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Abstract This paper synthesizes relevant research fields that build
the conceptual foundation of algorithmic nudging specifically for
sustainability in e-commerce. The carbon footprint of e-
commerce can be reduced by encouraging consumers to engage
in more sustainable consumer behaviour with regards to
products, packaging, delivery options, and returns. Such
behaviour can be steered by employing different nudging
techniques along the digital customer journey. The use of
artificial intelligence can increase the effectiveness of digital
nudges by tailoring them to specific individual contexts. In this
article, we propose a conceptual framework for the application
of algorithmic nudging to increase sustainability in e-commerce.
We also derive several research avenues to spark a wide array of

empirical studies to move forward this emerging topic.
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1 Introduction

Just recently, the Intergovernmental Panel on Climate Change (IPCC, 2022) released
its sixth assessment report. The report finds that climate change is happening faster
than expected and calls governments and businesses to take drastic action against it
(World Economic Forum, 2022). At the same time, e-commerce is on the rise and
continues its growth path. Within the last five years, the worldwide e-commerce
turnover increased around 77 percent, reaching 4.2 bn USD (eMarketer and Statista,
2021). The higher rate of deliveries and returns increase the environmental impact
of e-commerce (Fichter, 2003; Frei, Jack, & Brown, 2020; Mangiaracina, Marchet,
Perotti, & Tumino, 2015). To mitigate the environmental consequences of e-
commerce, all players in the e-commerce value chain need to collectively develop
and offer more sustainable products, setvices, and solutions. Consumers should be
encouraged and supported to select them in order to overcome the attitude-
behaviour gap (Gershoff & Frels, 2015; Michels, Ochmann, Giinther, Laumer, &
Tiefenbeck, 2022; White, Habib, & Hardisty, 2019). Behavioural interventions such
as nudges can be applied to achieve this (Rankine & Khosravi, 2021; Thaler &
Sunstein, 2008). However, the potential of nudges to foster sustainability in the
digital space is all but realized. Artificial intelligence (Al) can make digital nudges
much more effective and thereby contribute to decrease the environmental footprint
of e-commerce. The contribution of this paper is threefold. First, we synthesize
relevant research fields that build the conceptual foundation of algorithmic nudging
specifically for sustainability in e-commerce. Second, we propose a conceptual
framework for the application of algorithmic nudging to increase sustainability in e-
commerce. And finally, we derive several research avenues to spark a wide array of

studies to move forward this emerging topic.
2 Background
2.1 The Evolution of Algorithmic Nudging

People face choices every day. These choices are not always guided by rational
deliberations, but also by the design of the choice environment in which certain
information is presented. In other words, what option we choose often depends on
how the options are presented (Johnson et al., 2012). Changes in the choice

architecture, so-called nudges, describe any aspect of the choice which alter people’s
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behaviour in a desired and predictable way without forbidding any options or
significantly changing their economic incentives. Nudges involve very subtle
manipulations that people often barely register, such as putting healthy options at
eye level in a cafeteria to encourage healthier choices (Thaler & Sunstein, 2008).
Nudges have already been employed in a vatiety of contexts to alter people’s
behaviour and there is a growing body of research proving the effectiveness of
different types of nudges (Benartzi et al., 2017; Hummel & Maedche, 2019; Mertens,
Herberz, Hahnel, & Brosch, 2022; Milkman et al., 2022).

In recent years, more and more decisions are being made online. The design of digital
choice environments (deliberately or accidentally) influences people’s choices.
Digital nudges have two main advantages compared to their physical counterparts:
they are easier, faster, and cheaper to implement; and can be personalized (Mirsch,
Lehrer, & Jung, 2017). More specifically, digital nudges have the potential to be
tailored to the digital footprint of an individual user, based on user data, context,
and individual characteristics (Mirsch et al., 2017). Such algorithmic nudges, which
leverage Big Data, can be very effective due to their networked, continuously
updated, dynamic and pervasive nature (Yeung, 2017). Algorithmic nudging has the
potential to change individuals’ decisions and behaviours in a subtle way and at large
scale (Mohlmann, 2021) and can potentially improve both individual and net welfare
by fostering sustainable and climate-friendly behaviour. So far, multiple terms such
as adaptive nudging (Burr et al.,, 2018), Big Data-driven nudges, hypernudging
(Yeung, 2017), smart nudging (Katlsen & Andersen, 2019) or algorithmic nudging
(Moéhlmann, 2021) have been used to refer to these forms of nudges. In this article,
the term algorithmic nudging will be used.

2.2 E-Commerce and Customer Journey

Not only since the COVID-19 pandemic e-commerce is on the rise. As reported by
eMarketer and Statista (2021), the worldwide turnover in e-commerce has increased
from 2.4 bn USD to 4.2 bn, which corresponds to an increase of around 77 percent
within the last five years. Further growth of around 75 percent to 7.385 bn USD is
expected by 2025. Digitalization and e-commerce have disrupted shopping
behaviour (Velazquez & Chankov, 2019). The higher rate of deliveries and returns
makes it inevitable to examine the resulting environmental and economic impact of

ordering online (e.g., Frei et al, 2020; Mangiaracina et al., 2015). To better
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understand how consumers shop online and where specific decisions are made in
the buying process, it is useful to consider the e-commerce customer journey. The
concept of the customer journey is based on the decision-making process and
distinguishes three main phases: the pre-purchase, the purchase, and the post-
purchase phase (Lemon & Verhoef, 2016; Tueanrat, Papagiannidis, & Alamanos,
2021). In e-commerce, consumers face decisions such as the choice of an online
retailer, specific products, delivery option, type of packaging, and product return
(Ignat & Chankov, 2020; Michels et al., 2022; Vakulenko, Shams, Hellstrom, &
Hjort, 2019). These decisions have environmental consequences that can be

mitigated by steering consumers towards choosing the more sustainable options.
2.3 Nudging Sustainable Consumer Choices in E-Commerce

Although more and more consumers hold favourable attitudes towards sustainable
options, the market share of sustainable products and services remains low.
Explanations for this attitude-behaviour gap are conflicting needs with regards to
convenience, costs, or habits (Kollmuss & Agyeman, 2002). Digital nudging is
suggested as one option to make the choice of sustainable options more convenient
and to change habitual purchase behaviour (Gershoff & Frels, 2015; Michels et al.,
2022; White et al., 2019). Recent research suggests that default, active choice, and
self-nudges could increase the choice of more sustainable options in consumer
choice areas related to delivery options, packaging, and carbon offsetting in online
apparel retailing (Michels et al., 2022). Results of this research remains mixed,
disconfirming (Mirbabaie, Marx, & Germies, 2021) or confirming the effectiveness
of sustainability nudging (Berger, Niiske, & Miiller, 2020; Fechner & Herder, 2022;
Katner & Jianu, 2019; Lembcke, Willnat, Engelbrecht, & Lichtenberg, 2020). Based
on the methodological approach of online experiments, these studies do not account
for the potential of machine learning and Al In fact, the use of Al to enable
sustainable e-commerce practices is a neglected research area (Bawack, Wamba,
Carillo, & Akter, 2022).

3 Conceptual Framework
Figure 1 depicts the proposed conceptual framework for algorithmic nudging to

promote sustainability in e-commerce. The self-learning algorithm uses

personalization and context-awareness to deliver nudges that are relevant to the
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current situation of the consumer. That is, the algorithm recognizes which nudge
could be most effective based on several individual characteristics, or person factors
(de Ridder, Kroese, & van Gestel, 2022; Karlsen & Andersen, 2019; Matz, Kosinski,
Nave, & Stillwell, 2017).

Types of nudge

alternative

Self-learning E
algorithm .

Goal of algorithm:
Recommend/select nudge that most
effectively steers consumer choice

towards more sustainable alternative

Consequences of consumer
Goal of nudge: choreer
Steer consumer
choice towards
........................ e CIE AT

Feedback loop enabling
algorithm to learn
automatically based on
result of actual choice

Figure 1: Conceptual Framework for Algorithmic Nudging in E-Commerce

Consumers face many different decisions along the e-commerce customer journey. Once
consumers have selected a certain online retailer, they are confronted with decisions
in four different areas (Michels et al., 2022; Vakulenko et al., 2019): (1) Products, (2)
delivery, (3) packaging, and (4) product returns. An additional area is the offsetting
of carbon emissions induced through a purchase which is increasingly offered by
online retailers (Michels et al., 2022). Extant research on the effectiveness of digital
nudging in e-commerce has considered a vatiety of product categories (Berger et al.,
2020; Katner & Jianu, 2019; Michels et al., 2022; Mirbabaie et al., 2021) and has
demonstrated that digital nudging can steer consumers’ product choices towards
more sustainable options. To effectively nudge individuals into the more sustainable
direction, the self-learning algorithm must thus also learn which nudge is most
effective for which product category (Shaw & Jones, 2005). There exist different
types of nudges which can be delivered in the context of an online store. According to
Jesse and Jannach (2021), four nudging types can be classified: (1) Information, (2)
structure and arrangement of options (e.g., Pichert & Katsikopoulos, 2008), (3)
reminders (e.g., Milkman et al., 2021), and (4) information on other consumers’
behaviour (e.g., Cheung, Kroese, Fennis, & De Ridder, 2017). On these bases, the
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self-learning algorithm can build up extensive knowledge about consumers and
products, and incorporate the goal and the type of nudges to influence consumer
behaviour (Sitar-Tdut, Mican, & Buchmann, 2021). Consumers’ choices in turn feed
into the system to influence the recommendations for the next nudges. Ultimately,
consumer choices in e-commerce can have intended and unintended consequences for
profit, people, and the planet (e.g., Fichter, 2003; Frei et al., 2020).

Generally, the core of debates on nudging has been the question of legitimacy: Is it
admissible to subtly steer people’s behaviour in a certain direction? Who determines
what behaviour is desired by an individual? While nudges should be used to help
people make better choices for both the individual and net welfare (Thaler &
Sunstein, 2008), this has not always been the case. While unethical nudges may lead
to short term gains for a company, they may backfire in terms of loss of goodwill,
negative publicity, or even legal action. Especially the usage of algorithmic nudging

poses cthical challenges (Mohlmann, 2021).
4 Discussion and Future Research Directions

Research on the application of digital nudging to foster sustainable consumer
behaviour in e-commerce is just emerging. So far, most studies only offer
fragmented insights specific to certain types of nudges and product categories.
Future studies are needed to fill blind spots in the current body of knowledge. Based
on our literature review and the proposed framework, we derive two broad areas for
future research and several research questions (RQ) (see Table 1). The first area
concerns the drivers of the effectiveness of digital nudges that are employed to steer
consumer choices towards more sustainable options. The second area concerns the
use of algorithms to improve the effectiveness of digital nudging. This area includes
the accuracy of different algorithm types and machine learning approaches,
antecedents as well as intended and unintended consequences of algorithmic
nudging, the integration of algorithmic nudges in the customer journey, the
legitimacy of “green” algorithmic nudges, and business model innovation

opportunities.
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Table 1: Research Agenda for Algorithmic Nudging in E-Commerce

RQ ‘ Research Questions

Research Area I: Drivers of the effectiveness of digital nudges

RQ1.1 What are relevant person factors (personality, attitudes, demographics, etc.)
that determine the effectiveness of a nudge in online retailing?

RQ1.1.1 | Which attitudinal factors affect the effectiveness of a nudge?

RQ1.1.2 | How can attitudinal factors be derived from observable online behaviout?

RQ1.2 Which types of nudges do effectively steer consumers towards different
types of more sustainable choices along the e-commerce customer journey?
RQ1.3 Which nudges work best for which product category?

RQ1.3.1 | How do product category as well as packaging, delivery, carbon offsetting,
and potential returns of products in this category affect the effectiveness of a
nudge?

RQ1.3.2 | To what extent can higher-order product categorizations influence the
effectiveness of nudges?

Research Area II: Use of algorithms to improve the effectiveness of digital nudges
RQ2.1 Which types of algorithms and machine learning approaches can most
accurately recommend the most effective nudges?

RQ2.1.1 | How can such algorithms provide good results with minimum vs. maximum
available data?

RQ2.1.2 | What drives the acceptance of such algorithmic nudges?

RQ2.2 What are the antecedents as well as intended and unintended consequences
of algorithmic nudging for increasing the sustainability in e-commerce?
RQ2.3 Considering algorithmic nudges as a new type of touchpoint, how do they
need to be integrated in the e-commerce customer journey?

RQ2.4 How does a “green goal” legitimate the use of algorithmic nudging?

RQ2.5 Which opportunities are there from a business model innovation
perspectiver
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