
Frontiers in Sustainability 01 frontiersin.org

Toward system innovation for 
more sustainable chemistry: 
insights into consumers’ 
perceptions, knowledge, and 
behavior related to traceability 
and product design strategies 
along leather supply chains
Charis Eisen 1, Julian Schenten 1, Anna Theis 1,2, 
Jonas Rehn-Groenendijk 1, Marvin Helferich 1,3, Helena Müller 1* 
and Daniel Hanss 1

1 Darmstadt University of Applied Sciences, Department of Social Sciences, Darmstadt, Germany, 
2 Otto von Guericke University, Institute of Psychology, Faculty of Natural Sciences, Magdeburg, 
Germany, 3 Fraunhofer Institute for Systems and Innovation Research, Karlsruhe, Germany

The leather industry is a complex system with multiple actors that faces a 
fundamental transition toward more sustainable chemistry. To support this process, 
this article analyzes challenges of the industry and consumers’ roles as a nexus 
of transition-relevant developments. We  present findings of an empirical study 
(N = 439) among consumers on their perception of leather, related knowledge, 
and purchasing behavior. We found that participants perceived leather as natural, 
robust, and of high quality. Knowledge about the manufacturing of leather products 
was overall limited but varied. Applying a psychological behavior theory, we found 
that being aware of environmental and health consequences from conventional 
manufacturing of leather products was positively associated with a personal norm 
to purchase leather products that are less harmful to environment and health. 
The perceived ease of buying such products was positively associated with their 
purchase. Our findings shed light on consumers’ roles in the current leather system 
and their support of niche innovations toward more sustainable chemistry. Against 
this backdrop, we discuss implications for product design, consumer information, 
and needs for traceability along supply chains.
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1 Introduction

Producing leather from animal hides requires complex tanning processes, in the course of 
which a large number of chemicals are used. Some of these chemicals pose serious risks to the 
natural environment and human health and, thus, stand in vast contrast to Sustainable 
Development Goal (SDG) 12 of the United Nations (2015), which targets sustainable consumption 
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and production patterns and calls for transformations of industries and 
markets (Führ and Schenten, 2018). With regard to SDG target 12.4, 
leather chemistry would be more “sustainable,” if it enabled high levels 
of protection for people and the natural environment and helped reduce 
company risks, such as compliance violations, liability cases, and 
reputational damages. The leather industry has accordingly an interest 
in a transition toward more sustainable chemistry, and research on 
technical innovations to support that end has been growing in recent 
years (Omoloso et al., 2021). However, to achieve this transition, systemic 
changes are required, encompassing behaviors by different actors along 
the entire supply chain as well as consumers of leather products and 
waste managers.1 Understanding the relevant characteristics of this 
system and identifying more specific needs to change existing behavior 
routines of key actors is pivotal to facilitating the transition. This article 
contributes to these challenges by presenting practical insights obtained 
from actors of transition-relevant organizations (e.g., industry 
representatives) as well as an empirical study to identify factors that may 
influence consumer support of more sustainable leather chemistry. 
Importantly, as the objective of this research is the facilitation of a 
transition toward more sustainable leather chemistry, research questions 
are derived from an action gap that shapes the current state of the 
industry. Researchers from psychology, design research, and 
environmental governance combine their disciplinary perspectives on 
the challenges with perspectives of industry representatives.

In the following part of the introduction, we describe the current 
systemic context and present an analysis of existing problems and 
strategies for system change conducted together with non-scientific 
actors (practitioners and experts of the leather industry). A perspective 
from transformative research will lead us to the conclusion that 
growing consumer awareness constitutes a key driver of several 
transition-relevant developments. Consequently, we describe theory, 
methodology, and findings of an empirical consumer study before 
discussing implications for product design and consumer information 
as well as underlying needs for traceability along supply chains.2

1.1 Background and problem statement

We proceed on the assumption that global leather supply chains 
constitute a socio-technical system consisting of intertwining technical 

1 One may – for example, on the grounds of a deontological ethic – 

fundamentally oppose the exploitation of animals by dairy, meat, and leather 

industries. However, shifting away from these industries entirely implies an 

enormous transformation that is beyond the scope of this paper. Instead, 

we focus on the question of how a transition of the leather industry that 

minimizes its negative consequences – especially those of problematic 

chemicals – can be achieved.

2 The structure of our manuscript diverges slightly from the typical structure 

of other articles normally found in this journal. Our research questions are 

derived from and feed into system analyses as part of a transformative research 

process conducted together with practitioners and researchers from various 

disciplines. While our study contributes to literature in the field of 

pro-environmental behavior, consumer research, and system innovation, our 

main focus is to answer practical questions relating to system transition 

processes.

(production, transportation, communication tools, etc.) and social 
aspects (collaborations, working conditions), context factors (market 
demand, product requirements, etc.) and various actor groups within 
and outside the supply chains (e.g., consumers, civil society, science) (in 
accordance with Polita and Madureira, 2021). Global leather supply 
chains are therefore open, organized, and heterogenic entities of 
functional structures. They show high levels of contingencies and 
interdependencies leading to non-linear and therefore partly 
unpredictable developments. In this regard, they can be seen as complex 
systems. In fact, supply chains in general (Cheng et  al., 2014) and 
leather supply chains in particular qualify as complex adaptive systems 
as proposed by several scholars (e.g., Surana et al., 2005; Chaouni et al., 
2018). This refers, for instance, to their ability to adapt to changing 
context factors and to integrate learning experiences as well as to evolve 
and self-organize. Transitioning this system toward sustainable 
development goals requires a system innovation (Geels and Schot, 
2007), enabled by the interplay of technological, social, and 
organizational advancements, all embedded into an institutional 
framework that incites behavioral change. In this context, system 
innovation does not refer to specific innovations within a given system 
but rather comprises several orchestrated or self-organized 
developments that eventually and collaboratively lead to system change. 
A prominent framework for analyzing and describing transitions of 
socio-technical systems toward sustainability is Geels (2002) Multi-
Level Perspective (MLP). MLP differentiates three levels to characterize 
systems and their transitions: (a) the prevailing “socio-technical 
regime,” (b) “landscape developments,” such as socio-cultural or policy 
developments, and (c) small-scale “niches” (Geels and Schot, 2007; Grin 
et al., 2010). Socio-technical regimes resemble long-lasting economic, 
political, or scientific practices that are highly institutionalized and only 
reluctantly react to changes in the landscape. Niches refer to social and/
or technical innovations that have the potential to disrupt the dominant 
regime and lead to new system configurations that gradually change the 
regime. Approaches, such as “strategic niche management” (Kemp 
et  al., 1998), aim at fostering these processes to support system 
transitions. Aiming for more sustainable leather chemistry in the global 
supply chains requires a comprehensive understanding of the prevailing 
regime, relevant niches, and landscape characteristics. Against this 
backdrop, we provide a systemic overview of the global leather industry 
in the following subsections.

The prevailing socio-technical regime of the leather industry is 
highly complex. In the course of the globalization of markets and 
supply chains in the last third of the last century, large shares of 
production structures shifted from the West to locations with low 
production costs in the Global South. The race for the lowest prices 
led to devastating cuts in social standards (labor rights, social 
insurance, etc.), and the simplest and cheapest production methods 
prevailed, not least at the expense of protecting health and the 
environment. Steering these developments in a positive direction is a 
major challenge for at least three reasons: the price pressure 
continues, the leather sector has reduced its research and development 
efforts in parallel with the global relocations, and leather production 
in its current form represents a decisive economic factor in some 
countries. Efforts to address these interrelated environmental, social 
and economic challenges thus pertain to several, interrelated SDGs 
and can, in a best-case scenario, mutually benefit but may also create 
conflicts (Le Blanc, 2015). On the one hand, processing animal hides, 
which are in most cases by-products of the dairy and meat industry, 
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into an endurable leather product can preserve resources by avoiding 
the exploitation of alternative fossil-based raw materials (Dixit et al., 
2015). In addition, the manufacturing of leather products not only 
enhances the value creation of livestock breeding but also boosts local 
economies by employment of unskilled workers (SDG 8) (Asian 
Development Bank and United Nations Conference on Trade and 
Development, 2015). On the other hand, the process of leather 
manufacturing often poses threats to human health and environment. 
Importantly, the conventional way to turn hides into leather involves 
different types of chemicals, which cause severe environmental 
pollution and pose health threats to people working in the 
manufacturing of leather products. Transforming one ton of raw 
hides requires an input of approximately 500 kg of process chemicals 
(Black et al., 2010). While the actual risks depend on the specific 
process conditions in every tannery, some typical hot spots of 
chemical challenges in conventional technologies have been identified 
(Febriana et al., 2012; Buljan and Král, 2019; Hansen et al., 2020): 
During transportation and storage, biocides, pesticides, and salts are 
applied to preserve raw hides or pre-tanned materials. At the 
pre-tanning and tanning stages, workers can be exposed to irritant 
substances such as sodium chloride and sodium sulfide. Effluents at 
these stages comprise high concentrations of salt and cause high 
chemical oxygen and biological oxygen demand, which can 
compromise water quality (Hutton and Shafahi, 2019). At the 
finishing stage, volatile organic solvents may harm workers and 
people living nearby. To make leather more robust, it often receives a 
coating of Per- and Polyfluorinated Compounds (PFCs, or PFAS), 
which are highly persistent in the environment and often toxic. Final 
products (e.g., leather footwear) can constitute a health risk for end 
consumers if their skin gets into direct contact with sensitizing 
substances. At a leather product’s end-of-life stage, more or less 
environmentally friendly measures to dispose of the product may 
be applied (Karuppiah et al., 2019).

Notably, even industry actors currently lack understanding of 
which specific chemicals are used during manufacturing. While in 
niche markets supply chains can be regional, allowing manufacturers 
to determine where animals were raised and slaughtered and which 
tanneries processed the hides into endurable leather, mass 
production is organized along global, intertwined, and often 
intransparent supply chains. Raw materials usually originate from 
countries with well-established farming structures such as Australia 
and Brazil (Jiang et  al., 2018), while labor-intensive activities, 
including tanning and assembly of final products, typically take place 
in countries with comparably low labor costs, such as China, 
Vietnam, India, or Indonesia (Buljan and Král, 2012). In addition to 
price-driven sourcing strategies, resulting in globally dispersed 
supply, two other factors contribute to the opacity of leather supply 
chains: First, traders usually act in between the supply chain stages 
with little willingness to make their sources transparent. Second, a 
significant share of supply chain processes takes place in the so-called 
informal sector, operating beyond the hold of national authorities 
and controls. Together, these levels of complexity and opacity pose 
substantial obstacles to the transition toward more sustainable 
chemistry (Smit et al., 2020). In sum, the socio-technical regime is 
characterized by opaque supply chains and the extensive use of 
problematic chemicals in conventional manufacturing. However, 
niche innovations aim to reduce the quantity of chemicals by 
technical innovation and design.

1.2 Existing solutions and windows of 
opportunity for system change

Promoting steps toward more sustainable leather chemistry is only 
possible with elaborated product development and design, taking into 
account environmental, economic and social impacts along the value 
chains alike. Recent innovations in product development include 
greater efficiency in the use of chemicals, the use of environmentally 
friendly chemicals that do not negatively affect the quality of finished 
products, and dry tanning (Sathish et al., 2016; Omoloso et al., 2021). 
Recent research also aims at improving waste management and 
upcycling (e.g., Gupta et al., 2018; Gerek et al., 2019). Further, design 
decisions such as material coatings, techniques to connect materials as 
well as the selection of the specific type of leather directly affect the 
necessity of certain chemicals and to some extent a product’s longevity 
and reparability. For instance, gluing instead of stitching product parts 
reduces overall production costs but adds chemicals and may limit 
possibilities to repair the product by replacing parts (De Fazio et al., 
2021). Another example is the current trend to apply coatings to 
replace patinas with homogeneous and unchanging surfaces, which 
requires additional chemicals that potentially pose risks for human 
health or environment. In many cases, designers have to choose not 
only out of several different types of leather but also leather surrogates 
such as composite materials based on polymers, textiles, and 
sometimes organic substances usually referred to as “imitation leather,” 
“artificial leather,” “faux leather” or “leatherette”.3 Although there is an 
ongoing debate on the differences between leather and imitation 
leather with regards to chemicals and their impact on the environment, 
a study commissioned by the leather industry found that genuine 
leather usually exceeds imitation leather in terms of several physical 
attributes and functional performance (Meyer et al., 2021).

In addition to modified design processes, changes in regulatory 
frameworks as well as an increased awareness among consumers and 
willingness to demand and use innovative products open windows of 
opportunity for the transition toward more sustainable leather 
chemistry. Existing or planned legislation targeting chemical suppliers, 
leather manufacturers, brands, and retailers aims to mitigate the 
negative environmental and societal impacts of the leather industry. 
For example, larger European tanneries are already required to take 
into account “Best available techniques,” defined by a reference 
document under the Industrial Emission Directive 2010/75/EU [12]. 
Furthermore, the EU chemicals regulation “Registration, Evaluation, 
Authorisation and Restriction of Chemicals” (REACH, 1907/2006/
EC) aims to ensure a high level of protection of human health and 
environment and to this end stipulates restrictions on chemicals in 
products. Although chemical restrictions according to REACH 
generally apply to imported products, enforcing this provision is 
currently a challenge (European Chemicals Agency, 2020), and civil 
society organizations have documented cases from non-EU tanneries 
where misconduct (e.g., lack of protective clothing) poses severe 
threats to human health and environment (Chellapilla et al., 2017; 
Organization for Economic Cooperation and Development, 2017).

However, the “European Green Deal” launched by the European 
Commission (2019) and subsequent policies aim to ensure stronger 

3 In this paper, we use the term “imitation leather.”
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contributions to SDG 12. Turning manufacturing and consumption 
patterns into “circular economies” is a key rationale of the Green 
Deal. To facilitate this transformation, a legislative proposal of March 
2022 for a so-called Ecodesign for Sustainable Products Regulation 
(ESPR) opens the scope of the ecodesign framework that so far is 
reserved for energy-related products (European Commission, 2022a). 
Indeed, in the simultaneously launched “EU Strategy for Sustainable 
and Circular Textiles,” which addresses a whole “textiles ecosystem” 
including the clothing, leather and footwear industries (European 
Commission, 2022b), the European Commission plans introducing 
mandatory ecodesign requirements aiming for, inter alia, higher 
durability, preferred material compositions as well as the presence of 
chemicals of concern. A “Digital Product Passport,” as mandated by 
the ESPR, shall for the first time provide relevant information “for 
example on substances of concern, on repair or on the fiber 
composition” for value chain actors and consumers so they can make 
better choices. In addition, a February 2022 legislative proposal 
pursues to improve due diligence by brands and retailers on the 
environmental and social impacts of operations along the supply 
chains (European Commission, 2022c). These shifts in landscape 
create impetus for change that does not go unnoticed by the leather 
industry (Cotance, 2020).

Increasing consumer awareness can be considered a landscape 
change that facilitates the transition toward more sustainable leather 
chemistry. An increasing number of people worldwide recognize the 
need to adapt their consumption styles and at the same time push 
governments and corporations to pay more attention to limited 
resources and the relationship between economy and environment 
(Cohen, 2014; Nielsen, 2018). A recent Eurobarometer survey shows 
that the majority of German citizens are concerned about the impact 
of chemicals included in consumer products, on both the natural 
environment (87%) and their personal health (80%) (European 
Commission, 2020). The Coronavirus Disease of 2019 (COVID-19) 
pandemic seems to have further fueled environmental awareness and 
the purchasing of products that are less harmful to environment and 
human health (Severo et  al., 2021). Activated by their awareness, 
consumers may be motivated to support niche innovations through 
their purchasing decisions and usage patterns, and the leather industry 
and governmental policies may contribute their parts to a more 
sustainable leather chemistry. Indeed, a study by Wahga et al. (2018) 
found that consumer demands for environmentally compatible 
products act as a driver for sustainable industry practices.

1.3 Transdisciplinary approach

Against this background, a transdisciplinary transformative 
research project at Darmstadt University of Applied Sciences 
supports the leather industry in its transition to more sustainable 
chemistry. Conceptually, the project follows the three-stage recursive 
model that has emerged to guide transdisciplinary projects (Lang 
et al., 2012; Brandt et al., 2013; Wiek and Lang, 2016; Defila, 2019): 
exchange and dialog formats establish a transdisciplinary 
understanding of the problem, translated into a jointly formulated 
“research question” (stage A), in order to develop and test specific 
innovative solutions based on this (B), which are finally to 
be disseminated and rolled-out in business and society (C). A main 
assumption of the project is that key actors need to cooperate in order 

to transform complex socio-technical systems, such as the 
manufacturing along global supply chains and consumption of 
leather. In a scenario building process using methods by Geschka 
et al. (2008), a transdisciplinary team, including representatives, inter 
alia, from civil society, chemical and leather industries, brands as well 
as research, developed future scenarios for the topic “Leather 2035.” 
Scenario building is an exploratory process, empirically substantiated 
by the inputs of the participating experts. This process first facilitated 
the creation of a common problem understanding among all actors 
(stage A). It concluded with the team agreeing on and committing to 
an ambitious scenario in which more sustainable leather chemistry 
will have emerged in 2035.4 In this scenario, increased transparency 
about the chemicals used in the global supply chains and their effects 
on humans and environment as well as related knowledge among 
supply chain actors and the civil society are major drivers of change 
(cf. Figure 1).

Subsequently, we hosted transdisciplinary strategy workshops 
to identify specific short-term and long-term actions to attain the 
2035 scenario. The results of these workshops were further 
elaborated into a Theory of Change (Belcher et al., 2019) for more 
sustainable leather chemistry (Schenten and Rehn, 2021), cf. 
Figure  2. ToC is a tool for designing and monitoring system 
innovations (Deutsch et al., 2021).

According to our ToC for the leather industry, system 
transition requires behavior change and innovations at different 
levels, in terms of MLP, including shifts in the landscape and niche 
solutions. Notably, the ToC illustrates the interplay between 
innovations in market demand and supply chain management (cf. 
Figure 1). The actors involved in the scenario building anticipated 
that consumers’ awareness regarding the leather industry’s negative 
impacts would increase, leading to more targeted demands for 
transparency and products with lower negative impacts on the 
natural environment. This demand would, in concert with 
additional factors (regulation, investors, Non-Governmental 
Organizations (NGOs), etc.), put pressure on the industry to 
improve processes and products by employing more sustainable 
chemistry solutions and to increase transparency on chemicals in 
products and processes along the supply chains, thereby, informing 
consumption decisions.

To further inform transitions as outlined by the ToC, 
participants of the workshops polled for the most important leverage 
points: leather design guidelines for sustainable development, 
chemical innovations and harmonization of standards, sector-wide 
efforts to establish IT and governance infrastructures for the 
traceability of chemicals used along global supply chains.5 Across 
these leverage points that are further investigated in distinct 
subprojects developing innovative solutions (stage B), consumer 
behavior turned out to be a crucial element, influencing relevant 
transition processes, as outlined below.

4 https://sne.h-da.de/en/implementation-project/more-sustainable-

chemistry-in-the-leather-supply-chains/

system-innovation-for-a-more-sustainable-leather-chemistry

5 https://sne.h-da.de/en/implementation-project/more-sustainable-

chemistry-in-the-leather-supply-chains/

subprojects-as-pathways-to-solutions
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2 Empirical consumer study

2.1 Research and action gap

With regard to global leather supply chains, understanding the 
interrelatedness of consumer perceptions and motives toward 
purchasing leather and leather products can be of crucial importance 
to adapt industrial routines and product development processes in 
favor of sustainable development while advancing valid business 
models. There is a growing body of literature on pro-environmental 
behavior (Bamberg and Möser, 2007; Cruz et al., 2016; Concari et al., 
2020) as well as consumer awareness, knowledge and behavior 

regarding system change in the context of consumer products in 
general (Gailhofer et al., 2023). However, challenges persist regarding 
the actual transfer of this knowledge into complex socio-technical 
systems such as the leather supply chains. Transdisciplinary 
approaches (Defila, 2019), as proposed in this paper, present a 
methodological framework in which disciplinary tools – such as 
empirical consumer studies – are part of an orchestrated co-creative 
process that primarily aims at informing efforts for system innovation 
toward sustainable development. In addition, research on these 
aspects with regard to the specific characteristics of leather products 
and related consumption patterns remains scarce. Such tailored 
research is needed, as leather products differ in several key features 

FIGURE 1

Factors influencing how leather will be manufactured in 2035, according to the scenario narrative.
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from other consumer and especially apparel products, e.g., in terms of 
maintenance, longevity, cultural and historical connotation (e.g., 
Rehn-Groenendijk et al., 2022).

2.2 Literature review and hypotheses

The design of leather products is often based on marketer’s 
assumptions of what consumers expect (e.g., specific odors, 
robustness), considering that purchasing decisions may depend on 
individual perceptions of products (Kamalha et al., 2013; Lee et al., 
2019). Gaining insights into characteristics of leather that are most 
important to consumers as well as their esthetic distinctions between 
leather and imitation leather can be a valuable asset to inform the 
development of design guidelines for more sustainable leather 
chemistry. Based on discussions with industry representatives,6 
we  assume that current trends in leather fashion toward more 
homogeneous surfaces dissent from consumer perceptions of leather 
and thus pose unnecessary burdens on the environment (e.g., because 
additional coating layers are being used to make surfaces 
homogeneous although consumers do not demand these 
homogeneous surfaces and rather value natural surfaces). To inform 
industry practices, we therefore test the hypothesis that consumers 
perceive leather as a natural material (H1).

Additionally, a deepened understanding of consumers’ 
appreciation of attributes of leather products can inform both 

6 https://www.leathernaturally.org/resources/fact-sheets/

chemical process innovations and industry standards: In many leather 
products, additional chemical processes are applied to products to 
establish or increase properties such as hydrophobia, UV-resistance 
and more. In some cases (e.g., in the automobile industry), chemicals 
are applied to create a “genuine leather smell.” However, we assume 
that from a consumers’ point of view, these attributes are not the most 
important ones and thus could be pretermitted in favor of sustainable 
development. We  test the hypothesis that attributes such as UV 
resistance, leather smell, and water resistance are less important to 
consumers than natural appearance and overall robustness of the 
material (H2). Several studies have identified factual knowledge about 
the manufacturing process as an antecedent of purchases based on 
moral and environmental considerations (Connell, 2010; Jonell et al., 
2016). Identifying current levels of knowledge among consumers also 
allows producers to plan and adjust targeted communication 
strategies. Considering the vast variance of types of leather and to 
what extent they might be called more or less sustainable, we explore 
whether consumers lack information regarding the manufacturing 
and properties of leather and leather products necessary to making 
informed decisions at the point of sale as well as during and after the 
usage phase. When it comes to harmonization of industry standards 
and their communication to consumers, it is crucial to analyze the 
current use and clarity of eco-labels for leather products because this 
helps identify blind spots. Former research supports the notion that 
knowledge of eco-labels is often positively associated with the 
intention to purchase products that are less harmful to environment 
and health (Connell, 2010; Müller et al., 2014). However, the role of 
eco-labels relevant to leather products has yet hardly been investigated. 
We  therefore explore consumers’ familiarity with eco-labels for 
leather products.

FIGURE 2

Theory of Change for more sustainable leather chemistry 2035 (Schenten & Rehn, 2021).
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A common concern among industry actors is that 
implementing traceability of materials requires complex 
technological systems and, thus, substantial financial investments. 
Most likely, the leather industry would be less hesitant to invest in 
tracing systems, if these investments could be compensated for by 
retail prices. Therefore, investigating consumers’ Willingness To 
Pay (WTP) for products whose supply chains including chemical 
ingredients is transparent should produce valuable insights to 
support transitions toward traceability. Indeed, studies have found 
environmentally aware consumers to have a higher WTP for 
apparel that is produced in environmentally less harmful ways 
(Ha-Brookshire and Norum, 2011; Tey et al., 2018). To test whether 
this finding applies to leather products as well, we test the following 
hypotheses in connection with an exemplary leather product: 
Consumers are willing to pay higher prices for leather products, if 
these products are manufactured in ways that are less harmful to 
environment and health than conventional manufacturing (H3a) 
and if information about the supply chain is given (H3b). While 
acknowledging the importance of reducing individual consumption 
overall (Bengtsson et al., 2018), our study focuses on contributions 
to sustainable development by promoting the purchasing of leather 
products that are less harmful to environment and human health. 
To gain insights into the characteristics of consumers who already 
purchase leather products that are less harmful to environment and 
health and, thereby, to understand how the purchasing of such 
products may be further promoted, we drew upon a psychological 
theory that helps identify person-level drivers and barriers of 
individual behavior.

Buying environmentally compatible leather products instead of 
conventionally manufactured alternatives enables consumers to 
contribute to the reduction of harm to environment and human health 
(of people working in manufacturing as well as consumers). Thus, it 
can be described not only as pro-environmental but also pro-social 
behavior. The Norm Activation Model (NAM) (Schwartz, 1977; Steg 
and de Groot, 2010) proposes a theoretical framework capturing 
factors that influence an individual’s decision for or against pro-social 
behavior. The NAM has been applied to diverse environmental 
behaviors, including the purchasing of environmentally friendly 
products, demonstrating good explanatory power (Van der Werff and 
Steg, 2015). We therefore deemed the NAM suitable for our study 
purposes. Specifically, our goals were to investigate the relative 
importance of the NAM components for explaining the purchasing of 
leather products that are less harmful to environment and health, and, 
against this backdrop, to derive recommendations for measures to 
strengthen such purchasing decisions.

At the core of the model is the assumption that a person’s 
propensity to carry out a pro-social behavior (B) is determined by the 
degree to which they feel morally obliged to act altruistically (Personal 
Norm, PN). Schwartz (1977) ties this term to morally-based self-
expectations to act in a certain way in a particular situation, thereby 
distinguishing it from Social Norms (SN), which either describe how 
other people act or what they expect in terms of how one should 
behave. In the NAM framework, PN is in turn determined by the 
degree to which the individual is aware of the problematic 
consequences that follow from not carrying out the pro-social 
behavior (Awareness of Consequences, AC). According to the model, 
a person with a strong AC should also feel responsible for the action’s 
consequences (Ascription of Responsibility, AR) and thereby develop 

a PN for carrying out the pro-social behavior (Steg and de 
Groot, 2010).

Bamberg et al. (2007) found that the relation between PN and 
behavior was mediated by Behavioral Intention (BI) and showed an 
individual’s BI was also determined by external barriers. These 
barriers are mirrored in Perceived Behavioral Control (PBC), which 
captures the subjectively perceived ease of carrying out a behavior 
(Ajzen, 2002). Another finding was that SN mediated the relation 
between AC and AR (Bamberg et  al., 2007). In line with these 
findings as well as additional studies emphasizing the importance of 
PBC in the context of consumption decisions (Klöckner and Ohms, 
2009; Müller et al., 2014; Keller et al., 2021), we use an extended 
NAM as our analytic framework. More specifically, we added BI as a 
mediator between PN and behavior, PBC as a predictor of intention 
and behavior, and SN as a mediator between AC and AR (as shown 
in Figure 3).

Consequently, we hypothesize that personal norms are positively 
associated with purchasing intentions and behavior concerning 
leather products (H4a), that this personal norm is in turn positively 
related to feeling responsible for the purchasing decisions’ 
consequences when people are aware of these consequences (H4b), 
and that perceived behavioral control is positively associated with 
purchasing intentions and behavior (H4c).

We investigated these hypotheses with an online questionnaire 
study that aimed at understanding consumers’ perceptions, 
knowledge, WTP, and self-reported purchasing behavior relating to 
leather products (see Figure 4).

3 Materials and methods

3.1 Sampling

Respondents to our survey were participants of a local citizens’ 
panel that is an integral element of the transformative research 
project described above. Participants of the panel are recruited 
through random sampling from local citizen registries as well as 
informational campaigns. The panel enables participating citizens 
to express their opinions and preferences on innovative ideas 
related to sustainable development through periodic participation 
in online surveys. In May and June 2020, we invited the (at the 
time) 1,208 participants of the panel to take part in our survey that 
was administered through Limesurvey GmbH (2017) (version 3, 
2017). Five hundred seventy-seven participants answered, resulting 
in a response rate of 48%. After data cleaning, the data set 
contained data from 573 participants.7 For the analyses reported 
below, we only used data from people who generally bought leather 
products (n = 439). Among these, 51% were female and 42% were 
male, the remaining participants identified as diverse or did not 
answer. The mean age was 47.28 years (SD = 13.25). For more 
detailed sample characteristics, see Supplementary material S2.

7 Cases were deleted because participants were younger than 18 years (n = 1) 

or because they did not answer a question about their general leather 

consumption, which was used as a necessary condition for further analyses 

(n = 3).
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3.2 Measures

3.2.1 Perception of leather and imitation leather
To assess how participants perceived leather and imitation leather, 

we applied a semantic differential (cf. Osgood, 1952) with eight pairs 
of opposing adjectives: natural – artificial, high-priced – low-priced, 
high-quality – low-quality, harmless to health – harmful to health, 
environmentally friendly – environmentally harmful, robust – 
delicate, modern – conservative, and morally impeccable – morally 
reprehensible. Participants were asked to indicate their perceptions of 
leather and, separately, of imitation leather on a 5-point scale as a 
continuum between the respective adjective poles.

3.2.2 Attributes of leather products
To identify which attributes of leather products participants 

valued most, we presented eight attributes (i.e., robustness, natural 
appearance, water resistance, aging material, consistent appearance 
over time, authentic smell, individuality, UV-resistance). Participants 
had 100 points to distribute among the attributes, where assigning 
more points signified higher subjective importance.

3.2.3 Knowledge of leather manufacturing
We measured participants’ factual knowledge of leather 

manufacturing through 11 statements (see Supplementary material S7) 
that were based on crucial topics emerging from discussions with 
actors of the leather industry and NGOs. We instructed participants 
to rate these statements as either true or false. Additionally, we offered 
a no-answer option to avoid forced choice. Five of the presented 
statements were true, six were false.

3.2.4 Familiarity with eco-labels
We presented six eco-labels that are used in connection with 

textile and leather products: OEKO-TEX Standard 100,8 OEKO-TEX 
Leather Standard, Grüner Knopf,9 Label of the International 
Association of Natural Textile Industry (IVN),10 Blauer Engel (2021),11 

8 https://www.oeko-tex.com/de/

9 https://www.gruener-knopf.de/

10 https://naturtextil.de/

11 https://www.blauer-engel.de/de

FIGURE 3

Theoretical framework of the present study based on the Norm Activation Model (Schwartz, 1977; Bamberg, et al., 2007).

FIGURE 4

Summary of survey contents and measures.
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and Global Organic Textile Standard (GOTS) (2021).12 The selection, 
chosen in collaboration with actors of the leather industry and NGOs, 
aimed to ensure variety with regard to the scope of labels (i.e., coverage 
of consumer protection and environmental aspects during 
manufacturing) and expected levels of familiarity. Participants were 
asked to indicate for each label how well they knew it, to what extent 
they thought it represented environment protection, and to what 
extent they thought it represented protection of consumers’ health, 
each on a 5-point Likert-type scale, ranging from 1 = not at all to 
5 = very well.13

3.2.5 Willingness to pay
To compare participants’ WTP for different modes of 

manufacturing, we  repeatedly presented the same picture 
of an exemplary product (i.e., leather boots, see 
Supplementary material S1) accompanied by three different 
descriptions of the leather used, namely leather from (a) 
conventional manufacturing (b) manufacturing that is less harmful 
to environment and health, and (c) manufacturing that is less 
harmful to environment and health and also provides information 
about the supply chain. For each of the three manufacturing 
modes, participants were asked to indicate the maximum 
purchasing price between 0€ and 350€ that they were willing to pay 
for the depicted shoes.

3.2.6 Psychological constructs and purchasing 
behavior

Based upon the extended NAM and further studies on consumer 
behavior (Lee, 2009; Onwezen et al., 2013; Müller et al., 2014; Landon 
et al., 2017; Joanes et al., 2020), we developed 29 items for the six 
psychological constructs and behavior (see Supplementary material S3 
for all items and scale internal consistencies before and after exclusion 
of items): AC (5 items), AR (5 items), SN (4 items), PN (4 items), PBC 
(4 items), BI (3 items), and B (3 items). Each item consisted of a 
statement, to which participants indicated how much they agreed on 
a 5-point Likert-type scale, ranging from 1 = not at all to 5 = entirely. 
Higher numbers indicate that the respective construct was 
more pronounced.

3.3 Handling of missing values

Due to higher amounts of missing values on some of the 
psychological variables (> 10%), we performed an analysis to identify 
the missing data mechanism. This analysis led to the assumption that 
the missing data were missing at random (cf. Little, 1988) except for 
our measure of SN. Therefore, we decided to exclude SN from further 
analyses. Items on knowledge about leather manufacturing also 
contained missing values (6 to 43%), which we interpreted as missing 
knowledge. As we assumed missing values to be missing at random, 
we imputed the data using an expectation–maximization algorithm 
within NORM (Schafer, 1999; Graham, 2009).

12 https://global-standard.org/

13 Results on environment protection and protection of consumers’ health 

are reported in the Supplementary Material 9 (SM_9).

3.4 Data analysis

To investigate the assumed associations between purchasing 
behavior and the psychological variables, we performed a Structural 
Equation Model (SEM), including a Confirmatory Factor Analysis 
(CFA) and a path model with IBM SPSS AMOS (Version 27). The CFA 
tested whether our set of items validly assessed the psychological 
constructs of the NAM. Using the maximum likelihood method, CFA 
computes factor loadings of single items on latent factors and provides 
fit indices to judge the goodness of fit of the hypothesized model.

The CFA indicated an acceptable fit for the hypothesized model 
[CFI = 0.947, TLI = 0.931, RMSEA (90%CI) = 0.063 (0.054, 0.071)] 
after reducing the number of items to two or three items for each 
latent variable.14 Items with factor loadings below 0.65 were excluded 
if this did not limit content validity. Standardized regression weights 
of the final selection of items as well as the covariance and correlation 
matrix are given in Supplementary materials S3, S4. For further 
analyses, we applied non-parametric tests since the Shapiro–Wilk test 
(Shapiro and Wilk, 1965) indicated that the assumption of normality 
was not met for most of the variables.

4 Results

4.1 Perception of leather and imitation 
leather

Participants’ perception of leather differed significantly from the 
perception of imitation leather for all eight pairs of adjectives, as 
indicated by the respective means and non-overlapping confidence 
intervals displayed in Figure 5. Means, standard deviations, confidence 
intervals, and Wilcoxon signed rank tests on the difference in 
perception of leather and imitation leather can be  found in the 
Supplementary material S5. Leather was perceived as natural, high-
quality and robust, providing support for H1. Imitation leather was 
not only perceived as more artificial, but also as lower in price and 
quality, more harmful to health and environment, and less robust.

4.2 Attributes of leather

Figure 6 depicts all attributes in ascending order of importance, 
with UV resistance being the least important and robustness being the 
most important. Means, standard deviations, confidence intervals, and 
Wilcoxon signed rank tests on the difference between the ranked 
attributes can be found in the Supplementary material S6. Importantly, 
in line with hypotheses H1 and H2, natural appearance was rated 
among the most important attributes of leather products, while UV 
resistance, leather smell, and water resistance were rated 
less important.

14 In this study, we report the Comparative Fit Index (CFI), the Tucker-Lewis 

Index (TLI), and the Root Mean Square Error of Approximation (RMSEA) for the 

results of the CFA as well as for the whole SEM. For the CFI and the TLI, values 

above 0.90 indicate an acceptable model fit. The RMSEA values should be below 

0.08 for an adequate fit (Pituch and Stevens, 2016).
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4.3 Knowledge of leather manufacturing

Factual knowledge of leather manufacturing was analyzed as a 
sum index representing the number of correct assignments of the 
given statements as true or false. On average, M = 5.68 (SD = 2.05, 
n = 428) out of 11 statements were assigned correctly. Thus, 
participants had some knowledge about the manufacturing of leather 
but lacked important knowledge to judge the sustainability 

performance of leather products. Most participants (94.8%) knew that 
the statement “the tanning process requires a lot of water” is correct, 
while only few participants knew that the statements “German 
manufacturers and retailers of leather products are legally required to 
know the chemicals contained in the leather” (21.9%) and “Genuine 
leather is always without plastic components” (26.9%) were false. 
Supplementary material S7 shows the number of participants who 
answered the questions correctly per item.

FIGURE 5

Comparison of genuine and imitation leather on the eight semantic differential scales. N  =  439. Error bars represent 95% confidence intervals for mean 
values.

FIGURE 6

Means of points assigned to each of the leather attributes. Error bars represent 95% confidence intervals for mean values.
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4.4 Familiarity with eco-labels

Concerning participants’ familiarity with eco-labels, we found 
considerable differences between the single labels. Figure 7 displays 
the familiarity means and confidence intervals for the labels and 
shows that ‘Blauer Engel (2021)’ was the best-known label while the 
‘IVN’ label was the least-known one. To assess the meaning of 
eco-labels for the purchasing decision, we analyzed whether PBC is 
associated with the familiarity of the labels. The underlying rationale 
was that labels offer information about the sustainability 
performance of a product and thus, might make it easier to select 
those products that are more environmentally compatible. Results 
demonstrate moderate correlations between PBC and familiarity of 
the GOTS label and only weak correlations with the other labels (see 
Table 1).

4.5 Willingness to pay

Using Friedman’s Analysis of Variance (ANOVA), we  tested 
participants’ WTP in € for the three options of the exemplary 
leather product.

As depicted in Figure 8, participants’ WTP differed between 
these three options, χ2F (2) = 698.87, p < 0.001. Pairwise comparisons 
with Bonferroni correction revealed significant differences between 
all possible pairs: WTP was significantly lower for conventionally 
produced shoes (M = 91.58, SD = 41.37) compared to shoes with 
leather stemming from manufacturing that is less harmful to 
environment and health (M = 127.06, SD = 43.30, T(z) = −1.00 
(−14.82), p < 0.001, r = 0.50), WTP was significantly lower for 
conventionally produced shoes than for shoes stemming from 
manufacturing that is less harmful to environment and health and 
also provides information about the supply chain (M = 141.36, 

SD = 46.83, T(z) = −1.65 (−24.37), p < 0.001, r = −0.82), and WTP was 
significantly lower for shoes stemming from manufacturing 
that is less harmful to environment and health without 
information on the supply chain than for shoes produced in that way 
with information on the supply chain [T(z) = −0.65 (−9.55), p < 0.001, 
r = −0.32]. These results support hypotheses H3a and H3b.

4.6 Understanding purchasing behavior

We used SEM for testing the hypothesized relations of 
variables as specified in the extended NAM introduced above 
(the path model is depicted in Figure  9).15, 16 The total SEM 
had an acceptable model fit (CFI = 0.927, TLI = 0.912, RMSEA 
[90% CI] = 0.071 [0.063, 0.079], N = 439). AC explained 53% 
of the variance in AR which in turn was significantly positively 
associated with PN, supporting H4b. In accordance with 
H4a, we  found the strongest positive association between PN 
and BI. PBC positively predicted BI and B, supporting H4c, with 
the latter association being substantively stronger. Together, BI 
and PBC explained 80% of the variance in self-reported 
behavior (B).

15 The distribution of NAM items was assessed within AMOS and showed 

violations of univariate normality for three variables and violation of multivariate 

normality. Due to content validity, we did not exclude these items. We originally 

analyzed the model using the maximum likelihood estimation but because of 

violations of normality, we repeated the analyses using bootstrapping. However, 

we did not find substantial differences within our results, so we report the 

maximum likelihood estimation results.

16 With the exemption of SN, which we excluded from the analyses.

FIGURE 7

Mean familiarity with labels (Öko-Tex, BMZ. Grüner Knopf, Internationaler Verband der Naturtextilwirtschaft e.V., Blauer Engel, Global Organic Textile 
Standard). N  =  439. Error bars are 95% confidence intervals. Tests of difference between the ranks of familiarity and effect sizes are given in the 
Supplementary material S8.
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5 Discussion

5.1 Interpretation of empirical results and 
recommendations for stimulating more 
sustainable leather chemistry

5.1.1 Perceptions of leather, most important 
material attributes, and implications for design 
guidelines for more sustainable chemistry

Leather is a natural material with a unique structure and aging 
processes through time and usage. However, in modern times, 
intensive application of coatings have been used to replace these 
patinas with homogeneous and unchanging surfaces. These coatings 
require additional chemicals that potentially pose risks for human 
health or environment. Paradoxically, while the leather industry seems 
to be moving toward synthetic appearances, the imitation-leather-
industry is aiming at natural looking materials. These trends indicate 
that consumers’ perceptions of these two materials may converge. 
However, our findings tell a different story: Imitation leather was 
perceived as artificial, being of lower quality, more harmful to health 
and environment, and less robust than leather.

In line with participants’ perception of leather, participants ranked 
“robustness,” “natural appearance” and “aging material” among its 
most important attributes. As opposed to trends in the leather 
industry that aim at even and homogeneous surfaces, consumers seem 
to appreciate material properties such as natural surfaces that – when 
considered throughout the design process – allow for manufacturing 
with lower environmental impact through the reduction of chemical 

additives and longer use of the product. Focusing on the notion of 
“robustness,” designers could aim at more durable and repairable 
products. These and other aspects and approaches in the context of 
de-sign and product development are currently subject to scrutiny in 
the ongoing subproject aiming for design guidelines for more 
sustainable leather products (for more in-formation on design 
guidelines for sustainable development, see Rehn, 2021).

Our finding that leather is perceived as natural can also be used 
for marketing. The characteristic of an aging material that might 
require maintenance to remain durable and esthetically pleasing can 
be seen both as a material weakness or a unique selling proposition 
depending on the communicative framing of this phenomenon. By 
emphasizing the natural properties, marketers can dissociate their 
products from the seemingly less durable and lower quality category 
of imitation leather. Fostering expectations of longevity of leather 
products strengthens the product’s overall appeal and offers new 
potentials for business models. Additionally, caring practices can 
strengthen product attachment and in turn extend product lifetime 
(e.g., Gwilt et al., 2015).

5.1.2 Knowledge, purchasing behavior, and 
insights for informational campaigns

Previous research showed that knowledge can be a prerequisite for 
environmentally conscious behavior (e.g., Meinhold and Malkus, 
2005; Roubanis, 2008). The majority of our participants had limited 
knowledge about leather manufacturing, the currently missing 
transparency in the supply chains, and properties of leather products. 
For example, most expected “genuine leather” to be entirely free of 

TABLE 1 Correlations between familiarity with labels and perceived behavioral control (PBC).

Blauer Engel OEKO-TEX 
standard 100

Grüner Knopf GOTS OEKO-TEX 
Leather 

Standard

IVN

PBC2 0.120* 0.168*** 0.195*** 0.357*** 0.168*** 0.142**

PBC4 0.103* 0.107* 0.149** 0.290*** 0.116* 0.177***

N = 439. *p < 0.05, **p < 0.01, ***p < 0.001. PBC 2 is the reversed mean value of agreement to the statement “I do not know where to buy leather products that are manufactured in a way that is 
less harmful to environment and health.,” PBC 4 is the reversed mean value of agreement to the statement “Most of the time, I do not know whether a leather product was manufactured in a 
way that is less harmful to environment and health.” We report PBC2 and PBC4 as these items were also included in the SEM.

FIGURE 8

Relative willingness to pay.
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plastic components (SM_7). Many participants strongly agreed with 
the item “Most of the time, I do not know whether a leather product 
was manufactured in a way that is less harmful to environment and 
health.” Also, except for “Blauer Engel (2021),” the presented eco-labels 
were not well-known. Together, these findings illustrate the need to 
inform consumers about environmental and health impacts of leather 
and to improve product labeling. However, it is important to note that 
there was considerable variance in the average number of knowledge 
items correctly answered, thus, marketing campaigns should identify 
and target consumer groups with particularly low levels of knowledge.

In our empirical study, we used an extended version of the NAM 
to gain a better understanding of participants’ purchasing behavior of 
leather products. The structural model provided supporting evidence 
for the hypothesized relations between all variables within the NAM 
framework that we  included in our analyses. Descriptive statistics 
indicated a high AC regarding conventional leather manufacturing, 
which corresponds to recent data on attitudes of Europeans toward 
chemicals in everyday products (European Commission, 2020). 
According to the NAM, AC leads to AR and the development of a PN 
for carrying out the pro-social behavior (Steg and de Groot, 2010). 
Indeed, our results show that the effect of AC on PN is mediated by 
AR, which expands former research on purchasing decisions in 
different product domains (Shin et al., 2018; Borusiak et al., 2020). 
Furthermore, as assumed by the NAM, PN was connected to BI. In 
addition to PN, PBC turned out to be a strong predictor of buying 
leather products that have been manufactured in a way that is less 
harmful to environment and health in our study. Based upon this 
finding, we propose that PBC should be looked at in closer detail, 
particularly, because our participants indicated that they found it 
rather difficult to buy leather products that were manufactured in a 
way that is less harmful to environment and health (i.e., relatively low 
PBC mean values). Moreover, a strong predictor of relevant behavior, 
PBC is a potential lever for interventions to promote the purchasing 
of leather products that are less harmful to environment and health.

Strategies to increase PBC should consider informational 
campaigns. Our study revealed which information is needed in 
general (i.e., where to buy and how to recognize leather products that 
are less harmful to environment and health). NGOs, retailers, and 
brands could help consumers by spreading exactly this information. 
Given that our results also show a positive association between PBC 
and familiarity with labels (see Table 1), it can be assumed that labels 

constitute one way of offering transparency and information. They 
may allow consumers at the point of sale to recognize leather products 
that have been produced in a way that is less harmful to environment 
and health. However, consumers seem to be partly unaware of what 
product characteristics the respective labels represent: almost half of 
our respondents expected the STANDARD 100 by OEKO-TEX to 
certify actions to protect the environment (SM_9). Yet, this label 
focuses on consumer protection while environmentally friendly 
manufacturing is out of the label’s scope (see text footnote 8, 
respectively). Labels that comprise environmental aspects of 
manufacturing, for example, the IVN Leather Standard (see text 
footnote 10, respectively), were the least-known in our study. This 
illustrates that consumers are not well-versed with labels in the leather 
context and therefore, in addition to labeling the products, information 
about the meanings of the labels should be spread.

Using insights from empirical studies that apply theories, such as 
the NAM, can further increase the effectiveness of informational 
campaigns (Michie and Johnston, 2012). They enable targeting people 
with specific behavioral patterns depending on their specific needs for 
behavior change and the development of tailored interventions, which 
were found to be more effective than non-tailored ones (Steg and Vlek, 
2009; Klöckner, 2015). One promising strategy may be to first ask 
people about the obstacles (knowledge, availability, price, etc.) that 
prevent them from buying leather products that are less harmful to 
environment and health. They could then receive the specific 
information they need (e.g., potential environmental and health 
impacts, where product alternatives are sold, where to get second-
hand products in good condition, how to refurbish products). Many 
participants of our study had already developed a PN to purchase 
environ-mentally less harmful leather products. However, as described 
above, one of the perceived obstacles to translating this feeling of 
moral obligation into action was missing information about the supply 
chains and the manufacturing process. This illustrates the need for 
manufacturers and retailers to increase transparency.

5.1.3 Willingness to pay, supply chain 
management, and traceability as a central driver 
for more sustainable leather chemistry

Industry perceives increased transparency and traceability as a 
cost driver. This is not only due to necessary investments in 
technology, but also due to the tendency to over-emphasize 

FIGURE 9

Structural model of the SEM including the various explanatory variables for behavior as specified in the extended NAM. Ellipses represent latent 
variables, numbers on arrows are standardized regression weights, numbers above latent variables are squared multiple correlations (i.e., the amount of 
variance explained by the influencing variables). AC, Awareness of Consequences, AR, Ascription of Responsibility, PN, Personal Norm, BI, Behavioral 
Intention, B, Behavior, PBC, Perceived Behavioral Control, N  =  439, *p  <  0.05, **p  <  0.01, ***p  <  0.001.
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short-term costs over long-term effects which might as well be cost-
reducing or otherwise net beneficial (Barton et al., 2017). We assume 
that actors would be less hesitant to invest in such a tracing system if 
this investment could be compensated for by retail prices. Our study 
shows that consumers are willing to pay more for leather products that 
have been manufactured in a way that is less harmful to environment 
and health and an additional premium if information concerning the 
supply chain is provided. These findings indicate that some of the 
extra costs that may accrue for measures to promote sustainable 
development can be forwarded to consumers, if plausible and well-
communicated. With this in mind, the leather industry is challenged 
to develop products and services that support and make use of 
enhanced exchange of information.

In order to be able to provide consumers with this information 
about manufacturing and the supply chain, and in particular, on 
chemicals involved, fundamental changes of contemporary supply 
chain management are necessary. To this end, industry actors along 
the chains, including brands and retailers, must build up the capacities 
to respond to emerging demands for transparency. This entails 
effective chemicals management underpinned by supply chain 
interaction, communication, and cooperation. Indeed, organizations 
such as Zero Discharge of Hazardous Chemicals (ZDHC, 2022), an 
initiative led by multi-national textile brands and retailers but also 
involving sup-pliers, already aim to support companies in disclosing 
their supplier networks and in implementing sound chemical 
management along the supply chains.17 The tools provided by such 
organizations, for example, allow chemical suppliers to show 
compliance of their products with chemical restrictions. However, the 
tools are not sufficient to create transparency for brands and retailers 
about what chemicals are present in their products and processes to 
actively control those (Schenten et al., 2019).

Our scenario building process with representatives from the 
leather industry illustrated that full traceability of chemicals could be a 
central driver for more sustainable leather chemistry. Such traceability 
would be the basis for a database on which companies can build up 
trusted communication with consumers. Once a traceability 
framework is established, knowing all chemicals present in processes 
and products, the industry could identify opportunities and specific 
needs for more sustainable products and processes, thus, creating 
entry points for niche innovations into the regime. Besides, knowledge 
of chemical ingredients can be  employed to proactively in-form 
consumers of any unwanted impact. The landscape changes in 
European policies (“Green Deal”) already create windows of 
opportunity for the industry to engage and ensure the control of 
chemicals and their risks along supply chains and the product 
life cycle.

5.2 Practical implications

Building on a transdisciplinary approach, this research uses 
empirical consumer data as a facilitator in a complex process in which 
stakeholders from industry, retail and others need to be engaged. 
Leather manufacturing in modern globalized supply chains often 

17 https://www.roadmaptozero.com/

entails negative impacts – for a big part driven by chemicals - on 
human health and the natural environment. Due to opaque supply 
chains, controlling the chemical inputs and outputs constitutes a 
major challenge. Establishing more sustainable leather chemistry 
requires behavior change of diverse actors at various levels. For 
instance, the chemical industry needs to provide more data on 
chemical products for the evaluation of leather and leather 
manufacturing, tanners need to use more sustainable chemicals or 
non-chemical alternatives in leather manufacturing, brands need to 
shift their sourcing in this direction, taking into account the impact 
on product design while offsetting the additional costs incurred by 
tanners. System innovations can facilitate the transition by combining 
new technical solutions in chemistry, moving from the niche to 
mainstream, and the design of leather products with social and 
organizational innovations in terms of enhanced supply chain 
collaborations. In addition, an institutional framework stipulating the 
formal and informal rights and obligations of all relevant actors is 
needed to ensure the intended behavioral contributions.

Our main interest in the empirical study presented in this article 
was on consumers’ perceptions and behaviors concerning mainstream 
leather products and niche innovations, particularly leather that is 
manufactured in a way that is less harmful to environment and health. 
The insights gained from this study were not primarily targeted to add 
to the overall body of literature on pro-environmental consumer 
behavior but first and foremost to inform industry practices and 
routines related to the specific project at hand. Such research is 
necessary to improve our understanding of the expectations, and 
behavioral antecedents of consumers as change agents within 
transition processes, thereby explaining how members of the civil 
society corroborate the pre-vailing regime or participate in niche 
innovations. Our results show that there are consumers who support 
sustainable innovations for leather products through their 
consumption choices. Moreover, our findings point to specific 
strategies to support these innovations through product design, 
informational campaigns, and increased traceability along supply 
chains. Within the MLP framework (Geels, 2002), civil society 
represents a heterogeneous group of individuals, some of whom stick 
to the current regime and are unaware of inherent problems, while 
others support niche innovations through their consumption and 
usage behavior. Our empirical study emphasizes opportunities to 
engage consumers in the transition process, as there is environmental 
awareness and willingness to adapt purchasing decisions and usage 
behaviors to reduce negative environmental impacts. This window of 
opportunity can be  used to facilitate the transitions toward more 
sustainable chemistry in leather.

By providing empirical insights for possible steps to foster more 
sustainable chemistry in leather, our research indirectly contributes to 
SDG 12. However, as mentioned in the introduction, the topic is 
linked to other SDGs. For example, the leather industry increases 
employment of unskilled workers in many countries, thereby 
potentially promoting sustainable economic growth and productive 
employment (SDG 8). More sustainable leather chemistry also 
contributes to the reduction of water pollution (SDG 6) (China et al., 
2020). Moreover, improved municipal waste management (SDG 11) 
is needed to deal with leather products at their end of life. 
Manufacturing and consumption of leather products are also linked 
to diverse short-term and long-term social and ethical aspects, which 
need to be considered in the promotion of systemic change. To name 
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a few, change actors should elaborate on working conditions, child 
labor, fair trade, and the exploitation of animals. These interrelations 
of sustainable development-related challenges of the leather industry 
illustrate the high complexity of the topic and call for a systemic 
approach, which entails adapting the entire arrangements of 
manufacturing, trade, consumption, and waste including associated 
infrastructures, lifestyles, and governance (Bengtsson et al., 2018). 
Therefore, to support niche innovations in entering the regime, diverse 
actor groups need to align and coordinate goals as well as translate 
their knowledge of the system and its dynamics into strategy and 
interventions (Birney, 2021). To back these actors, we collaborate with 
practitioners in a transformative research project that provides 
opportunities for experimentation, particularly in the fields of 
chemical innovation, harmonization of standards, traceability of 
chemicals along supply chains, as well as more sustainable product 
design and business models. The approach presented in this paper can 
be adapted to other social-technical systems that face comparable 
challenges and transitions, such as the textile, energy and 
mobility industries.

6 Conclusion

The leather industry faces a highly needed transition toward more 
sustainable chemistry. To support this transition, this article analyzed 
challenges of the leather industry and consumers’ roles as a nexus of 
transition-relevant developments. This research bridges perspectives 
from law, design and psychology to contribute to sustainability 
science. By analyzing and describing the current system and by 
highlighting potential levers for change, our study provides insights 
for transition researchers, industry representatives and policy makers 
to support a transition toward more sustainable chemistry in the 
leather industry. Based on empirical survey data on leather-related 
perceptions, knowledge, and purchasing behavior of consumers, 
we illuminate how changes in consumption styles can be supported 
and how consumers push on niche innovations to enter the regime. 
With regard to these data, our study supports the development of 
more sustainable leather products that at the same time meet current 
market demands.

Our results show that participants perceived leather as natural, 
robust, and of high quality. Knowledge about the manufacturing of 
leather products is overall limited but varied. Data obtained with 
regard to the psychological framework NAM hints at person-level 
factors that may motivate consumers to opt for more sustainable 
leather products. More specifically, being aware of environmental and 
health consequences from conventional manufacturing of leather 
products is positively associated with a personal norm to purchase 
leather products that are less harmful to environment and health. The 
perceived ease of buying more environmentally compatible leather 
products is positively associated with their purchase. These results can 
support informational campaigns to promote transition-relevant 
consumer behavior.

The survey results should be interpreted with some caution, due 
to possible sampling biases. Compared to the general population in 
Germany, the Citizens’ Panel used for data collection in this study 
over-represents people with higher education and higher incomes. It 
also includes a smaller share of people with a non-German 
nationality. Although this is a common pattern of participants in 

psychological and sustainable consumption research (e.g., Henrich 
et  al., 2010), it could limit the generalizability of the findings, 
especially regarding knowledge and WTP. Further studies with larger, 
more balanced samples should be conducted to validate our findings. 
Nevertheless, people with high incomes and high education levels 
have stronger purchasing power, can choose from a greater variety of 
products, and usually have higher carbon footprints (Druckman and 
Jackson, 2016; Joanes et al., 2020). Thus, investigating the behavior of 
these people provides valuable information on possible changes in 
consumption styles. Another limiting aspect is the data assessment 
based on self-reports, as this method is prone to displaying attitudes 
or intentions that often differ from actual behavior (e.g., Carrington 
et  al., 2010). As numerous studies show (e.g., Young et  al., 2009; 
Hassan et al., 2016), participants often indicate higher intentions for 
behaviors that are less harmful to environment and human health 
compared to what they actually do in their everyday life. While self-
reports offer valuable insights into subjective perception, cognition, 
and emotions, response biases such as social desirability (Dodou and 
De Winter, 2014) as well as self-serving biases should be taken into 
account. Since we used an online survey for our data collection, social 
desirability might not be  as pronounced as for in-person data 
collection methods, such as interviews. Nevertheless, additional 
studies using observation measures of actual consumption behavior 
could enrich the given findings. Unfortunately, in our study, the 
psychological variable SN had a high amount of missing values, due 
to which we decided to exclude it from further analyses. Unlike other 
topics, to which the NAM framework has been applied (e.g., choice 
of travel mode), the purchasing of leather may not be as salient in 
everyday life and therefore not subject to discussions with peers and 
family. Consequently, participants may have found it difficult to 
answer our items on SN, which would explain the high number of 
missing data. In future studies, this issue might be  addressed by 
asking participants to imagine what close others think about the 
purchasing of leather instead of asking them to state others’ actual 
opinions on it. Finally, we only collected cross-sectional data and, 
therefore, cannot draw any conclusions about causality and 
directionality in the found associations. Further studies should use 
experimental or longitudinal designs to investigate how information 
and psychological antecedents affect purchasing decisions regarding 
leather products. More research is needed regarding when and how 
disciplinary empirical methods should be applied and how they can 
be communicated and implemented in transdisciplinary processes. 
With regard to ongoing discussions in sustainability science and 
(environmental) psychology on how to further intertwine 
methodology and theory from these two fields for mutual benefit 
(e.g., Upham et al., 2020; Hanss, 2021; Wullenkord and Hamann, 
2021), the present research showcases that empirical insights into 
human agency can inform inter- and transdisciplinary system 
analysis and the development of measures to promote necessary 
system transitions.
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