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Abstract

As e-commerce expands, packaging increasingly serves as a communication interface
in at-home consumer environments, where it may influence how consumers interpret
sustainability. Unlike retail settings, where disposal decisions may be externally guided,
consumers in e-commerce contexts rely on material cues and on-package information to
interpret recyclability and brand intent. This study aims to examine how paper-based and
plastic packaging influence visual attention, disposal behavior, and brand perception in
apparel e-commerce. A controlled experimental study (n = 91) was conducted using mobile
eye-tracking, behavioral observation, post-experience surveys, and follow-up interviews.
Participants were randomly assigned to one of three packaging conditions: a low-density
polyethylene (LDPE) plastic bag, a translucent paper bag, or a hybrid paper-based bag
combining kraft and translucent materials. Results show that paper-based formats gener-
ated greater visual engagement than plastic, with translucent paper eliciting longer fixation
duration and higher fixation count (p < 0.05). Recycling rates were higher for paper-based
formats (70-77%) than plastic (53%), though not statistically significant. Perceived eco-
friendliness differed significantly, with the hybrid paper format more strongly associated
with environmental responsibility (p < 0.001). Qualitative findings indicate that material
statements and disposal instructions improve confidence in interpreting recyclability. These
results suggest that packaging material plays a role in shaping consumer attention and
perceived eco-friendliness in e-commerce contexts.

Keywords: sustainable packaging; e-commerce; consumer behavior; eye-tracking; recycling
behavior; material perception; brand perception

1. Introduction
1.1. Research Background

Plastic polybags are widely used in e-commerce packaging, particularly in the apparel
sector, due to their low cost, durability, and ability to provide product visibility [1-3].
Typically made from low-density polyethylene (LDPE), these materials are lightweight and
flexible while offering sufficient protection against dust, moisture, and handling throughout
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the supply chain [4,5]. However, they are generally designed for single use and exhibit low
recycling rates, contributing significantly to plastic waste and environmental impact [6-8].
It is estimated that up to 180 billion polybags are produced annually within the fashion
industry, highlighting the scale of the issue [9,10].

Despite their widespread use, flexible plastic packaging presents substantial challenges
in end-of-life management. Recycling rates for plastic films remain low, and these materials
are typically not accepted in most curbside recycling programs due to their tendency
to interfere with sorting equipment and contaminate recycling streams [11-14]. Instead,
they often rely on store drop-off systems, which are inconsistently available and require
additional consumer effort, resulting in low participation rates [15]. Even when such
programs exist, evidence suggests that a significant proportion of collected plastic bags
do not ultimately enter recycling streams, frequently ending up in landfills or incineration
facilities [16,17].

In at-home consumption contexts, where disposal decisions occur without external
guidance, these limitations contribute to widespread consumer confusion [18]. The com-
plexity of plastic material types, inconsistent labeling, and limited recycling infrastructure
can lead to misinterpretation of recyclability, resulting in incorrect disposal and further
contamination of recycling systems [19-21]. As a result, consumer behavior plays a critical
role in determining the environmental outcomes of packaging materials.

In the apparel industry specifically, polybags are primarily used as primary packaging
rather than as part of the secondary packaging system responsible for structural protection
during transport [22,23]. While they serve important functions such as contamination
prevention, handling efficiency, and product identification, these requirements are relatively
limited compared to those of shipping packaging [22,23]. This suggests that the use of
plastic in primary packaging is not inherently dependent on its material properties and may
be substituted with alternative materials capable of delivering comparable functionality.

At the same time, regulatory pressures are increasingly encouraging such transitions.
Extended producer responsibility (EPR) frameworks and eco-modulated fee structures are
introducing financial incentives for the adoption of more sustainable packaging materials,
while penalizing those that are difficult to recycle [24]. For example, recent producer fee
schedules demonstrate significantly higher costs associated with flexible plastic packaging
compared to paper-based alternatives, reinforcing the economic rationale for material
substitution [24].

In response to these challenges, alternative packaging materials are being actively
explored [25-29]. Among these, paper-based packaging has emerged as a promising option
due to its compatibility with existing recycling systems and more favorable end-of-life
characteristics [29]. Unlike plastic films, paper materials can be repulped and reintroduced
into manufacturing processes and are generally more tolerant of contamination within
post-consumer waste streams, making high levels of recycled content more feasible [30]. In
addition, paper-based packaging benefits from relatively high recycling rates, with over
64% of paper and paperboard waste recovered in municipal systems and even higher rates
reported for corrugated materials [31]. Paper materials may also offer additional end-of-life
advantages, including compostability and faster biodegradation if improperly disposed
of [32]. However, paper-based packaging is not uniform and varies significantly in design.
Differences in material composition—such as traditional opaque kraft paper versus translu-
cent paper materials—introduce potential trade-offs between product visibility, structural
performance, and perceived sustainability [33,34]. While both materials are fiber-based,
kraft paper is typically opaque and commonly used in paper-based packaging, whereas
translucent paper materials allow partial product visibility, leading to different implications
for consumer perception and interaction. These design variations may influence how con-
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sumers visually engage with packaging and interpret its environmental attributes [35]. In
particular, advances in paper processing enable the production of highly translucent paper
materials that can serve as alternatives to conventional plastic films such as low-density
polyethylene (LDPE), providing enhanced product visibility while maintaining advantages
in recyclability, biodegradability, and reliance on renewable materials [36].

1.2. Literature Review and Research Gap

Despite the growing adoption of alternative packaging materials, empirical research
examining how consumers respond to different packaging formats in real-world contexts
remains limited. Sokolova et al. (2023) [37] investigated consumer evaluations of packaging
compositions, comparing plastic-only formats with plastic combined with paper. Their
findings show that consumers systematically overestimate the environmental friendliness
of plastic—paper combinations, driven by intuitive heuristics such as the belief that “paper
is environmentally friendly while plastic is harmful” [37]. This perceptual bias influences
not only sustainability judgments but also willingness to pay and product choice. Similarly,
prior research demonstrates that packaging materials and design cues play a critical role
in shaping consumer perceptions and product evaluations [38]. In addition, existing
research on conventional packaging materials (e.g., glass, plastic, and metal) shows that
material type significantly influences perceived product quality and evaluation, with clear
differences in consumer responses across formats [39].

Together, these studies highlight the importance of material-related cues as key drivers
of consumer perception. From a consumer behavior perspective, packaging materials
and on-package information can be viewed as external cues that consumers use to form
judgments when direct evaluation of sustainability attributes is difficult. In e-commerce
environments, consumers often have limited information regarding the environmental per-
formance of packaging materials and may therefore rely on readily observable cues, such as
material appearance, product visibility, and disposal instructions, as heuristic signals when
evaluating sustainability and brand characteristics. These cues may influence both con-
scious evaluations and non-conscious attention processes, shaping how consumers interpret
packaging, allocate visual attention, and make disposal decisions. Accordingly, packaging
materials may function not only as physical packaging components but also as communi-
cation cues that influence consumer perception and behavior. However, existing research
on packaging materials and consumer perception has largely relied on self-reported mea-
sures of evaluation, with limited integration of behavioral and biometric approaches that
capture real-time visual attention and non-conscious consumer responses [37-40]. As
a result, how consumers visually attend to and interact with packaging—particularly
in naturalistic, at-home contexts—remains underexplored. This limitation is especially
relevant in e-commerce environments, where packaging serves as the primary physical
interface between the brand and the consumer. In particular, how paper-based packaging,
compared to plastic, influences consumer engagement with branded products remains in-
sufficiently understood in apparel packaging contexts, where packaging serves a primarily
communicative role during e-commerce unboxing and consumer interaction.

To address this gap, the present study evaluates three packaging conditions repre-
senting distinct material and functional characteristics: plastic packaging as the baseline
condition, translucent paper packaging as a comparable fiber-based alternative, and hybrid
paper-based packaging combining kraft and translucent paper materials. These conditions
were selected to reflect both existing and emerging packaging formats while enabling
systematic comparison of material cues and varying levels of product visibility. Using a
combination of mobile eye-tracking, behavioral observation, survey data, and follow-up
interviews, the study examines how these formats influence consumer visual attention,
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disposal behavior, and sustainability perception in a simulated at-home e-commerce un-
boxing context.

Overall, this research advances the literature by moving beyond reliance on self-
reported and survey-based evaluations toward a more comprehensive, in-context under-
standing of consumer behavior. By integrating mobile eye-tracking, behavioral observation,
disposal actions, follow-up interviews, and survey responses, the study captures not
only what consumers report or choose, but also how they interact with packaging in
real-world e-commerce settings. This multi-method approach enables the examination of
both conscious evaluations and non-conscious visual attention, providing a more holistic
understanding of how packaging formats, material cues, and sustainability-related signals
influence consumer perception and behavior. The findings offer insights into the inter-
play between attention, interpretation, and action, with implications for packaging design,
brand communication, and sustainable decision-making.

The remainder of this article is organized as follows. Section 2 describes the mate-
rials and methods, including the study design, experimental procedures, and analytical
approach. Section 3 presents the results. Section 4 discusses the findings in relation to
prior research and sustainability implications. Section 5 concludes the study and outlines
limitations and directions for future research.

2. Materials and Methods
2.1. Study Design and Participants

A controlled experimental study was conducted from 6 January to 8 January 2026 to
examine how consumers interpret primary packaging materials in an e-commerce con-
text using behavioral observation, eye-tracking measurement, and structured evaluation
methods. A total of 91 participants completed the study and were randomly assigned to
one of three experimental conditions (Group A: n = 30; Group B: n = 30; Group C: n = 31).
Each experimental session lasted approximately 20 min, including eye-tracking calibra-
tion, package interaction, behavioral observation, and post-experience survey completion.
Follow-up interviews were conducted approximately 14 days later, between 20 January
and 23 January 2026, with each interview lasting approximately 15-20 min.

Participants were screened to ensure relevance to the study context. Eligibility criteria
included: (1) purchasing online at least several times per year, (2) having purchased
apparel online within the past six months, (3) being between 18 and 43 years of age, and
(4) purchasing from mid-tier or premium brands, or a combination thereof. These criteria
ensured familiarity with e-commerce apparel experiences and sensitivity to packaging
and brand presentation. The age range was limited to 18-43 years to focus on Gen Z and
Millennial consumers, who represent a highly active segment of e-commerce shoppers
and frequently interact with apparel packaging in online purchasing contexts. Given the
study’s focus on consumer responses to e-commerce packaging materials, this population
was considered particularly relevant to the research objectives.

The final sample consisted of 52% male and 48% female participants, with 54% classi-
fied as Gen Z (18-29 years) and 46% as Millennials (3043 years).

2.2. Materials and Experimental Conditions

Each participant received a standardized apparel product (T-shirt) packaged in one
of three formats to isolate material effects. Participants were randomly assigned to one
of three conditions: Group A received a flexible LDPE plastic package (control), Group B
received a translucent paper package, and Group C received a hybrid paper-based package
with a kraft front and translucent paper back. The packaging samples were provided by
Seaman Paper Company (Vela™ product line). An outer shipping carton was included to
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simulate a realistic e-commerce delivery scenario; however, it was excluded from analysis
to ensure that evaluation focused exclusively on the primary packaging (Figure 1).

@) (b) (o)

Figure 1. Primary packaging formats evaluated in the study: (a) LDPE plastic polybag (Group A);
(b) translucent paper bag (Group B); and (c) hybrid paper bag (Group C).

All packaging samples included a printed brand name (“NUVE”), which was used
as a neutral, fictitious apparel brand to simulate a realistic e-commerce experience while
minimizing prior brand associations. The brand name was not associated with any existing
apparel company and did not have an inherent or widely recognized meaning. The apparel
item contained within each package was a standardized white-label T-shirt, identical
across all conditions. Any existing brand labels on the garment were concealed to prevent
brand-related bias.

No additional marketing claims were included on the packaging beyond standard
design elements. The two paper-based formats included identical material and recycling-
related labeling on the back panel (e.g., recycling instructions and FSC certification marks),
which are commonly used on paper-based packaging to communicate material composition
and disposal guidance. The plastic packaging displayed standard safety warnings and
polymer identification symbols typically found on polyethylene bags. These elements
were retained across conditions to reflect realistic packaging practices, consistent with how
such materials are typically labeled in real-world use, while maintaining consistency in
the presentation of material-related information across experimental stimuli. As a result,
material type and communication content were intentionally presented as they commonly
appear in real-world packaging applications. While this approach enhanced ecological
validity and reflected realistic packaging conditions, it does not allow the independent
effects of material cues and communication cues to be fully isolated.

The three packaging formats were selected to represent distinct material and func-
tional conditions relevant to e-commerce packaging. The plastic format served as the
conventional baseline, reflecting widely adopted industry practices characterized by full
product visibility and established functional performance. The translucent paper format
was included as an alternative intended to replicate key functional attributes of plastic
while utilizing a fiber-based material. The hybrid paper-based format, combining kraft and
translucent paper materials, was included to incorporate a widely used kraft paper format
commonly observed in e-commerce while preserving product visibility through a translu-
cent backing, thereby enabling examination of how such material context may influence
consumer perception. Collectively, these conditions enable a systematic comparison of how
material composition and product visibility influence consumer attention, interpretation,
and behavior in an at-home e-commerce context.

2.3. Eye-Tracking Measures

Visual attention was recorded using Tobii Pro Glasses 3 (Tobii AB, Danderyd, Sweden;
Figure 2), a mobile eye-tracking system with a sampling rate of 50 Hz [41]. Prior to data
collection, each participant completed a standard calibration procedure to ensure accurate
gaze tracking throughout the session. Visual attention was evaluated using three primary
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metrics: total fixation duration (TFD), defined as the total time spent viewing a specified
area of interest; time to first fixation (TTFF), defined as the time elapsed before attention
is first directed to a given element; and fixation count (FC), defined as the number of
fixations within a defined area. These metrics are commonly used as indicators of visual
engagement, where longer fixation durations and higher fixation counts reflect greater
cognitive processing and interest in the viewed stimuli [42—44]. Together, these measures
provide complementary indicators of visual engagement, capturing both the intensity
and distribution of attention toward packaging elements, including material cues and
sustainability-related information.

Figure 2. Tobii Pro Glasses 3.

2.4. Experimental Procedure

The study was conducted at the Quad Marketing Experience Innovation Center (MXIC)
in West Allis, Milwaukee, with participants recruited from the local area. Prior to partic-
ipation, all participants received information regarding the purpose of the study, study
procedures, data collection methods, and their rights as participants. Written informed
consent was obtained from all participants before any study activities were conducted.
Participation was voluntary, participants could withdraw at any time, and all data were
collected and analyzed in anonymized form. Following consent, participants were fitted
with eye-tracking glasses and completed the calibration procedure. The study was con-
ducted in a controlled environment designed to simulate an at-home e-commerce unboxing
experience. Each participant was seated in a private room equipped with a table and
chair, with trash and recycling bins positioned nearby. A standardized T-shirt sample was
placed inside the assigned packaging format and positioned within a plain white shipping
carton (Figure 3). Participants were instructed to interact with the package as they normally
would, including reviewing the package, opening the package, handling the contents, and
deciding how to dispose of the packaging. Separate trash and recycling bins were provided
to reflect typical household disposal conditions, and the bin selected by each participant for
package disposal was recorded upon completion of the task. Participants’ eye movements
were recorded continuously throughout the interaction, from unboxing to disposal, at a
sampling rate of 50 Hz. Eye-tracking data were captured using Tobii Pro Glasses 3 and
stored on the device’s controller SD card. A visual indicator (red dot) was used to represent
fixation locations in the recording videos (Figure 4). The recorded data were subsequently
uploaded to analysis software for further processing.

Following the interaction, participants completed a structured post-experience survey
assessing perceived eco-friendliness of the packaging and associated brand, as well as
qualitative feedback on material interpretation and disposal understanding. To capture
longer-term impressions, follow-up interviews were conducted 14 days after the initial
session, focusing on recall, interpretation, and sustained perceptions of the packaging.
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Figure 3. Experimental setup of the unboxing environment.

Figure 4. Screenshot from the eye-tracking recording illustrating a participant interacting with the
packaging sample, with gaze fixation indicated by a red dot.

2.5. Data Analysis

Eye-tracking data were processed and analyzed across predefined areas of interest
to assess patterns of visual attention using Tobii Pro Lab (Version 25.19). Behavioral
outcomes, including disposal decisions, were recorded and summarized using descriptive
statistics. Survey responses were aggregated and compared across experimental conditions
to evaluate differences in perception and understanding. Qualitative data from follow-up
interviews were analyzed thematically to identify recurring patterns related to material
interpretation, sustainability perception, and brand evaluation.

The study further examined whether packaging format influences consumer responses
across visual, behavioral, and perceptual measures. Hypotheses were defined as follows:

Ho1 (null hypothesis). There are no significant differences among packaging conditions (plastic,
translucent paper, and hybrid paper formats) in eye-tracking metrics, including total fixation
duration (TFD), fixation count (FC), and time to first fixation (TTFF).

Hji1 (alternative hypothesis). At least one packaging condition differs significantly from the others
in one or more eye-tracking metrics.

Hoz (null hypothesis). Packaging format is not associated with differences in disposal behavior
(recycling vs. trash).

Hi, (alternative hypothesis). Packaging format is associated with differences in disposal behavior
across conditions.
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Hos (null hypothesis). Packaging format is not associated with differences in eco-friendly perception.

Hy3 (alternative hypothesis). Packaging format is associated with differences in eco-friendly
perception across conditions.

Prior to conducting ANOVA, assumptions of normality and homogeneity of variance
were assessed using Shapiro-Wilk tests and Levene’s tests, respectively. While minor
departures from these assumptions were observed for some measures, group sizes were
relatively balanced across conditions (n = 28-30 per group). ANOVA was therefore retained
because it is generally considered robust to moderate deviations from these assumptions
when sample sizes are similar across groups.

To evaluate these hypotheses, a one-way analysis of variance (ANOVA) was conducted
to compare group means for total fixation duration (TFD), fixation count (FC), and time to
first fixation (TTFF) across the three packaging conditions. Where significant effects were
observed, Tukey’s honestly significant difference (HSD) post hoc tests were performed to
assess pairwise differences between groups.

For categorical outcomes, including recycling behavior and eco-friendly perception,
chi-square tests of independence were conducted to evaluate differences across packaging
conditions. When significant associations were observed, post hoc pairwise comparisons
with Bonferroni correction were performed to identify differences between specific groups.
Statistical significance was determined at the o« = 0.05 level. Statistical analyses were
conducted using RStudio (version 2024.12.1) with R (version 4.5.0).

3. Results
3.1. Visual Attention to Packaging

Eye-tracking analysis of key metrics revealed significant differences in visual engage-
ment across packaging formats (Figure 5). Participants assigned to the translucent paper
packaging (Group B) demonstrated the longest total fixation duration for the entire package
(mean = 16.16 s), followed by the hybrid paper packaging (Group C; mean = 14.77 s), while
the plastic packaging (Group A) showed the lowest engagement (mean = 10.07 s). At the
panel level, participants spent more time viewing the back panel than the front panel for
both paper-based formats. For the back panel, Groups B and C exhibited higher fixation
durations compared to Group A. In contrast, fixation durations for the front panel were
lower and more similar across all conditions.

Statistical analysis revealed significant differences in visual attention across packaging
conditions for both total fixation duration (TFD) and fixation count (FC) (Table 1). Partici-
pants exposed to the translucent paper packaging (Group B) demonstrated significantly
greater engagement compared to the plastic condition (Group A), as reflected in both
longer fixation duration (p = 0.010) and higher fixation count (p < 0.001). While the hybrid
paper-based format (Group C) showed numerically higher values than the plastic condition,
these differences were not statistically significant in post hoc comparisons.

In contrast, no significant differences were observed across packaging conditions for
time to first fixation (TTFF) (p = 0.559), indicating that initial visual orientation toward the
packaging occurred at a similar rate regardless of material type.

Heatmap analysis (Figure 6) indicated that, in the paper-based conditions, visual
attention was concentrated on material and recycling-related labeling located near the
top of the back panel. In contrast, attention in the plastic condition was more diffusely
distributed and more frequently directed toward the visible product. This pattern suggests
that paper-based packaging directs attention toward sustainability-related cues, indicating
that participants actively engaged with material and disposal information during the
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unboxing process. Together, these findings indicate that packaging material and visibility
not only affect the amount of visual attention on the packaging but also shape how that
attention is allocated during the unboxing process.
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Figure 5. Eye-tracking analysis across packaging conditions at the package, front panel, and back
panel levels: (a) Total Fixation Duration; (b) Fixation Count; (c) Time to First Fixation.
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Table 1. Statistical comparison of eye-tracking metrics at the package level across packaging condi-

tions *.
Group A Group B Group C
Key Metrics P (Translucent (Hybrid ANOVA (E df) p-Value Tukey Post Hoc
(Plastic)
Paper) Paper)
Total Fixation 47 4 553 16.16 + 8.00 14.77 £ 9.04 F(2,84) = 4.86 0.010 B> A (p =0.010)
Duration (s)
Fixation Count ~ 48.86 £ 19.55  84.624+4031 671742703  F(2,84) =994 <0.001 B> A (p <0.001)
Time to First 0.19 + 0.69 0.51 +2.25 0.14 + 0.50 F(2,84) = 0.59 0.559 None

Fixation (s)

* Values are reported as mean =+ standard deviation. ANOVA results are presented as F-statistics with degrees of
freedom (df = 2, 84). Tukey post hoc tests were conducted to assess pairwise differences between groups, with
only statistically significant comparisons (p < 0.05) reported. Analyses were conducted on valid observations
(n = 87; Group A =28, Group B =29, Group C = 30) after excluding incomplete eye-tracking data.

(b) (©)

Figure 6. Heatmaps illustrating visual attention across the three packaging conditions: (a) LDPE
plastic polybag (Group A); (b) translucent paper packaging (Group B); and (c) hybrid paper packaging
(Group C).

3.2. Disposal Behavior

Observed disposal behavior varied across packaging formats (Table 2). The proportion
of participants placing the packaging in the recycling bin was lowest for plastic packaging
(Group A; 53%), followed by the translucent paper packaging (Group B; 70%) and the
hybrid paper packaging (Group C; 77%). However, a chi-square test of independence
indicated that these differences were not statistically significant (x*(2) = 4.18, p = 0.124).

Table 2. Recycling behavior across packaging conditions.

Packaging Format Recycled (%) X2 (df) p-Value
Plastic (n = 30) 53%
Translucent paper (n = 30) 70% x%(2) =4.18 0.124
Hybrid Paper (n = 31) 77%
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While over half of participants disposed of plastic packaging in the recycling bin, this
behavior may not reflect correct disposal practices, as low-density polyethylene (LDPE)
films are not widely accepted in curbside recycling systems. In contrast, disposal be-
havior for paper-based formats more closely aligns with commonly accepted recycling
pathways. These results suggest that material type influences both recycling behavior and
the likelihood of correct disposal.

3.3. Perceived Eco-Friendliness and Brand Association

Perceived eco-friendliness varied across packaging formats (Table 3). A total of 33%
of participants in Group A (plastic) indicated that the packaging reflected an eco-friendly
brand, compared to 60% in Group B (translucent paper) and 77% in Group C (hybrid paper).
A chi-square test of independence revealed a significant association between packaging
format and eco-friendly perception (x2(2) = 12.25, p = 0.002). Post hoc pairwise comparisons
with Bonferroni correction indicated that the hybrid paper condition was significantly more
likely to be perceived as eco-friendly than the plastic condition (p < 0.001), while other
comparisons were not statistically significant.

Table 3. Eco-friendly perception across packaging conditions.

Packaging Format Eco-Friendly (%) X2 (df) p-Value
Plastic (n = 30) 33% (a) *
Translucent paper (n = 30) 60% (ab) x2(2) =12.25 0.002
Hybrid Paper (n = 31) 77% (b)

* Percentages represent the proportion of participants in each condition who perceived the packaging as eco-
friendly. Post hoc pairwise comparisons with Bonferroni correction indicated that the hybrid paper condition
differed significantly from the plastic condition (p < 0.001), as indicated by differing letter labels, while no other
comparisons were statistically significant.

3.4. Material Understanding and Communication

Qualitative responses from post-experience surveys and follow-up interviews indi-
cated that participants actively used material cues to interpret recyclability and guide dis-
posal behavior. When asked what additional information would be useful for paper-based
packaging, a majority of participants (approximately two-thirds) expressed a preference
all paper”) and clear disposal

i

for explicit material statements (e.g., “100% recyclable,
instructions. Clear and direct language was consistently identified as helpful in supporting
decision-making.

Participants reported greater confidence in their disposal choices when material com-
position was clearly communicated. These findings highlight the important role of explicit
material communication in reinforcing consumer understanding and enabling confident,
correct disposal behavior in at-home environments.

3.5. Hypothesis Testing Summary

For eye-tracking metrics, significant differences were observed across packaging
conditions for total fixation duration (TFD) and fixation count (FC), while no significant
differences were found for time to first fixation (TTFF). Accordingly, the null hypothesis
Hy; is rejected for TFD and FC, indicating that packaging format influences both sustained
visual attention and scanning behavior.

For disposal behavior, although higher recycling rates were observed for paper-based
packaging formats, the differences were not statistically significant. Accordingly, the null
hypothesis Hp, cannot be rejected.
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In contrast, eco-friendly perception differed significantly across packaging conditions,
with paper-based formats associated with higher perceived sustainability. Thus, the null
hypothesis Ho; is rejected, and the alternative hypothesis Hj3 is supported.

4. Discussion

The present study demonstrates that primary packaging material plays a meaningful
role in shaping consumer attention, disposal behavior, and brand perception in e-commerce
contexts. As retail experiences shift from in-store to at-home environments, packaging
increasingly serves as the primary interface through which consumers interpret sustain-
ability cues and brand intent. The findings suggest that both material properties and
the clarity of on-package communication influence how consumers process and act on
packaging information.

Consistent with prior research on the role of environmental cues in guiding recycling
behavior [45], the results indicate that, in the absence of external prompts, consumers
rely heavily on packaging itself to interpret appropriate disposal actions. Paper-based
packaging formats were associated with higher observed recycling rates, which may reflect
greater alignment between material recognition and widely available curbside recycling
systems. While a portion of participants also placed plastic packaging in recycling, this
behavior highlights the importance of clear communication in supporting accurate disposal
decisions, particularly for materials with more complex recycling pathways. Although
paper-based formats exhibited higher recycling rates than the plastic condition, these
differences were not statistically significant. This pattern suggests that packaging material
may influence consumer interpretation and disposal intentions, but that stronger effects
were observed at the levels of attention and perception than in observed disposal behavior.
This finding is consistent with broader research on the attitude-behavior gap in sustainable
consumption, where positive sustainability perceptions do not always translate directly
into corresponding behavioral outcomes.

The strongest effects observed in the present study were related to visual attention
and information processing. The eye-tracking findings demonstrate that material design
influences how consumers visually engage with packaging and allocate attention to brand
and sustainability-related information during unboxing. These findings are consistent with
those reported by Steenis et al. (2017), who demonstrated that packaging materials and
design elements influence consumer perceptions and product evaluations [38]. The present
findings suggest that material choice also affects how consumers visually engage with
packaging during e-commerce interactions, with paper-based formats attracting greater
attention to on-package information and brand-related cues. Paper-based packaging
formats resulted in longer engagement with packaging elements during unboxing, thereby
increasing exposure to on-package information and brand-related cues by disrupting the
conventional interaction pattern associated with plastic polybags, in which consumers
can immediately view the product and proceed to open the package. Attention was more
frequently directed toward brand and informational elements on the package in paper-
based formats. In contrast, plastic packaging, with full product visibility, encouraged more
immediate focus on the product itself.

In terms of consumer perception, the results reinforce the role of material cues as
intuitive signals in sustainability and brand evaluation. The hybrid paper format was more
frequently associated with environmental responsibility than the plastic format, suggesting
that the inclusion of a familiar paper-based material context may influence sustainability
perception. In contrast, the translucent format contributed to perceptions of innovation
and modernity, and in some cases, premium positioning—particularly when material com-
position was clearly communicated. This observation is broadly consistent with Sostar
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et al. (2025), who reported that packaging material influences consumer evaluations and
perceived product quality across packaging formats [39]. These findings indicate that
different paper-based designs can support distinct brand narratives, even when deliver-
ing similar sustainability benefits. These findings are consistent with those reported by
Sokolova et al. (2023), who found that consumers tend to perceive packaging containing
paper components as more environmentally friendly than plastic-only packaging [37].
Similarly, the hybrid paper format in the present study was more strongly associated with
environmental responsibility than the plastic format. Together, these findings suggest that
material composition serves as a salient cue in consumer sustainability evaluations, even
when consumers may have limited information about the actual environmental impact of
the packaging.

An important finding of this study is the role of explicit material communication in
supporting consumer understanding. Across survey responses and follow-up interviews,
participants consistently reported greater confidence in their disposal decisions when
packaging included clear statements such as “100% paper” and straightforward recycling
instructions. These findings suggest that clear communication actively reinforces confidence
and enables more consistent behavior. In e-commerce environments, where external
informational cues are limited, packaging serves as a critical touchpoint for delivering
this clarity.

At the same time, the present findings suggest that material cues and communication
cues may operate jointly in shaping consumer responses. Because the paper-based packag-
ing formats included recycling-related information and certification marks that differed
from the information displayed on the plastic packaging, it is possible that some observed
differences in perception and disposal confidence were influenced by the combined effects
of material properties and communication content. While this reflects realistic packag-
ing conditions, future research should systematically manipulate packaging material and
labeling independently to better distinguish their individual and interactive effects.

From a broader sustainability perspective, these findings highlight the importance
of aligning packaging design with both consumer expectations and existing recycling
systems. Packaging formats that combine recognizable materials with clear communica-
tion can support more accurate disposal behavior while also strengthening sustainability
perception. At the same time, material selection and design choices contribute to brand
positioning, indicating that sustainable packaging can deliver both environmental and
consumer-facing value.

5. Conclusions

This study demonstrates that primary packaging in e-commerce functions not only as
a protective medium but also as a critical communication interface influencing consumer
attention, disposal behavior, and brand perception. In the absence of external retail cues,
packaging must effectively convey material properties and sustainability intent within
a limited interaction window. The findings show that paper-based packaging formats
generate greater visual engagement than flexible plastic packaging and exhibited higher,
though not statistically significant, recycling rates.

Material cues were found to play a central role in shaping consumer perception. The
hybrid paper format elicited strong associations with environmental responsibility, while
the translucent paper format contributed to perceptions of innovation and premium quality,
particularly when material composition was clearly communicated. These results suggest
that combining familiar sustainability cues with innovative design features may enhance
both consumer understanding and brand differentiation.
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The study also underscores the importance of explicit material communication. Clear
statements such as “100% paper” and direct disposal guidance were shown to improve
consumer confidence and reduce ambiguity. Improving clarity in on-package communica-
tion may therefore support more accurate disposal behavior and reduce contamination in
recycling systems.

From a theoretical perspective, the findings suggest that packaging materials function
as consumer cues that influence multiple stages of the evaluation process, including visual
attention, sustainability perception, and behavioral intentions. The results indicate that the
strongest effects of packaging material occurred at the levels of attention and perception,
while effects on disposal behavior were less pronounced. This finding contributes to the
growing literature on packaging and sustainability by highlighting the distinction between
how consumers attend to and interpret packaging cues and how those interpretations
ultimately translate into behavior. By integrating eye-tracking, behavioral observation,
survey responses, and follow-up interviews, the study also extends prior research that has
primarily relied on self-reported evaluations.

This study has several limitations. First, the sample size was relatively modest (n = 91),
which may have limited the ability to detect smaller behavioral effects, particularly for
disposal behavior. Second, the sample was restricted to Gen Z and Millennial consumers
who were regular online apparel shoppers and were recruited from a single geographic
region in the United States. Third, although the experimental setting was designed to
simulate an at-home e-commerce experience, consumer behavior may differ in naturalistic
household environments where disposal infrastructure, habits, and environmental condi-
tions vary. Fourth, the study used a fictitious brand (“NUVE”) and a single apparel product
category (T-shirt) to control for prior brand associations and product-related variation.
While this design strengthened experimental control, responses may differ for well-known
brands, higher-involvement products, or other product categories. Fifth, material cues
and communication cues were not independently manipulated. Because the paper-based
packaging formats included recycling-related information and certification marks that
differed from the information displayed on the plastic packaging, the observed effects may
reflect the combined influence of material properties and communication content. Finally,
the study evaluated a limited set of packaging formats sourced from a single supplier,
which may limit the extent to which the findings can be generalized across alternative
packaging designs and material implementations available in the marketplace.

Future research could expand this work by examining consumer responses to pack-
aging materials across a broader range of product categories, demographic groups, and
geographic regions. Additional studies conducted in naturalistic household environments
would help assess the generalizability of the findings under varying recycling infrastruc-
tures and cultural contexts. Future research may also explore how alternative sustainability
messages, labeling systems, and disposal instructions influence consumer attention, inter-
pretation, and disposal behavior, as well as how responses differ for established brands and
higher-involvement products. In addition, future studies could employ factorial designs
that independently manipulate packaging materials and sustainability-related labeling to
better isolate their respective effects and potential interactions. Evaluating a broader range
of packaging formats from multiple suppliers would further strengthen external validity
and reduce the potential influence of supplier-specific design characteristics.

Overall, the findings suggest that paper-based packaging formats are associated with
greater visual attention during unboxing and higher perceived eco-friendliness compared
to plastic packaging, highlighting the role of material choice in shaping consumer responses
to e-commerce packaging.
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