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Abstract

Live streaming e-commerce has emerged as a dominant force in electronic commerce.
Although extensive research has examined service failures and recovery in conventional
e-commerce environments, there is limited understanding of how buyers interpret and
respond to service recovery information provided by streamers in live streaming contexts,
where streamers fulfill dual roles as both idols and sellers. This study, grounded in sig-
naling theory, investigates the relationships among buyers’ observation, interpretation,
and feedback of service recovery information. Specifically, it aims to assess how buyers’
perceived justice regarding service recovery information affects their repeat purchase in-
tentions following live streaming e-commerce failures. Meanwhile, this study elucidates
the mediating role of trust in the streamer (idol role and seller role) and verifies whether
responsibility attribution and product involvement have moderating effects on the effect of
perceived justice. Employing PLS-SEM analysis, the study analyzes data from 401 buyers
who have experienced service failures in live streaming e-commerce. The findings reveal
that perceived justice positively influences repeat purchase intentions to a certain extent.
Trust in the streamer mediates the link between perceived justice and repeat purchase
intentions. The inhibiting moderation effect of responsibility attribution and product in-
volvement is generally significant. This study contributes to the theoretical understanding
of signaling theory by expanding the signaling model to encompass service recovery infor-
mation in live streaming e-commerce. Furthermore, it provides practical guidance for live
streaming e-commerce practitioners on managing service recovery information, including
recommendations for the sequence of sending such information, enhancing its transmission,
and improving its overall effectiveness.
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In recent years, live streaming channels on platforms such as Taobao, Douyin, YouTube,

and Facebook have drawn billions of users, establishing live streaming as a global phe-
This article is an open access article

distributed under the terms and nomenon [1]. Companies and individuals have begun using these channels to sell products,

conditions of the Creative Commons  forming an emerging business model known as live streaming e-commerce. Live streaming
Attribution (CC BY) license. e-commerce is a combination of live streaming and electronic commerce, where streamers
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play a key role in marketing operations [2]. They present product information vividly and
engage with buyers, thereby increasing online traffic and encouraging purchases. The
market size for live streaming e-commerce in China is projected to soar to 1.13 trillion
USD by 2026, making the conversion of viewers into repeat buyers a primary focus for
streamers [3].

Due to inadequate regulatory protection, live streaming e-commerce often faces re-
sistance as streamers may exaggerate promotions and sell counterfeit products, leading
to service failures [4]. Similar to traditional service failures, those instigated by streamers
can also cause buyer losses. As a result, buyers lose trust in streamers and are unwilling
to purchase products recommended during live sessions, causing significant declines in
both sales and reputation for streamers [5]. Live streaming e-commerce is a form of “fan
economy” in which initial trust (trust in the idol role of the streamer and trust in the seller
role of the streamer) exists between streamers and buyers. In practice, buyers distinguish
between these two forms of trust because each serves distinct evaluative functions. Idol-role
trust is affect-based, founded on parasocial attachment and emotional resonance with the
streamer’s persona. It is activated when buyers seek entertainment, a sense of belonging,
or emotional support [6]. Conversely, seller-role trust is cognition-based, established on
the streamer’s perceived competence, honesty, and reliability in conducting transactions.
This form of trust is invoked when buyers assess product information, suggestions, and
opinions [7]. Yet, existing literature largely neglects the context of buyer trust in stream-
ers’ roles [8]. Thus, understanding and reconstructing the complex mechanisms of trust
buyers have in streamers during live streaming e-commerce service failures has become a
critical issue.

Service recovery refers to the actions businesses undertake after buyers complain
about product or service failures. Its effectiveness is commonly evaluated through a justice
framework from the buyer’s perspective [9]. Specifically, perceived justice refers to the
positive observation result of buyers regarding the service recovery information provided
by businesses. In the unique context of live streaming e-commerce, buyers will further
interpret service recovery information from streamers following service failures, enabling
them to make purchasing decisions that favor their interests. The existing literature on ser-
vice recovery suggests that perceived justice significantly influences both buyer satisfaction
with the recovery process and their intention to revisit [10]. Liu et al. assert that perceived
justice affects buyer loyalty by shaping both emotional and cognitive trust [11]. Conse-
quently, in the service recovery of live streaming e-commerce, a unique signal transmission
path may exist, involving buyers’ perceived justice of service recovery information (signal
observation), their dual role trust in the streamer (signal interpretation), and their repeat
purchase intention (signal feedback).

Signaling theory analyzes how decision-makers evaluate the quality of choices based
on received signals. Over time, a comprehensive signaling model has evolved, encompass-
ing elements such as the signal sender, the receiver, signal observation, signal interpretation,
signal feedback, and the signaling environment [12]. This study applies signaling theory
to examine the connections between buyers’ observation, interpretation, and feedback
on service recovery information sent by streamers. In service recovery scenarios, current
research typically addresses information asymmetry from the sender’s perspective, aim-
ing to swiftly foster consumer forgiveness and enhance willingness for word-of-mouth
communication [13,14]. However, substantial changes in the business environment are
increasing uncertainty and altering buyer demands for service recovery information pro-
vided by streamers. The diversity and accessibility of information acquisition channels
may also cause this service recovery information to shift from asymmetry to redundancy
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and overload. Therefore, exploring signal behaviors related to service recovery information
from the receiver’s perspective can significantly enhance its effective transmission.

Furthermore, existing studies indicate that responsibility attribution and product
involvement are critical factors influencing consumer perceptions of service failures. When
service failures occur, irrespective of whether responsibility is clear or ambiguous, the
majority of consumers hold the business accountable [15]. Additionally, the product’s
value can shape consumer attitudes and cognitive strategies toward the business [16].
Consequently, it is necessary to explore how consumer responsibility attribution and
product involvement impact the influence effect brought by perceived justice, according to
the viewpoint proposed by signal theory that environmental factors of signal transmission
significantly affect the signal transmission process [17].

In summary, this paper proposes the following research objectives:

1. Identify how buyers’ positive observations of service recovery information sent by
streamers affect their subsequent behavioral responses.

2. Identify how buyers interpret the service recovery information sent by streamers.

3.  Determine how responsibility attribution and product involvement, as signaling envi-
ronment factors, moderate the transmission process of service recovery information.

By addressing these research objectives, this study makes several significant contri-
butions to the literature on service recovery in live streaming e-commerce through the
lens of signaling theory. Firstly, the study establishes that buyers’ perceived justice (sig-
nal observation) regarding service recovery information influences their repeat purchase
intention. Secondly, it elucidates the intricate signaling interpretation pathway involv-
ing dual-role trust in streamers within the service recovery information signaling model.
Thirdly, the study highlights the moderating effects of responsibility attribution and product
involvement, viewed as signaling environmental factors, on service recovery information
transmission. Lastly, it provides specific practical guidance for managing service recovery
information based on the relationships among buyers’ signal behaviors.

The structure of the paper is as follows: Section 2 provides a literature review and
theoretical framework, focusing on signaling theory, buyer trust in the streamers, and the
conceptual framework. Section 3 formulates the research hypotheses and presents the
research model. Section 4 outlines the methodology, detailing the sample, data collection,
and measurement process. Section 5 presents the results of the PLS-SEM analysis. Section 6
discusses the findings, along with their theoretical and managerial implications, limitations,
and suggestions for future research. Finally, Section 7 offers the conclusion.

2. Literature Review and Theoretical Foundation
2.1. Signaling Theory

Signaling theory, introduced by American economist Michael Spence (1943-) in 1974,
addresses the fundamental challenge for decision-makers: utilizing signals to mitigate
uncertainty and improve decision-making [18]. Signaling theory provides a framework
for understanding information exchange between two parties—whether individuals or
organizations—that have unequal access to information. To mitigate this asymmetry,
the more informed party (the sender) can send signals to the less-informed party (the
receiver). In live streaming e-commerce, signaling theory primarily examines how informed
streamers convey product signals, enabling uninformed buyers to infer product quality
and facilitating successful transactions. For instance, streamers send signals by providing
buyers with positive product information to reduce distrust resulting from information
asymmetry. The successful transmission of these signals hinges on the streamer’s credibility
and reputation, as well as buyers’ ability to accurately interpret and respond to them [19].
However, inaccuracies in product presentations by streamers can lead to live-stream failures
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and reputational damage, resulting in a loss of buyer trust and impaired signal transmission.
Previous studies indicate that following service failures, viewers may struggle to promptly
evaluate the quality and reliability of service recovery information provided by streamers,
hindering effective viewer recovery [4].

In the context of service recovery, signaling theory illustrates how signals, such as
service recovery information, can mitigate information asymmetry between streamers and
buyers. Concurrently, justice theory clarifies which characteristics of these signals enhance
their effectiveness from the receiver’s perspective. Specifically, when streamers provide
service recovery information after a service failure, this information serves as a signal.
However, signals vary in credibility and persuasiveness. Justice theory posits that buyers
assess the fairness of recovery information through three dimensions: distributive justice,
interactional justice, and procedural justice [20]. These perceived dimensions of justice
are based on the quality and reliability of signals as observed by buyers. Thus, justice
theory operationalizes the critical signal observation process integral to signaling theory.
By integrating these two theories, we not only discern whether streamers send recovery
signals but also understand the reasons and mechanisms behind the success of specific
signals in rebuilding trust and encouraging repeat purchase intentions.

2.2. Buyer Trust in the Streamer

Trust is an individual’s subjective assessment of the reliability, authenticity, consistency,
and competence of a person or organization [21]. Trust is vital in shaping buyers’ attitudes
and intentions towards e-commerce and online social networks. In e-commerce, buyer
hesitation to transact often arises from uncertainty about merchant conduct [22], a concern
mirrored in live streaming e-commerce. In the live streaming e-commerce context, buyers
attracted by a streamer’s charisma or fame may develop idol-role trust—an affect-based
form of trust rooted in parasocial relationships, emotional attachment, and admiration for
the streamer’s personal qualities [23]. Furthermore, live interaction, a unique feature of
live streaming e-commerce, enables streamers to display their expertise, thereby fostering
seller-role trust—a cognition-based form of trust grounded in the streamer’s perceived com-
petence, product knowledge, and transactional reliability [7]. Consequently, we propose
that buyers exhibit dual-role trust in streamers.

Although previous studies have acknowledged the importance of trust in stream-
ers [24], they have largely focused on initial trust formation before or during the purchase.
However, they rarely differentiate between idol-role and seller-role trust, and even fewer
have investigated how these dual trusts are restored after a service failure—a critical sce-
nario for retaining buyers. In a post-failure service recovery situation, the two roles become
conceptually distinct because buyers hold different expectations: from the idol role they
expect empathy, respect, and emotional support; from the seller role they expect fair com-
pensation, efficient problem-solving, and consistent procedures. Consequently, perceived
justice dimensions should influence the two types of trust differently. This differential
prediction is consistent with the affect-based vs. cognition-based trust literature [9,11].

Signaling theory suggests that receivers interpret identical signals diversely, with
signal interpretation defined as converting signals into deeper meanings [25]. Therefore,
based on the dual-role attributes of buyers’ trust in the streamers, this paper constructs
a complex interpretation mechanism of service recovery information. Our study intro-
duces a novel integration of signaling theory and justice theory to explain post-failure
trust repair, explicitly distinguishing between the two trust roles and hypothesizing their
distinct antecedents (perceived justice) and consequences (repeat purchase intention). This
approach extends the current understanding of live streaming e-commerce from initial trust
formation to trust recovery and from a unitary trust concept to a dual-role trust framework.
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2.3. Conceptual Framework

Thus, this study integrates signaling theory with buyers’ perceived justice in service
recovery information, trust in the streamers, and repeat purchase intentions to investi-
gate recovery strategies in live streaming e-commerce. As depicted in Figure 1, from the
perspective of buyer signal behavior, the study constructs a conceptual framework illus-
trating how perceived justice (signal observation) influences buyers’ dual-role trust in the
streamers (signal interpretation) and leads to repeat purchase intentions (signal feedback).
Additionally, based on the distinctive attributes of live streaming e-commerce and existing
research, responsibility attribution and product involvement are included as moderating
factors (signaling environment) within the model.

Signaling environment

Environmental factors of
signal transmission
(Responsibility attribution
and Product involvement)

Signal development

Signal sending

Signal observation

Signal interpretation

Signal feedback

The streamer develops
service recovery
information

—

The streamer sends
service recovery
information to the
buyer

The buyer observes
service recovery
information
(Perceived justice)

The buyer interprets
service recovery

information |

(Trust in the

Feedback is sent to
streamer
(Repeat purchase
intention)

streamer)

Signal behaviors of streamer Signal behaviors of buyer

Figure 1. A conceptual framework for the signaling model of service recovery information.

3. Research Model and Hypotheses
3.1. Perceived [ustice and Repeat Purchase Intention

Signaling theory posits that individuals make decisions based on signals emitted
by others. For example, buyers choose products or services that are necessary based on
observed signals [26]. Perceived distributive justice involves the fair evaluation of tangible
outcomes received in response to service failures or complaints. Perceived interactional
justice pertains to buyers’ fairness perceptions formed through apologies and respect during
service recovery, while perceived procedural justice focuses on how companies address
product failures, including rapid response to crises, expressed concern, and flexibility to
meet recovery needs [9]. Repeat purchase intention reflects a buyer’s willingness and
inclination to buy merchants’ recommended products or services in the future [27]. Justice
theory indicates that buyers’ repeat purchase intentions depend on their belief in the
fairness of the service provider’s treatment. Effective buyer complaint management after
service failures can enhance this repeat purchase intention [28]. Thus, this study posits the
following hypotheses:

H1la. Perceived distributive justice positively influences repeat purchase intention.
H1b. Perceived interactional justice positively influences repeat purchase intention.

Hilc. Perceived procedural justice positively influences repeat purchase intention.

3.2. Perceived Justice and Trust in the Streamer

Trust in the idol role of the streamer refers to buyers’ recognition of streamers’ personal
qualities and attractiveness, alongside their confidence in the streamers’ ability to fulfill
commitments [23]. Trust in the seller role of the streamer indicates buyers’ perception of
streamers, when acting as sellers, as having trustworthy information-providing capabilities
and as offering quality service without exploiting buyers [24]. Following service failures,
buyers are likely to encounter service recovery information from merchants, at which
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point fair treatment can lead them to believe that merchants will meet their psychological
expectations and provide a positive consumption experience [29]. Research suggests that
buyers equate perceived justice treatment with a mutual trust contract maintained by
merchants [30]. Thus, this study posits the following hypotheses:

H2a. Perceived distributive justice positively influences trust in the idol role of the streamer.
H2b. Perceived interactional justice positively influences trust in the idol role of the streamer.
H2c. Perceived procedural justice positively influences trust in the idol role of the streamer.
H3a. Perceived distributive justice positively influences trust in the seller role of the streamer.
H3b. Perceived interactional justice positively influences trust in the seller role of the streamer.

H3c. Perceived procedural justice positively influences trust in the seller role of the streamer.

3.3. Trust in the Streamer and Repeat Purchase Intention

Role theory suggests that the trust placed in individual roles within social contexts
significantly influences decision-making processes [31]. From a buyers’ perspective, trust
in the idol role of the streamer provides an efficient and cost-effective method to engage
in commercial activities. Furthermore, studies in social e-commerce reveal that trust in
the celebrity persona of social media users enhances buyer willingness to participate in
social commerce [32]. Within the realm of live-stream shopping, buyers depend on various
commercial clues to bolster their trust in the seller role of the streamer. When buyers believe
they can obtain valuable insights and guidance from streamers, they feel obligated to engage
actively in live-stream shopping. Previous research has verified the positive influence of
trust on repeat purchase intentions, while a lack of trust in sellers reduces the motivation
for continued transactions [33]. Thus, this study posits the following hypotheses:

H4. Trust in the idol role of the streamer positively influences repeat purchase intention.

H5. Trust in the seller role of the streamer positively influences repeat purchase intention.

3.4. The Mediating Role of Trust in the Streamer

According to justice theory, when buyers perceive and trust the justice of sellers within
an exchange relationship, they are more inclined to sustain this justice- and trust-based
relationship [34]. During instances of service failure, if sellers exhibit high levels of integrity
and responsibility during recovery efforts, buyers are likely to develop trust in them [35].
This trust extends beyond mere confidence in the transactional relationship, encompassing
an appreciation of the seller’s charisma, expertise, and ethical standards, all of which can
enhance customer loyalty [36]. Moreover, trust reduces buyers’ perceived risk associated
with purchasing, increasing their willingness to buy products recommended by reliable
merchants. Studies on live streaming e-commerce failures indicate that buyer trust in
the streamers acts as a mediator between the streamer’s coping strategies and buyers’
subsequent behavioral intentions [4]. Thus, this study posits the following hypotheses:

Hé6a. Trust in the idol role of the streamer mediates the relationship between perceived distributive
justice and repeat purchase intention.
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Héb. Trust in the idol role of the streamer mediates the relationship between perceived interactional
justice and repeat purchase intention.

Héc. Trust in the idol role of the streamer mediates the relationship between perceived procedural
justice and repeat purchase intention.

H7a. Trust in the seller role of the streamer mediates the relationship between perceived distributive
justice and repeat purchase intention.

H7b. Trust in the seller role of the streamer mediates the relationship between perceived interactional
justice and repeat purchase intention.

H7c. Trust in the seller role of the streamer mediates the relationship between perceived procedural
justice and repeat purchase intention.

3.5. The Moderating Role of Responsibility Attribution

Responsibility attribution refers to the degree to which buyers believe merchants are
accountable for service failures [37]. It typically constitutes a subjective judgment based
on buyers’ reflection and inference regarding negative events or outcomes. Research in
service recovery suggests that responsibility attribution plays a crucial role in interpreting
actions as justice or injustice, and that the effectiveness of service recovery is affected by
how buyers attribute responsibility [38]. When buyers perceive that a service failure arises
from a merchant’s controllable actions, they tend to exhibit stronger anger and a desire to
retaliate against the merchant, resulting in negative reactions [39]. In the context of live
streaming e-commerce failures, if buyers perceive the streamer as significantly responsible
for the live streaming e-commerce failure, they often experience strong negative emotions.
Despite the streamer’s efforts to accept responsibility and offer reasonable compensation,
buyers may continue to question the streamer’s character and sincerity. Thus, this study
posits the following hypotheses:

H8a. Buyers’ responsibility attribution to the streamer will inhibit the influence of perceived
distributive justice on trust in the seller role.

HS8b. Buyers’ responsibility attribution to the streamer will inhibit the influence of perceived
interactional justice on trust in the seller role.

HS8c. Buyers’ responsibility attribution to the streamer will inhibit the influence of perceived
procedural justice on trust in the seller role.

H9a. Buyers’ responsibility attribution to the streamer will inhibit the influence of perceived
distributive justice on trust in the idol role.

H9b. Buyers’ responsibility attribution to the streamer will inhibit the influence of perceived
interactional justice on trust in the idol role.

H9c. Buyers’ responsibility attribution to the streamer will inhibit the influence of perceived
procedural justice on trust in the idol role.

3.6. The Moderating Role of Product Involvement

Product involvement refers to the extent of buyer attention toward a product and
its significance and impact on their lives [40]. As product involvement increases, buyers
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Signal observation

Perceived distributive
justice

Perceived interactional
justice

employ more varied criteria during the purchasing decision process to ensure product
quality, subsequently influencing their attitudes towards product outcomes [41]. Given
the elevated expectations associated with high-involvement products, live streaming e-
commerce failures resulting in unmet expectations provoke significant disappointment and
dissatisfaction among buyers. Despite the streamer’s efforts in service recovery, the gap
between expectations and reality tends to erode buyer trust in the streamer. Prior research
reveals that buyers with heightened expectations are more prone to make self-impacting
behavioral decisions due to unsatisfactory product outcomes [42]. Thus, this study posits
the following hypotheses:

H10a. Buyers’ product involvement will inhibit the influence of perceived distributive justice on
trust in the idol role.

H10b. Buyers’ product involvement will inhibit the influence of perceived interactional justice on
trust in the idol role.

H10c. Buyers’ product involvement will inhibit the influence of perceived procedural justice on
trust in the idol role.

H11a. Buyers’ product involvement will inhibit the influence of perceived distributive justice on
trust in the seller role.

H11b. Buyers’ product involvement will inhibit the influence of perceived interactional justice on
trust in the seller role.

H11c. Buyers’ product involvement will inhibit the influence of perceived procedural justice on
trust in the seller role.

Therefore, the research model of this study is shown in Figure 2.

A\ 4

» Signal interpretation Signal feedback

Responsibility
attribution

Hé6a—c
H8a—c H9a—c

H4

A\ A

Trust in the idol role

Hla—c

Perceived procedural
justice

Y

Repeat purchase intention

Y

Trust in the seller role

H5

H10a—c Hlla—c

H7a—c

Product
involvement

L——————— J
Signaling Environment

Figure 2. Research model.
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4. Methodology
4.1. Sample and Data Collection

The data were collected from Chinese buyers who had experienced service recovery
efforts conducted by streamers on live streaming e-commerce platforms. Due to the require-
ment that participants must have encountered a specific service incident, a non-probability
sampling method was employed, combining purposive and convenience sampling. The
purposive approach involved a screening question to verify relevant experience, while the
convenience approach involved recruiting participants through Credamo, a professional
online survey platform that enables broad outreach but does not ensure a fully random
sample of the general population. Data were collected via the professional online survey
platform Credamo, which facilitated the questionnaire distribution to its panel members.
To ensure participants had relevant experience with service recovery after live streaming
e-commerce failures, the survey began with a crucial screening question: “Have you ex-
perienced service recovery on any live streaming e-commerce platform? (Yes/No).” Only
respondents who answered “Yes” were eligible to continue with the full survey. To enhance
participant understanding of the core concept, examples of typical ‘service recovery infor-
mation” communicated by streamers were provided at the beginning of the relevant survey
section. A total of 443 initial responses were collected. Of these, 42 respondents were
excluded for indicating that they had not paid attention to the service recovery information
provided by streamers, rendering their responses invalid for analyzing perceptions of such
information. The final valid sample comprised 401 respondents.

Regarding sample representativeness, it is important to note that, although the sample
is not statistically representative of the entire Chinese live streaming e-commerce buyer
population, it remains appropriate and informative for the theoretical objectives of this
study. The sample captures the perceptions and behaviors of the targeted segment—buyers
who actively engage with live streaming platforms and have experienced a service failure
followed by a recovery attempt. The demographic profile of our sample (see Table 1)
broadly aligns with that of active digital buyers in China, who tend to be relatively young,
educated, and urban. For example, the majority of respondents are aged between 26 and
35 years (62.1%), hold a college degree or higher (76.8%), and have a monthly income
exceeding 2000 RMB (71.3%). This profile is consistent with reports on the core user base
of major Chinese live streaming e-commerce platforms. While the general population
includes older and less digitally engaged segments, they are less likely to be the primary
focus of this research. Consequently, the sample provides a valid basis for testing the
proposed theoretical relationships within the relevant buyer segment. This study employed
G*Power 3.1 to perform an a priori power analysis, determining the minimum sample size
needed to test the proposed model. The analysis indicated that at least 123 participants
were required to achieve adequate statistical power. With a final sample of 401 participants,
the study exceeds this threshold, providing sufficient power to detect the hypothesized
effects. Demographic information—including gender, education level, age, and monthly
income—is summarized in Table 1.

Table 1. Demographic information.

Measure Items Number Percent (%)
Gend Male 186 46.4
enader Female 215 53.6
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Table 1. Cont.

Measure Items Number Percent (%)
18-25 86 21.4
26-30 137 34.2
Age 31-35 112 27.9
8 36-40 40 10.0
41-50 14 3.5
>51 12 3.0
High school or below 93 23.2
Education College or undergraduate 227 56.6
Graduate and above 81 20.2
Number of times per 1-3 184 45.9
week watching live 4-6 176 43.9
streaming e-commerce >7 41 10.2
<2000 115 28.7
. 2001-5000 95 23.7
Monthly income (yuan) 5001-10,000 146 36.4
>10,001 45 11.2

4.2. Measurements

All measurement items were derived from existing research and refined in accordance
with this study’s research framework definitions and context. Specifically, perceived dis-
tributive justice (three items) and perceived interactional justice (three items) were adapted
from Fu et al. [43]. Perceived procedural justice (four items) was based on Ali et al. [20].
Trust in the idol role (five items) was adapted from Su et al. [32] and Ohanian [44]. Trust in
the seller role (four items) was adapted from Wongkitrungrueng and Assarut [45] and Kim
and Park [46]. Repeat purchase intention (three items) was adapted from Hsu et al. [47].
Product involvement (five items) was adapted from Zhang et al. [40]. Responsibility at-
tribution (three items) was informed by Chen et al. [30] and Grégoire and Fisher [48]. All
items were assessed using a 7-point Likert scale. The measurement items are presented in
Table 2.

Table 2. Measurement items.

Constructs Items

[PDJ1] The streamer provided me with the results I deserved.
Perceived distributive justice [PDJ2] Overall, the outcomes I received from the streamer were fair.
[43] [PDJ3] Given the time, money and hassle, the final outcome I received from
the streamer was fair.

[PIJ1] The streamer who interacted with me gave me detailed explanations
Perceived interactional justice and relevant advice.
[43] [PI]2] The streamer who interacted with me treated me with respect.
[PIJ3] The streamer who interacted with me treated me with empathy.

[PPJ1] I think this is the right way to solve my problem.
[PPJ2] I think the streamer has good policies and practices for dealing with
Perceived procedural justice this type of problem.
[20] [PPJ3] Despite the trouble caused by the live streaming e-commerce failure,
the streamer is responding adequately.
[PPJ4] The streamer is flexible in solving the problem.
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Table 2. Cont.

Constructs

Items

Trust in the idol role

[32,44]

[TIR1] I believe this idol is trustworthy.
[TIR2] I believe this idol is reliable.
[TIR3] I believe this idol is honest.
[TIR4] I believe this idol is dependable.
[TIR5] I believe this idol will carry out what he/she promises.

Trust in the seller role

[45,46]

[TSR1] I believe in the information that this seller provides through
live streaming.
[TSR2] I can trust this seller that uses live streaming.
[TSR3] This streamer wants to be known as a seller that keeps its promises
and commitments.
[TSR4] I do not think the seller who uses live streaming would take
advantage of me.

Repeat purchase intention

[47]

[RPI1] If I could, I would like to continue buying products from this streamer.
[RPI2] I plan to continue using this streamer’s live streaming room to
purchase products in the future.

[RPI3] It is likely that I will continue purchasing products from this streamer
in the future.

Product involvement

[PI1] This product is important to me.
[PI2] This product is of concern to me.
[PI3] This product is relevant to me.

[40] [PI4] This product means a lot to me.
[PI5] This product is significant to me.
[RA1] What degree of responsibility do you think the streamer should bear
for this live streaming e-commerce failure?
Responsibility attribution [RA2] Overall, to what degree do you think the streamer is at fault for this
[30,48] live streaming e-commerce failure?

[RA3] To what extent do you blame the streamer for this live streaming
e-commerce failure?

5. Results and Analysis

This study utilizes the PLS-SEM method. PLS-SEM was selected for this study due
to several compelling reasons: (a) the research is primarily oriented towards prediction,
necessitating hypothesis testing involving mediation and moderation, (b) the structural
model features complex mediation chains and multiple moderators, which PLS-SEM
handles effectively, and (c) the data do not meet the multivariate normality assumption
required for CB-SEM. Consequently, PLS-SEM is particularly suitable for our study. PLS-
SEM is applied in two stages: measurement model testing and structural model testing.
The former deals with the reliability and validity of the structure, while the latter measures
the correlation between variables.

5.1. Measurement Model

The study employed Smart PLS 3.0 software to evaluate the reliability and validity
of the measurement model. As shown in Table 3, the variable loadings ranged from 0.809
to 0.937, exceeding the standard threshold of 0.7. The Cronbach’s « values ranged from
0.754 to 0.946, while the composite reliability (CR) values ranged from 0.859 to 0.959. These
values surpass the recommended benchmark of 0.7, indicating robust model reliability.
Additionally, all average variance extracted (AVE) values exceeded 0.60, fulfilling the
requirements for convergent validity. Discriminant validity was further examined using
the heterotrait-monotrait (HTMT) ratio and the Fornell-Larcker criterion, as recommended

https://doi.org/10.3390/jtaer21060185


https://doi.org/10.3390/jtaer21060185

J. Theor. Appl. Electron. Commer. Res. 2026, 21, 185 12 of 22

by Henseler et al. [49]. As indicated in Table 4, the square roots of AVE values were greater
than the corresponding correlation coefficients, and all HTMT values remained below the
0.90 threshold, confirming sufficient discriminant validity [50].

Table 3. Constructs, items, and reliability.

Constructs Items Factor Loading Cronbach’«x CR AVE
PDJ1 0.881

Perceived distributive justice (PD]) PDJ2 0.910 0.873 0.922 0.797
PDJ3 0.886
PIJ1 0.907

Perceived interactional justice (PI]) PIJ2 0.937 0.909 0.943 0.846
PIJ3 0.915
PPJ1 0.852
PPJ2 0.912

Perceived procedural justice (PPJ) PPJ3 0,893 0.910 0.937 0.787
PPJ4 0.892
TIR1 0.834
TIR2 0.840

Trust in the idol role (TIR) TIR3 0.844 0.903 0.928 0.721
TIR4 0.859
TIR5 0.870
TSR1 0.861

Trust in the seller role (TSR) ToR2 0.85 0.887 0.922 0.746
TSR3 0.864
TSR4 0.876
RA1 0.922

Responsibility attribution (RA) RA2 0.906 0911 0.944 0.849
RA3 0.936
PI1 0.929
P12 0.899

Product involvement (PI) PI3 0.903 0.946 0.959 0.823
PI4 0.901
P15 0.902
RPI1 0.809

Repeat purchase intention (RPI) RPI2 0.826 0.754 0.859 0.670
RPI3 0.820
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Table 4. The correlation matrix of variables and the HTMT discriminant validity test.

PD]J PIJ PPJ TIR TSR RA PI RPI

PDJ 0.893 0.031 0.111 0.238 0.121 0.126 0.175 0.247
PIJ —0.023 0.920 0.173 0.280 0.216 0.166 0.042 0.178
pPPJ —0.099 0.159 0.887 0.375 0.329 0.034 0.058 0.445
TIR 0.213 0.255 0.344 0.849 0.713 0.539 0.589 0.608
TSR —0.103 0.196 0.299 0.639 0.864 0.627 0.600 0.593
RA 0.112 0.151 —0.007 —0.490 —0.564 0.921 0.160 0.203

PI 0.158 0.022 0.049 —0.545 —0.550 0.149 0.907 0.127
RPI 0.202 0.147 0.370 0.502 0.486 —0.169 —0.105 0.819

Note: The diagonal in bold represents the square root of AVE, the lower triangular area represents the correlation
matrix of the variables, and the upper triangular area represents the HTMT values.

Moreover, common method bias was tested using Harman'’s single-factor test, showing
that the maximum variance explained by a single factor was 30.53%, with a cumulative
variance explanation rate of 75.06%. Because the first factor’s variance explanation did
not account for half of the cumulative variance [51], no significant common method bias
was detected. Finally, multicollinearity among indicators was assessed. All full collinearity
VIF values ranged from 1.077 to 2.138, remaining well below the critical threshold of 3.33,
which confirms the absence of significant multicollinearity issues [52].

5.2. Structural Model

This study evaluated the proposed model. As illustrated in Figure 3, the R? for the
entire model concerning repeat purchase intention (RPI) is 0.377. In comparison, the R
values for the other explained variables, namely trust in the idol role (TIR) and trust in
the seller role (TSR), are 0.846 and 0.757, respectively, suggesting that the model possesses
strong explanatory power [53]. These high R? values suggest that the three perceived justice
dimensions collectively account for a significant portion of the variance in TIR and TSR.
This finding is theoretically plausible, as the fairness of service recovery directly influences
both affective and cognitive-based trust. Additionally, the Q? values for RPI, TIR, and TSR
are 0.248, 0.836, and 0.741, indicating substantial predictive relevance of the endogenous
constructs [54]. We further assessed out-of-sample predictive power using PLSpredict
(10 folds, 10 repetitions) [55]. The PLS-SEM prediction errors (RMSE/MAE) were: RPI-
0.872/0.729, TIR-0.407/0.316, TSR-0.512/0.394. For all three endogenous constructs, the
PLS-SEM prediction errors (RMSE) were consistently lower than the linear model (LM)
benchmark for the majority of indicators, confirming moderate predictive power. The
SRMR for the model is 0.045, which is below the recommended threshold of 0.08, indicating
a good global model fit.

Furthermore, to examine the influence of relationships among variables, the study
employed the bootstrapping resampling procedure in SmartPLS 3.0 for path analysis, with
5000 iterations. The results are presented in Table 5 and Figure 3. It was found that H1b,
H9a, H9¢, H10b and H11a (B = 0.009, p = 0.823, f> = 0.000; § = —0.028, p = 0.142, > = 0.005;
B = —0.018, p= 0.411, f> = 0.002; B = —0.030, p = 0.113, > = 0.005; B = 0.000, p = 0.985,
f2 = 0.000) are unsupported; all other hypotheses are supported. To further examine the
role of TIR and TSR in the relationship between buyer perceived justice and repeat purchase
intention, the results shown in Table 6 indicate that all indirect effects exclude zero in the
95% bias-corrected confidence interval, thus supporting Hypotheses H6a, H6b, H6c, H7a,
H7b, and H7c.
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Responsibility
attribution

HB8a:-0.103%**
H8b:-0.075%*
H8c:-0.151***

H9a:unsupported
H9b:-0.082%**
H9c:unsupported

H62:0.063*, 95% BC-CI[0.013,0.114]
H6b:0.048*, 95% BC-CI[0.010,0.089]
H6c:0.055%, 95% BC-CI[0.011,0.100]

Note: B>0 indicates a positive effect; f<0 indicates a negative effect, ***P< 0.001, **P< 0.01,* P< 0.05.

H10a:-0.058%*
H10b:unsupported
H10c:-0.075%**

Product
involvement

Repeat purchase intention

H 1 la:unsupported
H11b:=0.113%**
H1l1c:-0.092%%%

H7a:0.032**, 95% BC-CI [0.014,0.058]
H7b:0.091%**,95% BC-CI [0.063,0.126]
H7¢:0.103***,95% BC-CI [0.071,0.141]

Figure 3. Results of path analysis.

Table 5. Results of hypothesis testing.

Trust in the idol role H4:0.152* o
Perceived distributive (R?=0.846) g
%
.QP‘\'\
W NS H12:0.228%%*
o -unst
PR 0 H1b:unsupported
. . . WAl " Hkk
Perceived interactional » Hl1e:0.238 L
e
43, %0,
. %9
& 0 (2
3(‘_0 32;7***
Perceived procedural Few
Trust in the seller role R
(R?=0.757) H50330%%%

Hypothesis B t-Values p-Values Supported?
a: PDJ] — RPI 0.228 5.709 0.000 YES
H1 b: PI] — RPI 0.009 0.224 0.823 NO
c: PPJ] — RPI 0.238 6.072 0.000 YES
a: PDJ] — TIR 0.417 18.489 0.000 YES
H2 b: PI] — TIR 0.316 13.422 0.000 YES
c: PP] — TIR 0.362 15.609 0.000 YES
a: PD] — TSR 0.096 3.229 0.001 YES
H3 b: PIJ] — TSR 0.267 10.359 0.000 YES
c: PPJ — TSR 0.305 11.582 0.000 YES
H4 TIR — RPI 0.152 2.475 0.013 YES
H5 TSR — RPI 0.339 6.312 0.000 YES
a: RA x PDJ] — TSR —0.103 3.502 0.000 YES
HS8 b: RA x PI] — TSR —0.075 3.009 0.003 YES
c¢: RA x PP] — TSR —0.151 6.017 0.000 YES
a: RA x PDJ — TIR —0.028 1.469 0.142 NO
H9 b: RA x PIJ] — TIR —0.082 3.837 0.000 YES
c: RA x PPJ] — TIR —0.018 0.822 0.411 NO
a: PI x PDJ — TIR —0.058 3.223 0.001 YES
H10 b: PI x PI] — TIR —0.030 1.585 0.113 NO
c: PI x PPJ] — TIR —0.075 3.669 0.000 YES
a: PI x PDJ — TSR 0.000 0.019 0.985 NO
Hi11 b: PI x PI] — TSR —0.113 4.601 0.000 YES
c: PI x PP] — TSR —0.092 3.833 0.000 YES

https://doi.org/10.3390/jtaer21060185


https://doi.org/10.3390/jtaer21060185

J. Theor. Appl. Electron. Commer. Res. 2026, 21, 185 15 of 22

Table 6. Results of mediation effect test.

Hypothesis Mediation Effect p-Values 95% BC-CI Supported?
a: PD] — TIR — RPI 0.063 0.014 [0.013, 0.114] YES
Hé6 b: PIJ] — TIR — RPI 0.048 0.017 [0.010, 0.089] YES
c: PP] — TIR — RPI 0.055 0.015 [0.011, 0.100] YES
a: PD] — TSR — RPI 0.032 0.002 [0.014, 0.058] YES
H7 b: PIJ] — TSR — RPI 0.091 0.000 [0.063, 0.126] YES
c: PP] — TSR — RPI 0.103 0.000 [0.071, 0.141] YES

6. Discussion
6.1. Discussion of the Findings

This study yields several key findings. Firstly, buyers’ positive perceptions of specific
justice dimensions regarding service recovery information from streamers can lead to
positive feedback to some extent. Consistent with expectations, perceived distributive
justice and procedural justice positively influenced repeat purchase intention. However,
perceived interactional justice did not have a significant direct effect (H1b unsupported).
This non-finding refines the signaling model by suggesting that interactional justice—while
valuable for building relational trust—may not directly translate into repurchase behavior
in the live streaming service recovery context. Buyers may perceive polite and respectful
communication as a minimum expectation rather than a signal that reduces uncertainty
about future transactions [56]; instead, material compensation and efficient procedures
serve as stronger direct signals of streamer reliability [57,58]. Thus, H1b’s lack of support
indicates that the signaling effectiveness of interactional justice is indirect, rather than
directly influencing behavioral intention.

Secondly, trust in the role of the streamer is an important signal transmission path in
the signaling model as a result of the signal interpretation of service recovery information.
Perceived justice positively influenced both idol-role trust and seller-role trust, and both
types of trust positively affected repeat purchase intention. Importantly, perceived justice
had a stronger impact on idol-role trust than on seller-role trust, whereas seller-role trust had
a stronger impact on repeat purchase intention than idol-role trust. This asymmetry reveals
a two-stage signaling process: service recovery signals first satisfy buyers’ emotional needs
(idol trust), but final repurchase decisions rely more heavily on transactional confidence
(seller trust) [59]. This extends signaling theory by showing that the same signal can trigger
distinct interpretation pathways that differentially influence ultimate outcomes.

Finally, the environmental factors of signal transmission significantly moderate the
impact of signal receivers’ observation of service recovery information on information
interpretation. Responsibility attribution and product involvement generally inhibited
the positive effect of perceived justice on trust, but with notable exceptions: H9a, HOc,
H10b, and H11a were not supported. These unsupported hypotheses do not invalidate the
signaling model; rather, they refine its boundary conditions. The reason why H9a and H9¢
are not supported is that, when buyers attribute high responsibility to the streamer, they
may still maintain idol-role trust if they receive substantial compensation (distributive jus-
tice) or observe fair procedures (procedural justice), because emotional dependence on the
streamer’s persona can override blame attribution [60]. This suggests that for affect-based
trust, material signals can sometimes bypass attribution effects—a nuance not anticipated in
our original model. The lack of support for H10b indicates that high product involvement
did not inhibit the effect of interactional justice on idol-role trust. On the contrary, highly
involved buyers may scrutinize the streamer’s interactional sincerity more closely, making
interactional justice a stronger signal for idol trust. This challenges our initial assumption
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that involvement uniformly weakens justice effects; instead, involvement may amplify
certain justice dimensions. The lack of support for H11a reveals that distributive justice
(compensation) remained positively influential on seller-role trust even under high product
involvement. This indicates that distributive justice is a fundamental transactional obliga-
tion; regardless of product importance, buyers expect fair compensation, and involvement
does not moderate this baseline requirement [61].

6.2. Theoretical Implications

This study enhances the theoretical understanding of service recovery following fail-
ures in live streaming e-commerce by broadening signaling theory beyond the conventional
justice—trust—intention framework. Specifically, signaling theory offers three distinct in-
sights that a pure justice model cannot provide: it directly addresses the issue of information
asymmetry between streamers and buyers, elucidating how service recovery information
reduces uncertainty regarding future behavior and therefore clarifies the mechanism by
which perceived justice is transformed into trust and subsequent repurchase; it differenti-
ates between signal observation and signal interpretation, enabling the theorization that
the same observed signal may be interpreted differently based on the receiver’s role-based
trust in streamers (as idol or seller), an analytical step missing in traditional justice models;
it conceptualizes moderators as characteristics of the signaling environment that impact
the signal transmission process, thereby refining boundary conditions that a pure justice
framework would find challenging to establish. Specifically, the details are as follows:

Firstly, previous research has predominantly addressed the issue of information
asymmetry concerning products prior to purchase in the realm of live streaming e-
commerce [62,63], with limited emphasis on the post-purchase phase. This study integrates
the theoretical perspectives of signaling theory with service recovery information pertinent
to failures in live streaming e-commerce, providing a novel viewpoint for examining the
influence of service recovery information on buyers’ behavior following such failures.
Specifically, this research extends the application of signaling theory in the context of
live streaming e-commerce failures by elucidating how buyers’ perceived justice (signal
observation) of service recovery information affects their trust in the role of the streamer
(signal interpretation) and repeat purchase intentions (signal feedback). Furthermore, the
signaling model of service recovery information constructed in this study provides a theo-
retical framework for guiding research on buyer behavior following service failures, which
largely mitigates the phenomenon of increased uncertainty resulting from live streaming
e-commerce failures.

Secondly, this study constructs a complex interpretation pathway for buyer responses
to service recovery information. Specifically, it considers buyer trust in the dual roles of
the streamer as the result of information interpretation and distinguishes the functional
differences in these two types of role trust in the service recovery of live streaming e-
commerce. Prior research primarily emphasizes buyers’ trust in the streamer’s singular
seller role [45]. In contrast, this study differentiates buyers’ trust in the streamer along
emotional and competence dimensions, aligning with the features of live streaming e-
commerce. Additionally, the mediating role of dual-role trust offers profound insights
into the complex trust mechanisms and information interpretation pathways within live
streaming e-commerce environments.

Finally, although prior research has examined the role of responsibility attribution
and product involvement in service recovery efforts [64,65], this study investigates these
elements as environmental factors in the transmission of service recovery information. We
explore how these factors moderate the relationship between buyers’ positive observations
of service recovery information and signal interpretation following failures in live stream-
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ing e-commerce, thereby enhancing the signaling model within this context. Moreover,
the significant influence of environmental factors (responsibility attribution and product
involvement) on the relationship between perceived justice and trust in the role of the
streamer aids in understanding the boundary conditions under which buyers’ perceived jus-
tice operates, particularly from the perspectives of attribution and product-related factors.

6.3. Managerial Implications

To prevent redundancy and overload in service recovery information and enhance its
effectiveness and quality, based on our empirical findings, this study provides three sets
of actionable management recommendations for service recovery information targeting
practitioners in the live streaming e-commerce industry.

First, we provide recommendations regarding the sequence of sending service recov-
ery information. Our results show that distributive justice and procedural justice have
significant direct positive effects on repeat purchase intention, whereas interactional jus-
tice does not. Therefore, after a service failure, streamers should prioritize sending clear
information about what compensation will be offered (e.g., refunds, coupons, exchanges)
and how the recovery process will be handled (e.g., clear return steps, timely updates).
Only then should they add interactional elements (apologies, respectful language) as a
supplement—never as a substitute. This sequence ensures buyers receive the most effective
uncertainty-reducing signals first.

Second, we provide recommendations for enhancing the transmission of service recov-
ery information. Our mediation analysis reveals that perceived justice influences repurchase
intention through two distinct trust pathways—idol-role trust and seller-role trust—with
seller-role trust having a stronger impact. Streamers should therefore design two parallel
communication tracks: for seller-role trust, emphasize transactional fairness (compensation
policies, product guarantees, after-sale procedures) using professional language and evi-
dence; for idol-role trust, use interactive formats (live chat, Q&A, personal apologies) to
restore emotional bonds, but always pair them with substantive distributive/procedural
actions, because idol-role trust alone is less effective at converting repurchase intentions.

Finally, we provide recommendations for improving the effectiveness of service recov-
ery information. Our moderation results show that responsibility attribution and product
involvement generally weaken the effect of perceived justice on trust, but with important
exceptions. When buyers highly blame the streamer, streamers should still offer substantial
compensation and fair procedures—these signals can preserve idol-role trust even under
blame (H9a, H9¢c unsupported). When product involvement is high, do not reduce inter-
actional justice; highly involved buyers remain sensitive to sincere communication (H10b
unsupported). Streamers should standardize compensation rules (e.g., “three-fold compen-
sation for fakes”) regardless of product price and upgrade communication professionalism.
For low-involvement products, efficiency and speed of recovery may outweigh person-
alized interaction. Because distributive justice is a fundamental transactional obligation
(H11a unsupported), streamers must never compromise on fair compensation, irrespective
of product value or buyer involvement level.

6.4. Limitations and Future Research

While this study offers notable contributions, it also has certain limitations. Firstly,
data collection was conducted via an online survey to gauge buyer perceptions of service
recovery information for live streaming failures, which may be subject to retrospective
memory bias. Future research should consider employing more robust methods, such as
experimental approaches including VR simulations of failure scenarios, or real-time diary
studies, to more accurately assess buyer perceptions. Our structural model explained a
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substantial proportion of variance in trust in the idol role (R? = 0.846) and trust in the
seller role (R? = 0.757). While we have offered theoretical justification, we recognize that
conceptual overlap between perceived justice dimensions and trust constructs may partially
inflate these high R? values. Therefore, future research should aim to replicate our model
using different operationalizations that more distinctly differentiate justice from trust. For
instance, experimental vignettes with objective fairness manipulations or measurement
items designed to reduce semantic overlap can be employed. These approaches would
help ascertain whether the high R? values reflect genuinely strong relationships or merely
shared method variance.

Secondly, the cross-cultural generalizability of our findings is limited as all data were
collected from Chinese buyers within a specific live streaming e-commerce environment.
While China is one of the largest and most developed live streaming e-commerce mar-
kets, its cultural characteristics, such as collectivism and the distinctive “fan economy,”
may influence how buyers perceive service recovery signals and establish dual-role trust.
Additionally, the distinction between idol-role trust and seller-role trust may be more pro-
nounced in East Asian contexts where celebrity endorsements and parasocial relationships
are particularly strong. Therefore, our findings may not be directly applicable to Western
or other non-Asian markets. Future research should aim to replicate our model in diverse
cultural settings and, if possible, conduct cross-cultural comparisons using multi-group
analysis or measurement invariance tests. Such studies would help determine whether the
signaling mechanisms we identified are universal or context-dependent.

Thirdly, although the sample size is deemed adequate, it is demographically narrow,
with a predominance of young buyers. Future studies should incorporate a more diverse
range of participants, including middle-aged, elderly, and low-income rural buyers, to
encompass a wider array of user experiences with live streaming e-commerce failures.
Our study focused exclusively on service recovery information sent directly by streamers
as the primary signal. However, in live streaming e-commerce, buyers also evaluate
streamers based on other customers’ reviews. These social signals may interact with or
even override the streamer’s own recovery signals, especially when inconsistencies exist.
Future research could incorporate other customers’ reviews as an additional signaling
mechanism or as a moderator of perceived justice effects. Excluding this dimension limits
the comprehensiveness of our signaling model.

Fourthly, our screening procedure only ensured that respondents had encountered
a service failure and subsequent recovery on live streaming platforms. However, we did
not control for critical characteristics of the failure event, such as the failure type (e.g.,
product defect, delivery delay, poor service attitude), severity (e.g., minor inconvenience
versus major loss), timing (e.g., recency of the failure within a three-month window), or
the perceived outcome of the recovery (e.g., full compensation versus partial apology).
These factors likely influence perceived justice, trust in the streamer, and repeat purchase
intention. For example, minor failures may be more easily repaired by interactional justice,
whereas severe failures likely require strong distributive and procedural justice to rebuild
trust. Failure timing might moderate the dual-role trust mechanisms, and recovery out-
come might further mediate or moderate the justice-trust link. Future research should
systematically measure and control these variables or employ experimental designs that
manipulate failure and recovery scenarios to isolate causal effects.

7. Conclusions

’

This study, grounded in signaling theory, elucidates the relationship between buyers
signal behaviors concerning service recovery information provided by streamers in the
aftermath of live streaming e-commerce service failures. Specifically, perceived justice
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(signal observation) influences buyers’ repeat purchase intentions (signal feedback) through
their trust in the dual roles of the streamers (signal interpretation). The research indicates
that the responsibility attribution and product involvement, as environmental factors in
signal transmission, can moderate the relationship between perceived justice and trust in
the streamer. Additionally, the signaling model for service recovery information developed
in this study broadens the application of signal theory to live streaming e-commerce,
offering a novel perspective for trust research within this domain by emphasizing buyers’
trust in the streamers’ dual roles (idol role and seller role). Furthermore, based on empirical
analysis, this study provides several essential service recovery information management
recommendations for practitioners in the live streaming e-commerce sector. Based on the
research framework proposed in this study, future research can examine differences in
information across diverse e-commerce sales scenarios and the interactions between other
potential consumer signal behaviors.
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