. Companies should proactively design packaging solutions that
facilitate convenient recycling, aligning closely with consumer demands. Importantly,
these insights emphasize the necessity of collaboration between e-commerce firms and their
product suppliers, particularly when packaging responsibilities are outsourced. Such collab-
oration can ensure packaging designs are not only sustainable but also enhance consumer
convenience, significantly contributing to customer satisfaction and brand loyalty [6].

Moreover, the relatively lower importance consumers placed on specific packaging
materials suggests companies should focus their limited resources strategically, investing
primarily in aspects such as inner packaging (buffer materials) and convenience-oriented
recycling practices rather than over-investing in the outer packaging itself. Such targeted
allocation of resources can mitigate cost-related concerns, enhance consumer perceptions of
brand sustainability, and facilitate smoother transitions toward comprehensive eco-friendly
packaging practices.

In summary, this study provides meaningful academic and managerial insights, em-
phasizing that eco-friendly packaging has become an indispensable competitive factor
for contemporary e-commerce companies. By strategically prioritizing consumer-driven
eco-friendly attributes, businesses can secure long-term competitive advantages while
contributing positively toward sustainability goals.
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Appendix A

Table Al. Result of LDA topic modeling.

Topic Title Keywords
Carbon Topic Carbon Vice-
neutrality of P Expert Start-up Job Automobile Product . User Seoul city
1 neutral Chairman
Product
Reusable ice Topi Ten Buffer
pack, buffer 05’ ¢ th e d Minimization =~ Company Reuse Ice pack EV Contents Gift set 11 < 1
material ousan materia
Minimization
of Topic - Carbon . L
disposable 3 Disposable ~ Governance Tumbler dioxide CJ China Vegan Minimization Eco
use
Zero waste Toinc Pollution COVID-19 Solar energy Company Deiig?:ent First half Meanwhile Gift set Tumbler
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Table A1. Cont.
Topic Title Keywords
Min(i);nliiition Tog ic Job Pollution Environment ~ COVID-19 Pet Minimization =~ Homepage  Sustainable Seafood
vﬁl:ttii Topic China Waste Gift set Upevelin Carbon Samsung Japan Disabled Ten
plast 6 plastic peycing dioxide Electronics P person thousand
upcycling
Minimization ¢ ;0 Republic of Gyeonggi-
of polyethy- ; %orea Eco Minimization Ice pack Y dogg Ingredients Polyethylene  Start-up Contents
lene
Sustainable . .
buffer Topic Republic of Sustainable Buffo?r COVID-19 Minimization Villager Jeonnam Product Citizen
- 8 Korea materials
material
Topic e Samsung Distribution . . .
Label-free Distribution ~ Label-free Fresh . . Meanwhile Customer Sustainable Pollution
9 Electronics industry
Separate
discharge of . Separate
buffer Topic Buffgr CJ Logistics C? rbpn Automobile Waste Microbe COVID-19 Ten waste
. 10 material dioxide plastic thousand .
material and collection
waste plastic
Eco ice pack Topic Gift set Ice pack Europe J eonnam- China Microbe COVID-19 Utilization Sales
11 city volume
Minimization Topic Micro Buffer
of buffer 14 Minimization  Ice pack Job . - Off-line New-deal Affiliate Coronavirus
. 12 enterprise material
material
Table A2. Topic trend.
" 3
Reusable ice pack e
. pack, ” " . . “Minimization of
buffer material (Topic 2), SN i s Sustainable buffering . .
" . A Minimization of . . B buffer material (Topic
. Label-free (Topic 9), materials (Topic 8), e e
Topic " . polyethylene P 12),” “Minimization
Separate discharge of o Minimization of .
. (Topic 7) R of disposable use
buffer material and waste polyethylene (Topic 7) - o
. . ,, (Topic 3)
plastic (Topic 10)
“Reusable container,”
" ” ‘" ”
Eco-bag Paper,
Keyword usin. Y . . /, ” " -, “Overpackaging,”
y & Convenience Paper, Plastic, p gme,

CAGR

“Corrugated cardboard,”

“Polypropylene”

“Corrugated cardboard”

“Each piece”

Four themes

Topics related to

Topics related to

relat.ed to Topics related to ease of eco-friendly products used  eco-friendly products used Topics related t 0 form
eco-friendly reuse/use P . . . of packaging
. or outer packaging for inner packaging
packaging
Packaging Packaging attached to the Outer pa?kagmg for Inner pac.kagmg for Form of packaging
process product delivery delivery
Table A3. Combinations of 16 attributes presented in the questionnaire.
Ease of Packaging Buffer Form of Delivery .
Recycling Material Tape Material Ice Pack Packaging Speed Price
. Reusable . .. KRW 4500
1 High eco-bag Paper tape Plastic Gel-type Individual =~ Same-day (USD 3.46)
Reusable Transparent Vinyl bubble . KRW 3000
2 Low eco-bag box tape wrap Gel-type Individual Same-day (USD 2.30)
. Vinyl bubble . KRW 4500
3 High Paper Paper tape wrap Gel-type Individual Next-day (USD 3.46)
. Transparent . .. More than ~ KRW 3000
4 Medium Paper box tape Plastic Gel-type Individual 2 days (USD 2.30)
Transparent . KRW 4500
5 Low Paper box tape Paper Water-type  Individual Same-day (USD 3.46)
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Table A3. Cont.

Ease of Packaging Buffer Form of Delivery .

Recycling Material Tape Material Lce Pack Packaging Speed Price
. Reusable Vinyl bubble KRW 3000
6 Medium eco-bag Paper tape wiap Water-type Bundle Same-day (USD 2.30)
7 Low Paper Paper tape Plastic Water-type Bundle Next-day (IEI;V]\D] g%%(;
Reusable More than ~ KRW 4500
8 Low eco-bag Paper tape Paper Gel-type Bundle two days (USD 3.46)
. Reusable Transparent KRW 3000
9 High eco-bag box tape Paper Gel-type Bundle Next-day (USD 2.30)
. Transparent Vinyl bubble More than ~ KRW 4500
10 High Paper box tape wiap Water-type Bundle two days (USD 3.46)
. Transparent KRW 3000
11 High Paper box tape Paper Gel-type Bundle Same-day (USD 2.30)
12 High Paper Paper tape Paper Water-type  Individual =~ Same-day (I;RSV]\DI ;%%(;
13 Medium Paper Paper tape Paper Gel-type Bundle Same-day (IEI;V]\DI giofg
. Reusable Transparent - KRW 4500
14 Medium eco-bag box tape Paper Water-type  Individual Next-day (USD 3.46)
. Reusable Transparent . KRW 4500
15 High eco-bag box tape Plastic Water-type Bundle Same-day (USD 3.46)
. Reusable .. More than ~ KRW 3000
16 High eco-bag Paper tape Paper Water-type  Individual 2 days (USD2.30)

Ease of recycling High/Medium/Low

Packaging material

Buffer material

Ice pack Water-type/Gel-type

Individual packaging/

Form of packaging Bundle packaging

Same-day/Next-day/
More than two days

Price 3000 won/4500 won

Delivery speed

Please select the preference score for eco-friendly packaging and

delivery services featuring the following attribute level combinations

Packaging process

Ease of recycling

Tape
Buffer material

Ice pack

Delivery speed

Price

2 3 4 5

Paper/Reusable eco bag

Tape Paper/Transparent box tape

Packaging material

Form of packaging

A study on the Preference of delivery using eco-friendly packaging

Ease of recycling of packaging materials attached to products

Disposable or Reusable packaging materials used in packaging

Paper/Vinyl bubble wrap/Plastic

Types of tape used for packaging

Types of buffer material used in packaging

Types of ice packs used when packaging (ex: fresh food)

When several products are packaged individually or in batches
at the time of delivery

6 7 8 9 10

How long it takes to receive the product

The price of a delivery service

High

Reusable eco bag

Paper
Plastic

Gel-type

Individual packaging

Same-day

4500 won

The least favorite O O O O O O O O O O The most Favorite

Figure Al. Examples of questionnaire questions.
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