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The purpose of doing this review is (a) to explore how social robots can facilitate pro-
environmental behaviour in sustainability communication; (b) to understand the techniques
of the social robots to stimulate user engagement and behaviour; and (c) to understand what
factors make social robots effective in helping to promote long-term behaviour change.
Analysed 57 journal articles that were published between 2009 and 2025. Humanoid robots,
capable of providing individualized feedback, social support and empathy, proved to be the
most useful in encouraging sustainable practices like recycling and energy saving. The
success of the robots can be affected by the design (humanoid or non-humanoid),
personalisation of their interactions, trust and how well they can fit in the cultural
background of the users. The primary action plans for the efficiency of social robots are to
make them more efficient in their communication channels, develop emotional bonds, and
make them behave according to the preference of the users. A variety of stakeholders such
as robot developers, environmental organizations, and policymakers should implement such
strategies. Nevertheless, the role of the user in their interaction with and adoption of such
robots is a crucial requirement for their success in the sustainability endeavours.
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1 Introduction

Climate change and the increasing degradation of the environment have grown to be among
the most dominant issues of the 21 st century across the world (Igbal & Ghauri, 2011; Kabir
et al., 2023). The increasing temperatures, pollution, deforestation, and draining up of natural
resources have raised serious questions on the future of the planet and sustainability of the
human development. The challenges have triggered the loudness of demands for sustainable
development and pro-environmental behaviour as the necessary steps to reduce the negative
impact on the environment (Abdelwahed et al., 2022; Masud et al., 2015).

With the rising environmental crises, governments, business organizations and individuals
are ever seeking new ways of promoting sustainable behaviours both locally and
internationally (Brown, 1996). Conventional methods of enhancing sustainability like a
campaign through the media, education programs to the people and interventions in the form
of policy have been partly effective in bringing awareness on environmental issues.
Nonetheless, such tactics have not been able to influence long-term behaviour change (Vlek
and Steg, 2007). Although they may be effective initially, a lot of traditional approaches will
not induce a lasting change, particularly on an individual level, where a change of behaviour

will be necessary (Schultz, 2014).

In order to overcome these constraints, there is the increasing trend of using technology-
based solutions to enhance sustainability. One of these solutions is the social robot, which is
a potential sustainability communication tool (Lo et al., 2022; Zhao, 2006; Almuaythir et
al.,2024). Social robots are embodied agents, autonomous agents that are able to engage with
humans through socially meaningful behaviors, including speech, gestures, facial
expressions, and adaptive emotional actions (Leite et al., 2013; Nocentini et al., 2019).
Contrary to the conventional automated systems, they are designed to act as social partners,
whereby they can inspire, teach, or convince users in various environments such as homes,
workplaces, social places, and in learning institutions (Cross et al., 2019; Cross & Kappas,
2025). They can more readily influence the attitude and behaviour of humans because their
capacity to personalize feedback, retain social presence, and adjust their communication
styles enables them to direct their influence over human behavior more effectively than fixed

forms of digital media (D’Mello and Kory, 2015). Recent studies emphasize how



anthropomorphic qualities of social robots, including eye gaze, expressive movement,
empathetic dialogue, and more, improve user involvement and trust, making them promising
when it comes to any activity that can involve behavioral change, including activities related
to sustainability (Pandey and Gelin, 2018; Ruhland et al., 2015).

Social robots can implement a real-time, personalized interaction with individuals and
change behavior in the long term, involving interactive communication unlike traditional
media or educative programs (Rincon Arango et al., 2025). Their skills of using non-verbal
and verbal communication render them very effective in communicating complex
environmental messages (Brooks & Arkin, 2007; Mende et al., 2019). It is possible that
social robots can be used to eliminate the knowledge-behavior gap to the extent that they
provide users with tailoring feedback that makes the process of practicing sustainably more

engaging and relatable than the previous approaches (Xia et al., 2025; Zhang et al., 2024).

The fact that social robots exist and can trigger the human nature to use the face-to-face
communication has proved that it is possible to increase the number of users and make
people believe that they need to act pro-environmentally (Mende et al., 2019; Miranda et al.,
2023). A robot is more relatable and useful in closing the knowledge-behavior gap because
of its similar capability of the traditional means of communication, hence, a robot can be
used to apply both verbal and non-verbal communications of communicating the
environmental messages (Xia et al., 2025). Personalization of interaction is a significant
aspect of persuasion communication, and such robots have the ability to perform it (Zhang
et al.,, 2024). By changing their communication behavior and patterns to address the
individual needs and preferences of customers, social robots can contribute to the success of
users in interacting and internalizing sustainability messages (Maggioni and Rossignoli,
2023). The increased size of the quandary involving environmental matters has witnessed
the exploration of the novel solutions to the progression of the sustainable ways. In this
example, social robots have been used to be effective tools, regarding the sustainability
communication (Warringa, 2021). The fact that these robots would be able to relate to
humans and be able to convey to people on the real-time level and at a personal level would
give a unique opportunity to influence the pro-environmental attitude and behavior

formation.

The contribution of social robots to sustainable development is substantial, but many

questions remain unanswered in the long-term sustainability of their usage and the



characteristic parameters that define the extent of success of applying the robots towards
sustainability. To outline the result of the discussion of the essential factors influencing the
effectiveness of social robots in the construction of sustainability, this paper shall seek to
undertake a systematic literature review in order to ascertain and merge the most significant
factors. The provided work will be useful in making the social robots more optimized
towards sustainability communication and will give hints at how it can be utilized to

facilitate pro-environmental behavior on a larger scale.

In conclusion, social robots are an emerging and promising concept for the solution of the
problem of sustainability promotion. However, the supplementary research must be
conducted in order to understand their efficiency in the long-term and the specific details
that characterize their success in establishing a sustainable behavioral change. The paper will
assist in closing these gaps by condensing the literature on social robots in sustainability
communication, as well as, providing realistic recommendations on how such robots can be

effectively used to promote sustainable practices.

The first critical question which will be answered with the formation of social robots as a
sustainability communication solution is the following question: How effective these robots
are in regard to sustainable practices? The provided literature had some incongruent results
because some researchers report that social robots are useful in terms of enhancing recycling
or energy-saving behavior, and some conclude that the effectiveness of a solution varies
based on a set of factors, including the geometry of the robot, cultural background, and
interaction modalities (e.g., Fong et al., 2018; Breazeal, 2004). The discrepancy points to the
need to have a systematic review to bring together the existing studies and be in a position
to provide light on the situations under which a social robot is best suited to bring

sustainability.

The effectiveness of social robots cannot be easily quantified besides defining what factors
determine the success of robot and this is difficult as well. These could be policies of
communication which the robots indulge in, design, culture of the target market and the
interaction patterns. To establish these factors and provide the general view of how social
robots can be optimized to support the sustainability of communication, the current research

will consider the literature synthesis.
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This work is significantly important because it will make a substantial contribution to the
sustainability communication research area by determining how social robots can be
optimized as a means of fostering long-term pro-environmental behaviors. Since the problem
of environmental degradation remains one of the most urgent challenges of humanity, the
problem of the knowledge-behavior gap that arises when a person knows about the
environmental problems but cannot do anything about them becomes essential (Vlek & Steg,
2007; Stern, 2000). Although the conventional communication tools, including media
campaigns and educational programs, have not been entirely unsuccessful, they usually do
not prompt people to make permanent behavioral adjustments (Gifford, 2007). In this
respect, social robots introduce a new and fresh possibility to interact with the person in

long-term, one-on-one communication, promoting sustainable actions.

The personalization of the messages to align with the requirements, tastes, and cultural
inclinations of the users can be achieved through the process of individualization that the
social robots are able to conduct due to the artificial intelligence and the machine learning
(Zhang et al., 2024). As an example, one of the robots might deliver the sustainability actions
regarding the economy concerning particular users but positive social conventions to other
users (Scheutz et al., 2021; Carlucci et al., 2015). This adaptive framing means that social
robots should be particularly more organized to help change the behavior on the long-term
level since this social robot can reiteratively rebuff the messages so that people would remain
engaged and inspired to act in the long-term. Furthermore, the core intention of the current
study is to examine the social robots as well-conversing agents in promoting the pro-
environmental practices and sustainability Building upon such features, the study questions

of the current study include:

Research Question 1 (RQ1): How are social robots used to promote sustainability?

Research Question 2 (RQ2): What persuasion methods do social robots use, and do they

work?

Research Question 3 (RQ3): What key factors influence the success of social robots in

promoting pro-environmental attitudes and practices?

These research questions will fill the gap in the knowledge about the long-term efficiency of

social robots in guaranteeing sustainability. This research will answer these questions and
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will not only serve the academic community in understanding the issues of sustainability
communication through robots, but also offer useful information in designing and deploying
social robots. These discoveries will be essential to enhance the efficacy of such robots in
the field of sustainability efforts in real life, which can be scaled up to involve people and
communities in pro-environmental behaviors. Finally, the proposed research aims to make

social robots a practical instrument to make a real and sustainable change in the environment.

Even though the social robots are increasingly used to transmit sustainability, the research
in this field is still scattered, uneven, and sharply focused on short-term, small-scale
laboratory experiments. Although numerous studies have demonstrated the positive impact
on recycling and energy saving or user engagement, they have been limited by novelty
effects, small samples, and controlled environments that do not reflect the complexity of
reality (Mende et al., 2019). Subsequently, numerous crucial questions may go unaddressed,
such as the way social robots can be used to promote pro-environmental changes over an
extended period, how various demographic or cultural groups are susceptible to them, and
what specific robot characteristics contribute to shaping pro-environmental behavior (Lim
et al., 2021). These weaknesses present a tremendous potential for future studies to perfect
the design of robots, enhance individualization processes and experiment with ecological
validity in real-life environments. Through the synthesis of available literature, this SLR will
help to understand what is already known and to identify inconsistencies and outline the
most significant gaps in the research that should be addressed in the future to enhance the

role of social robots in sustainability communication.

This review is structured in a way that makes it clear, coherent and methodologically
transparent. Chapter 1 has presented the background, relevance of the topic, and the research
questions that will guide the research on the role of social robots in sustainability
communication. Chapter 2 describes the systematic review methodology, such as search
strategy, screening procedures, and the study selection criteria. The 3rd chapter provides an
analysis and discussion of the results from the 57 included studies, organized around the
major themes, including communication strategies, behavioral outcomes, and factors
affecting effectiveness. Lastly, Chapter 4 gives the general conclusion of the review,
contributions and limitations and recommends future research directions, with a list of all

references appearing at the end.
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2 Method

The study follows a Systematic Literature Review (SLR) methodology, which is a systematic
approach to research identification, evaluation, and synthesis that involves transparent and
repeatable methods (Booth et al., 2016; Petticrew and Roberts, 2006). The choice of an SLR
was due to the fact that the available studies on social robots in sustainability communication
remain fragmented and divided in various areas of study such as human-robot interaction,
environmental psychology and communication studies necessitating the need to adopt an
approach that would help integrate a wide range of studies, yet related, evidence. SLRs
reduce bias by ensuring that predefined search strategies, inclusion criteria, and structured
screening methods are used to limit the importance that the researcher has in the review
process in contrast to narrative reviews which might heavily depend on interpretations and
effort by the researcher and might lack standardization of search methods (Denyer and
Tranfield, 2009). A Scoping review was thought of but it was not undertaken since the
research questions need to be evaluated but not broadly mapped. The SLR method is then
the most appropriate to address the questions of how social robots are applied at the moment,
what communication strategies they use, and which factors can make them more effective at
encouraging pro-environmental behavior. With a rigorous and transparent approach, the
SLR method provides a dependable synthesis of studies, aids in replicability, and a solid

basis for pattern and inconsistencies and research gaps discovery.

Established SLR guidelines were adhered to and guaranteed the methodological rigour,
transparency, and replicability of the present review. The search rules described by Tranfield
et al. (2003), Kitchenham (2007), and Biolchini et al. (2007) were used to structure the
review in general, search development strategies, search inclusion and exclusion criteria, and
the multi-stage screening process. This search was performed in October 2025 in three large
academic databases: Scopus, Web of Science, and Google Scholar, which have been chosen
due to their good coverage of robotics, human-robot interaction, and sustainability
communication. The PRISMA guidelines suggested by Moher et al. (2009) provided a
systematic method of reporting the identification, screening, assessment of eligibility, and

ultimate inclusion of the studies, hence the review followed its guidelines to maintain
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transparency and traceability of the selected articles. According to PRISMA in led to a clear
audit trail of the screening stages and facilitated the creation of a revised PRISMA flow

diagram that is a clear pictorial representation of the selection pathway as illustrated in

Figure 1.
Identification of studies via Scopus, Web of Science and Google Scholar
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Figure 1: PRISMA Flow Diagram

The search plan of this review was created to actively seek the research at the crossroads of
social robots, sustainability, and communication due to the recommendations on the
transparent and replicable search processes in the SLRs (Fink, 2020; Booth et al., 2016).To
have a thorough coverage, the search was done on major interdisciplinary databases that had
the potential of covering studies in robotics, environmental communication, and behavioral
research. These databases offered the scope that would be required to find pertinent work in
human-robot interaction, sustainability science, and persuasive communication. IEEE

Xplore was ruled out also because at the pre-screening level, the search endorsed most of
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the articles retrieved were very technical and engineering-based and not because they met
the communication- and behavior-related nature of research questions. The search was
limited to articles published 2009-2025, which is the time frame when socially interactive
robots started to appear in the applications connected with sustainability. The same
structured search string was used in all the databases to enhance consistency; Boolean
operators were used to combine key concepts. These keywords (including the variations)
were linked with the OR within groups, and the AND between groups to narrow down on
the results of the search. . The following search strings were applied regarding the title,

abstract, and keywords of the articles:

("social robots" OR "robotic agents") AND ("sustainability"™ OR "pro-
environmental behavior") AND ("communication" OR "persuasion" OR "behavior
change").

The search process took place on three larger academic databases, namely, Scopus, Web of
Science and Google Scholar to cover as wide an area as possible with the studies that were
of relevance to social robots and sustainability communication. This would enable an
inclusive primary search, after which the search is then narrowed down systematically by
the use of pre-determined inclusion and exclusion criteria. Besides these three databases,
snowballing was used to carry out a further search by considering the references of the
identified articles. Snowballing gives the opportunity to pursue a more thorough search by
investigating more articles that the search found initially, which may not have been found
by the primary search. The first search had 65 papers in Scopus, 18 in Web of Science, and
25 in Google Scholar. From the 101 articles, 20 were filtered out following the removal of
duplicates, resulting in 88 unique records. These were then filtered by the inclusion and
exclusion criteria predetermined as follows and narrowed down the sample to articles that
could be subjected to full-text examination. The inclusion criteria of the articles needed that
the studies should dwell upon social robots applied in sustainability communications, and in
particular the pro-environmental behaviors. The criteria used to include the studies included
the following: (1) The study must include human participants who are interacting with
embodied robots or robotic agents under the framework of sustainability or pro-
environmental behavior. (2) It should be a peer-reviewed article containing original research,
without review articles, letters, posters, editorials, and comments. (3) The research should
be in English and should be published in scholarly journals. Moreover, the studies should

have been directed at the specific questions on communication strategies or persuasion
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techniques applied by robots in order to impact the sustainability behaviors. There were also
exclusion criteria that were set to guarantee the quality of the chosen studies. The studies
that were omitted included those that were based on the technical design or engineering
considerations of the robots, that is, those that lacked the interaction of humans with the
robots or sustainability communication. Papers that have merely utilized chatbots and virtual
agents, but not represented a robot were also filtered out as well as those papers that were
not in the sustainability communication context (e.g., healthcare or education). Articles that

were not empirical were sifted out as conceptual and review articles.

In order to broaden the search, the snowballing technique was used on the initial list of 88
articles by looking at their reference lists. This method enabled the identification of some
other pertinent studies that were not found in the case of the primary database searches. In
this way, 16 additional articles were found, which left a total of 104 records. The number of
records that were identified was 104 and after title and abstract screening it was the same
since no articles were filtered at this point. All the records were moved to the full-text
screening step since all the articles retrieved passed the initial relevance test in terms of their
titles and abstract. This methodology ensured that my review covered a comprehensive range

of studies applicable to the application of social robots in sustainability communication.

After identifying the studies, the screening and selection of the articles was performed, and
the articles were selected by reading the entire texts of the 104 articles. The articles were
analysed based on their compliance with the present inclusion and exclusion criteria. After
this screening, 47 articles were eliminated because they did not pass the inclusion criteria,
including having no focus on social robots in sustainability and a lack of empirical research.
This left a final sample that comprised 57 articles which were included in the review. The
studies discussed in this paper date back to 2009-2025, and they have been retrieved in very
powerful journals in the areas of robotics, sustainability and communication. The chosen
articles were classified according to the year of publication, methodological approach
(qualitative or quantitative) used by robots, communication strategies used by robots, and

the ability of robots to influence pro-environmental behaviours.

It was retrieved in a digital spreadsheet of Google Sheets where all the data of the included
articles were organized. The resulting information was coded based on the significant themes
in accordance with research questions as follows: Social Robots in Sustainability

Communication, Persuasion and Communication Strategies in Social Robots, Effectiveness



16

of Social Robots, and Factors Influencing the Effectiveness of Social Robots. Such a
systematic method made it possible to compare studies and allowed for determining patterns,
discrepancies and gaps in research. In general, this coding and tabulation method enhanced
the rigor of the analytic process of the review and helped to generate valuable insights on

the basis of the literature.

The analysis of each of the articles was performed in accordance with the pre-determined
inclusion and exclusion criteria, and the data were meticulously categorized in accordance
with the relevant themes, e.g., the design of the robots, the communication strategies, and
the interaction with the users. In order to facilitate the reliability and consistency of the data
extraction process, coding was done twice by the primary researcher with an external
reviewer being involved to determine inter-rater reliability. The stability and replicability of
the coding process was determined by the reliability definition of Krippendorff (2018), to

guarantee that the extracted information could be replicated and checked systematically.

Quality control was taken to guarantee the quality and reliability of the data extraction and
coding. The initial stage of quality control was reading abstract and title of each article to
make sure they were relevant. The second was the full-text review where the articles were
evaluated based on the eligibility criteria. This methodology had a number of limitations.
The most interesting weakness was the scarcity of related research. Although we searched a
variety of databases, we discovered that the number of studies on the particular application
of social robots to sustainability communication was less than we thought it would be,
especially in regard to long-term pro-environmental behavior. As well, only English-
language studies were reviewed, and this limitation could have omitted any other research
published in other languages. Finally, we have only used empirical research, which implies

that we have not used theoretical and conceptual views of the topic.

In the final sample, 43 articles were received in Scopus, 12 articles in Google Scholar and 2
articles in Web of Science, and this totalled to 57 articles included according to the inclusion
criteria of this SLR. All these articles have been critically examined, and they offer good
information on the importance of social robots in ensuring sustainability and how effective
they are in encouraging long-term pro-environmental behavior. We have modified the
PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow
diagram to illustrate the visual representation of the process of selecting and screening the

articles (Moher et al., 2009). The PRISMA diagram as shown in Figure 1 is a good example
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of the phases of the study selection process since it starts with the original search results and
ends with 57 articles that were included in the study. This figure aids in a clear explanation

of how the studies were identified, screened, and selected to be reviewed.

3 Analysis and Discussion

This chapter presents the analysis and discussion with a focus on understanding the way in
which social robots can be useful in sustainability communication. The primary objective of
the work is to discover how social robots may be used as a persuasive agent as a form of
sustainability communication and what are the variables influencing their work? This data
pertaining to this study was collected according to the systematic literature search of 57
academic papers, as they were located in the most popular academic databases, including
Scopus, Web of Science, and Google Scholar. The articles fall in the range of the period of
2009- 2025, and it provides the general overview of the research that has been carried out in

this area within the past decade.

Data obtained is a broad range of research, differentiated into research design (qualitative,
quantitative, and mixed methods) and geographical setting as well as focus (e.g. robot
design, communication strategies, and effectiveness in behaviour change). These articles
were examined in the attempt to provide some information about the deployment of social
robots to bring sustainability, how they operate, and the parameters involved in making them
successful. This chapter discussion is organized into four broad areas which involve, social
robots role in sustainability communication, the concept of persuasion and communication
implemented by the robots, sustainable behaviour success as promoted by the robots, and
factors that affect the success of social robots. These aspects will be analysed in contrast to

the results of the articles used during the literature review.

3.1 Social Robots in Sustainability Communication

The simplistic model of interaction and the extremely complicated systems will lead to the
evolution of social robots to assist social communication to ensure the sustainability of
actions (Lo et al., 2022; Gotze et al., 2020; Scoccia et al., 2024). During the first stage, the

emphasis was put on the social intelligence integration into the robots and the interest in the
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first HRI models (Sandoval, et al., 2019). Dautenhahn (2007) was one of the first to address
the issue of the emergence of social skills in robots to become capable of communicating
with humans in other settings. The earliest publications were largely focused on the models
of interaction and the capabilities of the robots to copy the behaviors similar to humans
which became the foundations of the subsequent research regarding the usage of robots as
change agents in the practice of sustainability. Over time, the researchers began to equip the
robot with more complex features, such as the ability to distinguish feelings and personalized
feedback, to make the robots more characterizable and, therefore, convincing (Rinaldi et al.,
2023; Gargioni et al., 2025).. This study revealed that robots, and especially humanoid
robots, are more effective in promoting some behaviors like recycling by creating an
empathetic impression on anthropomorphic features of the robots (Lo et al., 2022; Scheutz
et al., 2021). In addition, the ability of robots to provide real time feedback and implement
social norms (as in the article by Gamboa-Montero et al., 2025) has been a contributing

factor to enhance their efficiency in communicating the sustainability practice.

Robots have developed beyond the mere learning devices to complex machines which can
be customized to the needs of the environment to which the users meet. Mende et al. (2019)
failed to underrate the increased relevance of humanoid robots in business and service
settings and showed how the consumers could be affected by the humanoid robot in terms
of their behavior, through persuasive messages. Since social robots began gaining popularity
in such industries as healthcare and education, scientists began to think about their use in
ensuring sustainability communication, in waste processing and energy savings (Dunstan et
al., 2025; Hajdu and Csapo, 2023). As an example, Xia et al. (2025) and Vlachos and Scharfe
(2014) examined the capability of the interactive robots in encouraging greener behaviors at
work, but Andrist et al. (2015) and Salem et al., (2013) examined the use of gesture-based
communication to encourage recycling. This literature was more persuasive in the long-term
creation of robots, and social influence techniques were selected to guarantee the usefulness
of robots in inspiring long-term alterations (Scheutz et al., 2021; Beheshtian et al., 2020;
Ham et al., 2011).

The social robots have been utilized in other sectors to guarantee sustainability and this
demonstrates the sustainability in guiding pro-environmental behaviors (Palm & Tims,
2025; Warringa, 2021). The field of waste management is also among the most frequent

areas of application since the robots will be used to encourage healthy sorting and recycling
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practices. According to the study by Lo et al. (2022) and Scheutz et al. (2021), it is significant
that humanoid robots can mimic the ability to boost accuracy of waste sorting by bringing
the feeling of empathy and interaction to enhance the number of people who start loving the
idea of better recycling. The other significant area that robots can assist in is the area of
energy conservation in regard to informing users about energy saving. Both at home and
workplace, both Xia et al. (2025) and Gamboa-Montero et al. (2025) note that in these places
there are robots that send live feeds on the amount of energy being used and thus encourage
more sustainable behavior. Water management is another valuable field that can be
approached by robots as it is possible to monitor the water consumption and optimize it
based on water consumption and social influence practices. It states in the articles like Mende
et al. (2019) and Vlachos and Scharfe (2014) that the presence of robots in the environment
is going up, and it addresses the case of smart home and industry environments, where the
former monitors the water consumption of people and provides them with real information
about the latter. These robots also help to get more aware as well as promote sustainable
behavior, integrating real-time environmental information with the persuasive

communication approach (Lo et al., 2022; Gotze et al., 2020).

Table 1: Summary of Key Applications of Social Robots in Sustainability Communication

Sustainabilit |Robot

Study Title Robot Features |Study Setting |Key Findings
y Area Type
Humanoid
robots
Lo et al ) _
Anthropomorphi _ improved
(2022) - ) ~ |Recycling _
) Humanoi |c design, recycling
Robots  and|Recycling centers, home _
o feedback _ behavior by
Sustainability _ environments o
mechanisms providing

personalized
feedback.

Social robots
Scheutz et al.

(2021) -

Envirobots:

Waste Humanoi (Social feedback, Waste using
Management |d & Non-energy management  |feedback

influenced
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) Sustainabilit |Robot ) o
Study Title Robot Features |Study Setting |Key Findings
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The embodiment of social robots, humanoid or non-humanoid, determines user interaction
and sustainability communication effectiveness to a great extent. Humanoid robots attract
more attention and create a more emotional bond with a user since their human-like
characteristics are considered more entertaining and relatable (Beheshtian et al., 2020;
Scoccia et al., 2024).. Researchers like Gamboa-Montero et al. (2025) show that social touch
and expressiveness in humanoid robots can also boost user engagement and cause them to
adopt sustainable practices much more, since humanoid robots can inspire empathy and trust
via these channels. Non-humanoid robots (e.g. robotic arms or automated systems) on the
other hand, may not provoke the same emotional reaction, which might restrict their ability
to affect behavior. Nonetheless, they might not be quite outdated in some situations,
particularly in cases where practical work is prioritized (Rinaldi et al., 2023; Gargioni et al.,
2025). In addition, the interaction modality is critical- voice and gestures are more important
in forming a social presence and the perception and interaction of the users to the robot (Ham
et al., 20110. Salem et al. (2012) and Vlachos & Scharfe (2014) emphasize that a
combination of verbal communication and gestures would have a more positive impact on
how friendly and trustworthy the robot is perceived, which, in turn, increases the
sustainability action outcomes (Ham et al., 2011; Salem et al., 2013). This verbal and non-
verbal combination will make the robots more convincing, as it will enhance the interaction

and enable multi-sense feedback that will promote sustainable practices.

3.2 Persuasion & Communication Strategies of Social Robots

The variety of strategies employing communication and persuasion methods can be
considerably large to encourage users to engage in sustainable practices such as recycling,
saving energy, and waste management, which social robots use (Liu et al., 2020; Mende et

al., 2019; McCaffrey et al., 2021; Fong et al., 2002). Such plans are emotional words, verbal
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reminders, physical actions, and social indicators that help to create a connection between a
robot and a user (Gamboa-Montero et al., 2025). These practices can lead to greater
involvement, yet they are not as successful with various users and scenarios. In some of the
studies, initial motivation is high (Ghazali et al., 2019). while others observe weak or short-
lived effects, suggesting that the novelty of robot interaction may drive compliance more
than the communication strategy itself (Mende et al., 2019; McCaffrey et al., 2021).
Furthermore, limited research has studied the role of these strategies in non-controlled

environments, which raises doubts about their practical effectiveness.

Humanoid robots have a tendency of utilizing emotional appeals, which include expressive
gestures, eye-gazes, social touches, and more to create positive affect and strength the bond
between the robot and the people using it. Past literature suggests that these indicators can
be utilized to enhance the involvement and additional collaboration (Salem et al., 2011,
Mende et al., 2019). It was also observed that touch responsive robots are more empathetic
and trusting physically, which leads to increased compliance with the users regarding
sustainability-related tasks (Okuda et al., 2022). However, the effects do not have equal
impact on individuals. People who like to practice expressiveness of emotions and those who
believe that it is excessive or unnatural can reduce its acceptance. Emotional strategies are
also predisposed to provoke short-term responses and have little evidence about their impact

on producing the long-lasting pro-environmental practices.

The rational and informational plans, such as providing the data-based feedback,
performance statistics, or the explanation of the facts, are often employed in order to support
deliberate environmental decision-making. The study has found that evidence-based
information can drive users to more reasonable and sustainable decisions, in particular, task-
oriented or structured (Gotze et al., 2020; Scoccia et al., 2024; Rinaldi et al., 2023).
Nonetheless, logical appeals tend to be most effective in those who are already inspired or
conscious of the environment, which narrows their scope of influence on the larger groups.
Moreover, most sustainability studies that involve robots are based on simplistic information
presentation and this might not be effective in terms of profound knowledge or long term
behavioral transformation. On balance, although a logical strategy has potential, its success
is often limited by the level of motivation of users, the complexity of tasks, and the

possibility to present meaningful and context-specific information by the robot.
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The social robots are based on the use of various communication modalities to facilitate
persuasion and promote sustainable behaviors by using voice, gestures, and social touch
(Okuda et al., 2022; Gamboa-Montero et al., 2025). Specifically, vocal communication is
relevant, as a tone, pitch, and warmth may enhance the relationship between the parties and
affect trust (Okuda et al., 2022; Scoccia et al., 2024). Rinaldi et al. (2023), indicate that
supportive or empathetic vocal styles assist users to feel more relaxed when engaging with
robots when performing sustainability tasks. Nevertheless, even these good results lead to a
question that most robots apply the pre-written or programmed vocal patterns and some

positive answers may be due to the actual persuasive effect or due to the newness.

Gestures are used in conjunction with speech to promote social presence and empathy and
some studies suggest that well-timed gestures can make robots look more interesting and
socially conscious (Gamboa-Montero et al., 2025; Scoccia et al., 2024). However, these
features do not affect all users; some users love gestural behaviors, whereas others think that
it is distractive or even unnecessary. Social touch was also found to be a persuasive signal
that promotes friendliness and trust, which leads individuals to cooperate in activities that
are environmentally friendly (Gamboa-Montero et al., 2025; Okuda et al., 2022). However,
studies are still scarce in measures of comfort of various users with physical contact by
robots particularly in a public or shared space. Lastly, it might be beneficial to observe the
application of multimodal strategies, which is using voice, gestures, and touch, which can
be more persuasive since it can attract both emotional and cognitive processes (Liu et al.,
2020; Ham et al., 2011). Nevertheless, how these modalities interact is not extensively
studied in research and a majority of experiments are short and it is not evident that
multimodal communication produces a lasting behavior change. These loopholes indicate
the necessity to have stronger, more durable, and wider assessments of the effects of the

various communicating modalities on sustainable behavior.

The suggestion of personalized communication can be suitable to increase the potential of
social robots to generate sustainable actions (Anduyo et al., 2025; Lim et al., 2020). The
issue of age, gender, or cultural background has a significant impact on how users react to
the communication of the robot and research indicates that user-created or culturally adjusted
robots can become more convincing in their practice (Hofstede et al., 2025). Nevertheless,
not every user is going to be benefited by personalization. Individualized communication is

likely to be more responsive to the younger or more technologically confident individuals,
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whereas other people will be satisfied with more straightforward and less personal
communication (De Graaf and Allouch, 2013). Between, much of the personalization
applied to current studies is scaled down to mere pre-programmed changes instead of
actually adaptive communication, which questions its effectiveness in the long term (Ghazali
et al., 2019; Liu et al., 2020). In general, personalization remains a promising solution, and
its effectiveness will be largely affected by the characteristics of users and the real adaptive
abilities of the robot.

The cultural background also plays a major role in robot persuasion. Lim et al. (2021)
discovered that the individualist users are more receptive to direct and explicit
communication and the collectivist users are more compatible with indirect and implicit
ones. On the same note, Xia et al. (2025) maintain that, when the communication is adjusted
to cultural expectations, it prevents any kind of misunderstanding and enhances the level of
interaction. It has been also demonstrated that familiar gestures and touch among individuals
of different cultures can enhance trust, collaboration, and readiness to participate in
sustainability (Willemse and Van Erp, 2019). Hofstede et al. (2025) and Rau et al. (2009)
also emphasize the fact that acceptance of robot communication is enhanced when there is
demographic and cultural alignment. Numerous of the available literature however are
testing the cultural adaptation under controlled conditions, and it is yet unknown whether

the strategies are effective in the context of real-world sustainability.

Another way that social robots could affect sustainable behavior is by defining or supporting
social norms. Normative influence is commonly applied whereby the robots promote
behaviours that conform to the perceived social expectations. Willemse and Van Erp (2019)
demonstrated that with basic social reinforcement like praise, or corrective feedback, robots
were able to reinforce any desirable behaviour, including recycling. A similar argument is
presented by Hashemian et al., (2019) and McCaffrey et al., (2021) who suggest that a
reminder to the users about their shared responsibility in the environment can make them
more willing to act sustainably. When sustained by robots that socialize sustainability as a
moral or socially obligatory deed, not placed upon, the user, such effects can reinforce the
sense of obligation in the user, although this depends on individual and is determined by the
social responsiveness of the robot (Hashemian et al., 2019; Zhao, 2006). In general, social
influence may be effective, but its effectiveness depends on the users who should trust the

robot in its social role.
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Robots also can serve to create new long-term norms by continuously supporting
environmentally friendly habits. Xia et al. (2025) discovered that users were more ready to
use pro-environmental influencers like robots to perform tasks, like decreasing energy
consumption. Ghazali et al. (2020) and McCaffrey et al. (2021) emphasize that by
introducing sustainability as a community and joint project, one can strengthen the sense of
community and joint responsibility, which contributes to the continued engagement.
Nevertheless, the majority of the research focuses only on the norm formation in short,
controlled interactions, without any doubts as to whether these effects facilitate in non-
laboratory conditions. To know the stability and viability of robot-assisted norm
development, long-term and real-world assessments are still required. Figure 2 shows the
modalities used by social robots to impact sustainable behaviour with the help of different

persuasion mechanisms.

MODALITIES USED BY SOCIAL ROBOTS TO INFLUENCE

SUSTAINABLE BEHAVIOR
Communication Persuasion Behavioral
Modalities Influence Mechanisms Results Outcomes
-~ 'S Ty
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|._ Voice =» Trust, comfort, clarity >k instructions followed
|' Gestures - " Social presence, }F Higher willingness to )
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H —

|L Social Touch > bonding “_ (e.g. recycling)
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' identification \_certain demographics
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\ miscommunication I comfort
| ' -
|Norma1ive Feedback P» Social expectations Ad?ptlon of eco-
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Figure 2: Conceptual Model of Social Robot Persuasion Modalities
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3.3 Effectiveness of Social Robots in Promoting Sustainable Behaviour

Social robots demonstrate unpredictable efficiency in fostering long-term sustainable
behavior, but are more effective when focused on particular behavior and when their
communication style is thoughtfully developed (Lo et al., 2022; Hofstede et al., 2025;
Scheutz et al., 2021). It has always been stated that robots are able to trigger short-term pro-
environmental behaviors, such as energy saving, recycling, or efficient usage of resources,
successfully, but the effect tends to wane over time when the interaction is ceased.
Indicatively, Gotze et al. (2020) revealed that robots used in the manufacturing setting
enhanced the energy-saving behavior due to real-time feedback and proactive control, which
revealed the utility of immediate, task-oriented guidance. Equally, Mende et al. (2019)
demonstrated that humanoid robots with social and expressive actions made sustainability
tasks look more personal and relatable, leading to high short-term compliance. Nevertheless,
these results also point to a major limitation: although users have a positive reaction to
persuasive stimuli in-the-moment, there is little evidence that these influences are also
applied to long-term habits, with no further robot presence or reinforcement. This shows that
additional longitudinal studies are necessary to determine the sustainability of robot-based

sustainability interventions.

It has been found that the reaction of users to sustainability messages presented by robots is
determined to a large extent by the manner in which the communication is organized and
sustained. McCaffrey et al. (2021) warn, that despite the ability of robots to induce initial
behavior change, these phenomena tend to decrease whenever the novelty of the interactions
is gone, which means that methods that facilitate sustained interactions should be used
instead of the one-off interactions that do not affect the results of the interactions with the
robot in the long run. Similarly, Ghazali et al. (2020) note the significance of the
individualized feedback and frequent interaction and maintain that the constant, adaptive
communication provides a means of reinforcing sustainability messages in a manner that

will be relevant to users.

According to the research conducted by Palm and Tims (2025), the ability to affect behavior
is usually better when using robots than using static devices, in part due to interactive
possibilities that enable the latter to adjust their behaviors in response to user actions. In line
with this, Lo et al. (2022) demonstrated that the use of robots that offered dynamic feedback
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was more effective to encourage recycling compared to non-interactive interfaces, and
responsiveness is important in maintaining user motivation. However, little is known about
the long-term effect of dynamic feedback and the majority of experiments only observe the
behavior during short-term experiments. De Graaf and Allouch (2013) also showed that
persuasiveness and user engagement can be promoted by the social presence of robots, in
general, and especially their supportive, empathetic feedback. Although this implies that
active and responsive interaction is essential to a long-term change in behavior, there is
limited empirical support on the existence of long-term and long-lasting effects. In order to
comprehend whether a long-term interaction, empathetic cues, and adaptive communication
are indeed the causes of the development of long-term pro-environmental habits, more

longitudinal research is required.

The influence of the robots on the sustainable behaviors is often compared with the other
persuasion tools, including virtual agents and human agents. The benefits of studies are a
two-way interaction and feedback that is adaptive (Beheshtian et al., 2020; Scheutz et al.,
2021). In contrast to virtual agents, who depend mostly on text or screen-based
communication, robots can give dynamic multimodal feedback (through voice
communication, gestures, and social cues) and increase social presence and emotional
connection (Ghazali et al., 2019; Saunderson and Nejat, 2019; Ham et al., 2011). Expressive,
anthropomorphic humanoid robots can establish trust and more emotional bonds, which
enhance the user incentives to change to sustainable practices (Hofstede et al., 2025;
Chowdhury et al., 2023). According to Roychoudhury et al. (2023), the reason why human
agents might continue to be better than robots in tasks that involve profound empathy or
intuitive judgment might be that such situations demand continuous and real-time feedback,
which robots can provide better than their human counterparts (Scheutz et al., 2021;
Beheshtian et al., 2020).

Alam et al. (2024) also hold an opinion that the combination of various measurement
methods is the most valuable practice towards the evaluation of behavior change which
happened due to the use of social robots because each of the methods has advantages and
disadvantages. As Kuhne et al. (2022) remark, self-reports are the most frequently used
method of assessing engagement and behavioral intentions, but they are likely to be affected
by social desirability, especially in the context of sustainability research whereby users can

answer in positive terms about behavioral choices that they do not always make (Beheshtian
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et al., 2020). This brings out a major weakness in research works: most of them do not
depend much on objective responses, and they do not confirm whether reported intentions

are translated into real sustainable behaviors.

As a way of overcoming these drawbacks, physiological and observational data provide
more objective information about the actual behavior of the user, e.g., their energy saving
habits, time spent on interaction, or compliance with recycling guidelines (Parron et al.,
2024; Nikolovska et al., 2024). Such data give a better understanding of how such users react
to robots with time, but they are not as widespread because they have more technical
demands. Longitudinal studies are particularly useful in learning whether behavior change
with the help of robots remains after the preliminary contacts. Indicatively, Di Napoli et al.
(2023) demonstrated that personalized robotic help in older adults resulted in long-term
behavioral adherence, which indicated that consistent contact and adaptive support through
regular communication may be used to ensure behavioral consistency. Also, Lim et al.
(2021) focus on the idea that interactions with users can be maintained with the help of
cultural-specific robot behaviors, which should be adjusted to their social expectations.
Nevertheless, there is still scarce long-term research in the sustainability settings and further
empirical research is necessary to find out the extent to which these effects can be projected

out of short-term experiments.

3.4 Factors Influencing the Effectiveness of Social Robots

HRI is affected by different factors that determine the efficacy of the social robots in
encouraging sustainable behavior (Fong et al., 2002; Hofstede et al., 2025; Bishop et al.,
2019). Social robots will seek to communicate with the user such pro-environmental
activities as recycling, energy-saving, and waste reduction. Nevertheless, their success is not
only based on the design characteristics of the robot but also its perceived characteristics by
users (Bishop et al., 2019; Ghazali et al., 2020). The embodiment of robots, the way in which
interaction occurs, and the features of the user are very important to predict the extent of
persuading and behavioral impact of robots. As an example, humanoid robots are likely to
provoke more emotional reactions than non-humanoid ones, which influences the user
interaction and the long-term behavioural transformation (Roychoudhury et al., 2023;

Beheshtian et al., 2020). Also, individuality and flexibility are essential in making the



29

interventions of the robot exciting to personal tastes and perceptions (Hofstede et al., 2025).
In that regard, it is also essential to comprehend psychological conditions that affect trust
and acceptance because only by trusting robots, users can interact with them and become
able to behave sustainably. The confidence in robots affects their persuasiveness and
attraction to the users to sustainability activities (Campagna and Rehm, 2025; Naneva et al.,
2020).

The effectiveness of social robots depends on several important factors such as the design of
robots, the properties of users, trust and acceptance. They are critical in ensuring that robots
can have the largest effect in promoting sustainability among various users. These factors

are discussed below, with authentic research and practical applications to support the point.

The social ability factor and the representation of social robots are highly sensitive to the
achievement of effective accomplishment of sustainable behaviors due to the way the social
robots are designed, which affects the efficacy (Fong et al., 2002; Gargioni et al., 2025;
Hofstede et al., 2025). The embodiment will be either humanoid or non-humanoid concept
that will influence the perception and interaction of the users on the robots. Humanoid
robots: Humanoid robots are designed to make people more emotionally inclined and
involved in it, which could be very necessary in encouraging sustainable consumption in the
form of recycling and energy conservation (Beheshtian et al., 2020; Roychoudhury et al.,
2023). According to their work, Salem et al. (2012) have detected, the quality of interaction
and persuasion can be enhanced because of the understanding of the gesture communication
such as the command of the robots to utilize their bodies or facial expression so that they
look friendlier and social. On the same note, Nikolovska et al. (2024) came to a conclusion
that the social manners (faces and body language) exhibited by robots contribute to
establishing emotional connection that would in turn persuade the user to follow the
environmentally friendly steps. This makes this sociability harness more power of the robot
to deliver the messages of sustainability in a manner that would capture the hearts of its users
(Nikolovska et al., 2024). Another factor that has influenced the levels of interaction is that
the robots are customized and personalized. The latter also allows the manipulation of
feedback according to the wish of the user, and his or her emotional condition in order to get
deeper experiences that, in turn, have been identified as being more curious in the long-term
(Hofstede et al., 2025). It will be also likely to raise the willingness of users to follow the

suggestions of sustainability provided that the robots can combine their behaviour with the



30

user needs that facilitates more successful robots in their ability to promote sustained

behaviour change (Hofstede et al., 2025).

The indicators of age and gender, as well as the psychological peculiarities of the users, also
play a crucial role in the success of social robots to encourage the sustainability behaviour
(Hofstede et al., 2025; Naneva et al., 2020; Palm and Tims, 2025).. The social aspects such
as age dictate how the individuals will interact with the robots. More structured and formal
feedback would be more likely with the older generation, and the younger generation is less
resistant towards robot of a less formal and playful kind (Hofstede et al., 2025; Naneva et
al., 2020). These differences in communication styles are important in adapting robot
interactions to increase the interaction and obedience to behavior. The psychological features
(easily perusable and attitude to the environment) have an impact on the response of
individuals to robotic persuasion as well (Bishop et al., 2019; Naneva et al., 2020). The latter
are robots purchased by pro-environmental users who are more likely to experience the
overall advantage of the sustainable behaviour (Campagna and Rehm, 2025; Lim et al.,
2020). It is also demonstrated that individualization of the heat and communication of the
robots in accordance with the values and beliefs of the users helps to enhance the
effectiveness of the robots to promote sustainable behaviours (Hofstede et al., 2025;
Campagna and Rehm, 2025) found that the communication of the robots in accordance with
the needs of the user has a better influence on the energy-saving behaviour. In addition, it is
the robot personalization that helps build the trust and the extent of adherence to pro-

environmental behaviour (Xia et al., 2025).

Trust is one of the criteria of effective behaviour of the robots to stimulate sustainable
behavior. As Ghazali et al. (2020) state, the model is the Persuasive Robots Acceptance
Model (PRAM), where trust is highly prioritized in adopting and performing robots in
behavioural change. According to the PRAM model, an individual must have perceived
competence and reliability in order to gain trust especially when it comes to the robots, who
can provide the real time feedback of the sustainability behaviours, which, in this case,
includes energy saving (Ghazali et al., 2020). The degree of trust in robots also impacts the
engagement of the user in the long-term period, and so it will be wise to acknowledge that a
user will stick to the sustainable practices when they trust the instructions of the robot
(Saunderson and Nejat, 2020). Empathy and social presence are other factors that

predetermine trust. The more likely chances of gaining the trust of a user are the empathetic
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and socially conversational robots (De Graaf and Allouch, 2013). In their example,
Saunderson and Nejat (2020) found out that emotional support through robots and
personalized feedback boosted users to adhere more to eco-friendly activities that led to a
behavior change in the long-term outlook. A very important step in achieving the fact that
robots will bring about sustainable behavior in the long-term is the building of trust and
acceptance, and social feedback will help to maintain the interest of the users to the task
(Saunderson and Nejat, 2020; Pelau et al., 2021).

Table 2: Key Factors Influencing the Effectiveness of Social Robots in Promoting

Sustainable Behaviour

Factor Category |Specific Factor |Effect on Effectiveness Key References

Humanoid robots  evoke|Beheshtian et al,,
Robot Design /|Humanoid  vs.|stronger emotional reactions, [2020;
Embodiment non-humanoid  |improve engagement, and|Roychoudhury et

encourage sustainable behavior |al., 2023

Salem et al., 2012;

Nikolovska et al.,

Gesture & facial|Enhance social connection and

expressions persuasiveness
2024
o Tailors feedback to user
Personalization / ] ~_ |Hofstede et al,
o preferences, increases curiosity
Customization 2025

and engagement

Older users prefer
) ~ |Hofstede et al.,
User structured/formal interaction;
o Age . 2025; Naneva et al.,
Characteristics younger users more receptive to 2020

playful styles

Influences social interaction|Hofstede et al.,
style with robots 2025

Gender
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Factor Category |Specific Factor |Effect on Effectiveness Key References

Pro-environmental  attitudes|
Bishop et al., 2019;

Psychological enhance responsiveness;
i o ) Campagna & Rehm,
traits individual  values  improve
2025
adherence

Trust is necessary for users to|Ghazali et al., 2020;
Trust & |Competence & ) )
o follow sustainable behavior |Saunderson &
Acceptance reliability _ _
guidance Nejat, 2020

Social presence /|[Empathetic and conversational
) Pelau et al., 2021
empathy robots build trust

To sum up, numerous interdependent factors determine the success of social robots in
influencing sustainable behaviour such as the design and embodiment of robots, personal
traits of users, and the level of trust and acceptance. All these elements will affect user
interaction, connection to emotions, as well as long-term compliance with environmental
friendly approaches. The major factors and their influence on the efficacy of social robots
are summarized and presented in Table 2, which offers a clear overview of both research

and practical implementation.

4 Conclusions

This SLR fulfilled its goal of integrating and critically assessing the position of social robots
as persuasive tools of sustainability communication. As far as we know, this review is one
of the first ones to summarize the sporadic information on how social robots facilitate pro-
environmental behaviour, what are the persuasion tactics they use and what factors
contribute to their effectiveness in long-term behaviour change. Moreover, this review
identified the main challenges, the limitations of the existing research, and the required
directions to enhance the design and implementation of robots in the context of

sustainability.
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The limitation of this study is the lack of long-term research on the efficacy of social robots
in facilitating pro-environmental behaviour. The majority of the available research is on
short term and controlled experiments which might not be the best representation of reality
in practice. Further, the study is limited by the fact that it uses English-language articles,
which may omit other articles that are published in other languages. Besides, the research is
mainly focused on the empirical research, which leaves out the theoretical and conceptual
perspectives that may provide a meaningful information on the larger context of
sustainability communication. These restrictions imply that their effects in the long-term use

of social robots in various cultural and environmental conditions require further research.

This review determined that having social robots can help achieve sustainability through
increasing user engagement, enabling meaningful interaction, and assisting behaviour
change processes. The facts show that robots are interactive partners that can provide
customized advice, maintain the attention of the user, simplify sustainability tasks and
reduce the cognitive load. Instead of only using persuasive messages, robots affect behaviour
through establishing feedback loops of interactions, providing prompting, presence, and
socialness, and incorporating environmental tasks into everyday life. This points to the fact
that it is not only the effectiveness of what social robots do communicate, but it pertains to
how they engage, physically, in a flexible manner, and the capability to continue to engage

the user in their attentiveness over time.

Based on the synthesis, a number of change agents came out as critical to the empowerment
of the role of social robots in sustainability communication: (1) Designers and developers
need to work on adaptive, culturally conscious communication models, enhance robot
expressiveness, and further real-time personalization using Artificial Intelligence (Al) and
Machine Learning (ML) to personalize sustainability communication in real-time. (2)
Investigators need to move beyond the laboratory research and focus more on longitudinal
and real-life experiments to determine the duration of behaviour and ecological legitimacy.
(3) Social robots can be used by policymakers and sustainability organizations as a means
of communication during waste management, energy conservation, and community
awareness, with an ethical approach and without any discrimination. (4) The users are put in
the center of the focus, as they are co-creators of sustainable change since their perception
of responsibility, acceptance, and trust play a significant role in determining whether or not

robot-mediated guidance can lead to behaviour change.
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Notably, the review found out that user-specific elements such as age, cultural orientation,
environmental perceptions, and previous technological familiarity are important
determinants of the persuasive power of the robot. Personalization may improve interaction,
but the range of its effectiveness is very broad, and the existing systems are based on pre-
programmed personalization and do not presuppose personalization as an adaptive concept.
Likewise, trust was one of the most important factors of robot usefulness, empathetic hints,
social presence, and reliability had a significant impact on the decision of users to follow

sustainability advice.

In general, the findings suggest that social robots have enormous potential to introduce
sustainable behaviors, although the long-term impact is not well-researched. The
maintenance of change demands recurrent communication, adaptive communication, and the
establishment of it in the daily lives of the users- aspects that have not been much realized
in current studies. Hence, a major suggestion of this SLR is the necessity to shift short and
controlled trials to realistic long deployment studies exploring behavioral maintenance,

rather than immediate compliance.

Future research needs to assess the relevance of various persuasion techniques over time,
experiment with robots in culturally mixed groups, and ensure the interaction of multimodal
communication (voice, gestures, touch, real-time feedback) to achieve a prolonged effect of
behaviour on interest. Ethical issues, such as privacy, dependency, and fairness, should also
be researched and how social robots can assist and one can discuss how community-level
sustainability efforts can be achieved with the help of social robots as opposed to individual
behaviour. Also, interdisciplinary co-operation with environmental psychology,
communication studies, and Al ethics might produce more sustainable sustainability

communication frameworks of robotic systems.

This review has been restricted to studies published in English and only to the search terms
which were contained in the predefined string and could have left out other interesting
studies with other terms. In addition, one primary reviewer extracted data that was checked
by another reviewer, which could bring about interpretive bias. The review also summarizes
the works carried out in different settings and populations, and it might render the outcome

difficult to compare with studies held under different cultural and environmental contexts.
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Nevertheless, these shortcomings do not diminish the fact that this SLR offers a concise and
critical insight into the ways in which social robots can become effective persuasive agents
of sustainability, the drivers of their success, and the areas that should be focused on to
enhance their performance in the long run. Due to the escalating environmental issues, the
possibility of using social robots as innovative behavior change agents presents an emerging,

yet potentially fruitful direction of promoting more sustainable societies.
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