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Abstract 

  Due to population growth, urbanization, higher income levels, and intensive use of 

packaging products, the amount of waste generated by households, including food packaging 

waste, has been increasing continuously worldwide, posing a massive threat to societies and the 

environment. Therefore, proper waste management has become a challenging environmental 

issue and priority for governments. Along with the advances in technical aspects, such as 

material recovery technologies, more pressure has been placed on the strategies to move from 

disposal to waste prevention and recycling. Considerable efforts are being made to limit the 

overall production and the negative impact of waste on the environment and human health, as 

well as minimize the cost of waste management. Separation of different waste fractions at the 

source (i.e., source separation) is an integral part of such efforts toward enhancing the 

homogeneity of collected waste and improving the quality of materials for recycling. Sorting 

waste as a regular activity can also serve as a practice for improving residents' sorting behavior. 

However, the benefits of source separation cannot be gained without actively participating in 

the sorting process, which depends on the perception of convenience and the easy-to-implement 

nature of the process. Therefore, the design of food packaging has become an interesting 

concept for research and has received a lot of attention as a means to influence the consumers' 

sorting behavior. This is because in some way, consumer behavior is shaped by products as 

much as products are shaped by consumer behavior. Considering the unique characteristics of 

food packaging, it is expected that different food packages tend to influence a consumer in 

different ways. Hence, applying proper design strategies requires an in-depth understanding of 

packaging-consumer interactions throughout the sorting process. However, the research in this 

field, except for a few, is too general and usually associated with the impractical experiences 

around packaging material and functions. Instead, a design-oriented approach should be 

considered, in addition to practical experience. This thesis, therefore, aims to unfold the 

packaging design potential to support sorting behavior. Furthermore, how is it possible to 

maintain and empower the user-packaging interaction by applying different design strategies? 

In this case, the potential of design approaches, namely the user-centered design (UCD), design 

for sustainable behavior (DfSB), and design affordance, have been discussed. Moreover, the 

advantages and opportunities of these methods to improve packaging design, thus influencing 

sorting behavior, are investigated using different research methodologies. 
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1 Introduction 

1.1. The issue of waste and packaging waste 
        The world generated about 2 billion tons of municipal solid waste (MSW) in 2021 [1]. 

As the population is increasing, consumption trends are changing. The large number of products 

considered necessary for the functioning of today's societies has increased the need for raw 

materials and energy consumption. This new lifestyle generates huge amounts of unnecessary 

waste and makes the entire ecosystem unsustainable, thus posing a threat to the environment. 

If waste is not managed correctly, it can cause several problems for human health and the 

environment. Therefore, sustainable waste management has become a global concern [1]. 

       According to the Swedish Environmental Code (1998:808), waste is defined as any 

material or object that is discarded or is required to be discarded [2]. However, it was widely 

recognized that the concept of 'waste' is socially constructed and constantly changing as it varies 

temporally and spatially. Accordingly, it is difficult to define precisely when a material with 

economic value becomes waste. Moreover, the technical aspects of waste treatments, such as 

material recovery, anaerobic digestion, and energy recovery, have changed the concept of waste 

into a potential resource [3]. This new approach to waste aims to utilize waste as a resource to 

replace a present linear economy with a circular economy.  

  Waste management in Sweden has changed significantly, with the implementation of the 

Environmental Protection Act (SFS 1969:387) [42] in 1969. This gradually developed during 

the 1990s and later by the emergence of the EU directives regarding waste (2008/98/EC) and 

the Swedish legislation, which significantly differentiated the delegation of responsibility in the 

form of the producers’ responsibility, municipal waste treatment plan, local investment 

program, and landfill taxes. Since 2002, it has been prohibited to dispose of unsorted burnable 

waste at a landfill site; moreover, in 2005, the ban was extended to cover all organic waste. The 

new legislation replaced a landfill-based system with recycling and energy recovery [4]. 

Establishing the producer responsibility [5] advanced Sweden's waste management even 

further. The producer's responsibility at the beginning was merely covering packaging and 

recyclable paper. Today, it has been successfully expanded and includes packaging, tires, 

newsprints, graphic papers, cars, electrical and electronic products, batteries, and 

pharmaceuticals. The producers should ensure that all of these materials and products are safely 

collected, transported, recycled, and disposed of in an environmentally acceptable way [6]. The 

producers also subsidized the establishment of collection systems in residential areas, where 
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the packaging waste and other recyclable fractions are collected and sorted. Such collection 

systems can be established by either the municipality or the property owner. Cooperation with 

the product developers to enhance the product recyclability is another duty of the producers, 

including sharing the information with the municipalities. In exchange, the municipality ensures 

that residents are aware of their responsibilities to separate and sort the waste at available 

collection points and follow the relevant rules. In Sweden, residents can sort their waste in 

different places based on the available facilities: locally at bring/drop-off points, property-close 

collection systems, and at recycling stations [4,7]. Packaging waste, including food packaging 

due to its quantity and diversity in materials, is quite challenging for a waste management 

system. In fact, packaging waste is a growing global concern, accounting for 36% of the 

municipal solid waste. In EU countries, the total volume of packaging waste generated in 2019 

was 79.3 million tons, an increase of 2.4 percent compared to the previous year [8]. Packaging 

is also a significant consumer of virgin materials, using up to 42% (about 146 million tons) of 

plastics and 50% of the paper in Europe [9]. However, less than 2% of the plastic waste 

produced since the 1950s has been recycled. Almost 6% has been incinerated, and the vast 

majority, about 92%, has been landfilled or disposed of in the natural environment [10]. 

Moreover, approximately 4.8 to 12.7 million tons of plastic end up in the oceans each year 

[10,11]. By 2050, there could be more plastic in the world’s oceans than fish [12].  

      Food packaging waste is also important because of its direct contact with food. Packaging 

systems are necessary to facilitate the protection, transport, and storage of food products. 

Packaging saves food from being wasted but has the potential to further decrease food waste 

[13,14]. Investigations show that around 25% of residential food waste is as a result of 

packaging size or design [15]. Here, packaging may be one of the drivers due to inappropriate 

packaging sizes and poor functionalities [16]. Around one-third of all food produced in the 

world is lost or wasted through the supply chain, resulting in direct economic losses of up to 

US$ 1 trillion per year. Optimized packaging to safely protect food and prolong its shelf life 

may be one of the solutions to reduce this amount [14, 15].  

       In Sweden, the quantity of municipal waste treated was 4.8 million tons in 2020, 

corresponding to 466 kg of municipal solid waste per citizen [17]. Packaging waste formed 

about 20% of the total MSW generation in 2020, [17]. While the packaging waste recycling 

rate is relatively high (about 68%), large volumes of packaging waste are still miss-sorted and 

treated through energy recovery [17]. Moreover, about 60% of households' mixed waste is still 
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recyclable, consisting of durable goods, food waste, packaging waste, and recyclable paper 

[17].      

      Several action plans and policy objectives have been developed globally and nationally to 

alleviate the ever-increasing problem of packaging waste. The most promising alternative is the 

"circular economy" to promote closed-loop production, use, and waste handling patterns 

[18,19]. The goal for EU countries is to enhance the current MSW recycling rate to 55 %, 60% 

and 65% by weight by 2025, 2030 and 2035 respectively [20]. In a circular economy, the main 

advantage is that generated material never becomes waste but is instead reused, repaired, or 

recycled, thereby remaining in the economy as a valuable resource [21]. The European 

Commission’s introduction of a "waste hierarchy" as a new framework was another step to 

assist solid waste management in the EU countries and support the circular economy as a 

vehicle for conserving natural resources. The framework contains provisions for critical 

national waste disposal laws. It can be achieved through prioritizing waste avoidance and 

minimization, practicing separation, promoting the 3Rs (Reduce, Reuse, Recycle), 

implementing safe waste transportation, and disposal as an integrated manner of sustainable 

waste management. Each step has its unique advantages, yet recycling is probably the most 

practical aspect of all the waste management practices [22,23]. Recycling is the process of 

converting waste material into new material/s to save precious non-renewable resources, 

decrease the need for mining of virgin materials, conserve energy, and help decrease 

greenhouse gas emissions. The benefits of recycling are many, but there are still issues 

connected with recycling MSW. Recyclable materials are usually mixed up and need to be 

sorted by mechanical facilities, which are costly to implement and make the entire waste 

management system even more expensive for local authorities. Also, the recyclable materials 

are frequently contaminated with organic waste and other pollutants, decreasing the quality of 

sorted material for further processes [24]. Therefore, in many sustainable waste management 

systems, such as in Sweden, waste sorting at the source is a crucial function of the entire system. 

1.2. Waste sorting behavior and the role of packaging design 

       To obtain non-mixed recyclable materials, a clean bio and organic resource, and other 

reusable goods, these materials must be separated at the source where all these wastes were 

generated. Sorting food packaging waste requires consumers to empty the package fully, clean 

it, fold it, and separate its different components to some extent following the waste-collecting 

schemes. Waste should be sorted into the assigned waste bins to complete the action. For 
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recyclable, consisting of durable goods, food waste, packaging waste, and recyclable paper 

[17].      
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instance, paper packaging should be sorted into the paper container; otherwise, it will be miss 

sorted. Ideally, this can be done by residents who collect different categories of waste and 

separate and sort them correctly, whether at home or at the recycling station [25]. This is called 

separation at the source, which is regarded within this thesis as ‘sorting behavior’. The 

separation of waste at the source has been considered a fundamental condition in closing the 

loop of materials (see Figure 1) in the direction of a circular economy, which is expected to 

reverse the negative impact of solid waste on the environment and the scarcity of natural 

resources [26].  

 

 

 

 

 

 

 

 

 

Figure 1. Consumers’ contribution in closing the loop in the material flow, modified from 

Lienig and Bruemmer (2017) [27].      

     There are several beneficial aspects associated with correct waste sorting. There is an 

economic benefit when proper waste separation can enhance the quality and purity of obtained 

material compared to material recovery facilities. The source separation process is also less 

expensive [15]. Accordingly, the recycled materials represent a higher value for the recycling 

markets, so they are more in demand for recycling than for landfilling or incineration [20]. 

Separation at the source also increases the recycling rate, decreasing the demand for raw 

materials and energy. There is also a societal benefit and an educational aspect of waste sorting 

at the source. It is evident that the residents who separate the waste before disposal can increase 

their awareness of waste materials and recycling processes [13–15]. As a result, source 

separation may affect their decisions toward waste avoidance and selecting products that are 

easier for sorting and recycling, which promotes sustainable behavior [37]. In this respect, the 

residents contributing to waste separation could be vital for any active recycling effort, 
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revealing the participants as a responsible and respectable function of a sustainable waste 

management system [48, 49].  

      Therefore, miss-sorting packaging waste is a false action in the waste stream that decreases 

the efficiency of the whole system. Several strategies have been suggested to cope with this 

problem, such as promoting sustainable packaging, restricting the usage of packaging such as 

single-use plastic products, or replacing conventional packaging materials with biodegradable 

and bioplastic materials. However, some biodegradable materials, such as bioplastics, could 

have a similar environmental impact as fuel-based plastics if they are not sorted and end up in 

nature [28]. Hence, to limit the environmental impact of packaging waste in the long-term, the 

role of consumers’ behavior should be considered prior to any advancements in packaging 

material. Consumers have a main role in generating packaging waste and can ignore regulations 

or technical approaches that are not perceived as relevant [29,30].  

      In this case, finding proper ways to foster sorting behavior has become of primary interest 

for relevant research works, theories, and waste management policies [22, 25, and 26]. Studies 

in this field rely on psychological notions to understand the logical reasons for the respondents' 

behavior and influential factors. Numerous studies have been conducted to evaluate human 

behavior, such as normative behavior [31] or social cognitive theory/self-efficacy [32]. The 

most popular are the theory of reasoned action (TRA) and the theory of planned behavior (TPB), 

defined by Ajzen [33], which has received substantial support from scholars within different 

scientific disciplines, including waste management. TPB advances TRA by inserting 

individuals’ perceived control and the task's perceived ease or difficulty over their behavior. In 

the case of sorting behavior, both had their limitations in practice, assuming that behavior 

results from the linear decision-making process and a sum of rational choice. Many 

scholars argue that individuals make decisions based on the cognitive evolution of their 

emotional reactions, and the theory that ignoring emotion is likely to lead to a failure in 

understanding human behavior. Moreover, distinguishing between extrinsic and intrinsic 

motivational factors is of utmost importance in psychology, separated by clear boundaries. 

Regarding waste management, consumers can be driven to show sorting behavior either by 

external factors, such as distance to the recycling stations or the lack of space at home [34], or 

by internal factors like awareness about the advantages of recycling [35]. Accordingly, further 

research has extended the TRA and TPB by considering extra factors, resulting in new theories. 

The most feasible theory that is broadly applied in waste management is the 'motivation-ability-

opportunity' [36], which describes the waste sorting behavior by motivation as a critical factor, 
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incorporating situational conditions as opportunity, and habit and task knowledge as ability (see 

Figure 2).   

 

 

 

 

 

 

 

 

 

Figure 2. Critical factors within the motivation-ability-opportunity theory. Adapted from 

Ölander, F and Thøgersen, J [36].  

    Subsequently, other researchers summarized the model focusing on human behavior, 

resulting in the Fogg behavior model (FBM). FBM describes a simultaneous presence of three 

factors that can occur in behavior: motivation, ability, and triggers (see Figure 3). If a behavior 

does not happen, then at least one of those three elements is missing.  

 

 

 

 

 

 

 

Figure 3. The critical factor to drive behavior is based on the FBM model. Adapted from Fogg, 

B [37]. 

As evidenced, household sorting behavior is complex, and various factors are 

considered when studying this behavior [38]. It is vital to understand what factors people 
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perceive as constraints or facilitators. Also, to understand what people actually do and not 

just what they want to do is an important key to get an insight into the entire process [39]. In 

summary, the critical predictors of sorting behavior can be divided into specific categories as 

follows: 1) socio-demographic variables, such as age, gender, educational background, 2) 

internal factors, such as attitudes, beliefs, level of knowledge about which material can be 

recycled, motivation, and social norms, and 3) external factors, such as the distance to the 

recycling station, government interventions, collection services, and associated costs [41–43].  

      Together with these factors, the packaging also seems to be a promising candidate for 

eliciting correct sorting behavior. Consumers consider the packaging waste as a more 

critical environmental issue than its content while increasingly filling the trash bins and 

landfills. Therefore, from the consumers’ standpoint, sorting packaging waste is a proper 

behavior to save nature and fulfil citizen’s duty, acting as a motivational incentive to engage in 

waste sorting [40,41]. Waste sorting is known as a routine task, usually performed with minimal 

cognitive effort and limited awareness. Individuals establish the routine quickly after learning 

how and when to use a well-planned waste sorting system. Thus, like any automated behavior, 

any factor, even a subtle cue, could affect consumers’ decision-making when sorting packaging 

waste [42,43].  

      Previously, information provided on the packaging regarding recycling was the only 

communication link between the consumers, producers, and waste management, attempting to 

enhance knowledge of recycling. In this case, the communication could act as an impulse to 

interrupt the disposal process and turn it into a conscious performance. Therefore, the primary 

efforts were to develop waste sorting-related symbols, labels, and information in written form. 

However, this type of communication is likely to be ignored by consumers [46–48] unless it is 

supported significantly by other design aspects of food packaging [49]. Further investigation 

showed that consumers actively involved with waste sorting largely depend on the perception 

of convenience and the easy-to-implement nature of sorting packaging waste, rather than 

knowing [50,51]. Also, recycling knowledge may particularly affect behavior when people are 

motivated to engage in the behavior in the first place, suggesting an interaction effect between 

knowledge and motivational factors [35]. From the design perspective, any designed artefact, 

such as food packaging through interaction with its users, can influence users' behavior by 

showing how to use and manage the products. By affecting the usage phase, a product can 

influence the connection between the consumers, the environment, and the product [44,45]. 
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      Accordingly, the potential of utilizing the packaging design as an influential factor to 

motivate and provide an opportunity for consumers when sorting waste has been discussed 

[38,48,52,53]. Together with the perception of convenience, the perceptions of value and 

recycling being worth it are also crucial to inducing correct sorting behavior [54]. From this 

perspective, food packaging can be seen as a service provider. Consumers' satisfaction from the 

provided service acts as an emotional incentive to induce sorting behavior. Hence, food 

packaging, rather than being a passive message-bearer, can actively facilitate the sorting 

process.  

      However, understanding the packaging-consumer communication in waste sorting is a 

challenging task. The packaging waste usually has no value after usage, and this affects the 

interaction with the consumer [48]. In addition, waste sorting is usually an action that is 

performed without making a conscious choice [38]. This means that the communication that 

the packaging provides to the consumer must be done at an early stage, that is, from the time of 

purchasing through use and then at the time of sorting. Empowering this connection demands 

a deep understanding of the impact of packaging design on sorting behavior.  

1.3. Objectives 
      This study aims to promote sorting behavior as an integrated part of sustainable waste 

management and the impact of packaging design to support sorting behavior. The main 

objectives were to discover how the attributes of food packaging design can affect sorting 

behavior and indicate the importance of user-centred design application in this type of study. 

The following research questions have been addressed in this study:  

1) What packaging design attributes can improve sorting behavior, and how?   

2) What packaging design attributes can lead to miss-sorting behavior, and how? 

3) How can a design-based approach support sorting behavior? 
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2 Methods 

2.1. User-centred design       

      Sorting packaging waste (i.e., sorting behavior) increases material recycling and 

contributes to a sustainable waste management system that promotes all three aspects of 

sustainability, including social, economic, and environmental aspects; therefore, it is known as 

a sustainable behavior [38,55]. However, as a habitual behavior, waste sorting can create a gap 

between what consumers view as the environmental and social value and what they do in their 

routine interaction with products, such as food packaging waste [56–59]. Packaging, similar to 

any artefact, has the potential to script consumer behavior [60]. Thus, it is important if 

packaging developers understand users’ needs and what users think, know, feel, and dream 

about. In this vein, the quality of the user–packaging interaction can be improved by following 

a user-centred design process [61]. Generally, user-centred-design (UCD) is a reiterative 

process, comprising four main phases as shown in Figure 4: 1) discover, to identify the problem 

for the users and the demand; 2) understand, what needs to be solved, and how it should be 

approached; 3) create, to generate ideas to find a proper solution, share it with users, and rectify 

the solutions based on received feedback. Rapid prototyping is a core of this section to facilitate 

and boost the communication between the designer and the users; and 4) implement, for the 

users to apply the identified solutions. The process is repeated to favour users’ demands to 

improve the design. It is a promising process as the end solution is derived directly from the 

users’ feedback and perceptions [62].  

 

 

 

 

 

Figure 4. Different stages of the UCD process. 

 

      UCD's approach directly links with the human pillar of sustainability, which focuses on 

involving users in designing products or services. It is widely acknowledged that a major part 
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of the environmental impact caused by packaging miss-sorting depends on how consumers sort 

the food packaging waste in their daily practice [30,54,63]. Packaging design is part of this 

problem as the design is all about communication with users about how the product should 

work, be used, and be disposed of [64]. Therefore, user-centred design is a proper approach to 

find the best solution to promote the sorting behavior of packaging waste as a sustainable 

behavior. 

2.1.1 Data collection methods 

     In UCD, researchers/designers strive to combine investigation and mixed methods to get a 

holistic insight into the users’ needs. Insight is one of the critical sources of UCD, and it usually 

does not only come from quantitative data collection. A deeper understanding could be obtained 

from directly observing participants' actual experiences or target groups as they act in their daily 

lives [65]. Therefore, data collection methods such as questionnaires or structured interviews 

cannot provide sufficient insight into the consumers’ needs in real life and distinguish 

between needs and problems. Even if consumers are aware of their needs, they might forget 

to express the needs and requirements that they are accustomed to having in their 

surroundings. Thus, a structured questionnaire by choosing answers may lead to missing 

essential aspects. Furthermore, within structured interviews, respondents sometimes do not 

express their opinions due to a lack of knowledge about the topic or distrust in the interviewer 

[66].  

      On the contrary, semi-structured and unstructured interviews usually have the least 

number of questions as they lean more towards a normal conversation with an underlying 

subject. The main objective of this interview methodology is to establish trust between the 

researcher and the respondent, so that the respondents will be more truthful in their answers. 

Aside from the semi-structured interview, the informal nature of unstructured interviews allows 

the participants to clarify their doubts about the research topic and freely expose their 

reflections [66,67]. Hence, it is more plausible for the researcher to learn from the respondents, 

as they typically know more than they can initially verbalize. These features turn the semi-

structured and unstructured interview into the appropriate approach for this study, whether as a 

primary or complementary method. The main intention was to learn from the users and 

penetrate their thoughts rather than to deploy specific ideas. Photo-based observation (PBO), 

direct observation, and prototyping are the other data collection methods used in this study. 
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       In Paper II, according to the UCD approach, an unstructured interview was used alongside 

direct observation to interact with the participants. This was because the main criteria to 

evaluate the influence of packaging design on waste sorting was the respondents’ truthful 

behavior when sorting waste, as well as their statements.  

     In Paper III, considering the typical negative attitude toward plastic packaging waste, the 

participants’ opinions were crucial to discover the original cause of the low-value perception 

of plastic packaging. PBO was used as the primary method to collect images of the miss-sorted 

packaging. In the absence of judgment, the PBO can provide valuable data for assessing 

consumers’ actions in everyday life [68,69]. A group of volunteer participants took photographs 

in their homes, enabling the investigation of participants’ behavior in their daily environment. 

Also, manifesting a similar pattern in consumer behavior even if it is not directly stated by them. 

Two different interview techniques supported the collected data from the PBO study: 1) semi-

structured interviews were conducted with open-ended questions, allowing the respondents to 

express their opinions in their own words and 2) probing interviews used photographs from the 

PBO to ensure that the respondents were referring to the same type of plastic packaging in the 

interviews. The images also helped respondents recall their experiences concerning the sorting 

of each type of plastic packaging. Also, a thematic analysis was used to identify potential 

themes within the participants’ statements expressed within the PBO and the interviews. 

Thematic analysis is a method used to analyse qualitative data. It is typically applied to sets of 

texts to identify common themes, topics, ideas, and commonly used phrases that arise 

repeatedly [70]. The research process is explained in detail in Paper III. 

      In Paper IV, following the UCD requirements, the unstructured interview was employed 

in addition to direct observation and prototyping. The participants’ statements about the 

concept’s design were the main factor in evaluating the new concept's usability and acted as a 

compass to ensure that the design path followed the right direction. Prototyping was also used 

as a complementary method to facilitate the researcher’s and the participants' communication 

during the interviews. 

       In design-based studies, prototyping is a standard method. However, the application of 

prototypes in the study about packaging waste-sorting behavior is scarce. Most studies have 

criticized the available packaging and suggested how the packaging should be amended to 

support sorting behavior. Hence, the outcomes are more theoretically-oriented. In contrast, 
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direct observation to interact with the participants. This was because the main criteria to 
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prototyping, a design-based approach, can practically address the issue by reflecting target 

users’ feedback into a solid model and producing practically-based evidence.  

     In this thesis, prototyping implies a physical model that allows users to test the prototype’s 

usability. The users' interaction with the designed prototypes can give the designers valuable 

insight into how to develop the product to solve the stated problem, thus having a pivotal role 

in UCD to facilitate mutual communication between the designers and users [71]. In 

prototyping, participants can see, feel, and experience the prototype more naturally; therefore, 

they can reduce the possible misconceptions between the researcher and the users by providing 

a shared sense of the problem and clarifying alternative issues that should be considered in the 

solution. Since Paper IV intended to understand the human-packaging interaction with a 

purpose-designed packaging, prototyping was used to support the interviews and facilitate the 

internal communications (prototyping samples can be seen in Appendix 1). The design 

attributes that contributed to this interaction were varied; hence, it was planned to carry out the 

prototyping gradually in different steps. The central assumption was to improve the design by 

applying participants’ comments gradually, and feedback allows the researcher to understand: 

1) how every aspect could notify consumers about the correct actions for sorting packaging 

waste while interacting spontaneously and 2) which design strategies can be applied to steer 

sorting behavior in the desired direction.  

     Prototyping has a different level of fidelity, from low to high, depending on the research 

questions. A mixed-fidelity level has been used in this study. Thus, we started with low fidelity 

and slowly increased the fidelity level depending on the depth and breadth of the attribute in 

focus until most of the assumptions were tested and either proved or fixed. Overall, the 

prototypes should be practical enough to allow the participants to reflect upon the prototype’s 

usability. Usability encompasses the suitable functions required for users to perform their tasks 

efficiently and to accomplish their goals. Moreover, usability can be enhanced by clearly 

designing the perceptual information that specifies these affordances [72]. Thereby, in Paper 

IV, the design solutions assessed by the participants showed how effectively the packaging 

features and WSFs are discovered and utilized and how satisfied they were. This relationship 

led to cases that had not been encountered before as consumers’ expectations of the packaging, 

such as packaging rollability or customizability. As discussed in Paper IV, exposing these 

features by the respondents should be considered as one of the unique aspects of prototyping to 

study consumers’ product use behavior. 
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2.2. Design for sustainable behavior 
     This objective of this thesis was to increase the importance of a user-centred design 

approach to support sorting behavior as a sustainable behavior. In this case, the application of 

design for sustainable behavior (DfSB) was discussed in Paper III and practically examined in 

Paper IV.  

      DfSB is a practical user-centred design approach applied to design products and services 

that create conditions for sustainable behavior in everyday life by understanding users' 

behavior/habits. The approach empowers design practitioners to address the impact of their 

designs during the usage and waste management stage of a product’s lifecycle, which aims to 

reduce the product’s environmental impact by focusing on how users interact with the product 

[73,74]. DfSB can fill the gap between the intentional behavior planned by designers and 

consumer behavior in reality. For instance, food packaging is designed to be recyclable, but in 

real practice, the user may ignore this packaging feature and miss-sort it. DfSB has been widely 

used in various research fields to reduce unsustainable behavior, such as littering [38], 

sustainable food packaging [75,76], consumption behavior [77], or prevention of marine litter 

[78].       

2.2.1. Different strategies in DfSB and design affordance      
     Human behavior is not a straightforward chain of reactions. Once a behavior is formed, it 

is hard to break it without interventions [79]. DfSB’s strategies aim to break undesirable human 

habits by implementing constraints as an intervention factor. One of the earliest suggested 

design strategies for inducing an intended behavior is the ‘scripting’ approach, proposed by 

Jelsma and Knot (2002). They defined scripting as the design of a product layout, guiding the 

user's behavior in a more or less forceful way [80]. Hence, the desired behavior is made easy, 

while the undesired behavior is made difficult or impossible. For example, designing the waste 

bins in a different shape, color, and entry can notify the consumers that every bin is assigned to 

collect specific types of waste (see Figure 5).  
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Figure 5. Different waste bins attempt to ‘script’ consumer sorting behavior (originally 
designed and prototyped by the author). 

 

     Following Jelsma and Knot (2002), there are other strategies using psychology and 

designing behavior [38,59,73,81]. The “Power in decision-making” model, which was 

developed by Lidman and Renström (2011), is known as a comprehensive model for describing 

the strategies for DfSB [82] (see Figure 6). 

 

 

 

 

 

 

Figure 6. Power in decision-making model to support sustainable behavior. Adopted from 

Lidman and Renström [82]. 

      The spectrum of strategies in this model mainly varied by allocation of control between 

the user and the product. One end of the model uses the ‘enlighten’ strategy to induce a 

behavioural change, whereby power in decision-making relies more on the user in action. 

Conversely, a product or artefact uses exerted force to ensure a behavioural shift and avoid 

unintended behavior.  
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      According to Lidman and Renström [82], the model is divided into five main strategies 

based on how they influence people’s behavior and activities: 1) enlighten; strategies that 

explicitly communicate with the user to motivate people by increasing their knowledge and 

giving them information about the effects of their behavior on the environment, such as 

feedback and information; 2) spur; strategies to encourage consumers by highlighting the 

positive effects besides the environmental gains, for example, by rewards, challenges, and 

competitions such as encouraging people to use the PANT machine in Sweden [83]; 3) steer; 

similar to scripting, consisting of strategies aiming to design products and services so that the 

sustainable behavior becomes the obvious choice; 4) force; strategies that aim to make it 

impossible for other behavior than the desired ones. Wever et al. [38] provided the stay-on tab 

for beverage cans as an example of this type of strategy. The original tear-off tabs were 

notoriously harmful litter. Finally, 5) match; strategies address how products and services can 

be adapted to existing user behavior and designed to adapt the product better to the expected 

behavior. An example of this functionality matching strategy is the experimental research 

conducted by Rousta et al. (2016), which observed that the distance between residents and the 

waste collection locations can increase miss-sorting. The research results revealed how to 

shorten the distance and enhance the accessibility, which changes the previous undesired miss-

sorting behavior significantly [84]. In Paper IV, the impact of three design strategies including 

matching, steer, and force, was studied practically. The matching was applied to ensure that 

regardless of the package design improvements, the final concept still comprises the features 

identified by the participants as being of value.  

     Two constraints were employed to apply the steer and force strategy including a) physical 

constraints and b) semantic constraints. The constraints to affect the behavior should be 

functional and easy to perceive and understand; thus, people react to these constraints without 

thinking about their actions [64]. In this vein, to improve the new design, the ‘steer’ strategy 

was applied in the form of recyclable labels, texture, and manipulating the shape of the package 

and the ‘force’ strategy involved mainly two forms: foldability and separation. The ‘steer’ and 

‘force’ strategies are different in style; however, both tend to support the product's usability free 

from any instructions. 

2.3. Pilot area    
      An active, capable, and easy to access waste collecting system is a driving factor and 

corresponds to residents’ desire for waste sorting [85]. Hence, the Swedish waste collection 

provides almost a homogeneous system to motivate appropriate waste sorting habits [85]. This 
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study was conducted in Karlskrona, a medium-sized city in Sweden. Karlskrona municipality is 

a southern coastal city of Blekinge County. The town started the current waste collection 

project in 2002 in association with the Affärsverken, a municipally-owned company that builds, 

develops, and operates infrastructure in Karlskrona. From 2005, together with the advances in 

technical approaches and mechanical facilities, efforts were made to inform residents about 

how the system is working and how important it is to correctly use the system. The people are 

supportive and hold a positive attitude toward the waste collection system [86,87]. Because of 

the importance of this system to influence sorting behavior, the next section briefly elaborates 

on the most common ways to collect and sort waste in Karlskrona.      

2.3.1. Bring/drop-off points/recycling stations  

Bring/drop-off point is the most common system in Sweden for collecting sorted recyclable 

waste like packaging, newsprint, plastic, metal, and glass. Based on its defined goals, every 

municipality allocates several places where different containers are located for collecting the 

sorted waste left by the residents. There are also centres, i.e., recycling stations, where residents 

can leave other types of waste, such as bulky furniture, unused home appliance, electronics 

parts, or wood and yard waste in different stations (see an example in Figure 7). 

  

 

 

 

 

Figure 7. A recycling station in Ronneby-Karlskrona. Each station (blue container) is allocated 

for collecting a specific type of waste (Photo taken by the author). 

2.3.2. Property-close collection system 

Unlike recycling stations, a property-close collection station is usually located near the 

residential area, whether at a curb side along the street or a waste room (Figure 8). There are 

different ways to implement the property-close collection system, based on the residential 

conditions and municipalities' waste collection plans. The most common are: two-bin systems, 

comingled collection of dry recyclables, separate bins for different recyclable materials, 

multicompetent bins, optical sorting, and food waste separation. 
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Figure 8. Samples of the waste room (left image) and recycling system (right image) in 

Karlskrona, Sweden (Photos taken by the author). 

In summary, Karlskrona has an established waste management system. Residents usually 

have good recycling knowledge and are highly motivated to collaborate with the new plans to 

further improve the present collection system, as they care about the nature and future of their 

community. In many ways, the location and residents’ characteristics facilitated the author’s 

task to spread the interview invitations and collect volunteer participants. Availability of 

convenient waste collection facilities and infrastructure is a critical situational factor that can 

significantly impact sorting behavior. In Karlskrona, residents have good access to waste 

collection facilities; thereby, the influence of the system within the appended articles is not 

studied and assumed to be minimum. 
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3 Thesis Research Path 

    The appended papers in this thesis aimed to study the packaging design-sorting behavior 

interactions. Understanding the consumers' behavior, perception, and expectations from the 

packaging when they want to sort packaging waste is fundamental to the papers. Therefore, 

they are qualitative in nature, and each underlying paper is based on deficiencies discovered by 

former research. Paper I is a literature review; thus, the research domain was as divergent as 

possible to seek possible gaps within the packaging-sorting related publications. Another goal 

was to get a comprehensive insight on waste sorting-packaging design through the state-of-art 

literature. For instance, Paper I revealed the lack of user-centred research approaches. It has 

also shown apply general terminologies to describe specific attributes and notions can decline 

the outcomes' efficiency. This issue was the subject of study in Paper II, alongside other 

discovered issues. The procedure followed through this study has led to an evolution in the 

papers from a theoretical to practical approach (Figure 9). Each paper’s outcomes determine 

the subsequent paper’s approach to either be divergent or convergent. After the divergent 

approach in Paper I, Paper II has undertaken a more convergent approach on the outcomes of 

Paper I, a collection of dairy packaging was used as a subject to study. Comparing the results 

from Papers I and II resulted in Paper III with a broader topic that was the plastic packaging 

waste including soft, rigid, and single used plastic packaging in general. Paper IV as a capstone 

article was planned to utilize the previous papers’ results. The outcomes of Papers I to III were 

addressed practically within Paper IV using a convergent approach, focusing on one package as 

a subject of study to obtain concrete results. 

 

 

 

 

 

 

 

 

Figure 9. The appended papers’ research path 
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4 Results 

4.1. The impact of packaging design on waste sorting behavior 

     The impact of packaging design on sorting behavior was discussed in three papers. Paper I 

conducted a systematic literature review to collect the general and specific insights among 

relevant literature. Forty-two articles were discovered through a prestigious data-base (Web of 

Science), grey literature, and books. The discovered literature were published and produced by 

different scientific fields in marketing, sustainability, packaging design, and waste 

management. Diversity within the scientific files resulted in scattered data about packaging 

design attributes, terminologies, approaches, and discussions.  

Paper I adopted an analytical approach to discover the packaging attributes’ impact 

separately and independently on waste sorting and to find the literature gap, as well as 

similarities and differences between previous results. By studying the interaction between a 

specific packaging attribute and sorting behavior, the literature review explored how and to 

what extent each design attribute can affect the consumer's sorting behavior. These attributes 

were classified into 1) visual attributes that include physical features such as material, shape, 

size, weight, texture, and graphical/iconic features, such as color combination, image, text 

layout, logo, and label and 2) verbal attributes that consist of lengthier textual explanations.       

Packaging is designed to fulfil various tasks; thus, its functionalities render its character beyond 

visual and verbal attributes. These functions should be discussed from the perspective of all 

stakeholders involved in the production, use, and handling. Previous studies considered the 

primary functions of packaging to mainly contain, protect, facilitate handling, and communicate 

information. The recent studies focusing on packaging influence on sorting behavior have 

shown the other functions of packaging, such as easy to open, easy to clean, recyclable, proper 

grip, and re-seal ability for further use [88–91]. Therefore, alongside a holistic or analytic 

approach, a functional analysis was also suggested to support the study of packaging attributes. 

Based on the results of such function analysis, the packaging attributes in synergy with its 

functions can influence the consumer's behavior differently, whether for purchase, usage, or 

facilitating sorting. The summary of findings is classified into different categories, as shown in 

Figure 10. 
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Figure 10. Attributes of the food packaging that influence the consumer's behavior (including 

recycling behavior). Adapted from Paper I.  

     The results of Paper I show that the visual attributes could also influence waste sorting, 

alongside the packaging functionalities. While the functions facilitate the process, the visual 

attributes can be informative and attractive if their potential is appropriately utilized. Papers II 

and III emphasized that due to the ever-increasing diversity in packaging design and constant 

evolution in materials, the usual logos, symbols, labels, and legends to communicate with users 

do not seem to be efficient. Thus, the influence of these attributes in synergy with packaging 

texture, form, and color was discussed to empower the packaging-user communication.   

     Paper I shows that the domain of influential factors on sorting behavior is vast. 

Nonetheless, some factors are essential to influence consumers' sorting behavior, including: 1) 

consumer's positive attitude, 2) uncertainty and recycling knowledge, 3) packaging functions, 

4) perceived quality/value, and 5) perceived convenience. To address these factors, the 

packaging design should be consistent with consumers' underlying demands when sorting 

waste. Paper I also revealed some drawbacks in the present knowledge. The notable one is the 

generality in terminologies used to define packaging design character. Moreover, consumers’ 

opinions as a final user were rarely implemented in the outcomes, and some design attributes 

have not been fully understood, such as texture, form, and color. Waste management also had 

the lowest share in research production, focusing on packaging design's influence on sorting 

behavior despite its benefits for waste management. 
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     Based on the findings in Paper I, Paper II explored the correlation between packaging 

attributes and functions with separation at source in cause-effect analyses. The summary of the 

results can be seen in Table 1. 

Table 1. Factors influencing the sorting behavior and associated packaging attributes. Adopted 

from Paper II. 

 

 

 

In Paper II, the domain of the influential factors was limited to the factors affected by the 

packaging attributes. The situational factors can heavily impact the sorting behavior and usually 

are difficult to control. The article did not study external or demographic factors, such as kitchen 

size, waste collection mechanism, age, or gender. Paper II, through an empirical approach, 

exposed the matter of positive attitude toward sorting behavior, but at the same time revealed 

that the sorting process can be neglected due to a perception of inconvenience, uncertainty, and 

lack of recycling knowledge. Paper II emphasized that packaging-specific design aspects can 

support consumers' intention to waste sorting when these aspects facilitate the sorting process 

and reduce uncertainty. Thus, consumers can perform the waste sorting as a ritual behavior with 

minimal cognitive efforts. 

      The domain of the driving factor on sorting behavior could be even more expansive. Paper 

III discusses food packaging waste, perceived as having a value or recycling being worth it, as 

the emotional key to encouraging sorting behavior. A good example is correctly sorting a milk 

packaging compared to plastic freezer bag. Both products have a function to preserve its content 

in different ways; however, compared to milk packaging, correct sorting of freezer bags is of 

lesser importance for consumers due to the perception of low value.  
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4.2. The impact of packaging design on waste miss-sorting behavior 

The results of Paper II revealed that the sorting of packaging waste is not done to the extent 

it should be. Moreover, aside from factors that can facilitate sorting, factors that can induce 

miss-sorting behavior were also discussed in Paper II. The results showed that miss-sorting of 

packaging (limited to the scope of research) could be due to negligence in 1) the design of visual 

attributes that were not effectively communicated with the consumers, 2) material selection that 

caused confusion and difficulty in separating, and 3) hidden design affordance. Accordingly, 

the recyclability of some packaging for relevant functions was ignored and not noticed by the 

participants as being of value. These factors can impact consumer decision-making negatively, 

during the sorting process, even for those willing to do source separation. Paper II also revealed 

that selecting a recyclable material is no reason to treat the package properly after usage. A 

design should explicitly communicate its affordance, and its abilities must be apprehended and 

discoverable by consumers. Otherwise, it will be ignored. 

4.2.1. The importance of low-value perception in packaging waste miss-

sorting  

     The perceived low-value has been used as a general term by a group of researchers to 

provide a rationale for packaging miss-sorting. Usually, low-value perception is strongly 

associated with consumers’ decision-making about whether packaging waste is worth 

recycling. For example, paper packaging in small sizes or crumpled form can emotionally 

convince consumers that the package has a low-value, therefore not worth recycling [92]. 

Emotions have deep roots in motivating humans to act in specific ways, thus essential to be 

considered predictors of sorting behavior [103]. Hence, the impact of low-value perception as 

emotional factors on miss-sorting was investigated in Paper III. 

      In terms of plastic packaging, the perceived low-value has been used to describe the 

packaging lacking functionalities and the material itself as plastic [52]. However, the miss-

sorting of soft plastic packaging, in this vein, is inevitable because low-density plastic 

packaging like low-density polyethylene is inherently less likely to possess these characteristics 

while forming a significant part of plastic packaging [93]. Also, this general insight cannot 

justify the higher recycling rate for plastic packaging in EU countries, for instance [94]. Paper 

III discusses the specific insight into the types of food packaging typically miss-sorted by 

consumers, the origin of this issue, and the extent to which design aspects can influence this 

behavior is lacking. The scope of the paper is limited to plastic food packaging. 
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     Plastic packaging waste forms a significant amount of packaging waste, and it has become 

a symbol of today's disposal habit [30,95]. Some crises, like COVID-19, also dramatically 

increase the amount of plastic packaging waste [96,97]. Hence, it is essential to discover how 

consumers define packaging values and which packaging design attributes could be translated 

as a value from the consumers’ perspectives. 

     Paper III, utilizing photo-based observation study and interviews, identified several 

scenarios to explain the miss-sorted plastic food packaging waste: 1) consumers are uncertain 

whether a package is made from plastic or other materials, thus deeming it unrecyclable, 2) 

consumers miss-sort the plastic packaging due to the perceived inconvenience (separation 

difficulty or lack of space), 3) the packaging design communicates low-value or inability to be 

recycled, 4) consumers' laziness and arbitrary behavior, and 5) consumers unintentionally 

commit miss-sorting when they tear off a plastic cover, for instance. This study revealed that 

not every package has an equal opportunity to be sorted appropriately due to how it is evaluated 

by consumers. Waste sorting that is perceived as unbeneficial, inconvenient, or a risk of 

sabotaging the material recovery may be terminated by consumers at any of these steps, as 

shown in Figure 11. 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Consumer plastic packaging waste evaluating steps. As illustrated by the red signs    

informal knowledge can impact each step. Adapted from Paper III. 
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     The soft plastic packaging design affordance like inexpensive packaging look, low weight, 

and lack of reusability can convey a message that the packaging has low-value. In addition, the 

packaging’s external appearance, such as pale, transparent colors, and glossy surfaces, 

supported the perception of low-value. The form of soft plastic packaging, especially when 

distorted into a crumpled form or torn into small pieces, can cause users to perceive the 

packaging as not recyclable. Hence, the visual aspects can also leverage value perception and 

motivate consumers to respond to these aspects emotionally.  

      Packaging disability to properly communicate its value, functionalities, and recyclability 

is the hidden affordance. The hidden affordance associated with informal knowledge 

encourages miss-sorting. In summary, soft packages should be designed to afford their 

functionalities and recyclability clearly. Consumers are more likely to accept that packaging 

has value and is worth recycling in this vein.           

4.3. Design-based approaches to support sorting behavior 

     The potential of some design-based approaches to influence sorting behavior has been 

discussed in the appended papers in this thesis and from different perspectives. The most 

common is the application of UCD to understand consumers’ underlying demands when sorting 

waste and their expectations from packaging in this matter. As shown by Papers II, III, and IV, 

UCD is a flexible approach, and it can be associated with various research methodologies as 

long as the users are at the canter of these methods. UCD is a practical approach to get to know 

the users and identifying their needs and problems even if they are unaware of them. 

Considering consumers' critical role in enhancing waste collection effectiveness, applying UCD 

seems to be necessary for the studies that intend to produce evidence-based knowledge to 

predict consumer behavior. In the context of this thesis and regards packaging design, there is 

much evidence to improve the potential of food packaging design to influence sorting behavior 

if the packaging can communicate its design intentions with consumers. Otherwise, consumers 

will ignore the whole design feature or part of it; thus, these features will remain a hidden 

affordance. Hidden affordance may be perceived as a misleading factor that accordingly elicits 

miss-sorting. As discussed in Paper III, one example is a package with fatty content or a mixture 

of plastic and other material that can force consumers to sort the package as a mixed waste even 

if they were aware of its consequence. A UCD design approach such as DfSB is intended to 

expose packaging design affordance to lead consumers’ behavior in more sustainable 
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directions. Paper IV showed how specific packaging attributes, especially form, color, and 

texture, can foster sorting behavior through following DfSB strategies. 

      An aim of these design attributes was to identify a way to manifest the interaction between 

the package design affordance and sorting-related functionalities. Application of DfSB 

strategies can script users’ behavior if the interrelation between packaging and user is 

understood properly through UCD and can be afforded by packaging design. Furthermore, as 

Paper IV revealed, application of UCD motivated the participants to engage with the design 

process actively. This is because they found that the concept changes corresponded to their 

actual needs.  

      Rapid prototyping as a pillar of UCD played a vital role in the emergence of this sense. 

Prototyping could be time-consuming, albeit still highly effective in reducing misconceptions 

between researchers and respondents about the necessary changes in design by providing a 

more realistic experience for the respondents to relate to the concept.  
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5 Discussion 

    The packaging and the products are strongly interlinked because the primary function of 

packaging is to protect and distribute the product it holds. Looking at the packaging merely as 

a container, the sustainability efforts were concentrated on selecting recyclable material to 

achieve sustainable packaging. From a waste management perspective, alongside the food 

waste and other fractions of the MSW, food packaging waste is still seen as a problematic issue 

and a potential resource. The problem is usually addressed by developing technical aspects and 

designing different waste collection systems to enhance recycling. This view should be changed 

as the role of packaging, discussed in this thesis, is not merely limited to protecting its content. 

Packaging can accommodate a variety of roles through its attributes and functions to support 

the consumers' sorting behavior. As a case, for example, some packaging attributes, such as the 

ease of recycling, have been considered as a requirement for eco-packaging by the Swedish 

company that establishes the legislation related to the packaging (KRAV) [101] or the 

organization in the UK known as WRAP  [102]. Packaging, in this vein, could be an emotional 

factor for consumers to move from 'intention' to”action.” Packaging functions should be 

perceived as usable, helpful, and aligned with consumers' expectations from packaging. To this 

end, the interrelation between the different task layers of packaging should be studied. 

Generally, food packaging has primary layers of functions, including containment, protection, 

communication, and facilitating handling [100]. Facilitating sorting will add a new layer to 

these primary layers of functions (Figure 12).  

 

      

 

 

 

 

 

 

Figure 12. Food packaging has different layers of functionalities and purposes for each function. 

(Adapted from Paper IV.  
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      A group of functions can be included in each layer. The functions present in the different 

packaging layers also have separate tasks to fulfil. Therefore, to enhance the package's overall 

impact on sorting behavior, a delicate balance in the design is needed to keep the package's 

primary functionalities aligned with consumers' demands during the packaging usage. In this 

case, the application of DfSB strategies was a sample to demonstrate the packaging design 

capabilities to lead and induce sorting behavior.  

     Waste management is considered as a service in this thesis. Consumers are a special part 

of this service, as their active interaction can promote the quality of service if they are aware of 

their duties. Packaging waste forms a significant amount of MSW; thus, correctly sorting 

packaging waste as a regular practice can stabilize sorting behavior. Once sorting behavior 

becomes habitual, it will become possible to affect how consumers treat other waste 

components, such as food waste. This is the educational part of the waste management system 

that could be addressed by packaging, and specifically by packaging design.  

     These packaging features should inspire waste management to see the packaging and 

packaging waste as a useful instrument to induce sorting behavior and educate consumers. 

Correctly sorting the packaging waste has more to do with the voluntary participation of the 

consumer than any other factor. Thus, the ability of packaging to interact with the consumer 

could be an opportunity for waste management to foster sorting behavior and promote voluntary 

participation by consumers.  
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6 Conclusion 

       Proper handling of food packaging waste requires an effective bond between the technical 

waste management system and consumers. One of the ways to promote sorting behavior is to 

strengthen this interaction. Packaging can act as a mediating factor to facilitate this interaction 

if its potential is utilized effectively. The packaging design's ability to script consumers' sorting 

behavior is one of the ways to improve waste sorting as a sustainable behavior in the long-term 

and serves as an educational platform to foster sorting behavior. Furthermore, it can help to 

save an enormous burden and cost for the involved system.   

      The sorting process should be perceived as simple, effortless, and convenient. Consumers 

also should possess certain levels of knowledge and be motivated to perform waste sorting 

correctly. Packaging design, to some extent, can facilitate the sorting process through its 

functionality and attributes. It can also be informative and encouraging by exposing packaging 

value and recyclability. A determining factor is that packaging features should be aligned with 

consumers’ underlying desire when sorting packaging waste. Consumers who find these 

features usable and aligned with their needs are more likely to actively engage with waste 

sorting. 

      In this case, packaging developers can employ pragmatic design-based approaches to 

discover customers’ actual demands and expectations from packaging, as well as to evaluate 

the effects of packaging design on sorting behavior. The results can help to customize the 

packaging design to support sorting behavior. Here, a delicate design is needed to balance the 

different packaging layers of the task, allowing packaging to fulfil its primary duties and 

support sorting behavior. 

 This thesis shows that food packaging has the capability to show consumers critical tasks 

beyond remaining as a silent salesperson or a nemesis for sustainable waste management. 

Possessing various attributes, packaging can communicate explicitly if we learn how to 

establish communication between the packaging and the consumers. 
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7 Research Limitation 

     Limitations are an inherent part of any research study. A statement of study limitations 

allows the reader to better understand the research conditions and challenges that the researcher 

has encountered. It is not easy to measure the impact of each constraint on the research findings, 

yet the most common within this thesis context and regarding the appended papers are: 

 Geographical and cultural conditions: the appended papers in this thesis were all carried 

out in Karlskrona, Sweden, which has a very homogeneous waste collection system and 

culture. Swedish people usually have a good knowledge and a positive attitude toward 

recycling. Conducting similar research in other countries may result in different 

outcomes due to differences in the cultural context, social norms, waste collection 

systems, or contributing situational factors. 

 The sample size of the interviews: due to the research approach, and restriction in time 

and budget, the scope of the research was usually associated with a small number of 

participants to conduct the interviews. In this case, the impact of socio-demographic 

factors, for instance, on sorting behavior has not been studied. Logically, the small size 

in the appended papers cannot be used to reject or approve the influence of these factors 

on sorting behavior and reduce its generalizability. Experimenting on a bigger scale is 

one way to augment the credibility of an experiment's results to make the results more 

representative of an entire population.  

 The sample size of the packaging: the papers’ domain of study is associated with 

specific types of packaging due to the research intention. Hence, the range of design 

factors influencing sorting behavior is limited. Covering a more comprehensive range 

of packages with a greater variety can further advance the present findings, which can 

be generalized as a design framework.  

 The situational factor: the data collection for Papers III and IV was carried out during 

the pandemic. Covid-19. This had a large effect on the number of samples because fewer 

people were willing to attend the interviews. At the same time, it affected the type of 

study, since some of the interviews had to be conducted digitally and remotely. Doing 

the same investigation in different circumstances may result in different outcomes and 

could represent a limitation of this study. 
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support sorting behavior. 

 This thesis shows that food packaging has the capability to show consumers critical tasks 

beyond remaining as a silent salesperson or a nemesis for sustainable waste management. 

Possessing various attributes, packaging can communicate explicitly if we learn how to 

establish communication between the packaging and the consumers. 
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7 Research Limitation 

     Limitations are an inherent part of any research study. A statement of study limitations 

allows the reader to better understand the research conditions and challenges that the researcher 

has encountered. It is not easy to measure the impact of each constraint on the research findings, 

yet the most common within this thesis context and regarding the appended papers are: 

 Geographical and cultural conditions: the appended papers in this thesis were all carried 

out in Karlskrona, Sweden, which has a very homogeneous waste collection system and 

culture. Swedish people usually have a good knowledge and a positive attitude toward 

recycling. Conducting similar research in other countries may result in different 

outcomes due to differences in the cultural context, social norms, waste collection 

systems, or contributing situational factors. 

 The sample size of the interviews: due to the research approach, and restriction in time 

and budget, the scope of the research was usually associated with a small number of 

participants to conduct the interviews. In this case, the impact of socio-demographic 

factors, for instance, on sorting behavior has not been studied. Logically, the small size 

in the appended papers cannot be used to reject or approve the influence of these factors 

on sorting behavior and reduce its generalizability. Experimenting on a bigger scale is 

one way to augment the credibility of an experiment's results to make the results more 

representative of an entire population.  

 The sample size of the packaging: the papers’ domain of study is associated with 

specific types of packaging due to the research intention. Hence, the range of design 

factors influencing sorting behavior is limited. Covering a more comprehensive range 

of packages with a greater variety can further advance the present findings, which can 

be generalized as a design framework.  

 The situational factor: the data collection for Papers III and IV was carried out during 

the pandemic. Covid-19. This had a large effect on the number of samples because fewer 

people were willing to attend the interviews. At the same time, it affected the type of 

study, since some of the interviews had to be conducted digitally and remotely. Doing 

the same investigation in different circumstances may result in different outcomes and 

could represent a limitation of this study. 
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8 Future Work 

 

     Waste management compromises two distinct aspects: material recovery, which is 

technically-oriented, and waste collection, which is primarily service-oriented. Application of 

design in the service part is inevitable. The design is all about how a product or service should 

work and allows the users to know how to utilize the product/service capabilities. Seeing the 

waste collection as a service can be subject to further research by changing views and from the 

users' standpoints. The issue is specifically crucial by considering online shopping and green 

product as a new trend. These new trends promise novel shopping behavior and consumption 

patterns; thereby, a new waste stream is likely emerging. Although our present knowledge in 

this matter is limited, this could be a source of inspiration to be investigated in future research. 
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Abstract: Household waste sorting at the source is an essential part of the waste management 
system in many countries. Correct sorting of this waste, including food packaging waste, is cost-
effective, it facilitates the recycling process and enhances the quality of the recycled product. 
Although there is a growing body of research that studies the effect of different attributes of food 
packaging on household recycling behavior, the effect of these attributes on the sorting of the food 
packaging waste is not well known. This contribution reviews work that studies the relationship 
between attributes of food packaging and consumer sorting behavior. The review highlights the 
potential of the visual attributes and the quality of packaging as a communication channel for 
encouraging consumers to sort the food packaging waste. The efficiency of the waste management 
system and the quality of recycled products can hence be affected by the proper design of food 
packaging.  

Keywords: food packaging; packaging design; packaging waste; sorting behavior; household waste 
 

1. Introduction 

The ever-increasing global population and urbanization leads to growing amounts of household 
solid waste (HSW) [1,2]. For instance, in Sweden, the annual amount of HSW increased from 317 kg 
per person in 1975 to 476 kg per person in 2017, and this trend is expected to continue [2,3]. The global 
increase in HSW leads to increases in economic costs associated with waste management, it has a 
large environmental impact and, unless properly treated, raises concerns for the health and well-
being of the local population. Waste management systems are therefore facing large challenges when 
contributing to all three aspects of sustainable development: economic, environmental, and social [4–
6]. These challenges become more demanding in developed countries, where there is a strong link 
between economic growth, consumption, and the amount of generated waste [2,7]. 

A sustainable waste management system, which recovers material and energy from the waste, 
is therefore required to reduce environmental impacts [5,8,9] and to make advances towards a 
circular economy [10–12]. Although advances in technology are important to improve methods to 
treat waste, the waste management system requires the active participation of all stakeholders, 
including actors that generate the waste (such as households), funding institutions, and the actors 
that manage the municipal waste [3,5,6,8]. At the same time, the National Sword project in China and 
other Southeast Asian countries, which bans the importing of contaminated and mix-waste, increases 
the requirement of proper recycling in many countries around the world [13,14].  

The rate of material recycling can be increased by separating the waste into different fractions 
and using these unmixed fractions as input to the technical system [15]. Household waste separation 
can take place in two ways. It can be achieved by mechanical/or manual sorting at Material Recovery 
Facilities (MRFs) or by citizens at their homes. The latter is called sorting at the source since the 
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Abstract: Household waste sorting at the source is an essential part of the waste management 
system in many countries. Correct sorting of this waste, including food packaging waste, is cost-
effective, it facilitates the recycling process and enhances the quality of the recycled product. 
Although there is a growing body of research that studies the effect of different attributes of food 
packaging on household recycling behavior, the effect of these attributes on the sorting of the food 
packaging waste is not well known. This contribution reviews work that studies the relationship 
between attributes of food packaging and consumer sorting behavior. The review highlights the 
potential of the visual attributes and the quality of packaging as a communication channel for 
encouraging consumers to sort the food packaging waste. The efficiency of the waste management 
system and the quality of recycled products can hence be affected by the proper design of food 
packaging.  
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1. Introduction 

The ever-increasing global population and urbanization leads to growing amounts of household 
solid waste (HSW) [1,2]. For instance, in Sweden, the annual amount of HSW increased from 317 kg 
per person in 1975 to 476 kg per person in 2017, and this trend is expected to continue [2,3]. The global 
increase in HSW leads to increases in economic costs associated with waste management, it has a 
large environmental impact and, unless properly treated, raises concerns for the health and well-
being of the local population. Waste management systems are therefore facing large challenges when 
contributing to all three aspects of sustainable development: economic, environmental, and social [4–
6]. These challenges become more demanding in developed countries, where there is a strong link 
between economic growth, consumption, and the amount of generated waste [2,7]. 

A sustainable waste management system, which recovers material and energy from the waste, 
is therefore required to reduce environmental impacts [5,8,9] and to make advances towards a 
circular economy [10–12]. Although advances in technology are important to improve methods to 
treat waste, the waste management system requires the active participation of all stakeholders, 
including actors that generate the waste (such as households), funding institutions, and the actors 
that manage the municipal waste [3,5,6,8]. At the same time, the National Sword project in China and 
other Southeast Asian countries, which bans the importing of contaminated and mix-waste, increases 
the requirement of proper recycling in many countries around the world [13,14].  

The rate of material recycling can be increased by separating the waste into different fractions 
and using these unmixed fractions as input to the technical system [15]. Household waste separation 
can take place in two ways. It can be achieved by mechanical/or manual sorting at Material Recovery 
Facilities (MRFs) or by citizens at their homes. The latter is called sorting at the source since the 
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sorting is done where the waste is generated [1]. The advantages associated with citizens 
participating in the waste management scheme, and in particular in sorting at the source, have been 
discussed in previous studies [1,6,16–21]. For example, the fractions that are obtained when sorting 
at the source (e.g., glass, plastic, and paper) have a higher quality compared to fractions obtained 
when sorting at MRFs, and the source separation process is less expensive [1,3,19]. Hence, correct 
sorting of waste fractions can increase material recycling and contribute to a circular economy.  

Among the different fractions of HSW, food packaging is of interest due to the increasing 
amount of this type of waste. Also, food packaging is estimated to be more than one-third of the total 
global packaging market [22,23]. However, the amount of recycled food packaging waste still is not 
sufficient. For instance, in 2017 only 56% of the 4.4 million tons of packaging waste that was generated 
in Australia was recycled [24]. In the United States of America, in 2015 the recycling rate of packaging 
waste and containers was 53% and over 23% of packaging waste was landfilled [25]. In Sweden, 
approximately 60% of household mixed waste still contains recyclable packaging waste [3]. On a 
global scale, this amount of un-recycled food packaging waste, especially plastic packaging, can 
significantly harm the environment [26,27]. This impact could be reduced by proper waste sorting. 
Proper sorting of food packing, irrespective of whether it is plastic, paperboard, or metal, allows the 
material to be recycled instead of being used for energy recovery, landfilling, or dumping. Thus, food 
packaging waste could be a valuable resource that would have lower environmental impacts if it is 
sorted according to the type of the material that was used to make the packaging [1,3]. In addition, 
the positive correlation between increasing urbanization and packaging consumption is expected to 
continue [26]. This is likely to lead to a greater amount of food packaging waste in the future. It is 
therefore important to motivate consumers to participate in the waste sorting system [15]. Since sorting 
occurs at the interface between the consumers and the technical waste management system, it has 
stimulated research in both the social and engineering sciences [28] such as waste management [1,29], 
sustainable development [30], and packaging design [31,32]. Furthermore, Trudel et al. [33] stated 
that the consumer’s decision whether or not to recycle packaging is a complex issue which is affected 
by a variety of factors (e.g., environmental concern and effort). This multidisciplinary topic requires 
studies by different disciplines involved with packaging development, such as design, marketing, 
sustainability, waste management, and policy development [2,34–36]. 

There have been numerous studies on the role of packaging both as a physical container of food 
and as a means to communicate with consumers. In contrast, there is little research that specifically 
studies the influence of food packaging attributes on the household sorting of this waste, despite its 
benefits [1,34,37,38]. This contribution aims to present the potential of food packaging to influence 
consumers decision for sorting of packaging waste, via a review that focuses on food packaging and 
recycling behavior.  

The outcomes can shed light on the following questions:  

(1) How does the design of food packaging influence the sorting of packaging waste?  
(2) Regards to the sorting of food packaging waste, what attributes of the packaging are preferred 

by consumers?  
(3) How have different scientific disciplines and fields, that are linked to food packaging design, 

taken sorting of the packaging waste into consideration? 

2. Materials and Methods  

The steps for a literature review that have been suggested by Mayring [39] and Maclnnis [40] 

were followed in the present review. First, the material to be reviewed was collected after stipulating 
the research boundaries and selecting the sources (the material databases) and search terms. The 
formal aspects of the collected material were subsequently assessed in a descriptive analysis using 
the following steps: identification classification, comparison, and illustration. The retrieved 
information also formed the basis for the theoretical analysis. The main research categories that were 
studied in the reviewed articles were then identified. These categories form the major topics of the 
subsequent analysis. In the final step, the results of the reviewed studies are analyzed and discussed, 
and conclusions are drawn. 
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2.1. Material Collection  

Several research boundaries were selected for the current literature review. There is no 
geographical limitation for the material selection. However, only literature published after 1990 is 
included, since global attention on environmental issues of waste began at this time. The review is 
limited to household food packaging waste. Hence, other types of waste and food packaging waste 
that is generated by other actors or in other places, such as industries, offices, or public areas, are not 
included in the review.  

Here, food packaging is defined as the product designed to preserve the quality of food by 
keeping it isolated from outside influences and preventing damage to the food product along the 
entire supply chain to the households [41,42]. The review also focuses on the sorting of the food 
packaging waste carried out by the households. Sorting of food packaging waste is done in an attempt 
to manage this waste fraction at the proper level in the waste hierarchy, i.e., recycling [5,43]. Similar 
to previous studies, the act of sorting the waste for preparing the packaging for material recycling is 
also called ‘recycling behavior’. In this review, the term “waste sorting” is used interchangeably with 
the term ‘recycling behavior’ [44–47]. 

Studies that investigated the influence of attributes of food packaging on consumer recycling 
behavior were also considered. Since the focus of this review was on the packaging itself, the food 
products that are contained in the package have not been analyzed. Also, packaging that contained 
liquid or solid food is included in the scope of the review. It should be noted that some of the 
reviewed articles may have no contribution in sorting of packaging waste. However, they are 
included in this literature review as their vision, methods or results concerning the influence of 
attributes of packaging on consumer behavior has served as an inspiration and has been discussed 
by the articles that are related to recycling behavior, e.g., Silayoi and Speece [48].  

Figure 1 shows the process of material collection from the initial search using the keywords to 
the final snowballing based on the references of the reviewed articles. This process resulted in 42 
publications that were analyzed in the final review.  

The literature review started by searching within the ‘Web of Science’ database, ‘Google’, and 
‘Google Scholar’. As shown in Figure 1, the initial search was performed in these databases using 
‘food packaging design’ (title) AND ‘packaging waste’ (topic). The large number of articles obtained 
was reduced using the keywords ‘recycling behavior’ (topic) AND ‘household waste’ (topic). The 
search also included the British spelling of these keywords. This yielded 1727 contributions. An 
independent search of the grey literature (company reports, weblogs, websites, etc.) was done to 
identify any possible additional literature that described the effect of packaging on consumer 
behavior. This resulted in an additional 18 contributions.  

 
Figure 1. Steps in the material collection. 
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These 1745 articles were screened by removing duplicates and by comparing the title and 
contents of the abstracts with the research boundaries described above. Relevant contributions from 
the resulting 248 articles were subsequently identified by imposing a limitation using the keywords 
‘sorting waste’ OR ‘food packaging attribute’ OR ‘separation behavior’. This resulted in 73 
contributions. These contributions were screened by comparing their entire text to the research 
boundaries discussed above. This resulted in 24 articles that were included in the deeper analysis. 
The references in these articles were also used to identify other relevant articles via the snowballing 
method [49]. This resulted in 41 articles and a technical report that were used in the deeper analysis.  

The VOSviewer software was used as part of the descriptive analysis. VOSviewer is a software 
tool for constructing and visualizing bibliometric networks, which can also be used to identify 
common topics that were discussed among a group of selected articles. The software extracts the 
selected articles bibliometric data from either Web of science or Scopus to visualize the relationship 
between the articles the most discussed topics [50]. 

2.2. Descriptive Analyses  

2.2.1. Time Development of Publications and Research Topics  

Figure 2 shows the distribution in the year of publication of the 42 publications included in the 
analysis. The low number of publications before 2010 shows that household sorting of food 
packaging waste had not gained much attention as a research topic. However, a steady increase in 
publications over the past seven years indicates a growing interest in the topic.  

 
Figure 2. Distribution in year of publication for the articles included in the review. 

One of the reasons for the increasing number of publications after 2010 could be a larger 
awareness of the environmental impact of food and food packaging waste, as well as modernizing 
waste management schemes to reduce its impact. For example, in 2008, the European Union 
requested all member states to formulate national waste prevention programs and introduced 
extended producer responsibility. Hence, packaging producers, who also design the packaging, were 
given a direct role in the management of the packaging waste [51,52]. At the same time consumer 
awareness of the environmental impact of products increased [53,54]. These developments probably 
created a demand for expanding the knowledge and research in this field, which would be reflected 
by an increasing number of publications that focus on waste management and its relation to 
packaging and recycling behavior. 

Figure 3 shows the time evolution of research topics discussed in the reviewed literature. The 
terms shown in the figure are obtained from the title and abstract of the articles. Hence, the same or 
similar terms (e.g., ‘life cycle assessment’ and ‘environmental impact’) appear in the figure. A larger 
circle reflects the fact that term is used by many of the articles, and the terms are linked if these terms 
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are used in the same article. However, of most interest to the present review is the time evolution of 
research focus from topics related to packaging and production (including materials and design), 
shown by blue and green colors, to topics related to environmental and waste management shown 
at the top and on the right-hand side of the figure respectively, in orange and red. 

 
Figure 3. Time evolution of research topics showing a change from packaging and production related 
topics to environmental and waste management topics. 

2.2.2. The Journals where the Reviewed Literature was Published  

Figure 4 lists the journals where the reviewed articles were published. The figures to the right of 
the rows show the number of articles published in each journal. As mentioned above, the total 
number of reviewed publications is 42. Of these, 40 are published articles (shown in Figure 4), one is 
a book chapter published by Springer Nature [55], and one is a technical report published by WRAP 
(Waste and Resources Action Program) [41]. 

It is evident that the literature has been published in a large number of journals and that the 
journals focus on a wide variety of topics, including marketing, food, logistics, and waste 
management. This indicates that there is a broad interest in household sorting of food packaging 
waste. The waste management field includes different functions of waste treatment from waste 
sorting (recycling behavior), collection, material recycling, converting waste to energy and compost, 
and landfilling. The articles selected in this field are mostly about the waste sorting or recycling 
behavior within the scope of this review. 

Twenty-six articles had a focus on food packaging and consumer recycling behavior and five 
articles studied the influence of packaging attributes on purchasing. The other eleven articles had a 
focus on the influence of non-packaging factors on recycling behavior. Two articles [32,56] that are 
published in ‘Packaging Technology and Science’ and one article [57] that is published in ‘Food 
control’ include research on waste management. This indicates waste management, including waste 
prevention and recycling, are of interest to both packaging and food research fields.  
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2.2.3. Scientific Methods Used in the Reviewed Articles 

A variety of scientific methods were used in the reviewed articles. As shown in Table 1, these 
include both qualitative and quantitative methods and can be categorized as follows: 

- Interviews, which include structured and semi-structured interviews, some of which are face-
to-face and in some cases the interviews were recorded. 

- Questionnaires and surveys that include online, email, and postal surveys.  
- Case study methods that use a combination of techniques such as observation, interviews, and 

surveys.  
- Modeling methods that often use computer simulations and can include life-cycle assessment 

(LCA). 
- Empirical methods that collect data, such as observations, tests, and waste composition studies.  
- Documentary methods where previous studies are reviewed, such as literature reviews. 

Recycling behavior and food packaging are complex issues, and include social behavior, culture, 
organizational aspects such as rules and standards, design, and marketing [1]. Hence, as suggested 
by Ajzen [58] and Creswell [59], studies of these issues need a broader knowledge and benefit by 
combining research approaches. In fact, 26 of the reviewed articles combine qualitative and 
quantitative methods to study the relationship between consumer behavior and attributes of 
packaging or waste management services, e.g., Wikström et al. [36]. 

Interviews are used in 14 articles that focus on sustainable development and waste management. 
They were used to identify factors that influence recycling behavior. Of these, 12 articles integrated 
interviews with complementary methods such as questionnaires, case studies, and empirical 
approaches to widen the scope of the investigation [29–31,41,56,60–66].  

Questionnaires and surveys were the most common methods used for collecting large quantities 
of data. Twenty-four of the 42 articles used at least one of these methods. Both methods were 
employed as a quantitative approach to examine the relation between the socio-demographic 
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characteristics (e.g., age, gender, income, education) of consumers and their recycling behavior. 
However, the validity of these methods was questioned as in some articles nearly half of the 
responses were identified as not being valid. For instance, Xu et al. [67] only received 631 valid 
responses from 1515 questionnaires, and only 7427 of the responses from the 15,000 questionnaires 
distributed by Chen et al. [18] were identified as valid responses. 

Case studies were used alone or in combination with questionnaires and surveys by articles that 
focused on sustainable development and waste management services (12 articles). The main aim of these 
articles was to understand the effect of packaging attributes [56] or waste management services [18,29] on 
recycling behavior. In addition, case studies have been used to investigate the validity of different 
theories [55,68]. 

Table 1. Methods used for data collection*. 

Method 
Used 

Interview Questionnaire 
& survey  

Caste 
study 

Modeling Empirical Documentary 

Articles       
Ampuero and Vila (2006)       
Azzi et al. (2012)       
Buelow et al. (2010)       
Carrillo et al. (2014)       
Chen et al. (2017)       
Czajkowski et al. (2014)       
Gofman et al. (2010)       
Grönman et al. (2013)       
Henriksson et al. (2010)       
Klaiman et al. (2017)       
Langley et al. (2011)       
Lewis (2012)       
Lindh et al. (2016)       
Lockamy (1995)       
Marsh and Bugusu (2007)       
Martin et al. (2006)       
Martinho et al. (2015)       
Meroni (2000)       
Miliute-Plepiene and Plepys (2015)       
Molina-Besch and Pålsson (2016)       
Nguyen et al. (2015)       
Nordin and Selke (2010)       
Ordoñez et al. (2015)       
Plumb et al. (2013)       
Robertson (1990)       
Rousta et al. (2016)       
Ryynänen and Rusko (2015)       
Seo et al. (2016)       
Silayoi and Speece (2007)       
Svanes et al. (2010)       
Vieira et al. (2015)       
Westerman et al. (2013)       
Wever (2010)       
Wikström et al. (2014)       
Wikström et al. (2016)       
Williams et al. (2012)       
Wilson et al. (2017)       
Xu et al. (2016)       
Xu et al. (2017)       
Zhang et al. (2012)       
Zhang et al. (2014)       
Zhang et al. (2015)       

*The shade block indicates the main method that each article used in its study. For example, Ampuero 
and Vila (2006) used “interview” and “modeling” as main methods in their study. 
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- Questionnaires and surveys that include online, email, and postal surveys.  
- Case study methods that use a combination of techniques such as observation, interviews, and 

surveys.  
- Modeling methods that often use computer simulations and can include life-cycle assessment 

(LCA). 
- Empirical methods that collect data, such as observations, tests, and waste composition studies.  
- Documentary methods where previous studies are reviewed, such as literature reviews. 

Recycling behavior and food packaging are complex issues, and include social behavior, culture, 
organizational aspects such as rules and standards, design, and marketing [1]. Hence, as suggested 
by Ajzen [58] and Creswell [59], studies of these issues need a broader knowledge and benefit by 
combining research approaches. In fact, 26 of the reviewed articles combine qualitative and 
quantitative methods to study the relationship between consumer behavior and attributes of 
packaging or waste management services, e.g., Wikström et al. [36]. 

Interviews are used in 14 articles that focus on sustainable development and waste management. 
They were used to identify factors that influence recycling behavior. Of these, 12 articles integrated 
interviews with complementary methods such as questionnaires, case studies, and empirical 
approaches to widen the scope of the investigation [29–31,41,56,60–66].  

Questionnaires and surveys were the most common methods used for collecting large quantities 
of data. Twenty-four of the 42 articles used at least one of these methods. Both methods were 
employed as a quantitative approach to examine the relation between the socio-demographic 
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characteristics (e.g., age, gender, income, education) of consumers and their recycling behavior. 
However, the validity of these methods was questioned as in some articles nearly half of the 
responses were identified as not being valid. For instance, Xu et al. [67] only received 631 valid 
responses from 1515 questionnaires, and only 7427 of the responses from the 15,000 questionnaires 
distributed by Chen et al. [18] were identified as valid responses. 

Case studies were used alone or in combination with questionnaires and surveys by articles that 
focused on sustainable development and waste management services (12 articles). The main aim of these 
articles was to understand the effect of packaging attributes [56] or waste management services [18,29] on 
recycling behavior. In addition, case studies have been used to investigate the validity of different 
theories [55,68]. 

Table 1. Methods used for data collection*. 

Method 
Used 

Interview Questionnaire 
& survey  

Caste 
study 

Modeling Empirical Documentary 

Articles       
Ampuero and Vila (2006)       
Azzi et al. (2012)       
Buelow et al. (2010)       
Carrillo et al. (2014)       
Chen et al. (2017)       
Czajkowski et al. (2014)       
Gofman et al. (2010)       
Grönman et al. (2013)       
Henriksson et al. (2010)       
Klaiman et al. (2017)       
Langley et al. (2011)       
Lewis (2012)       
Lindh et al. (2016)       
Lockamy (1995)       
Marsh and Bugusu (2007)       
Martin et al. (2006)       
Martinho et al. (2015)       
Meroni (2000)       
Miliute-Plepiene and Plepys (2015)       
Molina-Besch and Pålsson (2016)       
Nguyen et al. (2015)       
Nordin and Selke (2010)       
Ordoñez et al. (2015)       
Plumb et al. (2013)       
Robertson (1990)       
Rousta et al. (2016)       
Ryynänen and Rusko (2015)       
Seo et al. (2016)       
Silayoi and Speece (2007)       
Svanes et al. (2010)       
Vieira et al. (2015)       
Westerman et al. (2013)       
Wever (2010)       
Wikström et al. (2014)       
Wikström et al. (2016)       
Williams et al. (2012)       
Wilson et al. (2017)       
Xu et al. (2016)       
Xu et al. (2017)       
Zhang et al. (2012)       
Zhang et al. (2014)       
Zhang et al. (2015)       

*The shade block indicates the main method that each article used in its study. For example, Ampuero 
and Vila (2006) used “interview” and “modeling” as main methods in their study. 
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Modeling was used in six articles. Of these, two were computer simulations [60,69] and four 
were LCA [36,55,62,68]. Computer simulations were used since they provide a fast and accurate way 
to design packaging based on consumer preferences [60,69]. The aim of LCA, on the other hand, was 
to measure the environmental impact of food packaging with specific attention given to the 
packaging material. 

Of the ten articles that used empirical methods, five used waste composition analyses together 
with other methods such as experimental tests, observations, interviews, and questionnaires. The 
main objective was to identify interventions that can influence sorting behavior and how these 
interventions can be altered to optimize this behavior. Household waste separation is the main focus 
of three articles [18,20,64], while the influence of packaging attributes (e.g., size, material, and 
easiness to open, clean, and seal) on recycling behavior was studied by the two other articles [56,70]. 

The remaining five articles [32,54,69,71,72] used different empirical methods to understand the 
influence of packaging attributes (e.g., label, graphic and size) on consumer behavior. Examples of 
these methods are laboratory experiments [54,72], eco-feedback, and a scripting approach [32].  

Documentary methods, including literature reviews, were used as the major methods for data 
collection in ten articles [29,57,62,65–67,73–76]. As can be seen in Table 1, five of the 42 articles do not 
use any of the methods listed above. These are Marsh and Bugusu [77] which is a scientific status 
summary, and Gordon and Robertson [42], Lockamy [78], Meroni [79], and Svanes et al. [80] that can 
be classified as fundamental research, as they all strive to expand knowledge in a specific research 
area. 

3. Results 

3.1. Concept Categories 

A critical analysis of the 42 articles resulted in two concept categories: (1) Attributes of food 
packaging that influence consumer behavior including recycling behavior, consists of 31 articles that 
exclusively examine the attributes of food packaging that can enhance or restrain consumer behavior 
whether for recycling of packaging waste or purchasing, and (2) other (non-packaging) factors that 
influence consumer recycling behavior, consists of 11 articles that focus on factors such as attitude, 
income, and recycling facilities that can influence consumer recycling behavior.  

3.1.1. Attributes of Food Packaging That Influence Consumer Behavior, Including Recycling Behavior 

The publications that study the role of packaging attributes on consumer behavior typically 
choose between a holistic or analytic approach. A holistic approach considers packaging in its totality, 
without focusing on its different attributes. In contrast, the analytical approach considers the 
packaging attributes separately and independently. The analytical approach classifies the packaging 
attributes into (i) visual attributes that include structural features such as material, shape, size, 
weight, texture, and graphical/iconic features such as color combination, image and text layout, logo, 
and label, and (ii) verbal attributes that consist of lengthier textual explanations [48,81–84]. There are 
also other views on how to categorize packaging elements into different categories. For instance, 
Magnier and Schoormans [85] suggest that these categories can be structural, graphical, and 
informational. However, in the reviewed articles, the packaging attributes that could influence 
recycling behavior were not limited to these classifications and were selected based on the aim of the 
research. For instance, Langley et al. [56] divided the packaging attributes into physical (such as 
structure, strength, durability, re-seal ability, size, and shape) and non-physical (such as color, 
graphic, brand, print, and logo). 

In this review, the analytical approach defined above has been used to categorize the attributes 
of packaging as visual or verbal. The advantage of the analytical approach is that it facilitates studies 
of the interaction between a specific packaging attribute and consumer behavior, including recycling 
behavior. Furthermore, it allows one to study how, and to what extent, manipulating each attribute 
might change consumer recycling behavior [32,56,68,70]. Therefore, the aim of the reviewed articles 
that were placed in this first concept category, was to study consumer response to various attributes 
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of food packaging. The articles were written with perspectives based on different research disciplines, 
such as capturing consumer attention in the marketing field, minimizing food waste and recycling in 
sustainability and waste management fields, and improving the design of packaging in the packaging 
design field. This diversity in research perspectives resulted in a wide range of food packaging 
characteristics being studied, which are classified into several categories (see Figure 5). 

 
Figure 5. Attributes of food packaging that influence consumer behavior (including recycling 
behavior). 

Further progress in packaging design requires a deeper understanding of its functions from the 
perspective of all stakeholders that are involved in producing, using, and handling packaging [86]. 
Therefore, Lindh et al. [86] suggested that the packaging should be judge based on its ability to fulfil 
given tasks (i.e., functional analysis), which was also used by Silayoi and Speece [48] and Wikström 
et al. [68]. 

Similarly, this review uses a functional analysis to analyze the packaging as a product and not 
just as a container. Accordingly, within the first concept category, food packaging is assumed to be a 
product. As a consequence, the attributes of the packaging are assumed to lead to functions that may 
influence consumer behavior in recycling or purchasing [32,56,68,70,87]. The most relevant functions 
for recycling that were revealed in the reviewed articles in the first concept category are 
communication, quality, and facilitating sorting.  

Communication 

Since food products, and hence their packaging, are purchased often and regularly, they are low-
involvement products [48]. Consumers do not take time to read the lengthy texts that form attributes 
and hence the visual attributes are more promising for communicating with consumers [48]. Visual 
attributes of packaging are perceived faster and unintentionally by consumers, and they therefore 
facilitate transfer of a particular message to the consumers [32,48,56].  

The potential of packaging as a carrier of information was discussed in articles that focused on 
sustainable development and marketing. Knowledge for action is an important prerequisite for 
behaving in an appropriate manner, and lack of relevant knowledge would be a significant barrier to 
action. For instance, in recycling behavior, packaging can be used to enhance the environmental 
knowledge of the consumer [70,74]. Several studies showed that packaging could influence 
environmental awareness, thereby increasing recycling rates [54,56,68,70,87,88]. Since consumers 
have a limited knowledge about some issues, such as the environmental impact of packaging, health-
related benefits or the real quality of packaging content, they primarily make decisions based on the 
packaging attributes [60,61,69,71,82]. Although the ways of attaining the environmental knowledge 
varied (e.g., via public media), packaging appears to be a particularly promising communication 
medium [68]. 
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Modeling was used in six articles. Of these, two were computer simulations [60,69] and four 
were LCA [36,55,62,68]. Computer simulations were used since they provide a fast and accurate way 
to design packaging based on consumer preferences [60,69]. The aim of LCA, on the other hand, was 
to measure the environmental impact of food packaging with specific attention given to the 
packaging material. 

Of the ten articles that used empirical methods, five used waste composition analyses together 
with other methods such as experimental tests, observations, interviews, and questionnaires. The 
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interventions can be altered to optimize this behavior. Household waste separation is the main focus 
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influence of packaging attributes (e.g., label, graphic and size) on consumer behavior. Examples of 
these methods are laboratory experiments [54,72], eco-feedback, and a scripting approach [32].  

Documentary methods, including literature reviews, were used as the major methods for data 
collection in ten articles [29,57,62,65–67,73–76]. As can be seen in Table 1, five of the 42 articles do not 
use any of the methods listed above. These are Marsh and Bugusu [77] which is a scientific status 
summary, and Gordon and Robertson [42], Lockamy [78], Meroni [79], and Svanes et al. [80] that can 
be classified as fundamental research, as they all strive to expand knowledge in a specific research 
area. 

3. Results 

3.1. Concept Categories 

A critical analysis of the 42 articles resulted in two concept categories: (1) Attributes of food 
packaging that influence consumer behavior including recycling behavior, consists of 31 articles that 
exclusively examine the attributes of food packaging that can enhance or restrain consumer behavior 
whether for recycling of packaging waste or purchasing, and (2) other (non-packaging) factors that 
influence consumer recycling behavior, consists of 11 articles that focus on factors such as attitude, 
income, and recycling facilities that can influence consumer recycling behavior.  

3.1.1. Attributes of Food Packaging That Influence Consumer Behavior, Including Recycling Behavior 

The publications that study the role of packaging attributes on consumer behavior typically 
choose between a holistic or analytic approach. A holistic approach considers packaging in its totality, 
without focusing on its different attributes. In contrast, the analytical approach considers the 
packaging attributes separately and independently. The analytical approach classifies the packaging 
attributes into (i) visual attributes that include structural features such as material, shape, size, 
weight, texture, and graphical/iconic features such as color combination, image and text layout, logo, 
and label, and (ii) verbal attributes that consist of lengthier textual explanations [48,81–84]. There are 
also other views on how to categorize packaging elements into different categories. For instance, 
Magnier and Schoormans [85] suggest that these categories can be structural, graphical, and 
informational. However, in the reviewed articles, the packaging attributes that could influence 
recycling behavior were not limited to these classifications and were selected based on the aim of the 
research. For instance, Langley et al. [56] divided the packaging attributes into physical (such as 
structure, strength, durability, re-seal ability, size, and shape) and non-physical (such as color, 
graphic, brand, print, and logo). 

In this review, the analytical approach defined above has been used to categorize the attributes 
of packaging as visual or verbal. The advantage of the analytical approach is that it facilitates studies 
of the interaction between a specific packaging attribute and consumer behavior, including recycling 
behavior. Furthermore, it allows one to study how, and to what extent, manipulating each attribute 
might change consumer recycling behavior [32,56,68,70]. Therefore, the aim of the reviewed articles 
that were placed in this first concept category, was to study consumer response to various attributes 
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design field. This diversity in research perspectives resulted in a wide range of food packaging 
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Further progress in packaging design requires a deeper understanding of its functions from the 
perspective of all stakeholders that are involved in producing, using, and handling packaging [86]. 
Therefore, Lindh et al. [86] suggested that the packaging should be judge based on its ability to fulfil 
given tasks (i.e., functional analysis), which was also used by Silayoi and Speece [48] and Wikström 
et al. [68]. 

Similarly, this review uses a functional analysis to analyze the packaging as a product and not 
just as a container. Accordingly, within the first concept category, food packaging is assumed to be a 
product. As a consequence, the attributes of the packaging are assumed to lead to functions that may 
influence consumer behavior in recycling or purchasing [32,56,68,70,87]. The most relevant functions 
for recycling that were revealed in the reviewed articles in the first concept category are 
communication, quality, and facilitating sorting.  

Communication 

Since food products, and hence their packaging, are purchased often and regularly, they are low-
involvement products [48]. Consumers do not take time to read the lengthy texts that form attributes 
and hence the visual attributes are more promising for communicating with consumers [48]. Visual 
attributes of packaging are perceived faster and unintentionally by consumers, and they therefore 
facilitate transfer of a particular message to the consumers [32,48,56].  

The potential of packaging as a carrier of information was discussed in articles that focused on 
sustainable development and marketing. Knowledge for action is an important prerequisite for 
behaving in an appropriate manner, and lack of relevant knowledge would be a significant barrier to 
action. For instance, in recycling behavior, packaging can be used to enhance the environmental 
knowledge of the consumer [70,74]. Several studies showed that packaging could influence 
environmental awareness, thereby increasing recycling rates [54,56,68,70,87,88]. Since consumers 
have a limited knowledge about some issues, such as the environmental impact of packaging, health-
related benefits or the real quality of packaging content, they primarily make decisions based on the 
packaging attributes [60,61,69,71,82]. Although the ways of attaining the environmental knowledge 
varied (e.g., via public media), packaging appears to be a particularly promising communication 
medium [68]. 
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Communication can be facilitated using the visual attributes of packaging. Labels, symbols, or 
logotypes, such as anti-littering labels [32], informational labels [41], or recycling logotypes [88] were 
highlighted as factors which can enhance recycling behavior [31,32,41,57,68,72]. However, as 
discussed by Buelow et al. [31], due to the confusion and complexity within current packaging 
labeling and recycling systems, consumer understanding of packaging material and labels is 
insufficient to enable proper sorting behavior. In addition, Langley et al. [56] argued that recycling 
behavior relies on consumer beliefs and general knowledge about specific material such as metal, 
glass, and cardboard rather than what is communicated via symbols on packaging. In contrast, Wever 
et al. [32] argued that anti-littering labels and recycling symbols offer a promising way to 
communicate with consumers, especially to disseminate environmental knowledge. However, the 
labels or symbols must be vivid and unique to capture consumer attention. The same article presented 
results showing that small labels or written text cannot effectively communicate with consumers. 
Subsequently, the environmental impact of the packaging or its recycling benefits may be neglected 
by consumers and, hence, the packaging is likely to be wasted instead of recycled. A larger label with 
a distinctive place on the packaging was therefore suggested [32]. As a conclusion, a balance between 
visual elements is needed to convey a clear message [71]. 

The visual aspects of packaging, such as graphic, color, image, and shape, were the packaging 
attributes that were most preferred by consumers because they increased consumer satisfaction and 
facilitated communication. For instance, Carrillo et al. [61] showed that advertising labels or symbols 
associated with specific messages (i.e., a visual attribute) were preferred by consumers more than 
conventional written messages (i.e., a verbal attribute).  

Quality 

This section presents studies that discuss the perceived value (i.e., worth) of packaging as a 
factor that affects recycling behavior. It is important to note that different types of values can be 
associated with packaging attributes. However, the reviewed articles have not studied any possible 
correlation between the perceived level of value (either functional or emotional) with the sorting 
behavior.  

Langley et al. [56] argue that the packaging materials and resealability give a perceived 
functional value. The article showed that visual attributes of packaging, and the way that these 
attributes are perceived as giving the packaging a high or low value, could enhance or hinder 
recycling by the consumer. Moreover, due to consumer perspectives, packaging made from glass and 
cardboard are more likely to be recycled than packaging made from thin plastic [56]. Functional value 
was also mentioned in other articles as a factor influencing recycling behavior [68,70]. In contrast, 
Silayoi and Speece [48] and Martinho et al. [87] stated that the visual attributes of packaging, such as 
graphic and color, are perceived by consumers as an emotional value.  

Therefore, to prevent the packaging from being sorted as mixed waste, it is important to design 
the visual attributes of the packaging, as well as its functionality, in a way that is not perceived as a 
low value by consumers [48,56].  

Facilitating Sorting 

According to the reviewed publications, inconvenience is the most important factor that hinders 
proper recycling in households [29,30,55,56,74,77,89]. The perception of inconvenience depends on 
the individual and is influenced, among other things, by their desire to participate in the sorting 
system. These inconvenience factors can be perceived as time, effort, and space required to participate 
in the system. Accordingly, the packaging attributes and its functions (e.g., easy to separate) may 
subsequently facilitate sorting [36,56,57]. 

Along with graphical features, the size of the packaging is considered as an attribute that 
influences recycling behavior [36,41,57,70,72,89]. Wikström et al. [68] noted that large or heavy 
packaging might increase the risk for incorrect sorting when there are obstacles such as lack of space 
for trash bins. Therefore, the ability to fold the packaging was considered as a valuable attribute to 
facilitate sorting [36,56,70]. In the same way, some studies identified that consumers perceived that 
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larger packaging has lower quality, which led to wastage rather than recycling [36,57,72]. In contrast, 
Langley et al. [56] found that bulky packages are usually perceived as being more valuable, which 
increases the rate of recycling.  

Hence, there are contradictory views on how the size of packaging influences sorting behavior. 
In fact, apart from one article [70], there is no explicit definition of ‘small’ or ‘big’ size, and further 
research is needed to identify the influence of packaging size on recycling behavior.  

Emptying and cleaning packaging are also perceived as difficult and time consuming, and these 
may be other attributes that influence sorting behavior [56,57,62,68,70,89]. Langley et al. [56] showed 
that consumers not only had difficulty emptying metal containers that contained bloody material 
such as meat, but also perceived this as disgusting work. Similarly, Williams et al. [70] showed that 
packaging that contains liquids with high viscosity, such as yogurt, and packaging with screw-on 
lids were difficult to empty and caused incorrect sorting. Packaging that is easy to separate (e.g., 
paper packaging with plastic lid) enhances correct sorting [36,56,70]. Langley et al. [56] also showed 
that packaging that is made of mixed materials is more likely to be wasted compare with packaging 
made from a single material, e.g., glass or cardboard. In summary, the following packaging functions 
have been seen to facilitate proper sorting: easy to empty, easy to clean, easy to fold, easy to separate, 
easy to reseal, and availability of information on how to sort. 

Appendix A lists the reviewed articles within the first category and provides complementary 
information. 

3.1.2. Other, Non-Packaging Factors That Influence Consumer Recycling Behavior  

The concept category ‘other, non-packaging, factors that influence consumer recycling behavior’ 
is the smaller group and is comprised of eleven articles. Research in this category focuses on 
identifying factors other than packaging that influence household recycling behavior. The factors that 
are discussed in each of the eleven articles are listed in Appendix B. 

These factors can be used to improve the waste management system and/or the willingness of 
households to use the system [90,91]. In fact, advances in waste management systems and improving 
consumer recycling behavior are considered to be the most important factors for enhancing recycling 
rates [92]. Five of the eleven articles in this category identified that it is the inconvenience of present 
waste management systems that is the main reason for ineffective household recycling [65–67,90,93]. 

The Theory of Planned Behavior (TPB) is used in four articles [67,90,91,93] to understand the 
interplay between psychological factors and waste separation behavior. The main contributing 
factors in the TPB are attitude (the individual’s positive or negative perception of performing a 
behavior), subjective norms (the individual’s perception of social pressure to engage in a behavior), 
and perceived behavioral control (the individual’s perception of his or her ability to perform a given 
behavior) [58]. However, household recycling behavior is complex, and other factors are often 
considered when studying this behavior [64,92]. These include socio-demographic factors such as age 
(elderly people are more willing to sort) [63,93], race (residents from different parts of word have 
different recycling behaviors) [64], income (people with high income are more involved with 
recycling than those with low income) [63,93], gender (female and male have different attitudes 
towards recycling) [57,91], external factors (e.g., economic, social, and cultural), and internal factors 
(e.g., motivation, environmental knowledge, awareness, attitudes, and emotions) [92]. Zhang and 
Wen [93] showed that among the socio-demographic factors, the inhabitant’s age is the most 
important influential factor that determines waste separation behavior, if supported by waste 
management services (i.e., source separation facilities) and government policy. 

Inhabitants attitudes and willingness to sort do not have a significant impact on their waste 
separation behavior. In fact, the results from five articles [18,20,63,67,90] showed that the influence of 
internal factors such as attitudes, willingness to sort, and environmental knowledge (ability to 
identify symbols, concepts, and behavior patterns related to environmental protection) together with 
demographic factors such as income and gender are factors that influence waste separation. These 
factors appear to be more important than improving the waste management system, e.g., by 
introducing curbside schemes, different rooms for separation of bulky and electronic waste, or 
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Communication can be facilitated using the visual attributes of packaging. Labels, symbols, or 
logotypes, such as anti-littering labels [32], informational labels [41], or recycling logotypes [88] were 
highlighted as factors which can enhance recycling behavior [31,32,41,57,68,72]. However, as 
discussed by Buelow et al. [31], due to the confusion and complexity within current packaging 
labeling and recycling systems, consumer understanding of packaging material and labels is 
insufficient to enable proper sorting behavior. In addition, Langley et al. [56] argued that recycling 
behavior relies on consumer beliefs and general knowledge about specific material such as metal, 
glass, and cardboard rather than what is communicated via symbols on packaging. In contrast, Wever 
et al. [32] argued that anti-littering labels and recycling symbols offer a promising way to 
communicate with consumers, especially to disseminate environmental knowledge. However, the 
labels or symbols must be vivid and unique to capture consumer attention. The same article presented 
results showing that small labels or written text cannot effectively communicate with consumers. 
Subsequently, the environmental impact of the packaging or its recycling benefits may be neglected 
by consumers and, hence, the packaging is likely to be wasted instead of recycled. A larger label with 
a distinctive place on the packaging was therefore suggested [32]. As a conclusion, a balance between 
visual elements is needed to convey a clear message [71]. 

The visual aspects of packaging, such as graphic, color, image, and shape, were the packaging 
attributes that were most preferred by consumers because they increased consumer satisfaction and 
facilitated communication. For instance, Carrillo et al. [61] showed that advertising labels or symbols 
associated with specific messages (i.e., a visual attribute) were preferred by consumers more than 
conventional written messages (i.e., a verbal attribute).  

Quality 

This section presents studies that discuss the perceived value (i.e., worth) of packaging as a 
factor that affects recycling behavior. It is important to note that different types of values can be 
associated with packaging attributes. However, the reviewed articles have not studied any possible 
correlation between the perceived level of value (either functional or emotional) with the sorting 
behavior.  

Langley et al. [56] argue that the packaging materials and resealability give a perceived 
functional value. The article showed that visual attributes of packaging, and the way that these 
attributes are perceived as giving the packaging a high or low value, could enhance or hinder 
recycling by the consumer. Moreover, due to consumer perspectives, packaging made from glass and 
cardboard are more likely to be recycled than packaging made from thin plastic [56]. Functional value 
was also mentioned in other articles as a factor influencing recycling behavior [68,70]. In contrast, 
Silayoi and Speece [48] and Martinho et al. [87] stated that the visual attributes of packaging, such as 
graphic and color, are perceived by consumers as an emotional value.  

Therefore, to prevent the packaging from being sorted as mixed waste, it is important to design 
the visual attributes of the packaging, as well as its functionality, in a way that is not perceived as a 
low value by consumers [48,56].  

Facilitating Sorting 

According to the reviewed publications, inconvenience is the most important factor that hinders 
proper recycling in households [29,30,55,56,74,77,89]. The perception of inconvenience depends on 
the individual and is influenced, among other things, by their desire to participate in the sorting 
system. These inconvenience factors can be perceived as time, effort, and space required to participate 
in the system. Accordingly, the packaging attributes and its functions (e.g., easy to separate) may 
subsequently facilitate sorting [36,56,57]. 

Along with graphical features, the size of the packaging is considered as an attribute that 
influences recycling behavior [36,41,57,70,72,89]. Wikström et al. [68] noted that large or heavy 
packaging might increase the risk for incorrect sorting when there are obstacles such as lack of space 
for trash bins. Therefore, the ability to fold the packaging was considered as a valuable attribute to 
facilitate sorting [36,56,70]. In the same way, some studies identified that consumers perceived that 
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larger packaging has lower quality, which led to wastage rather than recycling [36,57,72]. In contrast, 
Langley et al. [56] found that bulky packages are usually perceived as being more valuable, which 
increases the rate of recycling.  

Hence, there are contradictory views on how the size of packaging influences sorting behavior. 
In fact, apart from one article [70], there is no explicit definition of ‘small’ or ‘big’ size, and further 
research is needed to identify the influence of packaging size on recycling behavior.  

Emptying and cleaning packaging are also perceived as difficult and time consuming, and these 
may be other attributes that influence sorting behavior [56,57,62,68,70,89]. Langley et al. [56] showed 
that consumers not only had difficulty emptying metal containers that contained bloody material 
such as meat, but also perceived this as disgusting work. Similarly, Williams et al. [70] showed that 
packaging that contains liquids with high viscosity, such as yogurt, and packaging with screw-on 
lids were difficult to empty and caused incorrect sorting. Packaging that is easy to separate (e.g., 
paper packaging with plastic lid) enhances correct sorting [36,56,70]. Langley et al. [56] also showed 
that packaging that is made of mixed materials is more likely to be wasted compare with packaging 
made from a single material, e.g., glass or cardboard. In summary, the following packaging functions 
have been seen to facilitate proper sorting: easy to empty, easy to clean, easy to fold, easy to separate, 
easy to reseal, and availability of information on how to sort. 

Appendix A lists the reviewed articles within the first category and provides complementary 
information. 

3.1.2. Other, Non-Packaging Factors That Influence Consumer Recycling Behavior  

The concept category ‘other, non-packaging, factors that influence consumer recycling behavior’ 
is the smaller group and is comprised of eleven articles. Research in this category focuses on 
identifying factors other than packaging that influence household recycling behavior. The factors that 
are discussed in each of the eleven articles are listed in Appendix B. 

These factors can be used to improve the waste management system and/or the willingness of 
households to use the system [90,91]. In fact, advances in waste management systems and improving 
consumer recycling behavior are considered to be the most important factors for enhancing recycling 
rates [92]. Five of the eleven articles in this category identified that it is the inconvenience of present 
waste management systems that is the main reason for ineffective household recycling [65–67,90,93]. 

The Theory of Planned Behavior (TPB) is used in four articles [67,90,91,93] to understand the 
interplay between psychological factors and waste separation behavior. The main contributing 
factors in the TPB are attitude (the individual’s positive or negative perception of performing a 
behavior), subjective norms (the individual’s perception of social pressure to engage in a behavior), 
and perceived behavioral control (the individual’s perception of his or her ability to perform a given 
behavior) [58]. However, household recycling behavior is complex, and other factors are often 
considered when studying this behavior [64,92]. These include socio-demographic factors such as age 
(elderly people are more willing to sort) [63,93], race (residents from different parts of word have 
different recycling behaviors) [64], income (people with high income are more involved with 
recycling than those with low income) [63,93], gender (female and male have different attitudes 
towards recycling) [57,91], external factors (e.g., economic, social, and cultural), and internal factors 
(e.g., motivation, environmental knowledge, awareness, attitudes, and emotions) [92]. Zhang and 
Wen [93] showed that among the socio-demographic factors, the inhabitant’s age is the most 
important influential factor that determines waste separation behavior, if supported by waste 
management services (i.e., source separation facilities) and government policy. 

Inhabitants attitudes and willingness to sort do not have a significant impact on their waste 
separation behavior. In fact, the results from five articles [18,20,63,67,90] showed that the influence of 
internal factors such as attitudes, willingness to sort, and environmental knowledge (ability to 
identify symbols, concepts, and behavior patterns related to environmental protection) together with 
demographic factors such as income and gender are factors that influence waste separation. These 
factors appear to be more important than improving the waste management system, e.g., by 
introducing curbside schemes, different rooms for separation of bulky and electronic waste, or 
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increasing the availability of containers for sorting. Thus, any change in a waste management system 
should be adapted with the habitants’ real desires and expectations from the system [18,20,63,67,90]. 

Rousta et al. [64] developed and used the recycling behavior transition (RBT) procedure to 
identify, implement and evaluate interventions that can alter household recycling behavior. 
Although this procedure can be used in any waste management system in any location and culture, 
they used it in an urban neighborhood in Sweden. Two main factors identified by the study that 
hamper waste sorting are lack of knowledge of how to sort waste into the different fractions and the 
distance between the households and the nearest recycling station. Of these two factors, the distance 
between the residents’ homes and the nearest recycling station is reported by several studies as the 
more important factor that affects recycling behavior [41,57,63,87,93,94]. 

It should be noted that a lot of the research discussed above is based on case studies, and the 
local context (e.g., culture, social norm, and income) is likely to affect the results obtained in these 
studies. For example, the aim of Nguyen et al. [90] and Martin et al. [63] was to investigate factors 
that influence household waste separation. However, one of the studies revealed that households are 
willing to pay for waste collection [90] while the other study showed that households are reluctant to 
pay for this service [63].  

4. Reflection 

In this section, the review that is presented above is revisited in order to shed light on the three 
research questions identified in the Introduction.  

How does the design of food packaging influence the sorting of packaging waste? 
According to the publications that were reviewed, packaging can contribute to reduce the main 

barriers for household waste sorting by influencing: 

- Consumers environmental knowledge 
- Consumer attitude towards recycling and sorting 
- Consumer uncertainty about sorting of different materials  
- Consumers perceived difficulty (inconvenience) of sorting  

When discussing the concept categories (Sections 3.1.1 and 3.1.2), it was noted that 
environmental knowledge and attitude toward recycling significantly influence recycling behavior. 
The communication function of food packaging, especially through visual attributes such as labels, 
images and color, are particularly important to enhance consumer environmental knowledge 
(providing recycling information) and exhibiting the packaging as having a high value. This 
influences consumer attitude. The ability of packaging to communicate can also be used to eliminate 
consumer uncertainty about sorting different packaging materials [36]. 

Perceived convenience is another important factor that influences sorting behavior. In this case, 
packaging attributes, such labels, symbols, and size, as well as its functionality, such as ease to 
separate, fold, and clean, were central since these attributes and functionalities can support and 
simplify the process of sorting. 

As Martinho et al. [87] noted, consumers are usually not aware of the impact of each of the 
individual packaging attributes. These attributes should be planned and designed in symbiosis to 
meet consumer demands and to help them fulfill tasks such as recycling [32,36,55]. 

 
Regards to the sorting of food packaging waste; what attributes of the packaging are preferred 

by consumers? 
Packaging is the first contact that consumers have with the packaged product. The visual 

attributes of food packaging such as labels, images, color, graphics, and shape are the attributes that 
are preferred by consumers. They are preferred since they can communicate different features of the 
packaging, such as value or quality, and they can be appealing at the same time. As Carrillo et al. [61] 
showed, even in sensitive cases related to health, consumers make decisions based on the label rather 
than conventional textual information. Therefore, these attributes could be used to convey clear 
messages to the consumers and thereby support correct sorting behavior. 
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Design of packaging and its influence on consumer behavior is a multidisciplinary subject [76]. 

As seen from the reviewed literature, examples of disciplines that are important for development in 
this field are marketing, packaging design, sustainable development, and waste management. As 
discussed in Section 2.2.1, the extended producer responsibility should, in principle, force all 
producers of food packaging to consider the recyclability of the packaging as early in the design stage 
as possible. This should also include assisting and/or motivating households to correctly sort the 
packaging waste [31]. 

Some of the publications that were reviewed focused on marketing and were therefore limited 
to food packaging attributes that were appealing to consumers when purchasing products. This 
increases profit margins, which is an important goal for marketing [95]. Thus, they did not consider 
the impact of these attributes on packaging waste, and hence neither on the sorting of this waste. 
However, results from research done in marketing may inspire development in waste management 
since psychological notions are the essence of studies about consumer behavior (e.g., perception of 
value can be appealing for purchasing and motivating for recycling). In fact, researchers in marketing 
developed some of the pioneering research to understand the influence of food packaging attributes 
on consumer behavior, e.g., Robertson [42]. It was seen in this review that there are similarities 
between results in the marketing field and in other fields that have also studied the influence of 
packaging on consumer behavior. For example, packaging material, visual attributes, the perceived 
quality of the packaging, and using packaging to convey a message influence consumer behavior 
more than verbal attributes. This is noted by some articles within the literature that was reviewed, 
such as Ampuero and Vila [60] and Silayoi and Speece [48]. This is relevant to most, or all, types of 
consumer behavior, including recycling.  

Some of the reviewed publications considered the environmental impact or recyclability of the 
food packaging. For example, environmental friendliness of packaging (i.e., where the packaging 
material is biodegradable) was considered in one article to be useful, but not necessary [42]. Also, as 
discussed in Section 3.1.1, two studies focused on the influence of different attributes of food packaging 
on recycling behavior [32,56]. The aim of one of these articles was to understand how the packaging 
attributes could reduce the amount of waste, rather than influence the waste sorting behavior [32]. In 
the other article, recycling behavior was divided into following stages: usage, post-usage, reduction, re-
use, and separation. This is the only article where the relation between different attributes of packaging 
with recycling behavior was studied during each stage of recycling behavior [56]. In summary, these 
two articles emphasized how the packaging design can be utilized to influence recycling behavior. 
However, the relation between packaging design and consumer behavior is not simple, and some 
studies gave unexpected results. For instance, Wever et al. [32] designed a packaging for candy that 
was aimed to reduce waste. However, as explained by them, it was found that candy in the new 
packaging was wasted more than the candy in the original packaging [32]. 

The publications that focused on waste management do not typically consider food packaging 
as a factor that influences sorting behavior. There are only two articles that have this focus and that 
describe certain attributes, such as difficulty of separation, lack of desired information, or the type of 
material used for the packaging, that may prevent households from sorting the waste properly [20,57]. 
Many articles that had a focus on waste management investigated how waste collection systems 
could be developed so they would engage users and to ensure long term performance of the systems 
[18,20,29,67]. These researchers also argued that consumer attitudes towards recycling and 
environmental knowledge were factors that can influence sorting behavior. 

The focus of the reviewed sustainable development studies was to understand the influence of 
food and packaging waste on society, the economy and the environment [62,80]. The potential of food 
packaging attributes to improve sorting of packaging waste was studied in some articles [30,31,68,70]. 
Attributes such as size, material, labeling, easiness to open, clean, and recycle, as well as reseal-ability, 
are examined in these studies since these attributes could change consumer attitude. Therefore, they 
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increasing the availability of containers for sorting. Thus, any change in a waste management system 
should be adapted with the habitants’ real desires and expectations from the system [18,20,63,67,90]. 

Rousta et al. [64] developed and used the recycling behavior transition (RBT) procedure to 
identify, implement and evaluate interventions that can alter household recycling behavior. 
Although this procedure can be used in any waste management system in any location and culture, 
they used it in an urban neighborhood in Sweden. Two main factors identified by the study that 
hamper waste sorting are lack of knowledge of how to sort waste into the different fractions and the 
distance between the households and the nearest recycling station. Of these two factors, the distance 
between the residents’ homes and the nearest recycling station is reported by several studies as the 
more important factor that affects recycling behavior [41,57,63,87,93,94]. 

It should be noted that a lot of the research discussed above is based on case studies, and the 
local context (e.g., culture, social norm, and income) is likely to affect the results obtained in these 
studies. For example, the aim of Nguyen et al. [90] and Martin et al. [63] was to investigate factors 
that influence household waste separation. However, one of the studies revealed that households are 
willing to pay for waste collection [90] while the other study showed that households are reluctant to 
pay for this service [63].  

4. Reflection 

In this section, the review that is presented above is revisited in order to shed light on the three 
research questions identified in the Introduction.  

How does the design of food packaging influence the sorting of packaging waste? 
According to the publications that were reviewed, packaging can contribute to reduce the main 

barriers for household waste sorting by influencing: 

- Consumers environmental knowledge 
- Consumer attitude towards recycling and sorting 
- Consumer uncertainty about sorting of different materials  
- Consumers perceived difficulty (inconvenience) of sorting  

When discussing the concept categories (Sections 3.1.1 and 3.1.2), it was noted that 
environmental knowledge and attitude toward recycling significantly influence recycling behavior. 
The communication function of food packaging, especially through visual attributes such as labels, 
images and color, are particularly important to enhance consumer environmental knowledge 
(providing recycling information) and exhibiting the packaging as having a high value. This 
influences consumer attitude. The ability of packaging to communicate can also be used to eliminate 
consumer uncertainty about sorting different packaging materials [36]. 

Perceived convenience is another important factor that influences sorting behavior. In this case, 
packaging attributes, such labels, symbols, and size, as well as its functionality, such as ease to 
separate, fold, and clean, were central since these attributes and functionalities can support and 
simplify the process of sorting. 

As Martinho et al. [87] noted, consumers are usually not aware of the impact of each of the 
individual packaging attributes. These attributes should be planned and designed in symbiosis to 
meet consumer demands and to help them fulfill tasks such as recycling [32,36,55]. 

 
Regards to the sorting of food packaging waste; what attributes of the packaging are preferred 

by consumers? 
Packaging is the first contact that consumers have with the packaged product. The visual 

attributes of food packaging such as labels, images, color, graphics, and shape are the attributes that 
are preferred by consumers. They are preferred since they can communicate different features of the 
packaging, such as value or quality, and they can be appealing at the same time. As Carrillo et al. [61] 
showed, even in sensitive cases related to health, consumers make decisions based on the label rather 
than conventional textual information. Therefore, these attributes could be used to convey clear 
messages to the consumers and thereby support correct sorting behavior. 
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two articles emphasized how the packaging design can be utilized to influence recycling behavior. 
However, the relation between packaging design and consumer behavior is not simple, and some 
studies gave unexpected results. For instance, Wever et al. [32] designed a packaging for candy that 
was aimed to reduce waste. However, as explained by them, it was found that candy in the new 
packaging was wasted more than the candy in the original packaging [32]. 

The publications that focused on waste management do not typically consider food packaging 
as a factor that influences sorting behavior. There are only two articles that have this focus and that 
describe certain attributes, such as difficulty of separation, lack of desired information, or the type of 
material used for the packaging, that may prevent households from sorting the waste properly [20,57]. 
Many articles that had a focus on waste management investigated how waste collection systems 
could be developed so they would engage users and to ensure long term performance of the systems 
[18,20,29,67]. These researchers also argued that consumer attitudes towards recycling and 
environmental knowledge were factors that can influence sorting behavior. 

The focus of the reviewed sustainable development studies was to understand the influence of 
food and packaging waste on society, the economy and the environment [62,80]. The potential of food 
packaging attributes to improve sorting of packaging waste was studied in some articles [30,31,68,70]. 
Attributes such as size, material, labeling, easiness to open, clean, and recycle, as well as reseal-ability, 
are examined in these studies since these attributes could change consumer attitude. Therefore, they 
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could facilitate the sorting of food and packaging waste, and prevent them from being sorted into the 
mixed, residual waste fraction. In this sense, waste management policy makers could utilize the 
potential of packaging as an instrument (i.e., service provider) to encourage consumers to actively 
engage with waste separation. Also, packaging developers and designers should consider attributes 
of food packaging as an instrument to enhance recycling in addition to other functions. It may be 
noted that organizations that focus on sustainable development and food also focus on the 
importance of food packaging. For example, the Swedish organization KRAV (Kontrollföreningen 
för Alternativ Odling’ translated in English: ‘Control Society for Alternative Growth) includes food 
packaging attributes, such as easiness to recycle, as a requirement for packaging to be classified as 
eco-packaging. Similarly, WRAP, which helps organizations to achieve greater resource efficiency, 
includes these attributes in sustainable packaging. This emphasizes the importance of attributes of 
food packaging and practicing of waste sorting from a sustainable development perspective [41,96]. 

It is important to note that the different research disciplines reviewed in this study highlighted 
the recycling of food packaging as an environmental issue and showed different solution for proper 
recycling. However, the lack for a common solution does not provide a single, well-defined path for 
development of packaging and policies. As Wright and Nyberg [97] stated, all of the involved sectors 
must have a common interpretation of the problem in solutions, otherwise all efforts will remain in 
their infancy.  

5. Conclusions 

The articles that were reviewed in this study had different focus areas regarding food packaging 
and factors that influence sorting behavior. The review revealed how these research disciplines can 
provide a broad knowledge and identify gaps in knowledge regarding sorting of packaging waste. 
The studies on recycling behavior considered the possibility of using attributes of food packaging as 
interventions to motivate consumers to participate in household waste separation. In this case, the 
ability of packaging to communicate a message, primarily through its visual attributes, was 
considered as an important factor to stimulate sorting behavior.  

In addition, the material used to make the packaging and the packages’ functionality influenced 
consumers perception of the quality of the packaging. This is due to a change in view of the function 
of the packaging from a dependent product, where the packaging is merely a container for its 
contents, to an independent one, where it can also be used to convey a message. 

This means that packaging can have an inherent function that is elevated from a container to a 
valuable product that can communicate with consumers. The way that consumers perceive the 
quality and value of packaging, whether by means of attributes or functions, appears to be the most 
effective factors to change consumer attitudes towards sorting. In addition, the reviewed publications 
also highlighted the potential of the visual attributes of packaging as a communication channel for 
encouraging consumers to sort the food packaging waste. 

The results of this review lead to the conclusions that food packaging and its attributes could 
hinder or motivate consumers to sort packaging waste correctly. The design of food packaging is 
therefore a factor that influences recycling behavior and should be taken into account by different 
sectors involved in food packaging. Therefore, recyclability of packaging should be considered an 
inherent value of the packaging, similarly to attributes such as beauty and durability. 

Further research in this field should be multidisciplinary due to the complexity of recycling 
behavior, which is at the interface between the users of the waste management system and the 
technical part of the system. For this reason, terminologies used in different studies, e.g., size of 
packaging, should be clearly defined in order to enable comparison of results. 
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Appendix A. Attributes of food packaging that influence consumer behavior, including recycling 
behavior. 

Ref. 
No. 

Author (s) Research 
theme 

Packaging 
attribute 

Packaging 
function 

Consumer 
related issue 

Results 

60 Ampuero and 
Vila. (2006) 

Consumer 
perception of 
packaging 
attributes  

Color, 
typography, 
shapes, images 

Communication, 
quality, appealing 

Consumers’ 
willingness to 
buy, perceived 
quality 

High quality of packaging usually 
presents bold, large, upper case 
letters with expanded characters. 
Vertical straight lines, squares, 
straight outlines, and symmetrical 
composition with one single element 
are preferred for graphic design. 

73 Azzi et al. (2012) Conceptual 
framework for 
packaging 
design  

Material, shape, 
mass 

Ergonomics, 
logistics, 
sustainability, 
safety and 
marketing 

Consumers 
environmental 
knowledge, 
attitude 

A packaging decision is a complex 
process involving different actors, 
design of packaging can enhance 
some activities such as recycling. 

31 Buelow et al. 
(2014) 

Packaging 
labels impact 
on recycling 
behavior  

Material, label Recyclability, easy 
to sort 

Consumer sorting 
behavior, 
intention for 
recycling 

Recycling labels are not helpful for 
sorting. Consumers rely on their own 
knowledge and external information 
provided in collection places for 
sorting. Action labels e.g. 'remove 
cap and recycle' are helpful. 
Consumers inability to judge material 
results in miss-sorting. Labels should 
be designed to convey a clear 
message. 

61 Carrillo et al. 
(2014) 

Consumer 
perception of 
health-related 
information on 
packaging  

Visual (symbol), 
verbal cue 
(information as a 
text) 

Communication, 
quality, appealing, 
attractiveness 

Consumers’ 
willingness to 
buy, perceived 
quality 

A symbol is more appealing than a 
phrase on a package. Furthermore, 
images have higher relative 
importance than verbal cue. 

69 Gofman et al. 
(2010) 

Consumer 
interaction 
with packaging 

Graphic, image, 
health information 
as a text 

Communication, 
appealing 

Consumers’ 
willingness to buy 

Consumers should co-create the 
package to ensure that they will 
eventually buy it. Utilizing computer 
software allows for dynamic creation 
and evaluation of experimentally 
designed packages.  

62 Grönman et al. 
(2013) 

A framework 
to design a 
sustainable 
package  

Material, form, 
label, information 
as a text, size, 
weight 

Recyclability,  
protection, 
useability, 
appealing, easy to 
fold, easy to 
empty, 
recloseability, 
easy to sort 

Consumer 
attitude, consumer 
willingness to 
buy, perceived 
quality 

There is an obvious need for different 
methods in the sustainable packaging 
design process. The quality attributes 
related to packages are valued by 
consumers e.g. the prevention of 
leakages, the packing and the best-
before date, the protection and the 
declaration of contents. 

30 Henriksson et al. 
(2010) 

Consumer 
uncertainty 
impact on 
waste handling 

Material, 
information as a 
text, label/symbol 

Recyclability, easy 
to separate, 
communication 

Recycling 
knowledge, 
perceived 
convenience, 
consumers 
recycling behavior 

Many consumers readily and 
willingly discriminate between 
different materials but not between 
packaging and other items (i.e., non-
packaging) made of the same 
material. This uncertainty results in 
miss sorting. 

57 Klaiman et al. 
(2017) 

Packaging 
attributes 
impact on 
recycling 
behavior 

Material Easy to recycle, 
easy to clean 

Inconvenience, 
storage problems 

Packaging that is difficult to clean 
can hinder consumers from active 
involvement in the recycling process. 
Distance from recycling stations 
hinders recycling behavior. 

56 Langely et al. 
(2011) 

Attributes of 
packaging and 
influences on 
waste 

Material, size, 
label 

Refillability, 
resealability, 
cleanability 
- content (wet, 
dry, unopened, 
used, dirty), 
informational 

Consumer 
attitude, 
consumers 
perceived 
value/quality, 
consumers 
perceived 
inconvenience 

Materials such as glass, metal and 
cardboard are more likely to be 
recycled than plastic materials due to 
higher perception of higher value. 
Higher quality means more chance to 
recycle or re-use. Packaging function 
can change consumers attitude and 
perception of quality. Difficulty to 
clean prevents consumers from 
proper sorting. 

55 Lewis, H. (2012) Packaging for 
sustainability 

Material, anti-
litter label, 
information as a 
text 

Containment, 
protection, 
handling, delivery, 
presentation, 
promotion, use of 
products, 
recyclable, 
appealing, easy to 
open, easy to 
separate 

Perceived 
convenience 

Design is critical for achieving 
packaging sustainability goals.  For 
this reason, life cycle thinking must 
be embedded in the product-
packaging development.  

86 Lindh et al. 
(2016) 

Packaging  
contribution to 
sustainable 
development 

Material, size, 
mass, quality, 
text, picture 

Protection: 
mechanical, 
barrier, thermal 
and sealing 
properties, 
facilitate handling 

Consumer 
attitude, perceived 
inconvenience 

Packaging has great potential to 
contribute to sustainable development 
by reducing product waste along the 
whole life cycle. Consumers have 
limited knowledge about the 
environmental effects of packaging. 
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This means that packaging can have an inherent function that is elevated from a container to a 
valuable product that can communicate with consumers. The way that consumers perceive the 
quality and value of packaging, whether by means of attributes or functions, appears to be the most 
effective factors to change consumer attitudes towards sorting. In addition, the reviewed publications 
also highlighted the potential of the visual attributes of packaging as a communication channel for 
encouraging consumers to sort the food packaging waste. 

The results of this review lead to the conclusions that food packaging and its attributes could 
hinder or motivate consumers to sort packaging waste correctly. The design of food packaging is 
therefore a factor that influences recycling behavior and should be taken into account by different 
sectors involved in food packaging. Therefore, recyclability of packaging should be considered an 
inherent value of the packaging, similarly to attributes such as beauty and durability. 

Further research in this field should be multidisciplinary due to the complexity of recycling 
behavior, which is at the interface between the users of the waste management system and the 
technical part of the system. For this reason, terminologies used in different studies, e.g., size of 
packaging, should be clearly defined in order to enable comparison of results. 
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Appendix A. Attributes of food packaging that influence consumer behavior, including recycling 
behavior. 

Ref. 
No. 

Author (s) Research 
theme 

Packaging 
attribute 

Packaging 
function 

Consumer 
related issue 

Results 

60 Ampuero and 
Vila. (2006) 

Consumer 
perception of 
packaging 
attributes  

Color, 
typography, 
shapes, images 

Communication, 
quality, appealing 

Consumers’ 
willingness to 
buy, perceived 
quality 

High quality of packaging usually 
presents bold, large, upper case 
letters with expanded characters. 
Vertical straight lines, squares, 
straight outlines, and symmetrical 
composition with one single element 
are preferred for graphic design. 

73 Azzi et al. (2012) Conceptual 
framework for 
packaging 
design  

Material, shape, 
mass 

Ergonomics, 
logistics, 
sustainability, 
safety and 
marketing 

Consumers 
environmental 
knowledge, 
attitude 

A packaging decision is a complex 
process involving different actors, 
design of packaging can enhance 
some activities such as recycling. 

31 Buelow et al. 
(2014) 

Packaging 
labels impact 
on recycling 
behavior  

Material, label Recyclability, easy 
to sort 

Consumer sorting 
behavior, 
intention for 
recycling 

Recycling labels are not helpful for 
sorting. Consumers rely on their own 
knowledge and external information 
provided in collection places for 
sorting. Action labels e.g. 'remove 
cap and recycle' are helpful. 
Consumers inability to judge material 
results in miss-sorting. Labels should 
be designed to convey a clear 
message. 

61 Carrillo et al. 
(2014) 

Consumer 
perception of 
health-related 
information on 
packaging  

Visual (symbol), 
verbal cue 
(information as a 
text) 

Communication, 
quality, appealing, 
attractiveness 

Consumers’ 
willingness to 
buy, perceived 
quality 

A symbol is more appealing than a 
phrase on a package. Furthermore, 
images have higher relative 
importance than verbal cue. 

69 Gofman et al. 
(2010) 

Consumer 
interaction 
with packaging 

Graphic, image, 
health information 
as a text 

Communication, 
appealing 

Consumers’ 
willingness to buy 

Consumers should co-create the 
package to ensure that they will 
eventually buy it. Utilizing computer 
software allows for dynamic creation 
and evaluation of experimentally 
designed packages.  

62 Grönman et al. 
(2013) 

A framework 
to design a 
sustainable 
package  

Material, form, 
label, information 
as a text, size, 
weight 

Recyclability,  
protection, 
useability, 
appealing, easy to 
fold, easy to 
empty, 
recloseability, 
easy to sort 

Consumer 
attitude, consumer 
willingness to 
buy, perceived 
quality 

There is an obvious need for different 
methods in the sustainable packaging 
design process. The quality attributes 
related to packages are valued by 
consumers e.g. the prevention of 
leakages, the packing and the best-
before date, the protection and the 
declaration of contents. 

30 Henriksson et al. 
(2010) 

Consumer 
uncertainty 
impact on 
waste handling 

Material, 
information as a 
text, label/symbol 

Recyclability, easy 
to separate, 
communication 

Recycling 
knowledge, 
perceived 
convenience, 
consumers 
recycling behavior 

Many consumers readily and 
willingly discriminate between 
different materials but not between 
packaging and other items (i.e., non-
packaging) made of the same 
material. This uncertainty results in 
miss sorting. 

57 Klaiman et al. 
(2017) 

Packaging 
attributes 
impact on 
recycling 
behavior 

Material Easy to recycle, 
easy to clean 

Inconvenience, 
storage problems 

Packaging that is difficult to clean 
can hinder consumers from active 
involvement in the recycling process. 
Distance from recycling stations 
hinders recycling behavior. 

56 Langely et al. 
(2011) 

Attributes of 
packaging and 
influences on 
waste 

Material, size, 
label 

Refillability, 
resealability, 
cleanability 
- content (wet, 
dry, unopened, 
used, dirty), 
informational 

Consumer 
attitude, 
consumers 
perceived 
value/quality, 
consumers 
perceived 
inconvenience 

Materials such as glass, metal and 
cardboard are more likely to be 
recycled than plastic materials due to 
higher perception of higher value. 
Higher quality means more chance to 
recycle or re-use. Packaging function 
can change consumers attitude and 
perception of quality. Difficulty to 
clean prevents consumers from 
proper sorting. 

55 Lewis, H. (2012) Packaging for 
sustainability 

Material, anti-
litter label, 
information as a 
text 

Containment, 
protection, 
handling, delivery, 
presentation, 
promotion, use of 
products, 
recyclable, 
appealing, easy to 
open, easy to 
separate 

Perceived 
convenience 

Design is critical for achieving 
packaging sustainability goals.  For 
this reason, life cycle thinking must 
be embedded in the product-
packaging development.  

86 Lindh et al. 
(2016) 

Packaging  
contribution to 
sustainable 
development 

Material, size, 
mass, quality, 
text, picture 

Protection: 
mechanical, 
barrier, thermal 
and sealing 
properties, 
facilitate handling 

Consumer 
attitude, perceived 
inconvenience 

Packaging has great potential to 
contribute to sustainable development 
by reducing product waste along the 
whole life cycle. Consumers have 
limited knowledge about the 
environmental effects of packaging. 
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(Physical design, 
fill rate, 
openability, 
gripability, 
resealability), 
recyclability, 
communication 

78 Lockamy (1995) Improve 
packaging 
design 

Visual and verbal Containment, 
apportionment, 
protection, 
convenience, 
communication, 
eco-friendly, 
quality  

Perceived 
quality/value, 
willingness to buy 

Packaging is a key strategic variable 
capable of providing a competitive 
advance in the marketplace. 

77 Marsh and 
Bugusu. (2007) 

Food 
packaging 
impact on the 
environment 

Material Quality, protection Perceived 
convenience 

The impact of packaging waste on the 
environment can be minimized by 
prudently selecting materials, 
following guidelines, and reviewing 
expectations of packaging in terms of 
environmental impact. 

87 Martinho et al. 
(2015) 

Sustainable 
packaging 
impact on 
recycling & 
purchasing 
behavior 

Label, material Useability, design, 
quality, 
communication 

Gender, 
environmental 
awareness, 
concerns about 
societal opinions, 
attitude 

The packaging price and quality can 
shape consumers green behavior. 
Theory of planned behavior is not 
able to explain the motivation for 
recycling behavior. 

79 Meroni, A. 
(2000) 

Introducing 
active 
packaging 

Mechanical and 
chemical 

Protecting, 
containing, 
communication, 
packaging as 
service provider 

Consumers 
environmental 
knowledge, 
attitude 

More effort is needed to change 
consumer attitude about advances in 
packaging technology, and advances 
from utilizing active packaging in 
terms of preservation and hygiene. 

29 Miliute-Plepiene 
and Plepys 
(2015) 

Influence of 
food waste 
sorting on 
sorting of 
packaging 
waste 

Material, verbal Quality Attitude towards 
sorting, recycling 
information, 
perceived 
convenience, 
environmental 
awareness, socio- 
demographic 
factors, recycling 
infrastructure, 
waste tariffs 

An increased sorting of packaging 
waste in connection with food waste 
sorting is an expected effect in many 
municipalities, because if people sort 
one fraction more, they are more 
likely to better sort other fractions. 
Furthermore, waste fees did not have 
a big effect on waste minimization 
and almost no effect on packaging 
waste sorting. 

89 Molina-Besch 
and 
Pålsson (2016) 

Packaging 
development to 
reduce 
negative 
environmental 
impact 

Size, data label, 
information as 
text 

Containment, 
protection, easy to 
empty, easy to 
reseal, 
informational 

Perceived 
convenience 

The green packaging approaches 
presented in the literature can be used 
to improve the design of packaging. 
The improvement can be coupled 
whether with economic benefits or 
without any positive economic effect. 

75 Nordin and Selk 
(2010) 

Definition of 
sustainable 
packaging 

Material, 
environmental 
label 

Recyclability, 
functionality, 
quality, 
containment, 
protection, 
preservation, 
communication  

Environmental 
knowledge, 
attitude 

Development of sustainable 
packaging should begin with 
consideration of meeting the 
psychological and social needs of 
consumers, which ultimately 
influence their attitude and behavior.  

41 Plumb et al. 
(2013) 

Improvement 
in packaging 
design to be 
recycled and 
sorted  

Label, material, 
information as a 
text 

Recyclability, 
communication, 
protection, easy to 
separate 

Consumers 
environmental 
knowledge, 
attitude 

There is a strong correlation between 
concerns about packaging materials 
and how easy it is to recycle them at 
home. Informational labels on 
packaging can encourage consumers 
to sort properly. 

42 Robertson. 
(1990) 

Eco-friendly 
packaging 

Label Containment, 
apportionment, 
protection, 
convenience, 
communication, 
eco-friendly 
packaging, 
perception of 
quality  

Environmental 
knowledge 

Eco-friendly labeling is not enough 
for packaging to be judged as a good 
or bad, it is also depends on the 
consumer. 

82 Ryynänen et al. 
(2015) 

Consumer 
interaction 
with packaging 

Color, 
typography, 
graphical shapes, 
images, shape, 
size, material  

Communication, 
quality, appealing, 
attractiveness, 
useability, tactile 
interplay 

Symbiotic 
relationship, 
consumers’ 
willingness to buy 

It is really hard for a consumer to 
explain why something is appealing. 
It is something they cannot articulate. 
Consumers perceive packaging and 
the product as one entity. For the 
consumer, well-designed packaging 
provides functional and pleasing 
experiences at the same time. 

54 Seo et al. (2016) Eco-friendly 
packaging 

Size, color, shape, 
material 

Quality, eco-
friendly content, 
eco-friendly 
appearance, 
communication 

Environmental 
knowledge, 
willingness to 
buy, perceived 
value 

Consumer preference for an eco-
friendly package is higher than the 
preference for an eco-friendly 
product. 

48 Silayoi and 
Speece (2007) 

Packaging as a 
vehicle for 
consumer 
communication 

Colors, designs, 
shapes, symbols, 
messages, 
graphic, label, 
picture, size 

Picture, 
communication, 
quality 

Consumers 
attitude, 
consumers’ 
willingness to buy 

The packaging technology, 
convenience, information, graphic 
and shape can influence consumers 
behavior to buy. 
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80 Svanes et al. 
(2010) 

Sustainable 
packaging 
design 

Label, texture, 
color 

Protection, 
preservation, easy 
to empty, 
recyclable, 
communication, 
right quantity, 
legal 
requirements, 
quality 

Consumer attitude The methodology introduced in the 
article is to assist packaging 
designers to evaluate all requirements 
for packaging and product solutions 
throughout the packaging design 
process, and to be able to balance 
between the different requirements. 

76 Vieira et al. 
(2013) 

Packaging 
influence on 
consumer 
behavior 

Material , label, 
color, shape, 
design, size 

Communication, 
appealing 

Willingness to 
buy, perceived 
value, 
environmental 
awareness 

Packaging and its influence on 
consumer behavior is a 
multidisciplinary subject, relevant in 
different areas of knowledge such as 
purchase decisions, conscious 
consumption, food preservation, 
innovation in warehousing processes, 
health problems, storage and 
transport, contamination, etc. 

71 Westerman et al. 
(2013) 

Effect of 
packaging 
visual 
attributes on 
consumers 
assessment 

Visual attributes Communication, 
quality, appealing 

Consumers 
willing to buy, 
perceived quality  

Consumer response to packaging may 
be influenced by a range of design 
variations, including the type, 
number, size, and combination of 
graphical design elements. 
Consumers reaction to visual 
attributes are affected by the type of 
product and its brand. 

32 Wever et al. 
(2010) 

Packaging 
design impact 
on disposal 
behavior 

Label, 
information as a 
text 

Recloseability, 
communication 

Consumers 
environmental 
knowledge, 
awareness, 
attitude, disposal 
behavior  

Labels must be designed explicit and 
vivid, packaging changes consumers 
behavior although it could be not yet 
predictable. Labels need a big space 
and size to be visible. 

 
 
 
 
68 

 
 
 
 
Wikström et al. 
(2014) 

 
 
 
Packaging 
impact on food 
waste 

 
 
 
 
Material, mass, 
shape, surface, 
data and smart 
label, information 
as a text 

 
 
 
 
Protection, 
convenient 
handling, contain 
the desired 
quantity, 
resealability, easy 
to open, grip, dose 
and empty, 
facilitate sorting 

 
 
 
 
Consumer attitude 

 
 
 
 
The connection between packaging 
design and food waste must be 
acknowledged and valued by all 
involved stakeholders such as food 
producers, manufacturers, brand 
owners, retailers and consumers. 

36 Wikström et al. 
(2016) 

Packaging 
attributes 
impact on 
recycling 
behavior 

Shape, material, 
mass, sorting-
related 
information, 
symbol, label 

Easy to empty, 
easy to clean, easy 
to separate, easy to 
fold,  
informational, 
preservation, 
containing the 
desired quantity  

Recycling 
information, 
attitude 

Packaging material and weight can 
change the value perception and low-
value package is likely to end up in 
mixed-waste. Difficulty to clean and 
separate may hinder recycling 
behavior.  

70 Williams et al. 
(2012) 

Packaging 
impact on food 
waste 

Size Easy to empty, 
easy to reseal, 
easy to recycle 

Consumer 
attitude, price 
awareness 

Packaging and its functions may play 
a significant role for the amount of 
food waste in households. About 20 
to 25% of the food waste was related 
to the packaging design attributes. 

72 Wilson et al. 
(2017) 

Packaging 
impact on food 
waste 

Data label, size Quality, safety, 
communication 

Perceived value, 
willingness to 
waste 

Date labels impact consumer 
behavior and the amount of the food 
that they waste. 

       

 

 

 

 

 

Appendix B. Other, non-packaging, factors that influence consumer recycling behavior. 
Ref. 
No. 

Author (s) Research 
theme 

Influential factors Consumer 
related issue 

Results 

18 Chen et al. 
(2017) 

The effect of 
household's 
attitudes 

 Government facilitators, 
motivations, social-
demographic factors 

Sorting 
behavior, 
environmental 

The inconsistency between people’s 
environmental awareness and behavior may be 
contribute to the lack of environmental 
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(Physical design, 
fill rate, 
openability, 
gripability, 
resealability), 
recyclability, 
communication 

78 Lockamy (1995) Improve 
packaging 
design 

Visual and verbal Containment, 
apportionment, 
protection, 
convenience, 
communication, 
eco-friendly, 
quality  

Perceived 
quality/value, 
willingness to buy 

Packaging is a key strategic variable 
capable of providing a competitive 
advance in the marketplace. 

77 Marsh and 
Bugusu. (2007) 

Food 
packaging 
impact on the 
environment 

Material Quality, protection Perceived 
convenience 

The impact of packaging waste on the 
environment can be minimized by 
prudently selecting materials, 
following guidelines, and reviewing 
expectations of packaging in terms of 
environmental impact. 

87 Martinho et al. 
(2015) 

Sustainable 
packaging 
impact on 
recycling & 
purchasing 
behavior 

Label, material Useability, design, 
quality, 
communication 

Gender, 
environmental 
awareness, 
concerns about 
societal opinions, 
attitude 

The packaging price and quality can 
shape consumers green behavior. 
Theory of planned behavior is not 
able to explain the motivation for 
recycling behavior. 

79 Meroni, A. 
(2000) 

Introducing 
active 
packaging 

Mechanical and 
chemical 

Protecting, 
containing, 
communication, 
packaging as 
service provider 

Consumers 
environmental 
knowledge, 
attitude 

More effort is needed to change 
consumer attitude about advances in 
packaging technology, and advances 
from utilizing active packaging in 
terms of preservation and hygiene. 

29 Miliute-Plepiene 
and Plepys 
(2015) 

Influence of 
food waste 
sorting on 
sorting of 
packaging 
waste 

Material, verbal Quality Attitude towards 
sorting, recycling 
information, 
perceived 
convenience, 
environmental 
awareness, socio- 
demographic 
factors, recycling 
infrastructure, 
waste tariffs 

An increased sorting of packaging 
waste in connection with food waste 
sorting is an expected effect in many 
municipalities, because if people sort 
one fraction more, they are more 
likely to better sort other fractions. 
Furthermore, waste fees did not have 
a big effect on waste minimization 
and almost no effect on packaging 
waste sorting. 

89 Molina-Besch 
and 
Pålsson (2016) 

Packaging 
development to 
reduce 
negative 
environmental 
impact 

Size, data label, 
information as 
text 

Containment, 
protection, easy to 
empty, easy to 
reseal, 
informational 

Perceived 
convenience 

The green packaging approaches 
presented in the literature can be used 
to improve the design of packaging. 
The improvement can be coupled 
whether with economic benefits or 
without any positive economic effect. 

75 Nordin and Selk 
(2010) 

Definition of 
sustainable 
packaging 

Material, 
environmental 
label 

Recyclability, 
functionality, 
quality, 
containment, 
protection, 
preservation, 
communication  

Environmental 
knowledge, 
attitude 

Development of sustainable 
packaging should begin with 
consideration of meeting the 
psychological and social needs of 
consumers, which ultimately 
influence their attitude and behavior.  

41 Plumb et al. 
(2013) 

Improvement 
in packaging 
design to be 
recycled and 
sorted  

Label, material, 
information as a 
text 

Recyclability, 
communication, 
protection, easy to 
separate 

Consumers 
environmental 
knowledge, 
attitude 

There is a strong correlation between 
concerns about packaging materials 
and how easy it is to recycle them at 
home. Informational labels on 
packaging can encourage consumers 
to sort properly. 

42 Robertson. 
(1990) 

Eco-friendly 
packaging 

Label Containment, 
apportionment, 
protection, 
convenience, 
communication, 
eco-friendly 
packaging, 
perception of 
quality  

Environmental 
knowledge 

Eco-friendly labeling is not enough 
for packaging to be judged as a good 
or bad, it is also depends on the 
consumer. 

82 Ryynänen et al. 
(2015) 

Consumer 
interaction 
with packaging 

Color, 
typography, 
graphical shapes, 
images, shape, 
size, material  

Communication, 
quality, appealing, 
attractiveness, 
useability, tactile 
interplay 

Symbiotic 
relationship, 
consumers’ 
willingness to buy 

It is really hard for a consumer to 
explain why something is appealing. 
It is something they cannot articulate. 
Consumers perceive packaging and 
the product as one entity. For the 
consumer, well-designed packaging 
provides functional and pleasing 
experiences at the same time. 

54 Seo et al. (2016) Eco-friendly 
packaging 

Size, color, shape, 
material 

Quality, eco-
friendly content, 
eco-friendly 
appearance, 
communication 

Environmental 
knowledge, 
willingness to 
buy, perceived 
value 

Consumer preference for an eco-
friendly package is higher than the 
preference for an eco-friendly 
product. 

48 Silayoi and 
Speece (2007) 

Packaging as a 
vehicle for 
consumer 
communication 

Colors, designs, 
shapes, symbols, 
messages, 
graphic, label, 
picture, size 

Picture, 
communication, 
quality 

Consumers 
attitude, 
consumers’ 
willingness to buy 

The packaging technology, 
convenience, information, graphic 
and shape can influence consumers 
behavior to buy. 
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80 Svanes et al. 
(2010) 

Sustainable 
packaging 
design 

Label, texture, 
color 

Protection, 
preservation, easy 
to empty, 
recyclable, 
communication, 
right quantity, 
legal 
requirements, 
quality 

Consumer attitude The methodology introduced in the 
article is to assist packaging 
designers to evaluate all requirements 
for packaging and product solutions 
throughout the packaging design 
process, and to be able to balance 
between the different requirements. 

76 Vieira et al. 
(2013) 

Packaging 
influence on 
consumer 
behavior 

Material , label, 
color, shape, 
design, size 

Communication, 
appealing 

Willingness to 
buy, perceived 
value, 
environmental 
awareness 

Packaging and its influence on 
consumer behavior is a 
multidisciplinary subject, relevant in 
different areas of knowledge such as 
purchase decisions, conscious 
consumption, food preservation, 
innovation in warehousing processes, 
health problems, storage and 
transport, contamination, etc. 

71 Westerman et al. 
(2013) 

Effect of 
packaging 
visual 
attributes on 
consumers 
assessment 

Visual attributes Communication, 
quality, appealing 

Consumers 
willing to buy, 
perceived quality  

Consumer response to packaging may 
be influenced by a range of design 
variations, including the type, 
number, size, and combination of 
graphical design elements. 
Consumers reaction to visual 
attributes are affected by the type of 
product and its brand. 

32 Wever et al. 
(2010) 

Packaging 
design impact 
on disposal 
behavior 

Label, 
information as a 
text 

Recloseability, 
communication 

Consumers 
environmental 
knowledge, 
awareness, 
attitude, disposal 
behavior  

Labels must be designed explicit and 
vivid, packaging changes consumers 
behavior although it could be not yet 
predictable. Labels need a big space 
and size to be visible. 
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Wikström et al. 
(2014) 

 
 
 
Packaging 
impact on food 
waste 
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shape, surface, 
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as a text 

 
 
 
 
Protection, 
convenient 
handling, contain 
the desired 
quantity, 
resealability, easy 
to open, grip, dose 
and empty, 
facilitate sorting 

 
 
 
 
Consumer attitude 

 
 
 
 
The connection between packaging 
design and food waste must be 
acknowledged and valued by all 
involved stakeholders such as food 
producers, manufacturers, brand 
owners, retailers and consumers. 

36 Wikström et al. 
(2016) 

Packaging 
attributes 
impact on 
recycling 
behavior 

Shape, material, 
mass, sorting-
related 
information, 
symbol, label 

Easy to empty, 
easy to clean, easy 
to separate, easy to 
fold,  
informational, 
preservation, 
containing the 
desired quantity  

Recycling 
information, 
attitude 

Packaging material and weight can 
change the value perception and low-
value package is likely to end up in 
mixed-waste. Difficulty to clean and 
separate may hinder recycling 
behavior.  

70 Williams et al. 
(2012) 

Packaging 
impact on food 
waste 

Size Easy to empty, 
easy to reseal, 
easy to recycle 

Consumer 
attitude, price 
awareness 

Packaging and its functions may play 
a significant role for the amount of 
food waste in households. About 20 
to 25% of the food waste was related 
to the packaging design attributes. 

72 Wilson et al. 
(2017) 

Packaging 
impact on food 
waste 

Data label, size Quality, safety, 
communication 

Perceived value, 
willingness to 
waste 

Date labels impact consumer 
behavior and the amount of the food 
that they waste. 
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Author (s) Research 
theme 

Influential factors Consumer 
related issue 

Results 

18 Chen et al. 
(2017) 

The effect of 
household's 
attitudes 

 Government facilitators, 
motivations, social-
demographic factors 

Sorting 
behavior, 
environmental 

The inconsistency between people’s 
environmental awareness and behavior may be 
contribute to the lack of environmental 
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and 
behavior on 
sorting  

knowledge, 
attitude 

knowledge. Also, environmental education is 
necessary to translate people’s environmental 
awareness into actual behavior and improve 
source separation. 

94 Czajkowski et 
al. (2014) 

Factors that 
influence 
sorting 
behavior 

Recycling facilities, pay as 
you throw, 
inconvenience, income, 
social norms, community 
norms  

Attitude, 
willingness to 
recycle 

Households believe that home sorting of wastes 
is more effective than collective sorting. They 
assumed a self-sorting as a moral duty. 

63 Martin et al. 
(2006) 

Factors that 
influence 
recycling 
behavior 

Recycling awareness, 
motivation, economic 
incentives, publicity and 
promotion, cultural 
factors 

Attitude, 
willingness to 
recycle 

Households are willing to participate in 
recycling; however, local recycling services are 
too unreliable and inconvenient to allow them to 
do it. 

90 Nguyen et al. 
(2015) 

Factors that 
influence 
sorting 
behavior 

Trust, personal moral 
norms, perceived 
difficulties, reciprocity 

Sorting 
behavior, 
environmental 
knowledge 

Trust of individuals is a decisive factor in their 
waste separation intentions. Policies and 
initiatives centering on building trust are crucial 
to an increased participation of households in 
waste separation. 

20 Ordoñez et al. 
(2015) 

Enhancing 
household 
sorting rates 

Access to sorting 
facilities, information, 
mismatches between the 
technical system and the 
user's perspective, 
inconvenience 

Attitude, 
environmental 
knowledge 

Users do not categorize between packaging and 
non-packaging waste in their everyday life, they 
simply categorize it by material. In this case, 
housing companies can provide better 
information for sorting to tenants. It is important 
that any advance in recycling improvement is 
matched with habitants needs. 

64 Rousta et al. 
(2016) 

Factors that 
influence 
sorting 
behavior 

Attitudes, environmental 
concern, convenience, 
easy access to recycling 
facilities, distance to the 
recycling stations, 
motivation 

Sorting 
behavior 

To improve source separation in the pilot area 
the following intervention could be relevant: 1) 
decrease the distance to recycling station and 2) 
providing adequate information. 

65 Xu et al. (2016) Enhancing 
household 
food waste 
sorting rates 

Facilities provided, 
frequency of collection, 
attitude, beliefs, social 
norms, self-efficacy, 
motivation, education 

Attitude, 
willingness to 
recycle 

Volunteer involvement with sorting of food 
waste was key to forming good habits. In 
particular, the volunteers activities were 
perceived by some to be encouraging, at a 
personal level, and the characteristic of 
“personal encouragement” has previously been 
reported to increase recycling behavior. 

67 Xu et al. (2017) Factors that 
influence 
sorting 
behavior 

Market incentives, market 
facilitators , informal 
recycling market, 
government incentives 
and facilitators, 
motivations, social-
demographic factors 

Sorting 
behavior 

Market incentives, government incentives and 
government facilitators have significant effects 
on recycling intention thus effect on recycling 
behavior. Lower income groups produce less 
waste by means of budgetary rewards, while 
higher income groups are more likely to be 
affected by government facilitators. 

66 Zhang et al. 
(2012) 

Factors that 
influence 
sorting 
behavior 

Negative neighbor effects, 
confused classification of 
MSW,  mixed 
transportation and 
disposal method 

Sorting 
behavior, 
environmental 
knowledge, 
attitude 

Habitants are motivated to sort at home. 
However, it is limited to particular materials 
such as paper or plastic. They seem reluctant to 
sort food or kitchen waste. For glass and 
hazardous waste, the convenience of the 
collection facilities is not always adequate. 

93 Zhang et al. 
(2014) 

Factors that 
influence 
sorting 
behavior 

Attitudes, subjective 
norms, perceived 
behavioral control, 
intentions,  situational 
factors 

Sorting 
behavior, 
intention to 
separate, 
environmental 
knowledge 

Attitude, subjective norms, perceived behavioral 
control, intention, socioeconomic, education and 
situational factors significantly affect household 
waste behavior. Lack of time and inconvenience 
in terms of place will likely hinder waste sorting.  

91 Zhang et al. 
(2015) 

Factors that 
influence 
sorting 
behavior 

Age, source separation 
facilities, government 
policies, accessibility to 
waste management 
service, community type 

Sorting 
behavior, 
environmental 
knowledge, 
attitude 

Though the respondents have a very positive 
attitude about source separation, it has not 
transformed into separation behavior. The main 
factors that make them reluctant are residents’ 
age, source separation facilities and government 
policies. 
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Volunteer involvement with sorting of food 
waste was key to forming good habits. In 
particular, the volunteers activities were 
perceived by some to be encouraging, at a 
personal level, and the characteristic of 
“personal encouragement” has previously been 
reported to increase recycling behavior. 
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However, it is limited to particular materials 
such as paper or plastic. They seem reluctant to 
sort food or kitchen waste. For glass and 
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collection facilities is not always adequate. 
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Attitude, subjective norms, perceived behavioral 
control, intention, socioeconomic, education and 
situational factors significantly affect household 
waste behavior. Lack of time and inconvenience 
in terms of place will likely hinder waste sorting.  
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Though the respondents have a very positive 
attitude about source separation, it has not 
transformed into separation behavior. The main 
factors that make them reluctant are residents’ 
age, source separation facilities and government 
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Abstract: Food packaging waste is a valuable resource for material recovery, if it is properly separated
and sorted by consumers. The packaging itself may have the potential to assist consumer sorting by,
for example, communicating a correct sorting practice. This is partly due to the fact that the sorting of
packaging waste, which is a habitual behavior of consumers, can be perceived as being confusing
and inconvenient. Consumers can, therefore, choose not to sort. It is argued that material recovery
could be enhanced if packaging can afford easy and proper sorting and separation. To investigate
the potential of packaging to support proper sorting, six types of yogurt and cream packaging were
examined across 15 households in Karlskrona (a medium-sized Swedish city). The aim is to investigate
the effect of selected packaging attributes on consumer decisions regarding waste sorting. The results
reveal that some of the selected packaging waste is not properly separated and sorted. It is concluded
that the design of food packaging based on user-centered needs could affect consumer decisions for
the proper sorting of packaging waste, which enables improved material recovery. The design should
focus especially on the package’s visual attributes, the material selection, and the package´s waste
sorting related functions.
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1. Introduction

A growing world population, combined with changes in consumption patterns, is leading to
a rapid increase in municipal solid waste (MSW). MSW is expected to increase from 2.01 billion tons
in 2016 to 3.40 billion tons in 2050 [1]. This amount of waste could result in significant economic,
social and environmental problems in most parts of the world. For this reason, sustainable waste
management has become a priority for all countries [2]. The vast amounts of packaging waste, as well
as the diversity of materials used to produce packaging, has made it one of the MSW fractions that are
most challenging for sustainable waste management [3]. In the United States, packaging was 29.7%
of the total MSW in 2015 [4]. In Europe, approximately 170 kg of packaging waste was generated
per person in 2017, while the total amount of generated waste per person was 487 kg [5]. In Sweden,
packaging waste was 21% of the MSW in 2017 [6]. In total, the global packaging waste forms 30–35%
of the MSW [7–9], and almost 60% of all packaging is for food products [9–11]. In addition, a large
amount of materials is used to produce food packaging. For example, 42% of the global production of
plastic, which is approximately 141 million tons per year, is used for food packaging [12]. At the same
time, the recycling rate is less than five percent [12,13]. As a result, several policies and strategies have
been developed to deal with packaging waste. The European Union (EU) set a target to recycle 70% of
all packaging waste by 2030 [8].
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packaging waste, which is a habitual behavior of consumers, can be perceived as being confusing
and inconvenient. Consumers can, therefore, choose not to sort. It is argued that material recovery
could be enhanced if packaging can afford easy and proper sorting and separation. To investigate
the potential of packaging to support proper sorting, six types of yogurt and cream packaging were
examined across 15 households in Karlskrona (a medium-sized Swedish city). The aim is to investigate
the effect of selected packaging attributes on consumer decisions regarding waste sorting. The results
reveal that some of the selected packaging waste is not properly separated and sorted. It is concluded
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1. Introduction

A growing world population, combined with changes in consumption patterns, is leading to
a rapid increase in municipal solid waste (MSW). MSW is expected to increase from 2.01 billion tons
in 2016 to 3.40 billion tons in 2050 [1]. This amount of waste could result in significant economic,
social and environmental problems in most parts of the world. For this reason, sustainable waste
management has become a priority for all countries [2]. The vast amounts of packaging waste, as well
as the diversity of materials used to produce packaging, has made it one of the MSW fractions that are
most challenging for sustainable waste management [3]. In the United States, packaging was 29.7%
of the total MSW in 2015 [4]. In Europe, approximately 170 kg of packaging waste was generated
per person in 2017, while the total amount of generated waste per person was 487 kg [5]. In Sweden,
packaging waste was 21% of the MSW in 2017 [6]. In total, the global packaging waste forms 30–35%
of the MSW [7–9], and almost 60% of all packaging is for food products [9–11]. In addition, a large
amount of materials is used to produce food packaging. For example, 42% of the global production of
plastic, which is approximately 141 million tons per year, is used for food packaging [12]. At the same
time, the recycling rate is less than five percent [12,13]. As a result, several policies and strategies have
been developed to deal with packaging waste. The European Union (EU) set a target to recycle 70% of
all packaging waste by 2030 [8].
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Sweden has also decided to increase the current recycling rate for packaging waste from 65%
by 20% per year [14]. The primary rationale behind this is that waste is a potential resource for
material recovery and energy production [15], if it is properly separated by consumers, which is highly
dependent upon the voluntary engagement of consumers with the technical system [16]. Sorting of
waste by consumers makes the entire recycling process more cost-effective than separation and sorting
at a material recovery facility, where all of the waste is initially mixed, and the quality and quantity
of the sorted fractions are low [17]. Therefore, separating and sorting the different waste fractions is
essential for effective recycling, and accordingly, is viewed as a respected responsibility of households
in sustainable waste management systems [18,19].

Improving recycling rates requires more than just the technical development of waste management
systems, and a great deal of emphasis has been placed on strategies to promote the role of citizens in
the system. For instance, in Sweden, to facilitate the sorting practice, various types of facilities are
considered by municipalities. These are bring/drop-off points (i.e., recycling stations) or property-close
collection stations. A property-close collection station is usually located near the residential area,
as opposed to the bring/drop-off points, and can be implemented in different ways, depending upon
the residential conditions and the municipality’s plans for waste collection. The most common types of
property-close collection stations are the two-bin system, the comingled collection of dry recyclables,
separate bins for different recyclable materials, multi-compartment bins, optical sorting, and food
waste separation. In addition to these facilities, the producer responsibility law has probably led
to the largest improvement in Sweden’s waste management. According to this law, producers are
responsible for the safe collection, transporting and disposal of specific types of waste, e.g., packaging,
tires, and graph paper. Nowadays, most Swedish producers work in affiliation with the FTI (FTI,
förpacknings och tidningsinsamlingen in Swedish (the packaging and newspaper collection)) to
promote their sustainable businesses, and to meet their obligations as producers [20]. Producers are
also responsible for reducing the environmental impacts of their products and to provide municipalities
with information to deal with production waste. Municipalities, on the other hand, are responsible for
providing residents with relevant information, and residents are expected to separate and sort different
waste fractions in their homes, i.e., sorting at the source [16,21]. Therefore, such a system must avoid
confusion and inconvenience for the residents. For instance, in some brochures provided by Swedish
municipalities, about 200 different MSW items are listed, and information is given on how to sort them
into ten different waste bins. If there is inadequate information, consumers will not be sure of how
and to what extent these items must be separated and sorted. Furthermore, waste sorting in Sweden
is a moral obligation, and there is no penalty for not sorting correctly [17]. Research conducted by
Rousta et al. (2013) [22] showed that perceived inconvenience by residents can hinder proper sorting,
and that paper and plastic packaging waste has higher rates of miss-sorting, due to a large distance
between the local collection system and the residential area.

Since a large part of the packaging is used for food products, and food packaging is the most
substantial part of missorted fractions in household waste, it is important to identify any factors
that can encourage consumers to sort food packaging waste. The first contact that consumers have
with packaged food is the packaging. This packaging has structural, graphical and verbal attributes.
Packaging structural attributes include the type of material from which the packaging is made, and the
shape and size of the packaging. Graphical attributes include the color of the packaging, as well as the
labels and symbols that may be found on the packaging. Verbal attributes include information that is in
the form of text [23]. A combination of these attributes enables food packaging to be a service provider
to the consumer by offering different functions, such as being easy to open, or features such as a sense of
the quality of the packaging and the packaged product [24]. The level of consumer satisfaction with the
service, whether it be positive or negative, could influence consumer interaction with the packaging,
i.e., communication between the consumer and the packaging [25]. Therefore, understanding which
factors hinder consumers from proper sorting could enable packaging designers to utilize the potential

Sustainability 2020, 12, 2234 3 of 22

of packaging to communicate with consumers, and thereby effect their behavior [26,27]. This could
facilitate the sorting and recycling of the packaging waste [28].

There have been extensive investigations to identify the impact that food packaging attributes
can have on consumer behavior, and how improving these attributes can support proper recycling
and sorting [26,29–32]. Various factors have been identified that can hinder recycling behavior,
such as uncertainty [33], difficulty to empty, clean, fold and separate the packaging, and perceived
inconvenience when sorting [26,34–36]. A wide range of packaging functions and attributes that can
reduce these effects have been proposed by researchers. These include easy to empty, easy to clean,
easy to reseal, easy to compact/fold, easy to separate, recycling symbols and packaging features that
can be perceived as providing additional value and convenience [34,35,37,38]. The current knowledge,
however, is too general, and different types of packaging that have varying attributes may influence
consumer behavior in different ways [39]. For example, large or heavy packaging has been identified as
being problematic for sorting by consumers [26,29,40], but the terms ‘large’ or ‘heavy’ are not explicitly
defined. Similarly, the materials used in the packages can be perceived by consumers as providing
value, and this can positively affect their recycling behavior [34]. However, it is still not clear if other
attributes of packaging can be perceived as providing ‘value’, and whether or not it would be the same
for all types of packaging.

It can also be noted that there is less focus on waste sorting than on other parts of the waste
management system, and this term is usually studied in parallel or included with recycling, so-called
recycling behavior, e.g., [41–43]. There are only a limited number of studies that focus only on waste
separation and sorting of packaging waste, e.g., [34,36].

Hence, it is of interest to understand the influence that specific types of packaging and packaging
attributes can have on consumer separating and sorting behavior. This includes developing knowledge
regarding the packaging functions and features, and how these are aligned with consumer needs
during the separation and sorting of the waste [44]. This is of critical importance during the sorting
of waste, since the consumers may perceive that the packaging loses its value directly after the
contents have been used, and the fact that the packaging becomes a ‘waste’ product may influence its
relationship with the consumer [34]. In addition, waste sorting is a routine task for consumers, and is
often conducted without conscious thought. Consumers become aware of their actions when they
encounter an obstacle that hinders their behavior [33]. However, the unconscious mind is a pool of
thoughts, memories, and feelings that shape more than 95% of human activities [45,46]. Hence, it is
plausible that proper product design that can meet functionality, usability and consumer satisfaction
can affect the unconscious consumer behavior in an intended way [47,48]. This requires an in-depth
knowledge of consumer perceptions to identify the key factors (packaging attributes) that affect
consumer behavior [49]. An example is the recent Coca Cola™ campaign in Sweden (2020) to promote
the sorting of plastic bottles [50].

The purpose of the current study, therefore, is to deepen our understanding of how particular
attributes of specific types of food packaging can influence the decisions that consumers make
during the separation and sorting of packaging waste at home. The study is intended to supply
feasible suggestions for packaging developers, by interpreting consumers’ statements and perceptions
about packaging functions and attributes. This has not been the focus of previous investigations.
The understanding that is gained from this type of study aims to improve the design of selected
packaging so that it can support correct separation and sorting.

2. Factors That Influence Consumer Separating and Sorting Behavior and Their Relationship to
Packaging Attributes

Previous investigations have identified different factors that influence consumer recycling behavior.
These include (1) sociodemographic factors, such as age, gender and level of education, (2) internal
factors, such as attitudes, beliefs, level of knowledge regarding which materials are recyclable,
motivation and social norms, and (3) external factors, such as the distance between the living place



Sustainability 2020, 12, 2234 2 of 22

Sweden has also decided to increase the current recycling rate for packaging waste from 65%
by 20% per year [14]. The primary rationale behind this is that waste is a potential resource for
material recovery and energy production [15], if it is properly separated by consumers, which is highly
dependent upon the voluntary engagement of consumers with the technical system [16]. Sorting of
waste by consumers makes the entire recycling process more cost-effective than separation and sorting
at a material recovery facility, where all of the waste is initially mixed, and the quality and quantity
of the sorted fractions are low [17]. Therefore, separating and sorting the different waste fractions is
essential for effective recycling, and accordingly, is viewed as a respected responsibility of households
in sustainable waste management systems [18,19].

Improving recycling rates requires more than just the technical development of waste management
systems, and a great deal of emphasis has been placed on strategies to promote the role of citizens in
the system. For instance, in Sweden, to facilitate the sorting practice, various types of facilities are
considered by municipalities. These are bring/drop-off points (i.e., recycling stations) or property-close
collection stations. A property-close collection station is usually located near the residential area,
as opposed to the bring/drop-off points, and can be implemented in different ways, depending upon
the residential conditions and the municipality’s plans for waste collection. The most common types of
property-close collection stations are the two-bin system, the comingled collection of dry recyclables,
separate bins for different recyclable materials, multi-compartment bins, optical sorting, and food
waste separation. In addition to these facilities, the producer responsibility law has probably led
to the largest improvement in Sweden’s waste management. According to this law, producers are
responsible for the safe collection, transporting and disposal of specific types of waste, e.g., packaging,
tires, and graph paper. Nowadays, most Swedish producers work in affiliation with the FTI (FTI,
förpacknings och tidningsinsamlingen in Swedish (the packaging and newspaper collection)) to
promote their sustainable businesses, and to meet their obligations as producers [20]. Producers are
also responsible for reducing the environmental impacts of their products and to provide municipalities
with information to deal with production waste. Municipalities, on the other hand, are responsible for
providing residents with relevant information, and residents are expected to separate and sort different
waste fractions in their homes, i.e., sorting at the source [16,21]. Therefore, such a system must avoid
confusion and inconvenience for the residents. For instance, in some brochures provided by Swedish
municipalities, about 200 different MSW items are listed, and information is given on how to sort them
into ten different waste bins. If there is inadequate information, consumers will not be sure of how
and to what extent these items must be separated and sorted. Furthermore, waste sorting in Sweden
is a moral obligation, and there is no penalty for not sorting correctly [17]. Research conducted by
Rousta et al. (2013) [22] showed that perceived inconvenience by residents can hinder proper sorting,
and that paper and plastic packaging waste has higher rates of miss-sorting, due to a large distance
between the local collection system and the residential area.

Since a large part of the packaging is used for food products, and food packaging is the most
substantial part of missorted fractions in household waste, it is important to identify any factors
that can encourage consumers to sort food packaging waste. The first contact that consumers have
with packaged food is the packaging. This packaging has structural, graphical and verbal attributes.
Packaging structural attributes include the type of material from which the packaging is made, and the
shape and size of the packaging. Graphical attributes include the color of the packaging, as well as the
labels and symbols that may be found on the packaging. Verbal attributes include information that is in
the form of text [23]. A combination of these attributes enables food packaging to be a service provider
to the consumer by offering different functions, such as being easy to open, or features such as a sense of
the quality of the packaging and the packaged product [24]. The level of consumer satisfaction with the
service, whether it be positive or negative, could influence consumer interaction with the packaging,
i.e., communication between the consumer and the packaging [25]. Therefore, understanding which
factors hinder consumers from proper sorting could enable packaging designers to utilize the potential
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of packaging to communicate with consumers, and thereby effect their behavior [26,27]. This could
facilitate the sorting and recycling of the packaging waste [28].

There have been extensive investigations to identify the impact that food packaging attributes
can have on consumer behavior, and how improving these attributes can support proper recycling
and sorting [26,29–32]. Various factors have been identified that can hinder recycling behavior,
such as uncertainty [33], difficulty to empty, clean, fold and separate the packaging, and perceived
inconvenience when sorting [26,34–36]. A wide range of packaging functions and attributes that can
reduce these effects have been proposed by researchers. These include easy to empty, easy to clean,
easy to reseal, easy to compact/fold, easy to separate, recycling symbols and packaging features that
can be perceived as providing additional value and convenience [34,35,37,38]. The current knowledge,
however, is too general, and different types of packaging that have varying attributes may influence
consumer behavior in different ways [39]. For example, large or heavy packaging has been identified as
being problematic for sorting by consumers [26,29,40], but the terms ‘large’ or ‘heavy’ are not explicitly
defined. Similarly, the materials used in the packages can be perceived by consumers as providing
value, and this can positively affect their recycling behavior [34]. However, it is still not clear if other
attributes of packaging can be perceived as providing ‘value’, and whether or not it would be the same
for all types of packaging.

It can also be noted that there is less focus on waste sorting than on other parts of the waste
management system, and this term is usually studied in parallel or included with recycling, so-called
recycling behavior, e.g., [41–43]. There are only a limited number of studies that focus only on waste
separation and sorting of packaging waste, e.g., [34,36].

Hence, it is of interest to understand the influence that specific types of packaging and packaging
attributes can have on consumer separating and sorting behavior. This includes developing knowledge
regarding the packaging functions and features, and how these are aligned with consumer needs
during the separation and sorting of the waste [44]. This is of critical importance during the sorting
of waste, since the consumers may perceive that the packaging loses its value directly after the
contents have been used, and the fact that the packaging becomes a ‘waste’ product may influence its
relationship with the consumer [34]. In addition, waste sorting is a routine task for consumers, and is
often conducted without conscious thought. Consumers become aware of their actions when they
encounter an obstacle that hinders their behavior [33]. However, the unconscious mind is a pool of
thoughts, memories, and feelings that shape more than 95% of human activities [45,46]. Hence, it is
plausible that proper product design that can meet functionality, usability and consumer satisfaction
can affect the unconscious consumer behavior in an intended way [47,48]. This requires an in-depth
knowledge of consumer perceptions to identify the key factors (packaging attributes) that affect
consumer behavior [49]. An example is the recent Coca Cola™ campaign in Sweden (2020) to promote
the sorting of plastic bottles [50].

The purpose of the current study, therefore, is to deepen our understanding of how particular
attributes of specific types of food packaging can influence the decisions that consumers make
during the separation and sorting of packaging waste at home. The study is intended to supply
feasible suggestions for packaging developers, by interpreting consumers’ statements and perceptions
about packaging functions and attributes. This has not been the focus of previous investigations.
The understanding that is gained from this type of study aims to improve the design of selected
packaging so that it can support correct separation and sorting.

2. Factors That Influence Consumer Separating and Sorting Behavior and Their Relationship to
Packaging Attributes

Previous investigations have identified different factors that influence consumer recycling behavior.
These include (1) sociodemographic factors, such as age, gender and level of education, (2) internal
factors, such as attitudes, beliefs, level of knowledge regarding which materials are recyclable,
motivation and social norms, and (3) external factors, such as the distance between the living place
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and the recycling station, government intervention, collection services and costs [51–53]. A literature
review by Nemat et al. [54] revealed that within studies that focused on ‘food packaging attribute’ and
‘recycling/sorting behavior’, five of these factors were most often mentioned as being affected by food
packaging attributes.

These are: (1) attitude, (2) uncertainty and recycling knowledge, (3) packaging functions,
(4) perceived quality/value, and (5) perceived convenience. These factors are focused on in the present
study, and are discussed in more detail below. The literature review, which was limited to household
waste sorting, showed which food packaging attributes could affect each of these factors.

2.1. Attitude

Two of the most recognized models that are used to explain recycling behavior, the theory of
reasoned action [55] and the theory of planned behavior [56], agree that consumer attitude (the
person’s evaluation of favoring or not favoring the action) and environmental knowledge (awareness
of environmental issues) are important predictors of consumer recycling behavior. Consumers with
a positive attitude are more motivated to recycle [55–59]. The attitude itself can be affected by
environmental knowledge [57]. A higher level of environmental knowledge increases the probability
that consumers sort their waste [57,58]. Several studies showed that attitude can be influenced by
the material that the packaging is made from, especially when consumers believe that recycling
the material can have a significant environmental impact [59]. Materials such as paper and metal,
which are perceived as being recyclable, encourage consumers to separate and sort the packaging
for recycling, whereas materials such as plastic can negatively affect the consumer attitude [34,59].
Large food packaging can also negatively influence this consumer attitude, since the bigger size
may imply a higher amount of food waste and difficulty with emptying and cleaning, which would
subsequently be time-consuming activities (Consumers are usually only instructed to separate and
sort packaging waste. However, as discussed below, many consumers empty and even clean the
packages before separation and sorting). Contrary to this, some visual attributes of food packaging,
such as anti-littering and ecofriendly labels, as well as recycling symbols, can appeal to consumer
environmental awareness, and hence have a positive effect on consumer attitude [35].

2.2. Uncertainty and Recycling Knowledge

Several studies have found a positive correlation between recycling knowledge and recycling
behavior [60,61]. In order to recycle packaging waste correctly, consumers often need knowledge of,
for example, which products are packaging or non-packaging, the materials that the packaging is made
from, as well as their recyclability, how to separate the different materials in a given package, and where
to sort them (location of recycling containers) [62]. Therefore, access to adequate information would
enhance recycling behavior by reducing consumer uncertainty [62]. Packaging can be one of the best
carriers of this information, whether the information is communicated consciously or unconsciously,
since it can provide information that is relevant for the given package and at the time when this
information is needed [63]. However, this is not a trivial task, since consumers are surrounded by
large amounts of information, so that the information may be disregarded [57]. Also, since paying
attention to information is a voluntary task, consumers who are not interested in recycling may ignore
the information [61], especially if it is difficult to read or understand [35]. Therefore, for products that
are purchased regularly, like food, explicit visual attributes, such as color, labels, logos and symbols,
have a critical role in attracting consumer attention [64–66]. These visual attributes are unconscious [67],
so that they are more easily perceived by the consumer [68], in contrast to verbal attributes, i.e., written
information that requires more effort to be perceived by consumers.

2.3. Packaging Functionsg

A product is defined by its attributes. These attributes enable or restrict consumers to act in a certain
way, and they change consumer experience [28]. Similarly, the functions that the packaging provides
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can, together with its attributes, be a promising way to influence consumer behavior, experiences
and perceptions about recycling [36]. Food packaging has primary functions, such as containment,
apportionment, protection and a communication channel to the consumer.

Packaging can also provide functions such as being easy to empty, easy to clean, easy to separate,
easy to compress (after usage), easy to re-seal, as well as information on how to sort. These various
functions can be obtained by combining different packaging attributes. For example, the shape of
the packaging and the material from which it is made affect the functions that are offered by the
packaging [69].

2.4. Perceived Quality/Value

There is a strong correlation between the perceived quality/value of the food packaging waste and
consumer intention to separate and sort. A study by Langley et al. [34] showed that consumers have
a stronger intention to recycle if they perceive that the packaging has high quality, i.e., if they perceive
that the packaging has high economic value. For example, glass is recycled more than other fractions,
and plastic films are often sorted in mixed waste. Another study showed that consumers are reluctant
to recycle a package if it is crumpled or torn, even if they know that it can be recycled [70]. The visual
attributes of packaging, such as shape, color and material, can also affect the perceived quality of the
packaging [71]. The perceived quality/value can also be affected by information on the packaging,
individual consumer preferences, form and function [72,73].

2.5. Perceived Convenience

Although factors such as attitude and recycling knowledge may influence consumer motivation to
sort, consumers often perceive that they are better at sorting than they are [74,75]. This could be due to
several factors, including perceived convenience. The perceived convenience to recycle varies among
different consumers. However, in general, consumers are more likely to separate and sort packaging
waste if it is not perceived as being too inconvenient. Aspects that affect consumers’ perception of
convenience include a lack of proper information at the time of sorting, and the time, space, and effort
needed to perform the separation and sorting [36–40]. Attributes of food packaging can also influence
the perceived convenience. For example, providing symbols that indicate packaging recyclability is
perceived as increasing the convenience by consumers [35], since this type of information can enhance
consumer recycling knowledge. Other packaging functions, such as the difficulty to empty or to
clean, are commonly perceived as an inconvenience, since both require additional effort, and are time
consuming [34–37]. Also, large and heavy food packaging can be perceived as being inconvenient
for recycling and sorting, since it can be difficult to transport, or to empty and clean [26,29,40].
As a conclusion from Section 2, the key aspects that are discussed above are summarized in Table 1.

Table 1. Five main factors that can influence sorting behavior and the packaging attributes that can
affect them.

The Food Packaging Attribute

Factors Label/Symbol/Logo Form/Shape Material Color Size

Attitude X X X
Uncertainty and Recycling knowledge X X

Packaging function X X X
Perceived quality X X X X

Perceived convenience X X X X

3. Methods and Materials

The research approach, including materials for selecting data and the type of interview, was based
on user-centered design (UCD). This method places consumer needs at the core of the study in order to
understand their experiences, choices and options when using products or services, and to identify



Sustainability 2020, 12, 2234 4 of 22

and the recycling station, government intervention, collection services and costs [51–53]. A literature
review by Nemat et al. [54] revealed that within studies that focused on ‘food packaging attribute’ and
‘recycling/sorting behavior’, five of these factors were most often mentioned as being affected by food
packaging attributes.

These are: (1) attitude, (2) uncertainty and recycling knowledge, (3) packaging functions,
(4) perceived quality/value, and (5) perceived convenience. These factors are focused on in the present
study, and are discussed in more detail below. The literature review, which was limited to household
waste sorting, showed which food packaging attributes could affect each of these factors.

2.1. Attitude

Two of the most recognized models that are used to explain recycling behavior, the theory of
reasoned action [55] and the theory of planned behavior [56], agree that consumer attitude (the
person’s evaluation of favoring or not favoring the action) and environmental knowledge (awareness
of environmental issues) are important predictors of consumer recycling behavior. Consumers with
a positive attitude are more motivated to recycle [55–59]. The attitude itself can be affected by
environmental knowledge [57]. A higher level of environmental knowledge increases the probability
that consumers sort their waste [57,58]. Several studies showed that attitude can be influenced by
the material that the packaging is made from, especially when consumers believe that recycling
the material can have a significant environmental impact [59]. Materials such as paper and metal,
which are perceived as being recyclable, encourage consumers to separate and sort the packaging
for recycling, whereas materials such as plastic can negatively affect the consumer attitude [34,59].
Large food packaging can also negatively influence this consumer attitude, since the bigger size
may imply a higher amount of food waste and difficulty with emptying and cleaning, which would
subsequently be time-consuming activities (Consumers are usually only instructed to separate and
sort packaging waste. However, as discussed below, many consumers empty and even clean the
packages before separation and sorting). Contrary to this, some visual attributes of food packaging,
such as anti-littering and ecofriendly labels, as well as recycling symbols, can appeal to consumer
environmental awareness, and hence have a positive effect on consumer attitude [35].

2.2. Uncertainty and Recycling Knowledge

Several studies have found a positive correlation between recycling knowledge and recycling
behavior [60,61]. In order to recycle packaging waste correctly, consumers often need knowledge of,
for example, which products are packaging or non-packaging, the materials that the packaging is made
from, as well as their recyclability, how to separate the different materials in a given package, and where
to sort them (location of recycling containers) [62]. Therefore, access to adequate information would
enhance recycling behavior by reducing consumer uncertainty [62]. Packaging can be one of the best
carriers of this information, whether the information is communicated consciously or unconsciously,
since it can provide information that is relevant for the given package and at the time when this
information is needed [63]. However, this is not a trivial task, since consumers are surrounded by
large amounts of information, so that the information may be disregarded [57]. Also, since paying
attention to information is a voluntary task, consumers who are not interested in recycling may ignore
the information [61], especially if it is difficult to read or understand [35]. Therefore, for products that
are purchased regularly, like food, explicit visual attributes, such as color, labels, logos and symbols,
have a critical role in attracting consumer attention [64–66]. These visual attributes are unconscious [67],
so that they are more easily perceived by the consumer [68], in contrast to verbal attributes, i.e., written
information that requires more effort to be perceived by consumers.

2.3. Packaging Functionsg

A product is defined by its attributes. These attributes enable or restrict consumers to act in a certain
way, and they change consumer experience [28]. Similarly, the functions that the packaging provides
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can, together with its attributes, be a promising way to influence consumer behavior, experiences
and perceptions about recycling [36]. Food packaging has primary functions, such as containment,
apportionment, protection and a communication channel to the consumer.

Packaging can also provide functions such as being easy to empty, easy to clean, easy to separate,
easy to compress (after usage), easy to re-seal, as well as information on how to sort. These various
functions can be obtained by combining different packaging attributes. For example, the shape of
the packaging and the material from which it is made affect the functions that are offered by the
packaging [69].

2.4. Perceived Quality/Value

There is a strong correlation between the perceived quality/value of the food packaging waste and
consumer intention to separate and sort. A study by Langley et al. [34] showed that consumers have
a stronger intention to recycle if they perceive that the packaging has high quality, i.e., if they perceive
that the packaging has high economic value. For example, glass is recycled more than other fractions,
and plastic films are often sorted in mixed waste. Another study showed that consumers are reluctant
to recycle a package if it is crumpled or torn, even if they know that it can be recycled [70]. The visual
attributes of packaging, such as shape, color and material, can also affect the perceived quality of the
packaging [71]. The perceived quality/value can also be affected by information on the packaging,
individual consumer preferences, form and function [72,73].

2.5. Perceived Convenience

Although factors such as attitude and recycling knowledge may influence consumer motivation to
sort, consumers often perceive that they are better at sorting than they are [74,75]. This could be due to
several factors, including perceived convenience. The perceived convenience to recycle varies among
different consumers. However, in general, consumers are more likely to separate and sort packaging
waste if it is not perceived as being too inconvenient. Aspects that affect consumers’ perception of
convenience include a lack of proper information at the time of sorting, and the time, space, and effort
needed to perform the separation and sorting [36–40]. Attributes of food packaging can also influence
the perceived convenience. For example, providing symbols that indicate packaging recyclability is
perceived as increasing the convenience by consumers [35], since this type of information can enhance
consumer recycling knowledge. Other packaging functions, such as the difficulty to empty or to
clean, are commonly perceived as an inconvenience, since both require additional effort, and are time
consuming [34–37]. Also, large and heavy food packaging can be perceived as being inconvenient
for recycling and sorting, since it can be difficult to transport, or to empty and clean [26,29,40].
As a conclusion from Section 2, the key aspects that are discussed above are summarized in Table 1.

Table 1. Five main factors that can influence sorting behavior and the packaging attributes that can
affect them.

The Food Packaging Attribute

Factors Label/Symbol/Logo Form/Shape Material Color Size

Attitude X X X
Uncertainty and Recycling knowledge X X

Packaging function X X X
Perceived quality X X X X

Perceived convenience X X X X

3. Methods and Materials

The research approach, including materials for selecting data and the type of interview, was based
on user-centered design (UCD). This method places consumer needs at the core of the study in order to
understand their experiences, choices and options when using products or services, and to identify
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factors that influence consumer perception [76]. It consists of three main phases: (1) inspiration,
including identifying the problems encountered by the consumers and their demands, and that was
used in the present study to plan interviews (2) ideation, including finding a proper solution, and that
was used to generate appropriate suggestions for discovered problems, and (3) implementation [77].
The aim was to understand consumer behavioral problems and demands during the separating and
sorting of food packaging waste, and how food packaging attributes can influence them. Desired results
can be achieved by obtaining participant feedback, including open-ended discussions, and maintaining
an interaction where participants feel free to act and make decisions that are normal in their every-day
life [78]. Interviews were conducted through free discussions to collect data, since this method provides
a useful way to penetrate participants’ thoughts [79]. Moreover, interviews are perceived as being more
informal than other methods such as surveys, and this enables participants to feel more comfortable
and to freely share their thoughts, feelings and experiences [80]. In this way, the researcher has
more chance of empathizing with the participants. However, a free discussion can be difficult to end.
Hence, to narrow the free discussion, predetermined questions were designed and used to guide
the interviews.

The research was conducted in Karlskrona, a medium-sized city in the south of Sweden.
The invitations to the potential participants to take part in the experiment were managed by one
the authors via networks of friends. 24 families were approached by speaking directly, phoning or
e-mailing them. The research intention, estimated duration, expectations, and the need for direct
interviews, were explained to the participants before they decided to participate in the study. Fifteen
families, which included 37 people, agreed to participate. The group contained participants with
different types of jobs, income, age, levels of education and types of housing.

Yogurt and cream packaging were selected to study explicit examples of how the participants
decide to separate and sort their packaging waste. Yogurt and cream, respectively, have a second and
third place in dairy consumption after ordinary milk in Sweden [81]. They also have a higher viscosity
than milk, and hence they are more likely to adhere to the packaging surface. This can be perceived as
an obstacle to separate and sort if the consumers want to empty and clean the packaging waste before
sorting. Williams et al. [37] recommend that specific and commonly used types of packaging should be
used in studies, so that the participants can easily remember their experiences. Therefore, six different
types of packages that are commonly sold by companies in Sweden (e.g., ICA, Willys, Coop, Netto and
Lidl) were selected. These are illustrated in Table 2, where the gray images in the right column were
used when communicating with the participants.

The packaging is primarily produced from paperboard (The paperboard packaging studied here
also contains plastic films as part of the carton. However, consumers are expected to sort these cartons
as paperboard waste and the plastic cap, when it exists, as plastic waste. Paperboard is the most
popular material for food packaging from the consumers’ point of view [82], and has accounted for
35.7% of the global packaging consumption in 2016 [83]. As shown in Table 2, Type A is the only
package that contains no plastic cap, Types C and E have a cap at the top of the carton, which enables
easy emptying, cleaning and separating (according to the information on the package). Types B, D and
E have caps on the side of the carton, and Types B and E are the standard packaging types for yogurt
and cream, respectively. Types A, B and C contain 1000 cc of yogurt, and Types E and F contain 500 cc
and 300 cc of cream, respectively. They are all common sizes in Sweden for yogurt [37] and cream.
Types D and F are the biggest and smallest types, respectively. This diversity in packaging enabled the
participants to share experiences of separating and sorting packages that have different attributes.

Among the 15 families included in the study, five families lived in houses and used a two-bin
system (one intended for food waste and the other for combustible waste) for collecting and sorting their
waste. Packaging waste must be separated beforehand and then transferred to the recycling station
(bring system). Waste from the two-bin system is usually collected twice a week, and one company is
responsible for collection [84]. The remaining families live in apartments and use a property-close
system that consists of different trash bins that are located in one room (‘Miljörum’ in Swedish) near
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the residential area. These bins are used to collect different types of waste, including paper, plastic
and glass packaging. The process for collecting waste, however, is different, and depends on which
company holds a contract with the residential landlord.

Table 2. Different types of packaging used in the research. The gray forms are the symbols for each
type of packaging.

Available Packages
in the Market

Representative
Image

Type A—1000 cc
Yogurt without cap
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factors that influence consumer perception [76]. It consists of three main phases: (1) inspiration,
including identifying the problems encountered by the consumers and their demands, and that was
used in the present study to plan interviews (2) ideation, including finding a proper solution, and that
was used to generate appropriate suggestions for discovered problems, and (3) implementation [77].
The aim was to understand consumer behavioral problems and demands during the separating and
sorting of food packaging waste, and how food packaging attributes can influence them. Desired results
can be achieved by obtaining participant feedback, including open-ended discussions, and maintaining
an interaction where participants feel free to act and make decisions that are normal in their every-day
life [78]. Interviews were conducted through free discussions to collect data, since this method provides
a useful way to penetrate participants’ thoughts [79]. Moreover, interviews are perceived as being more
informal than other methods such as surveys, and this enables participants to feel more comfortable
and to freely share their thoughts, feelings and experiences [80]. In this way, the researcher has
more chance of empathizing with the participants. However, a free discussion can be difficult to end.
Hence, to narrow the free discussion, predetermined questions were designed and used to guide
the interviews.

The research was conducted in Karlskrona, a medium-sized city in the south of Sweden.
The invitations to the potential participants to take part in the experiment were managed by one
the authors via networks of friends. 24 families were approached by speaking directly, phoning or
e-mailing them. The research intention, estimated duration, expectations, and the need for direct
interviews, were explained to the participants before they decided to participate in the study. Fifteen
families, which included 37 people, agreed to participate. The group contained participants with
different types of jobs, income, age, levels of education and types of housing.

Yogurt and cream packaging were selected to study explicit examples of how the participants
decide to separate and sort their packaging waste. Yogurt and cream, respectively, have a second and
third place in dairy consumption after ordinary milk in Sweden [81]. They also have a higher viscosity
than milk, and hence they are more likely to adhere to the packaging surface. This can be perceived as
an obstacle to separate and sort if the consumers want to empty and clean the packaging waste before
sorting. Williams et al. [37] recommend that specific and commonly used types of packaging should be
used in studies, so that the participants can easily remember their experiences. Therefore, six different
types of packages that are commonly sold by companies in Sweden (e.g., ICA, Willys, Coop, Netto and
Lidl) were selected. These are illustrated in Table 2, where the gray images in the right column were
used when communicating with the participants.

The packaging is primarily produced from paperboard (The paperboard packaging studied here
also contains plastic films as part of the carton. However, consumers are expected to sort these cartons
as paperboard waste and the plastic cap, when it exists, as plastic waste. Paperboard is the most
popular material for food packaging from the consumers’ point of view [82], and has accounted for
35.7% of the global packaging consumption in 2016 [83]. As shown in Table 2, Type A is the only
package that contains no plastic cap, Types C and E have a cap at the top of the carton, which enables
easy emptying, cleaning and separating (according to the information on the package). Types B, D and
E have caps on the side of the carton, and Types B and E are the standard packaging types for yogurt
and cream, respectively. Types A, B and C contain 1000 cc of yogurt, and Types E and F contain 500 cc
and 300 cc of cream, respectively. They are all common sizes in Sweden for yogurt [37] and cream.
Types D and F are the biggest and smallest types, respectively. This diversity in packaging enabled the
participants to share experiences of separating and sorting packages that have different attributes.

Among the 15 families included in the study, five families lived in houses and used a two-bin
system (one intended for food waste and the other for combustible waste) for collecting and sorting their
waste. Packaging waste must be separated beforehand and then transferred to the recycling station
(bring system). Waste from the two-bin system is usually collected twice a week, and one company is
responsible for collection [84]. The remaining families live in apartments and use a property-close
system that consists of different trash bins that are located in one room (‘Miljörum’ in Swedish) near
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the residential area. These bins are used to collect different types of waste, including paper, plastic
and glass packaging. The process for collecting waste, however, is different, and depends on which
company holds a contract with the residential landlord.

Table 2. Different types of packaging used in the research. The gray forms are the symbols for each
type of packaging.

Available Packages
in the Market

Representative
Image

Type A—1000 cc
Yogurt without cap
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The packaging waste considered in this study consists of two types of material (paperboard and
plastic) that should be sorted into bins for paper and plastic waste, as recommended by producers
and legislations established by FTI. Since the participants in this study have easy access to recycling
systems, the focus is on participants’ sorting activities in their living places.

The participants were asked to include these types of packaging when performing their daily
shopping during the month before the interview, regardless of the brand of dairies. This gave them
time to experience the packaging, including separating and sorting the waste before the interview.
This increased the probability of obtaining data from their real experiences, rather than their assumed
experiences. The interviews were recorded and transcribed for further analysis and interpretation.

Data Collection

Open-ended interviews were used to understand the influence of the factors that were discussed
in Section 2, Table 1 on participants’ behavior during waste sorting. The interviews were guided by
questions, as listed in Table 3. Each question was designed to address specific factors. The factors that
are addressed by each of the questions are summarized in Table 3 and discussed in detail below.

Table 3. The interview questions (Q1–Q10) and the factors that can influence separation and sorting,
and that are addressed by these questions.

Questions Attitude to
Recycling

Packaging
Functions

Uncertainty
& Recycling
Knowledge

Perceived
Quality/Value

Perceived
Convenience

Q1. How do you rate yourself in
recycling/sorting?

X

Q2. How did you gain your recycling
knowledge? How did you learn to do recycling?

X X X

Q3. How do you recycle dairy (yogurt and
cream) packaging waste at home?

X X

Q4. Did you read and / or notice the ingredients
on the dairy packages? Why/Why not?

X X

Q5. Did you notice to the labels/symbols on
packaging? Do you know the meaning of them?

X X X X

Q6. Did you notice the images on packages? X X X
Q7. Which color combination of these packages
may decrease the risk that they are sorted with
mixed waste? Why?

X

Q8. Which types of these packages did you find
more valuable/higher quality? Why?

X X X X

Q9. Which size of these packages is suitable for
recycling? Why?

X X X

Q10. Which type of these packages did you find
more suitable/easy for recycling? Why?

X X X X

The interviews were conducted separately for each of the participants, and mostly performed
in their living places. It was clarified that the research focus is not on their actions/behavior, and is
not a basis for judgment, but rather performed to understand the factors which cause (i.e., packaging
attribute) their actions/behavior. The participants had a wide range of age, professions and education,
and thus had different levels of recycling knowledge. Hence, their perception of some terms such as
‘value,’ ‘quality’, or ‘recyclability’, was not the same, which required additional explanations during
the interviews. It was, therefore, necessary to ask the questions and manage the interviews in different
ways. The language was another factor that amplified the above situation, thus making the interviews
different from each other. The interviews were usually performed using a mixture of Swedish and
English. The interviews were therefore done with the assistance of a Swedish person who was also good
in English. Some interviewees also gave permission to record the interviews as an audio file, and all
interviews were carefully transcribed and translated. The participants’ statements were compared,
and common themes were identified. Irrespective of the duration or language of these interviews,
they were all started by the participants evaluating their recycling knowledge (Q1) to understand how
the participants perceive their behavior. People in developed countries such as Sweden usually have
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a higher recycling knowledge [85], so Q2 was designed to identify the most common sources used to
gain this knowledge.

Previous studies have shown that the separation and sorting of food packaging waste are usually
preceded by emptying the package after use [86,87]. Only separation and sorting, and not emptying,
are usually recommended by those sources and instructions related to waste management [86,87].
Hence, the next part of the interview (Q3) was dedicated to understanding whether the participants
performed the same steps as given by instructions, or if the participants had different steps prior to,
or during, separation and sorting. The participants were also asked to explain the process of separating
food packaging waste. Questions Q4–Q7 focused on the verbal (i.e., written text) and visual attributes
of food packaging such as symbols, signs and colors. Question Q8 aims to identify the packaging and
packaging attributes that gave the largest impression of quality/value. Question Q9 was intended to
identify the effect of the different packaging sizes on their sorting. The last Question (Q10) compared
the functions of the packaging that influence sorting behavior.

4. Results and Discussions

The self-evaluation Question (Q1) was analyzed to ascertain the participants’ levels of motivation
for practicing waste sorting, their general and specific knowledge in this matter, and how frequently
they sort waste. Most participants believed that they were good at sorting waste. In response to
Question (Q2), the information about recycling that was provided by the participants’ relatives, friends,
neighbors, or landlord, was stated by participants as the main source. A few stated that they relied
upon information that they received from school and the Internet, while TV and the radio were rarely
given as a source. Only four of the 37 participants considered the packaging as the primary source to
obtain recycling knowledge. The responses to (Q1) showed that the participants were aware of the
benefits of sorting the packaging, but most of them did not use the packaging as a possible source
of information to promote their separation and sorting. According to the participants’ statements,
this is due to that fact that gaining information from the packaging (as a source) was not considered by
them, and a few participants said that they did not need to look for information on the packaging,
since they trust the information obtained from other sources. In the next part of the interview (Q3),
the participants described the detailed steps for the sorting of the packaging waste. This was done by
repeating the actions during the interview, or by recalling from memory. Comparing the statements
revealed three main intentions of the participants. One group regarded themselves as highly motivated
for sorting waste, and they tried not to neglect the task, and were classified as ‘always’. The ones
who were aware of the benefits of sorting waste, while at the same time neglecting it on occasions,
are classified as ‘sometimes’, and the ones who were neither motivated, nor cared about sorting,
were classified as ‘never’. The results are summarized in Table 4.

Table 4. The main steps prior to and during the sorting of packaging waste, and the reasons that they
were performed by the participants.

Always Sometimes Never Main Reason

Removing the cap or cutting the head 30 6 1 Preparing for emptying
Emptying the packaging 30 6 1 Preparing for cleaning
Cleaning the packaging 22 9 6 Preventing food odors

Folding/compacting 32 4 1 Saving space
Re-closing the cap 28 7 2 Preventing food odors and leaking
Separating the cap 27 5 5 Environmental concern

Sorting the cap as plastic and the
body as a paperboard packaging 27 5 5 Environmental concern

As can be seen from Table 4, most of the participants perceived that they had separated and sorted
their packages. They usually performed the tasks sequentially from the top to the bottom row in
Table 4. Comparison of the instructions for sorting with their actions listed in Table 4 showed that their



Sustainability 2020, 12, 2234 8 of 22

The packaging waste considered in this study consists of two types of material (paperboard and
plastic) that should be sorted into bins for paper and plastic waste, as recommended by producers
and legislations established by FTI. Since the participants in this study have easy access to recycling
systems, the focus is on participants’ sorting activities in their living places.

The participants were asked to include these types of packaging when performing their daily
shopping during the month before the interview, regardless of the brand of dairies. This gave them
time to experience the packaging, including separating and sorting the waste before the interview.
This increased the probability of obtaining data from their real experiences, rather than their assumed
experiences. The interviews were recorded and transcribed for further analysis and interpretation.

Data Collection

Open-ended interviews were used to understand the influence of the factors that were discussed
in Section 2, Table 1 on participants’ behavior during waste sorting. The interviews were guided by
questions, as listed in Table 3. Each question was designed to address specific factors. The factors that
are addressed by each of the questions are summarized in Table 3 and discussed in detail below.

Table 3. The interview questions (Q1–Q10) and the factors that can influence separation and sorting,
and that are addressed by these questions.

Questions Attitude to
Recycling

Packaging
Functions

Uncertainty
& Recycling
Knowledge

Perceived
Quality/Value

Perceived
Convenience

Q1. How do you rate yourself in
recycling/sorting?

X

Q2. How did you gain your recycling
knowledge? How did you learn to do recycling?

X X X

Q3. How do you recycle dairy (yogurt and
cream) packaging waste at home?

X X

Q4. Did you read and / or notice the ingredients
on the dairy packages? Why/Why not?

X X

Q5. Did you notice to the labels/symbols on
packaging? Do you know the meaning of them?

X X X X

Q6. Did you notice the images on packages? X X X
Q7. Which color combination of these packages
may decrease the risk that they are sorted with
mixed waste? Why?

X

Q8. Which types of these packages did you find
more valuable/higher quality? Why?

X X X X

Q9. Which size of these packages is suitable for
recycling? Why?

X X X

Q10. Which type of these packages did you find
more suitable/easy for recycling? Why?

X X X X

The interviews were conducted separately for each of the participants, and mostly performed
in their living places. It was clarified that the research focus is not on their actions/behavior, and is
not a basis for judgment, but rather performed to understand the factors which cause (i.e., packaging
attribute) their actions/behavior. The participants had a wide range of age, professions and education,
and thus had different levels of recycling knowledge. Hence, their perception of some terms such as
‘value,’ ‘quality’, or ‘recyclability’, was not the same, which required additional explanations during
the interviews. It was, therefore, necessary to ask the questions and manage the interviews in different
ways. The language was another factor that amplified the above situation, thus making the interviews
different from each other. The interviews were usually performed using a mixture of Swedish and
English. The interviews were therefore done with the assistance of a Swedish person who was also good
in English. Some interviewees also gave permission to record the interviews as an audio file, and all
interviews were carefully transcribed and translated. The participants’ statements were compared,
and common themes were identified. Irrespective of the duration or language of these interviews,
they were all started by the participants evaluating their recycling knowledge (Q1) to understand how
the participants perceive their behavior. People in developed countries such as Sweden usually have
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a higher recycling knowledge [85], so Q2 was designed to identify the most common sources used to
gain this knowledge.

Previous studies have shown that the separation and sorting of food packaging waste are usually
preceded by emptying the package after use [86,87]. Only separation and sorting, and not emptying,
are usually recommended by those sources and instructions related to waste management [86,87].
Hence, the next part of the interview (Q3) was dedicated to understanding whether the participants
performed the same steps as given by instructions, or if the participants had different steps prior to,
or during, separation and sorting. The participants were also asked to explain the process of separating
food packaging waste. Questions Q4–Q7 focused on the verbal (i.e., written text) and visual attributes
of food packaging such as symbols, signs and colors. Question Q8 aims to identify the packaging and
packaging attributes that gave the largest impression of quality/value. Question Q9 was intended to
identify the effect of the different packaging sizes on their sorting. The last Question (Q10) compared
the functions of the packaging that influence sorting behavior.

4. Results and Discussions

The self-evaluation Question (Q1) was analyzed to ascertain the participants’ levels of motivation
for practicing waste sorting, their general and specific knowledge in this matter, and how frequently
they sort waste. Most participants believed that they were good at sorting waste. In response to
Question (Q2), the information about recycling that was provided by the participants’ relatives, friends,
neighbors, or landlord, was stated by participants as the main source. A few stated that they relied
upon information that they received from school and the Internet, while TV and the radio were rarely
given as a source. Only four of the 37 participants considered the packaging as the primary source to
obtain recycling knowledge. The responses to (Q1) showed that the participants were aware of the
benefits of sorting the packaging, but most of them did not use the packaging as a possible source
of information to promote their separation and sorting. According to the participants’ statements,
this is due to that fact that gaining information from the packaging (as a source) was not considered by
them, and a few participants said that they did not need to look for information on the packaging,
since they trust the information obtained from other sources. In the next part of the interview (Q3),
the participants described the detailed steps for the sorting of the packaging waste. This was done by
repeating the actions during the interview, or by recalling from memory. Comparing the statements
revealed three main intentions of the participants. One group regarded themselves as highly motivated
for sorting waste, and they tried not to neglect the task, and were classified as ‘always’. The ones
who were aware of the benefits of sorting waste, while at the same time neglecting it on occasions,
are classified as ‘sometimes’, and the ones who were neither motivated, nor cared about sorting,
were classified as ‘never’. The results are summarized in Table 4.

Table 4. The main steps prior to and during the sorting of packaging waste, and the reasons that they
were performed by the participants.

Always Sometimes Never Main Reason

Removing the cap or cutting the head 30 6 1 Preparing for emptying
Emptying the packaging 30 6 1 Preparing for cleaning
Cleaning the packaging 22 9 6 Preventing food odors

Folding/compacting 32 4 1 Saving space
Re-closing the cap 28 7 2 Preventing food odors and leaking
Separating the cap 27 5 5 Environmental concern

Sorting the cap as plastic and the
body as a paperboard packaging 27 5 5 Environmental concern

As can be seen from Table 4, most of the participants perceived that they had separated and sorted
their packages. They usually performed the tasks sequentially from the top to the bottom row in
Table 4. Comparison of the instructions for sorting with their actions listed in Table 4 showed that their
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actions are similar to the instructions of emptying, separating and sorting. The other steps, such as
cleaning and folding, are not given in the instructions, but they are often a result of the participants’
living conditions.

For example, cleaning with water and detergent wastes valuable water and chemicals, and such
actions are not given in the instructions. However, these actions were performed by the participants
to prevent the spreading of bad odors that would have resulted from the unused dairy product.
In addition, compacting or folding the packages saved space in their kitchens.

“We live in a villa where we collect, sort, and keep the packaging waste in the garage and then
transfer it to a recycling station once a week still, we fold the packaging waste to save a space.”

These results are in agreement with those from previous studies, such as Bernstad [18], that showed
that the lack of space at home could be a root cause for compacting the packaging waste. In addition,
one of the participants compacted the waste, as it gave a sense of peace (see Figure 1).

“I am not into either recycling or sorting, yet finding new ways for folding packaging waste is
rather fun and makes me calm.”
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Different graphical elements, such as logos, symbols, images and texts that can be perceived as
relating to attitude, recycling and environmental knowledge, were discussed with the participants
using questions Q4 and Q5. These are usually found on the packaging used in the study, and are
shown in Figure 2. The discussion aimed to identify the way that the participants perceived these
elements (e.g., if they were seen at all, and if they were perceived as giving useful information) and if
some elements were more useful than others. The aims of these elements, which was retrieved from
producers, are elaborated on in Appendix A [88–90]. Symbol-1 & 2, Text-1 and 2, as well as Logo-1,
2 and 3, target attitude and environmental knowledge. Symbol-2, Image-1, and Text-2 are intended to
enhance recycling knowledge, therefore motivating separation and sorting.
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Table 5 lists the participants’ statements about these graphical elements. The second column in the
table presents statements that explain the participants’ experiences. The third column, issues, describes
the perceived problem with the element, i.e., that the element was not clear, or that the message was
confusing. The final column shows how the elements were perceived by the participants, i.e., that they
were inconvenient (difficult to read or not useful), or that it made the participants uncertain on how to
separate and sort the packaging.

Table 5. The participants’ statements regard to the packages’ graphical elements.

Elements Participants’ Statements Issues Participants
Perception

Logo-1
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I never look for the ingredients since the text is too small and
not readable (5 answers).
I look for the ingredients sometimes, if I have time
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Not clear Inconvenient

Text-2
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actions are similar to the instructions of emptying, separating and sorting. The other steps, such as
cleaning and folding, are not given in the instructions, but they are often a result of the participants’
living conditions.

For example, cleaning with water and detergent wastes valuable water and chemicals, and such
actions are not given in the instructions. However, these actions were performed by the participants
to prevent the spreading of bad odors that would have resulted from the unused dairy product.
In addition, compacting or folding the packages saved space in their kitchens.

“We live in a villa where we collect, sort, and keep the packaging waste in the garage and then
transfer it to a recycling station once a week still, we fold the packaging waste to save a space.”

These results are in agreement with those from previous studies, such as Bernstad [18], that showed
that the lack of space at home could be a root cause for compacting the packaging waste. In addition,
one of the participants compacted the waste, as it gave a sense of peace (see Figure 1).

“I am not into either recycling or sorting, yet finding new ways for folding packaging waste is
rather fun and makes me calm.”
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Different graphical elements, such as logos, symbols, images and texts that can be perceived as
relating to attitude, recycling and environmental knowledge, were discussed with the participants
using questions Q4 and Q5. These are usually found on the packaging used in the study, and are
shown in Figure 2. The discussion aimed to identify the way that the participants perceived these
elements (e.g., if they were seen at all, and if they were perceived as giving useful information) and if
some elements were more useful than others. The aims of these elements, which was retrieved from
producers, are elaborated on in Appendix A [88–90]. Symbol-1 & 2, Text-1 and 2, as well as Logo-1,
2 and 3, target attitude and environmental knowledge. Symbol-2, Image-1, and Text-2 are intended to
enhance recycling knowledge, therefore motivating separation and sorting.
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Table 5 lists the participants’ statements about these graphical elements. The second column in the
table presents statements that explain the participants’ experiences. The third column, issues, describes
the perceived problem with the element, i.e., that the element was not clear, or that the message was
confusing. The final column shows how the elements were perceived by the participants, i.e., that they
were inconvenient (difficult to read or not useful), or that it made the participants uncertain on how to
separate and sort the packaging.

Table 5. The participants’ statements regard to the packages’ graphical elements.

Elements Participants’ Statements Issues Participants
Perception

Logo-1
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I did not see the image (30 answers). 
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In summary, the statements in Table 5 show that the visual elements are usually not clear, and 
that the messages that they are trying to communicate are confusing, even to those who seek this 
information. The different placements of data, logo and symbols on the packages, together with their 
small size, amplified the above situation, and was reported as the largest barrier for these elements 

I never noticed the logo (37 answers). Not clear Inconvenient

Logo-2
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I did not see the logo (35 answers).
I saw the logo and it is related to environment issues
(2 answers).

Not clear Inconvenient
Uncertain

Logo-3
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Not clear Inconvenient 

Text-2 I did not know the information even existed (8 
answers). 
I saw the text but it’s too small and not readable 
(17 answers). 
I read it but it was confusing; even if the cap is 
separated from the package there is still a plastic 
part inside the package that the text doesn’t 
explain how to take care of (8 answers). 

Not clear 
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Confusing 

Inconvenient 

Uncertain 

Image-1 I did not see the image (30 answers). 
I saw the image but it is not related to recycling of 
the package (1 answer). 
I didn’t notice the image, because I thought it 
might be a cooking recipe (2 answers). 
I saw the image, but the images are too small and 
not visible (4 answers). 

Not clear 
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Confusing 

Inconvenient 

Uncertain 

In summary, the statements in Table 5 show that the visual elements are usually not clear, and 
that the messages that they are trying to communicate are confusing, even to those who seek this 
information. The different placements of data, logo and symbols on the packages, together with their 
small size, amplified the above situation, and was reported as the largest barrier for these elements 

I never look for the ingredients since the text is too small and
not readable (5 answers).
I look for the ingredients sometimes, if I have time
(10 answers).
Usually I know what the package contains and I don’t notice
the ingredients unless I want to buy a new product (5 answers).
I always check the ingredients on packages when shopping
and it’s really important to me (15 answers).
I read it but it would be better if the text is designed to be in
the same place on all packaging—then you wouldn’t have to
search for it on each package (2 answers).

Not clear Inconvenient

Text-2
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I did not know the information even existed (8 answers).
I saw the text but it’s too small and not readable (17 answers).
I read it but it was confusing; even if the cap is separated from
the package there is still a plastic part inside the package that
the text doesn’t explain how to take care of (8 answers).

Not clear
–

Confusing

Inconvenient

Uncertain

Image-1
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I did not see the image (30 answers).
I saw the image but it is not related to recycling of the package
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In summary, the statements in Table 5 show that the visual elements are usually not clear, and
that the messages that they are trying to communicate are confusing, even to those who seek this
information. The different placements of data, logo and symbols on the packages, together with their
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small size, amplified the above situation, and was reported as the largest barrier for these elements
to be a channel of communication with consumers. Thus, they were ignored by the participants.
Figure 3 shows an example that was discussed in more detail above. The small size of the image
does not catch the consumers’ attention, and the text containing the sorting information was even
smaller (in comparison with other verbal attributes). For this reason, participants were unable to read
it, or mistook it for being a recipe.
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different packages produced by the same company, was confusing, and made the participants 

Figure 3. An illustration of the small size of the image and text that gives sorting information on
a yogurt package. The scale of the main image (left) is 1:1 and is increased to 3:1 in the right image.
The translation of the text under the symbol is: wash and sort the cap and top as plastic, and the rest
as paper.

Table 5 shows that it is not only the text that the participants do not find useful, but also the
symbols, logos and images. According to the participants’ statements, the graphical elements should
be designed to correspond with their intentions, and visual elements should be combined with verbal
elements to give meaningful information. These properties are also suggested by other researchers,
such as Carrillo et al. [91].

Showing the graphical elements to the participants also led to free discussion during the interviews.
This yielded a deeper understanding of how these elements were perceived. The following are some
explicit examples that arose from the participants’ statements: Symbol-1 (see Figure 2) was carved
on some packaging caps, and showed that the cap is made from biodegradable material (sugar cane).
The symbol also indicates that there are lower carbon emissions when producing and recycling the
cap [92,93]. In the absence of proper information, and the inability to communicate, the aim of the
symbol was not understood. This is a disadvantage, since a previous study has shown that people are
more likely to recycle if they are aware of the material’s recyclability and the environmental benefits of
recycling [94]. Also, some caps, even the larger ones, were not marked with a symbol. This disparity
confused the participants, since it is not clear why some caps are marked, and others not.

Lack of clear information also caused uncertainty that impacted the participants’ decision-making,
especially during the cleaning and separation of the packaging waste. An example was the package
with both a plastic cap and a plastic neck that was integrated with the paperboard carton. The producer
recommendation, which is given on some of the packaging, is to “leave the packaging in the container
for paper packaging and the loose screw cap in the plastic packaging container”. This faced the
participants with a dilemma If the cap should be removed and separated since it is plastic, then what
would happen for the remaining plastic part (i.e., the neck)? If it does not need to be removed then
why does the producer recommend that the cap be separated and sorted in a plastic container? Also,
they were not sure to what extent packaging should be cleaned. Therefore, some participants cut the
packaging to separate the plastic neck from the paper carton before washing both parts. Although this
may be better sorting, it is time-consuming, and cannot be expected from all consumers. As expressed
by most of the participants, although they want to sort, they can neglect to do so due to lack of time or
the need for excessive effort, i.e., perceived inconvenience.
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The participants also stated that a reason for ignoring graphical elements is their placement on
the package. The place that these elements appear also varied from one package to another. This lack
of consistency in having the sorting information at the same place on the packaging, and even among
different packages produced by the same company, was confusing, and made the participants reluctant
to obtain the correct information. As can be seen in Figure 4, information on how to recycle the
packaging is mentioned in different places and with different formats on the different packages, or not
even mentioned at all.
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Figure 4. An example of where recycling information appears at different places (shown with red lines
in the left and middle panels), and where this information is not given at all (right panel).

From a psychological perspective, this could be due to consumer desire to achieve a successful
habitual performance, such as purchasing a product after having read its ingredients [95]. As marketing
research has shown, consumers tend to search for desired information, such as ingredients, at the
same place on all packaging [96]. Hence, proper arrangement of information, as well as giving it
priority over other information on the package, whether it be text, logos, or symbols, could increase
communication with consumers, which is also known as the hierarchy of information [97]. As previous
research has shown, giving salient items a high priority on the packaging, by using, for example, visual
elements, stimulates consumer attention [98]. This requires a delicate balance between visual and
verbal attributes. Even small details may affect how consumers interpret the information, and can
negatively affect consumer attitude. For example, using a small font for the sorting information may
decrease the value of the information, giving it a lower priority to other information. As expressed by
one of the participants: “It has always surprised me that this information is really important. Why do
they write it in a smaller size compared to other information that is provided?” The main reason is
that readers perceive a larger font as being more important [99]. Generally, selecting the right font
size depends on certain variables, such as the purpose of the text, the place on packaging, the age of
the main user, and the distance between the consumer and the package, whether it is on the shelf
or in the consumer’s hands. However, a size between 12pt–16pt appears to be large enough to be
read by consumers. Also, black font on a white or light color background is widely known to be the
best combination to enable reading [96,100,101]. In addition, it would be less confusing if different
producers use the same terms for a specific purpose. For instance, Lidl, a company in Sweden, used the
term ‘sorting’ (Källsortering in Swedish (sorting)) to guide consumer sorting of packaging while Arla
used ‘recycling’ (Återvinn in Swedish (recycling)) for the same purpose.

The answers to the question about the importance of color combinations to simplify sorting
(Q7) showed that most of the participants saw no benefit in using different colors for the main
body of packaging. On the contrary, they thought that using vivid colors, e.g., red, for the cap,
may remind them to separate and sort the cap separately. This implies that colors as visual attributes
not only have a decorative character, but can also communicate a certain meaning, and can, therefore,
be used to facilitate the way that consumers interpret a function. This has been noted in previous
investigations [102].
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small size, amplified the above situation, and was reported as the largest barrier for these elements
to be a channel of communication with consumers. Thus, they were ignored by the participants.
Figure 3 shows an example that was discussed in more detail above. The small size of the image
does not catch the consumers’ attention, and the text containing the sorting information was even
smaller (in comparison with other verbal attributes). For this reason, participants were unable to read
it, or mistook it for being a recipe.
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Figure 3. An illustration of the small size of the image and text that gives sorting information on
a yogurt package. The scale of the main image (left) is 1:1 and is increased to 3:1 in the right image.
The translation of the text under the symbol is: wash and sort the cap and top as plastic, and the rest
as paper.

Table 5 shows that it is not only the text that the participants do not find useful, but also the
symbols, logos and images. According to the participants’ statements, the graphical elements should
be designed to correspond with their intentions, and visual elements should be combined with verbal
elements to give meaningful information. These properties are also suggested by other researchers,
such as Carrillo et al. [91].

Showing the graphical elements to the participants also led to free discussion during the interviews.
This yielded a deeper understanding of how these elements were perceived. The following are some
explicit examples that arose from the participants’ statements: Symbol-1 (see Figure 2) was carved
on some packaging caps, and showed that the cap is made from biodegradable material (sugar cane).
The symbol also indicates that there are lower carbon emissions when producing and recycling the
cap [92,93]. In the absence of proper information, and the inability to communicate, the aim of the
symbol was not understood. This is a disadvantage, since a previous study has shown that people are
more likely to recycle if they are aware of the material’s recyclability and the environmental benefits of
recycling [94]. Also, some caps, even the larger ones, were not marked with a symbol. This disparity
confused the participants, since it is not clear why some caps are marked, and others not.

Lack of clear information also caused uncertainty that impacted the participants’ decision-making,
especially during the cleaning and separation of the packaging waste. An example was the package
with both a plastic cap and a plastic neck that was integrated with the paperboard carton. The producer
recommendation, which is given on some of the packaging, is to “leave the packaging in the container
for paper packaging and the loose screw cap in the plastic packaging container”. This faced the
participants with a dilemma If the cap should be removed and separated since it is plastic, then what
would happen for the remaining plastic part (i.e., the neck)? If it does not need to be removed then
why does the producer recommend that the cap be separated and sorted in a plastic container? Also,
they were not sure to what extent packaging should be cleaned. Therefore, some participants cut the
packaging to separate the plastic neck from the paper carton before washing both parts. Although this
may be better sorting, it is time-consuming, and cannot be expected from all consumers. As expressed
by most of the participants, although they want to sort, they can neglect to do so due to lack of time or
the need for excessive effort, i.e., perceived inconvenience.
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The participants also stated that a reason for ignoring graphical elements is their placement on
the package. The place that these elements appear also varied from one package to another. This lack
of consistency in having the sorting information at the same place on the packaging, and even among
different packages produced by the same company, was confusing, and made the participants reluctant
to obtain the correct information. As can be seen in Figure 4, information on how to recycle the
packaging is mentioned in different places and with different formats on the different packages, or not
even mentioned at all.
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From a psychological perspective, this could be due to consumer desire to achieve a successful
habitual performance, such as purchasing a product after having read its ingredients [95]. As marketing
research has shown, consumers tend to search for desired information, such as ingredients, at the
same place on all packaging [96]. Hence, proper arrangement of information, as well as giving it
priority over other information on the package, whether it be text, logos, or symbols, could increase
communication with consumers, which is also known as the hierarchy of information [97]. As previous
research has shown, giving salient items a high priority on the packaging, by using, for example, visual
elements, stimulates consumer attention [98]. This requires a delicate balance between visual and
verbal attributes. Even small details may affect how consumers interpret the information, and can
negatively affect consumer attitude. For example, using a small font for the sorting information may
decrease the value of the information, giving it a lower priority to other information. As expressed by
one of the participants: “It has always surprised me that this information is really important. Why do
they write it in a smaller size compared to other information that is provided?” The main reason is
that readers perceive a larger font as being more important [99]. Generally, selecting the right font
size depends on certain variables, such as the purpose of the text, the place on packaging, the age of
the main user, and the distance between the consumer and the package, whether it is on the shelf
or in the consumer’s hands. However, a size between 12pt–16pt appears to be large enough to be
read by consumers. Also, black font on a white or light color background is widely known to be the
best combination to enable reading [96,100,101]. In addition, it would be less confusing if different
producers use the same terms for a specific purpose. For instance, Lidl, a company in Sweden, used the
term ‘sorting’ (Källsortering in Swedish (sorting)) to guide consumer sorting of packaging while Arla
used ‘recycling’ (Återvinn in Swedish (recycling)) for the same purpose.

The answers to the question about the importance of color combinations to simplify sorting
(Q7) showed that most of the participants saw no benefit in using different colors for the main
body of packaging. On the contrary, they thought that using vivid colors, e.g., red, for the cap,
may remind them to separate and sort the cap separately. This implies that colors as visual attributes
not only have a decorative character, but can also communicate a certain meaning, and can, therefore,
be used to facilitate the way that consumers interpret a function. This has been noted in previous
investigations [102].
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Although the packaging was selected from different companies, and hence it differs in appearance
(graphically), none of the packages were regarded as having a high quality due to their appearance.
The participants had difficulty in using the term ‘higher quality’ (Q8) to distinguish between the
packages themselves, but rather used it to refer to the contents. This is not consistent with previous
results, that found that the packaging design can affect the perception of the quality of the packaging,
e.g., [27,103,104]. Instead of discussing ‘quality’, the participants preferred to use the term ‘higher
value’ to distinguish between the packages. Within this study, the larger packages and those that had
better functionality during use were considered as having a higher value.

This might be due to weak graphic design, or manifesting the low effect of appearance on
perceiving quality in the product that is purchased and used habitually.

There was no consensus regarding the influence of different sizes on sorting behavior (Q9).
As stated earlier, bigger packaging has been seen as an obstacle for proper sorting. However, at least
for the range of sizes used in the present study, contradictory results were obtained, since the smallest
package (300 cc) was perceived to be the most problematic to sort. This was due to the difficulty of
folding the small packaging at the same time that it was perceived to have a low value. It was, therefore,
more likely to be discarded in the mixed-waste fraction. Similarly, several participants perceived that
the biggest package (1500 cc) had the highest value, since it contained more paperboard, and this
package was sorted correctly.

In the last question (Q10) the participants were asked to share their experiences regarding the
suitability and ease of sorting the different packages. This part of the interview was primarily conducted
using free discussions, and identified the participants’ suggestions to improve the packaging to make
it more suitable for sorting. Table 6 lists these suggestions and what the participants perceived as
advantageous or disadvantageous for the proper sorting of each type of packaging waste.

Table 6. Participants’ experiences in sorting the different types of packaging.

Product Participants’ Experiences Participants’
Perceptions

Type A
Yogurt
1000 g
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Type B 

Yogurt 

1000g 

-It’s not easy to wash and empty because of its small entrance. 

-You need to clean and wash it carefully to be able to fold it completely. 

-Its cap lets you re-close it easily and after folding keeps it tight. 

-I never remove the cap before sorting to prevent spreading of a bad smell in 

my kitchen. 

-It’s not easy to separate since you cannot just remove the cap when the screw 

plastic part integrated with body. 

-Even in the recycling instruction it’s not clear what you have to do with the 

integrated plastic part before sorting!  

-It’s easy for separating and sorting, since it just made from paper and plastic. 

-You can pour water and soap into it and then closed the cap and shake the 

package, then pouring out the whole content is easy! 

-Its cubic form with sharp edges makes it difficult to clean since the yogurt 

sticks to these sharp corners on the inside, but on the other hand it is really 

popular and I have no idea of how it could be better! 

-Its size perfectly matches with your fridge and because of its cap you can fold 

it and keep it in minimum size which suits me since I empty my trash bin less 

than once a week! 

Somewhat inconvenient for 

separating and sorting 

High value 

Uncertain how to separate and sort 

 

Type C 

Yogurt 

1000g 

-Its straight and wide mouth makes it easy to empty and wash with water. 

-You can see if there is any leftover yogurt which also doesn’t stick inside since 

the corners are curved. 

Somewhat inconvenient for 

separating and sorting 

High value 

Uncertain how to separate and sort 

- I like the way that it is made from paper and that it has a wide-open mouth for emptying
and washing. In addition, you can check the remaining contents all the time!

- It’s easy to open, use, empty and clean! We used to have this type of package when I was
a kid.

- Its open mouth lets you to clean it easily and you can even use your hands. It has no
plastic parts.

- It’s easy to empty and clean, although its sticky upper edges require too much effort to clean.
- It’s easy to use and recycle since it’s made from pure cardboard.
- From the moment that you open it, you have to take care that its mouth edges are clean,

otherwise you can’t close the mouth and it is hard to wash out the yogurt later on when
it dries.

- I don’t like it at all; you can’t re-close the mouth the content gets a fridge smell and spoils
much faster than the contents in the other packages that have a cap. However, it’s really
easy for recycling!

Convenient for
separating and sorting

Type B
Yogurt
1000 g
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Type C 

Yogurt 

1000g 

-Its straight and wide mouth makes it easy to empty and wash with water. 

-You can see if there is any leftover yogurt which also doesn’t stick inside since 

the corners are curved. 

Somewhat inconvenient for 

separating and sorting 

High value 

Uncertain how to separate and sort 

- It’s not easy to wash and empty because of its small entrance.
- You need to clean and wash it carefully to be able to fold it completely.
- Its cap lets you re-close it easily and after folding keeps it tight.
- I never remove the cap before sorting to prevent spreading of a bad smell in my kitchen.
- It’s not easy to separate since you cannot just remove the cap when the screw plastic part

integrated with body.
- Even in the recycling instruction it’s not clear what you have to do with the integrated

plastic part before sorting!
- It’s easy for separating and sorting, since it just made from paper and plastic.
- You can pour water and soap into it and then closed the cap and shake the package, then

pouring out the whole content is easy!
- Its cubic form with sharp edges makes it difficult to clean since the yogurt sticks to these

sharp corners on the inside, but on the other hand it is really popular and I have no idea of
how it could be better!

- Its size perfectly matches with your fridge and because of its cap you can fold it and keep it
in minimum size which suits me since I empty my trash bin less than once a week!

Somewhat inconvenient
for separating and
sorting
High value
Uncertain how to
separate and sort
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Table 6. Cont.

Product Participants’ Experiences Participants’
Perceptions

Type C
Yogurt
1000 g
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Type E 

Cream 

500g 

Its small size and big cap make it really easy to empty and clean. 

I don’t fold it since it is too small and its curved edge and big plastic head 

makes it difficult to fold. 

If I have time I’ll cut the plastic part, otherwise I leave it un-touched in the 

package waste. 

It’s really confusing; they wrote to separate the plastic cap but they didn’t 

mention why a small package like this has a big plastic part at the head. Also, 

how should it be separated from the body? 

I don’t like this package; it’s small, but it has a big plastic part that it’s not good 

for the environment. 
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Uncertain how to separate and sort 

 

Type F 

Cream 

300g 

Actually, it’s so small that sometimes I didn’t wash it, and then I needed to 

keep the cap on to prevent spreading of a bad smell. 

Its small size doesn’t make it worth to fold it! 

Somewhat inconvenient for 

separating and sorting 

Uncertain how to separate and sort 

- Its straight and wide mouth makes it easy to empty and wash with water.
- You can see if there is any leftover yogurt which also doesn’t stick inside since the corners

are curved.
- I prefer the usual one (cubic and sharp edge) since its form, material and curved edges make

it slippery, especially when you want to wash it, and in general I feel uncomfortable!
- Its cap can be removed easily, but it is a struggle to detach the plastic part on head from the

main body.
- It’s not easy to fold. In fact, you have to spend time to open the lower edges to be able to

fold it after the plastic part is cut and removed, or, as I do; you can crumple it!
- Its curved edges and big plastic part doesn’t allow me to fold it, and it therefore occupied

a big space in my little trash bin.
- Up until now I have sorted it as plastic waste. Because of its form and graphic I didn’t

realize that it was made from paper!

Somewhat inconvenient
for separating and
sorting
High value
Uncertain how to
separate and sort

Type D
Yogurt
1500 g
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Actually, it’s so small that sometimes I didn’t wash it, and then I needed to 

keep the cap on to prevent spreading of a bad smell. 

Its small size doesn’t make it worth to fold it! 

Somewhat inconvenient for 

separating and sorting 

Uncertain how to separate and sort 

- The bigger size means more leftover yogurt if you don’t consume it before the proper time,
and then it’s not easy to empty and clean since you need a lot of water to get rid of
the yogurt!

- You need a steady hand, and probably both hands, to make it completely empty and to
wash it.

- Its small entrance makes it difficult to empty and clean compared with the smaller size.
- I can’t fold it since needs a lot of effort, and therefore I usually throw it away without folding.
- Even if it’s not easy to clean and wash I never leave this package in the mixed waste since

they made it from a huge amount of paper!
- I don’t have enough space for a big package like this so I try to avoid purchasing packages

of this size as much as possible.
- Since it’s a big paper package with a small cap and an integrated plastic part, I didn’t

remove the cap because I cannot see how this makes any difference in the end!

Inconvenient for
separating and sorting
High value
Uncertain how to
separate and sort

Type E
Cream
500 g

Sustainability 2020, 12, x FOR PEER REVIEW 17 of 25 

 

-I prefer the usual one (cubic and sharp edge) since its form, material and 

curved edges make it slippery, especially when you want to wash it, and in 

general I feel uncomfortable! 

-Its cap can be removed easily, but it is a struggle to detach the plastic part on 

head from the main body. 

-It’s not easy to fold. In fact, you have to spend time to open the lower edges to 

be able to fold it after the plastic part is cut and removed, or, as I do; you can 

crumple it! 

-Its curved edges and big plastic part doesn’t allow me to fold it, and it 

therefore occupied a big space in my little trash bin. 

-Up until now I have sorted it as plastic waste. Because of its form and graphic 

I didn’t realize that it was made from paper! 

Type D 

Yogurt 

1500g 

-The bigger size means more leftover yogurt if you don’t consume it before the 

proper time, and then it’s not easy to empty and clean since you need a lot of 

water to get rid of the yogurt! 

-You need a steady hand, and probably both hands, to make it completely 

empty and to wash it. 

-Its small entrance makes it difficult to empty and clean compared with the 

smaller size. 

-I can’t fold it since needs a lot of effort, and therefore I usually throw it away 

without folding. 

-Even if it’s not easy to clean and wash I never leave this package in the mixed 

waste since they made it from a huge amount of paper! 

-I don’t have enough space for a big package like this so I try to avoid 

purchasing packages of this size as much as possible. 

-Since it’s a big paper package with a small cap and an integrated plastic part, I 

didn’t remove the cap because I cannot see how this makes any difference in 

the end! 

Inconvenient for separating and 

sorting 

High value 

Uncertain how to separate and sort 

 

Type E 

Cream 

500g 

Its small size and big cap make it really easy to empty and clean. 

I don’t fold it since it is too small and its curved edge and big plastic head 

makes it difficult to fold. 

If I have time I’ll cut the plastic part, otherwise I leave it un-touched in the 

package waste. 

It’s really confusing; they wrote to separate the plastic cap but they didn’t 

mention why a small package like this has a big plastic part at the head. Also, 

how should it be separated from the body? 

I don’t like this package; it’s small, but it has a big plastic part that it’s not good 

for the environment. 

Somewhat inconvenient for 

separating and sorting 

Uncertain how to separate and sort 

 

Type F 

Cream 
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Actually, it’s so small that sometimes I didn’t wash it, and then I needed to 
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separating and sorting 

Uncertain how to separate and sort 

Its small size and big cap make it really easy to empty and clean.
I don’t fold it since it is too small and its curved edge and big plastic head makes it difficult to fold.
If I have time I’ll cut the plastic part, otherwise I leave it un-touched in the package waste.
It’s really confusing; they wrote to separate the plastic cap but they didn’t mention why a small
package like this has a big plastic part at the head. Also, how should it be separated from
the body?
I don’t like this package; it’s small, but it has a big plastic part that it’s not good for
the environment.

Somewhat inconvenient
for separating and
sorting
Uncertain how to
separate and sort

Type F
Cream
300 g
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The statements in Table 6 reveal that consumers may be hindered from sorting packaging 
properly if the design of the packaging is not consistent with consumer needs. One inconsistency is 
when the packaging attributes do not support functions that enhance proper sorting. For example, 
packages with rounded corners and a plastic neck (Type C and E) are perceived to be easier to empty 
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sorted the packaging as plastic waste, since the shiny white color used for both the plastic neck and 
paperboard carton gave the impression that the entire package was made from plastic. Another 
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sorting waste after use, must be convenient and easy to perform automatically [105,106]. Hence, 
inconsistencies in the design of packaging identified here may negatively impact consumer 
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support for increased recycling rates [107]. 

In the present study, the waste sorting process was guided more by the participants’ attitudes 
and their relatively high recycling knowledge, than by the packaging features. Participants’ 
statements often illustrated the same behavior, irrespective of whether the packaging had special 
functions that facilitated the sorting process (e.g., ease of emptying or separating) or not. This is 
because these special functions were not noticed nor discovered by the participants (lack of usability). 
The selected packages, therefore, have been able to fulfill their primary function as containers, but, 
except the recyclable materials used to make the packages (paperboard bodies), they have no features 
that successfully guide waste sorting. Thus, they have failed to meet consumer expectations about 
usability and satisfaction during waste sorting. A proper design [48], therefore, is needed to bring the 
potential to sort packaging to the attention of consumers and to make it understandable. Proper 
design is also crucial for extended producer responsibility, which is required by the European 
Commission [108], and commits the producer to reduce the environmental impact of products and 
services throughout the product’s lifecycle, including separation and sorting [109]. 

This can be achieved by (1) selecting meaningful visual attributes, for example, ascertaining 
where the packaging should be folded, either by using a dotted or perforation line, and (2) providing 
declarative and oriented information about waste sorting that is aligned with consumer needs; for 
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information on selected packages is often limited to clarifying where consumers are expected to sort 
the separated waste.  

5. Conclusions 

Actually, it’s so small that sometimes I didn’t wash it, and then I needed to keep the cap on to
prevent spreading of a bad smell.
Its small size doesn’t make it worth to fold it!
A small amount of water is enough to clean it.
Sometimes I sort it in packaging bins without removing the cap because I can’t remove the whole
plastic part.
I don’t fold it because this is not easy for a package of this size, but its cubic form reminds me not
to sort it as mixed waste.

Somewhat inconvenient
for separating and
sorting
Uncertain how to
separate and sort

The statements in Table 6 reveal that consumers may be hindered from sorting packaging properly
if the design of the packaging is not consistent with consumer needs. One inconsistency is when the
packaging attributes do not support functions that enhance proper sorting. For example, packages
with rounded corners and a plastic neck (Type C and E) are perceived to be easier to empty and
clean in comparison with cubic packaging with sharper edges, but at the same time, they make
separation and sorting more difficult. In this case, the neck was difficult to detach from the paperboard
carton (the rounded corners also made it harder to grip the package when removing the neck). Thus,
instead of struggling to separate and fold the package, as instructed on the package (see Figure 3),
the participants often preferred to use water to empty the package before sorting as paperboard waste,
without separating the plastic neck. Additionally, some participants incorrectly sorted the packaging as
plastic waste, since the shiny white color used for both the plastic neck and paperboard carton gave the
impression that the entire package was made from plastic. Another inconsistency was found between
the function of the packaging to preserve its content and its function to enhance sorting. For example,
one of the packages (Type A) has no plastic parts, and its mouth can be completely opened, making it
easy to empty and fold. This enhances proper sorting, but the inability to re-close the package makes it
difficult to keep the contents fresh.
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Although the packaging was selected from different companies, and hence it differs in appearance
(graphically), none of the packages were regarded as having a high quality due to their appearance.
The participants had difficulty in using the term ‘higher quality’ (Q8) to distinguish between the
packages themselves, but rather used it to refer to the contents. This is not consistent with previous
results, that found that the packaging design can affect the perception of the quality of the packaging,
e.g., [27,103,104]. Instead of discussing ‘quality’, the participants preferred to use the term ‘higher
value’ to distinguish between the packages. Within this study, the larger packages and those that had
better functionality during use were considered as having a higher value.

This might be due to weak graphic design, or manifesting the low effect of appearance on
perceiving quality in the product that is purchased and used habitually.

There was no consensus regarding the influence of different sizes on sorting behavior (Q9).
As stated earlier, bigger packaging has been seen as an obstacle for proper sorting. However, at least
for the range of sizes used in the present study, contradictory results were obtained, since the smallest
package (300 cc) was perceived to be the most problematic to sort. This was due to the difficulty of
folding the small packaging at the same time that it was perceived to have a low value. It was, therefore,
more likely to be discarded in the mixed-waste fraction. Similarly, several participants perceived that
the biggest package (1500 cc) had the highest value, since it contained more paperboard, and this
package was sorted correctly.

In the last question (Q10) the participants were asked to share their experiences regarding the
suitability and ease of sorting the different packages. This part of the interview was primarily conducted
using free discussions, and identified the participants’ suggestions to improve the packaging to make
it more suitable for sorting. Table 6 lists these suggestions and what the participants perceived as
advantageous or disadvantageous for the proper sorting of each type of packaging waste.

Table 6. Participants’ experiences in sorting the different types of packaging.

Product Participants’ Experiences Participants’
Perceptions

Type A
Yogurt
1000 g
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Type B 

Yogurt 

1000g 

-It’s not easy to wash and empty because of its small entrance. 

-You need to clean and wash it carefully to be able to fold it completely. 

-Its cap lets you re-close it easily and after folding keeps it tight. 
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-It’s easy for separating and sorting, since it just made from paper and plastic. 

-You can pour water and soap into it and then closed the cap and shake the 

package, then pouring out the whole content is easy! 
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sticks to these sharp corners on the inside, but on the other hand it is really 

popular and I have no idea of how it could be better! 

-Its size perfectly matches with your fridge and because of its cap you can fold 
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Somewhat inconvenient for 
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Type C 

Yogurt 

1000g 

-Its straight and wide mouth makes it easy to empty and wash with water. 

-You can see if there is any leftover yogurt which also doesn’t stick inside since 

the corners are curved. 

Somewhat inconvenient for 

separating and sorting 

High value 

Uncertain how to separate and sort 

- I like the way that it is made from paper and that it has a wide-open mouth for emptying
and washing. In addition, you can check the remaining contents all the time!

- It’s easy to open, use, empty and clean! We used to have this type of package when I was
a kid.

- Its open mouth lets you to clean it easily and you can even use your hands. It has no
plastic parts.

- It’s easy to empty and clean, although its sticky upper edges require too much effort to clean.
- It’s easy to use and recycle since it’s made from pure cardboard.
- From the moment that you open it, you have to take care that its mouth edges are clean,

otherwise you can’t close the mouth and it is hard to wash out the yogurt later on when
it dries.

- I don’t like it at all; you can’t re-close the mouth the content gets a fridge smell and spoils
much faster than the contents in the other packages that have a cap. However, it’s really
easy for recycling!

Convenient for
separating and sorting

Type B
Yogurt
1000 g
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Type C 

Yogurt 

1000g 

-Its straight and wide mouth makes it easy to empty and wash with water. 

-You can see if there is any leftover yogurt which also doesn’t stick inside since 

the corners are curved. 

Somewhat inconvenient for 

separating and sorting 

High value 

Uncertain how to separate and sort 

- It’s not easy to wash and empty because of its small entrance.
- You need to clean and wash it carefully to be able to fold it completely.
- Its cap lets you re-close it easily and after folding keeps it tight.
- I never remove the cap before sorting to prevent spreading of a bad smell in my kitchen.
- It’s not easy to separate since you cannot just remove the cap when the screw plastic part

integrated with body.
- Even in the recycling instruction it’s not clear what you have to do with the integrated

plastic part before sorting!
- It’s easy for separating and sorting, since it just made from paper and plastic.
- You can pour water and soap into it and then closed the cap and shake the package, then

pouring out the whole content is easy!
- Its cubic form with sharp edges makes it difficult to clean since the yogurt sticks to these

sharp corners on the inside, but on the other hand it is really popular and I have no idea of
how it could be better!

- Its size perfectly matches with your fridge and because of its cap you can fold it and keep it
in minimum size which suits me since I empty my trash bin less than once a week!

Somewhat inconvenient
for separating and
sorting
High value
Uncertain how to
separate and sort
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Table 6. Cont.

Product Participants’ Experiences Participants’
Perceptions

Type C
Yogurt
1000 g
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Type E 

Cream 

500g 

Its small size and big cap make it really easy to empty and clean. 

I don’t fold it since it is too small and its curved edge and big plastic head 

makes it difficult to fold. 

If I have time I’ll cut the plastic part, otherwise I leave it un-touched in the 

package waste. 

It’s really confusing; they wrote to separate the plastic cap but they didn’t 

mention why a small package like this has a big plastic part at the head. Also, 

how should it be separated from the body? 

I don’t like this package; it’s small, but it has a big plastic part that it’s not good 

for the environment. 

Somewhat inconvenient for 

separating and sorting 

Uncertain how to separate and sort 

 

Type F 

Cream 

300g 

Actually, it’s so small that sometimes I didn’t wash it, and then I needed to 

keep the cap on to prevent spreading of a bad smell. 

Its small size doesn’t make it worth to fold it! 

Somewhat inconvenient for 

separating and sorting 

Uncertain how to separate and sort 

- Its straight and wide mouth makes it easy to empty and wash with water.
- You can see if there is any leftover yogurt which also doesn’t stick inside since the corners

are curved.
- I prefer the usual one (cubic and sharp edge) since its form, material and curved edges make

it slippery, especially when you want to wash it, and in general I feel uncomfortable!
- Its cap can be removed easily, but it is a struggle to detach the plastic part on head from the

main body.
- It’s not easy to fold. In fact, you have to spend time to open the lower edges to be able to

fold it after the plastic part is cut and removed, or, as I do; you can crumple it!
- Its curved edges and big plastic part doesn’t allow me to fold it, and it therefore occupied

a big space in my little trash bin.
- Up until now I have sorted it as plastic waste. Because of its form and graphic I didn’t

realize that it was made from paper!

Somewhat inconvenient
for separating and
sorting
High value
Uncertain how to
separate and sort

Type D
Yogurt
1500 g
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Type F 
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Actually, it’s so small that sometimes I didn’t wash it, and then I needed to 

keep the cap on to prevent spreading of a bad smell. 

Its small size doesn’t make it worth to fold it! 

Somewhat inconvenient for 

separating and sorting 

Uncertain how to separate and sort 

- The bigger size means more leftover yogurt if you don’t consume it before the proper time,
and then it’s not easy to empty and clean since you need a lot of water to get rid of
the yogurt!

- You need a steady hand, and probably both hands, to make it completely empty and to
wash it.

- Its small entrance makes it difficult to empty and clean compared with the smaller size.
- I can’t fold it since needs a lot of effort, and therefore I usually throw it away without folding.
- Even if it’s not easy to clean and wash I never leave this package in the mixed waste since

they made it from a huge amount of paper!
- I don’t have enough space for a big package like this so I try to avoid purchasing packages

of this size as much as possible.
- Since it’s a big paper package with a small cap and an integrated plastic part, I didn’t

remove the cap because I cannot see how this makes any difference in the end!

Inconvenient for
separating and sorting
High value
Uncertain how to
separate and sort

Type E
Cream
500 g
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Actually, it’s so small that sometimes I didn’t wash it, and then I needed to 
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Its small size doesn’t make it worth to fold it! 
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separating and sorting 

Uncertain how to separate and sort 

Its small size and big cap make it really easy to empty and clean.
I don’t fold it since it is too small and its curved edge and big plastic head makes it difficult to fold.
If I have time I’ll cut the plastic part, otherwise I leave it un-touched in the package waste.
It’s really confusing; they wrote to separate the plastic cap but they didn’t mention why a small
package like this has a big plastic part at the head. Also, how should it be separated from
the body?
I don’t like this package; it’s small, but it has a big plastic part that it’s not good for
the environment.

Somewhat inconvenient
for separating and
sorting
Uncertain how to
separate and sort

Type F
Cream
300 g
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Actually, it’s so small that sometimes I didn’t wash it, and then I needed to keep the cap on to
prevent spreading of a bad smell.
Its small size doesn’t make it worth to fold it!
A small amount of water is enough to clean it.
Sometimes I sort it in packaging bins without removing the cap because I can’t remove the whole
plastic part.
I don’t fold it because this is not easy for a package of this size, but its cubic form reminds me not
to sort it as mixed waste.

Somewhat inconvenient
for separating and
sorting
Uncertain how to
separate and sort

The statements in Table 6 reveal that consumers may be hindered from sorting packaging properly
if the design of the packaging is not consistent with consumer needs. One inconsistency is when the
packaging attributes do not support functions that enhance proper sorting. For example, packages
with rounded corners and a plastic neck (Type C and E) are perceived to be easier to empty and
clean in comparison with cubic packaging with sharper edges, but at the same time, they make
separation and sorting more difficult. In this case, the neck was difficult to detach from the paperboard
carton (the rounded corners also made it harder to grip the package when removing the neck). Thus,
instead of struggling to separate and fold the package, as instructed on the package (see Figure 3),
the participants often preferred to use water to empty the package before sorting as paperboard waste,
without separating the plastic neck. Additionally, some participants incorrectly sorted the packaging as
plastic waste, since the shiny white color used for both the plastic neck and paperboard carton gave the
impression that the entire package was made from plastic. Another inconsistency was found between
the function of the packaging to preserve its content and its function to enhance sorting. For example,
one of the packages (Type A) has no plastic parts, and its mouth can be completely opened, making it
easy to empty and fold. This enhances proper sorting, but the inability to re-close the package makes it
difficult to keep the contents fresh.
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A possible explanation for these inconsistencies is that some of the packaging functions and features
have been defined in general terms, without considering the needs of consumers, whether during usage
or sorting. Based on psychological studies, repeatedly performing a behavior, such as sorting waste
after use, must be convenient and easy to perform automatically [105,106]. Hence, inconsistencies in
the design of packaging identified here may negatively impact consumer interaction with the package,
and negatively influence consumer behavior during waste sorting (lack of satisfaction). This research
finding is not in line with the manufacturer’s desire to seek customer support for increased recycling
rates [107].

In the present study, the waste sorting process was guided more by the participants’ attitudes and
their relatively high recycling knowledge, than by the packaging features. Participants’ statements
often illustrated the same behavior, irrespective of whether the packaging had special functions that
facilitated the sorting process (e.g., ease of emptying or separating) or not. This is because these special
functions were not noticed nor discovered by the participants (lack of usability). The selected packages,
therefore, have been able to fulfill their primary function as containers, but, except the recyclable
materials used to make the packages (paperboard bodies), they have no features that successfully
guide waste sorting. Thus, they have failed to meet consumer expectations about usability and
satisfaction during waste sorting. A proper design [48], therefore, is needed to bring the potential to
sort packaging to the attention of consumers and to make it understandable. Proper design is also
crucial for extended producer responsibility, which is required by the European Commission [108],
and commits the producer to reduce the environmental impact of products and services throughout
the product’s lifecycle, including separation and sorting [109].

This can be achieved by (1) selecting meaningful visual attributes, for example, ascertaining
where the packaging should be folded, either by using a dotted or perforation line, and (2) providing
declarative and oriented information about waste sorting that is aligned with consumer needs;
for example, how and to what extent packaging should be cleaned.

Also, to stimulate consumer sorting behavior, information may be needed about the necessity of
separating and sorting food packaging waste, and the consequences of neglecting these tasks. Present
information on selected packages is often limited to clarifying where consumers are expected to sort
the separated waste.

5. Conclusions

Proper design of food packaging has the potential to enhance consumer decision-making when
separating and sorting packaging waste. Current food packaging does not seem to communicate this
information adequately, and appears to be designed as a container before and during the consumption
of the contents, rather than a facilitator for separating and sorting the packaging after the contents
are consumed. Improving the ability of the packaging to guide sorting may be more important
for consumable products that are purchased often, such as yogurt and cream, and that are sorted
habitually. This type of food packaging should be able to communicate relevant information to the
consumer. This can be done by giving attention to its functions, form, texture, color and usability,
and by selecting recyclable materials that can easily be separated from each other. This may be as
important as advancing manufacturing and recycling technology. Furthermore, the information about
separation and sorting must be easy to find and understandable to consumers.

It appears that the use of packaging as a source of information to support the separation and
sorting of the packaging waste has not received the same attention as improving the packaging
fabrication and selecting recyclable materials. However, this study reveals that choosing recyclable
materials does not guarantee the proper separation and sorting of the packaging. In fact, it was seen
that there are many other factors that need to be taken into account, such as consistency between
the form of the package with its functions. Along with this, waste separation and sorting are often
rituals to fulfill citizens’ duties, and are often done routinely as a habit. The process must, therefore,
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be easy and convenient for consumers. Hence, packaging functions, such as ease of emptying, cleaning,
separating and folding, are most likely features that can be used to enhance proper sorting.

Considering the package as a product, with and without its contents, will expand its current
domain of responsibility, and reveal abilities that have not previously been investigated. In particular,
sustainable waste management would benefit if there was more knowledge and data available about
the influence of specific packaging attributes on consumer behavior. Further research is needed
to understand how the appearance of food packages, such as shape, texture, color and packaging
characteristics, can be used to improve waste sorting. In addition, the habitual essence of waste sorting
identifies a need for more specific packaging research that can provide empirical data for improving
the design of the packaging.
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A possible explanation for these inconsistencies is that some of the packaging functions and features
have been defined in general terms, without considering the needs of consumers, whether during usage
or sorting. Based on psychological studies, repeatedly performing a behavior, such as sorting waste
after use, must be convenient and easy to perform automatically [105,106]. Hence, inconsistencies in
the design of packaging identified here may negatively impact consumer interaction with the package,
and negatively influence consumer behavior during waste sorting (lack of satisfaction). This research
finding is not in line with the manufacturer’s desire to seek customer support for increased recycling
rates [107].

In the present study, the waste sorting process was guided more by the participants’ attitudes and
their relatively high recycling knowledge, than by the packaging features. Participants’ statements
often illustrated the same behavior, irrespective of whether the packaging had special functions that
facilitated the sorting process (e.g., ease of emptying or separating) or not. This is because these special
functions were not noticed nor discovered by the participants (lack of usability). The selected packages,
therefore, have been able to fulfill their primary function as containers, but, except the recyclable
materials used to make the packages (paperboard bodies), they have no features that successfully
guide waste sorting. Thus, they have failed to meet consumer expectations about usability and
satisfaction during waste sorting. A proper design [48], therefore, is needed to bring the potential to
sort packaging to the attention of consumers and to make it understandable. Proper design is also
crucial for extended producer responsibility, which is required by the European Commission [108],
and commits the producer to reduce the environmental impact of products and services throughout
the product’s lifecycle, including separation and sorting [109].

This can be achieved by (1) selecting meaningful visual attributes, for example, ascertaining
where the packaging should be folded, either by using a dotted or perforation line, and (2) providing
declarative and oriented information about waste sorting that is aligned with consumer needs;
for example, how and to what extent packaging should be cleaned.

Also, to stimulate consumer sorting behavior, information may be needed about the necessity of
separating and sorting food packaging waste, and the consequences of neglecting these tasks. Present
information on selected packages is often limited to clarifying where consumers are expected to sort
the separated waste.

5. Conclusions

Proper design of food packaging has the potential to enhance consumer decision-making when
separating and sorting packaging waste. Current food packaging does not seem to communicate this
information adequately, and appears to be designed as a container before and during the consumption
of the contents, rather than a facilitator for separating and sorting the packaging after the contents
are consumed. Improving the ability of the packaging to guide sorting may be more important
for consumable products that are purchased often, such as yogurt and cream, and that are sorted
habitually. This type of food packaging should be able to communicate relevant information to the
consumer. This can be done by giving attention to its functions, form, texture, color and usability,
and by selecting recyclable materials that can easily be separated from each other. This may be as
important as advancing manufacturing and recycling technology. Furthermore, the information about
separation and sorting must be easy to find and understandable to consumers.

It appears that the use of packaging as a source of information to support the separation and
sorting of the packaging waste has not received the same attention as improving the packaging
fabrication and selecting recyclable materials. However, this study reveals that choosing recyclable
materials does not guarantee the proper separation and sorting of the packaging. In fact, it was seen
that there are many other factors that need to be taken into account, such as consistency between
the form of the package with its functions. Along with this, waste separation and sorting are often
rituals to fulfill citizens’ duties, and are often done routinely as a habit. The process must, therefore,
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be easy and convenient for consumers. Hence, packaging functions, such as ease of emptying, cleaning,
separating and folding, are most likely features that can be used to enhance proper sorting.

Considering the package as a product, with and without its contents, will expand its current
domain of responsibility, and reveal abilities that have not previously been investigated. In particular,
sustainable waste management would benefit if there was more knowledge and data available about
the influence of specific packaging attributes on consumer behavior. Further research is needed
to understand how the appearance of food packages, such as shape, texture, color and packaging
characteristics, can be used to improve waste sorting. In addition, the habitual essence of waste sorting
identifies a need for more specific packaging research that can provide empirical data for improving
the design of the packaging.
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A B S T R A C T   

This research aims to understand why consumers miss-sort plastic food packaging and to what extent the design 
affordance of packaging can influence consumer sorting behavior. A photo-based observation study and semi- 
structured interviews were used to gain a deeper understanding of the miss-sorting behavior and how it could 
be affected by design affordance. This explorative study suggested that the packaging form, size, durability, 
haptic aspects, and visual communicative properties influence how consumers perceive the value of packaging. 
This is important, because packaging with low attributed values are not considered worth recycling or correctly 
sorted and are more likely to be miss-sorted. Hence, a well-afforded food packaging design is expected to 
improve how consumers perceive the value of packaging and to consequently improve sorting behavior.   

1. Introduction 

The increased consumption of fresh food products over the past two 
decades has been a challenge for the food packaging sector. Growing 
demand is driving the development of new and improved food pack-
aging design to extend food shelf life by maintaining food quality and to 
simultaneously meet the financial requirements of the manufacturers 
(Foundation, 2017). Among the different packaging materials, plastic 
brings massive economic benefits to the food packaging sector by 
combining low cost with versatility, durability, and a high 
strength-to-weight ratio (Geyer et al., 2017; Marsh and Bugusu, 2007). 
Consequently, plastic is increasingly replacing other packaging mate-
rials, and production is undergoing exponential growth. Approximately 
42% of global plastic production (146 million tons) is used for pack-
aging. However, approximately 97% of this packaging (141 million 
tons) is converted into waste and not recycled (Giacovelli and Zamparo, 
2018; Ritchie, 2018). The environmental burden of the low rate of 
recycling of plastic packaging waste, particularly single-use plastic 
packaging, is compounded by the fact that its end-of-life treatment is 
typically incineration or landfilling. To alleviate this problem, several 
action plans and policy objectives have been developed, on global and 
national scales. The especially promising “circular economy” plan aims 
to promote closed-loop production, use, and waste handling patterns. 
This is a challenging goal that seeks to enhance the current recycling rate 
of plastic packaging to 55% and 100% by 2030 and 2040, respectively 
(Macarthur, 2016; WRAP, 2019). In a circular economy, plastic never 

becomes waste but is instead reused, repaired, or recycled, thereby 
remaining in the economy as a valuable resource (Eurostat, 2018). 
However, the circular economy is not a purely technical solution and it 
involves several stakeholders, such as consumers, producers, policy-
makers, and industries (Epro, 2018; Foundation, 2017). For the concept 
to succeed, the needs of the consumers and the technical system must be 
compatible. Consumers generate substantial plastic packaging waste 
and can ignore regulations or technical approaches that are not 
perceived as relevant (Heidbreder et al., 2019; The Guardian, 2019). For 
example, the Swedish waste collection system consists of various types 
of waste collection facilities, such as drop-off points (i.e., recycling 
stations), property-close collection stations, and recycling rooms. The 
facilities are designed to motivate appropriate waste sorting habits 
(AvfallSverige, 2018). Nonetheless, more than half of all plastic pack-
aging materials are miss-sorted (SPR, 2020). Restricted use and bans on 
single-use plastic products or the replacement of conventional plastics 
with biodegradable and bioplastic materials are other strategies imple-
mented by countries to address the plastic pollution problem (Crane, 
2019; European Parliament, 2019; Marini Higgs, 2019). Although stra-
tegies to limit the environmental impact of plastic packaging appear 
promising, their effects on the sorting of plastic waste are debatable. 

The miss-sorting of plastic food packaging waste is problematic 
because of its environmental impact. Bioplastics have similar effects to 
those of fuel-based plastics if they end up in nature (Gibbens, 2018). 
Some types of biodegradable plastics (e.g., polylactic acid) could be 
problematic for material recovery even if properly sorted (ValueWalk, 
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2020). In addition, biodegradable plastics could be preferred over 
fuel-based plastics but have higher environmental impacts than other 
packaging materials, such as paper or glass (Orzan et al., 2018). 

Although technical progress combined with regulatory and policy 
initiatives is essential, the sorting of plastic waste must be promoted as a 
sustainable behavior. Even in the European Union, where the recycling 
rate of plastic packaging is higher (41%) than in many other countries, 
the rate is still far lower than that of other packaging materials (e.g., for 
glass (75%) and cardboard (85%)) (Eurostat, 2020). The difference in 
these recycling rates may be due, in part, to the fact that consumers do 
not sort plastic packaging but do sort packaging made from other ma-
terials. The sorting behavior links the generation of waste (by con-
sumers) with subsequent treatment by the technical waste management 
system (Rousta and Dahlén, 2015). This weak link could be strengthened 
by solutions based on a deep understanding of consumer perceptions, 
preferences, attitudes, and interactions with packaging (Hebrok and 
Boks, 2017; Nemat et al., 2019). Furthermore, waste sorting is a routine 
task that is usually performed with minimal cognitive effort and limited 
awareness. Individuals establish the routine quicky after learning how 
and when to use a well-planned waste sorting system (Henriksson et al., 
2010). Thus, similar to any automated behavior, any factor—even a 
subtle cue—could affect consumer decision-making during the sorting of 
packaging waste (Wendel, 2013). Thus, the potential of utilizing pack-
aging design as an influential factor to improve sorting behavior has 
been discussed (Langley et al., 2011; Williams et al., 2018). The design 
of food packaging can help consumers understand how to use and 
manage packaged products and the packaging itself (De La Fuente et al., 
2015) and can affect the connection between consumers, the environ-
ment, and the product (Santi et al., 2020). Hence, considerable research 
investigates the contribution of different attributes of packaging design 
to consumer pro-environmental behavior. Consumer attitudes, recycling 
knowledge, uncertainty, perceived value, and perceived convenience 
are essential influencing factors affecting consumer decision-making 
regarding whether or not to sort packaging waste (Buelow et al., 
2010; Klaiman et al., 2017; Langley et al., 2011; Trudel et al., 2016; 
Trudel and Argo, 2013; Wever et al., 2010; Williams et al., 2012, 2018). 

Regardless of the contrast between the studies, the outcomes show 
the same reflection. The design of food packaging could direct and 
encourage consumers to correctly sort packaging waste if: 1) the design 
could amplify the packaging ability to convey a particular message to 
enhance consumer attitude, recycling knowledge and to reduce uncer-
tainty; and 2) the design could optimize the packaging functionality to 
facilitate the sorting process. Thus, packaging designs have the potential 
to make consumers aware of action possibilities in the interaction with 
packaging and to catalyze such actions that consider in this study as 
packaging design affordance. The definition of design affordance varies 
slightly according to the context, such as product design versus graphic 
design (Taylor, 2015). However, design affordance generally refers to 
product (such as food packaging) characteristics that provide options to 
users when using the product (Gibson, 1977; Norman, 1999, 2013). 
There are several examples of design affordances regarding the sorting 
of food packaging. For example, using explicit anti-littering signs on 
packaging creates better communication between packaging and con-
sumers to approve packaging recyclability, which causes the package to 
be less likely to be miss-sorted (Wever et al., 2010). Packaging perceived 
as easy to clean and empty encourages effortless and improved waste 
sorting (Wikström et al., 2014). Consumers are also encouraged to fold 
dairy packaging with sharp corners during sorting because the design 
affords more foldability than packaging with curved corners (Nemat 
et al., 2020). 

Design affordance thus seems promising for influencing the sorting 
of plastic packaging waste; however, few studies directly address design 
affordance and limit the investigation specifically to plastic packaging. 
In this case, detailed studies by (Trudel and Argo, 2013; Trudel et al., 
2016) could be considered an example of research that studied the 
impact of design affordance on sorting specific packaging material: 

‘paper’. The studies clearly showed manipulation of paper packaging 
‘form and size’ could decline the value of paper packaging, likewise, 
how the perceived of ‘low value’ could encourage miss-sorting behavior 
(Trudel et al., 2016; Trudel and Argo, 2013). Contrary, regarding plastic 
packaging the majority of previous research has studied the interaction 
between plastic packaging design attributes and sorting behavior in 
general terms alongside other packaging materials such as paper, glass, 
and metal. Moreover, from the design overview corresponding reasons 
for ‘low value’ perception of plastic packaging have not been studied. 
Langley et al. (2011) found that consumers have a low propensity to sort 
flat and soft plastic packaging compared with glass or metal packaging 
due to doubt about the recyclability of plastic packaging and because 
this packaging type is perceived as a “low value” product. In a more 
recent study by (Williams et al., 2018) the perceived “low value” has 
been referenced to the plastic food packaging material. The study 
showed that packaging that fails to afford specific functions (e.g., easy to 
re-seal, clean, empty, fold, and separate) is more likely to be miss-sorted 
regardless of the packaging material. In addition, consumer uncertainty 
about which packaging components are recyclable and to what extent 
the package should be cleaned and separated from the container are key 
factors hindering consumers from correctly sorting packaging waste 
(Williams et al., 2018). Other studies provide the same general insight 
(e.g., Fisher and Shipton, 2010; Henriksson et al., 2010; Klaiman et al., 
2017; Martinho et al., 2015; Svanes et al., 2010; Wohner et al., 2019). 

The major findings of the above-mentioned studies did not discuss 
the plastic packaging design characteristics that could contribute to the 
miss-sorting of plastic packaging waste. In addition, insights into the 
types of plastic food packaging that are typically miss-sorted by con-
sumers, the origin of this issue, and the extent to which design afford-
ance can influence this behavior are lacking. Low-density plastic 
packaging which are known as soft plastic (e.g., low-density poly-
ethylene) are inherently less likely to possess particular functionality (e. 
g. re-seal ability) and is a major part of plastic food packaging (Folk-
esson, 2020). Therefore, attaining the necessary knowledge to enhance 
the design of plastic food packaging beyond functionalities is critical to 
avoided increased miss-sorted plastic food packaging. Thus, the present 
study focuses only on the design of plastic food packaging to discover 
and to specify the design attributes that prevent consumers from 
correctly sorting plastic food packaging waste. 

The fundamental question in the present contribution is how the 
design affordance of plastic food packaging influences the decision of 
consumers to sort the waste. The present research aims 1) to understand 
the interaction between consumers and plastic food packaging attributes 
that lead to miss-sorting behavior and 2) to assist packaging designers by 
providing evidence-based information to facilitate the development of 
improved packaging design solutions. The assumptions of the study 
were based on the design of sustainable behavior (DfSB). The principal 
intention of the DfSB approach is to reduce the environmental impact 
caused by consumer interaction with a specific product (plastic food 
packaging) during product usage by improving product design (Lockton 
et al., 2008). 

2. Method 

This study uses qualitative methods for data collection from con-
sumers in a particular context, enabling more dependable insight into 
the conditions that affect specific sorting behaviors. The first method 
used here investigated the types of most miss-sorted plastic food pack-
aging and the factors contributing to the miss-sorting behavior. Miss- 
sorting in this study includes plastic packaging miss-sorted into the 
mixed waste fraction (instead of the plastic packaging recycling frac-
tion) and miss-sorted into recycling streams for other materials such as 
glass packaging. Photo-based observation (PBO) was conducted to 
collect images of the packaging that were miss-sorted as mixed waste. 
Because participants take photographs in their homes, this method en-
ables the investigation of participants’ behavior in their daily 
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environments and can increase understanding of any constraint that 
hinders correct sorting. The PBO method provides stable data despite 
the transitory nature of the observation (Basil, 2011) and can be used to 
identify possible patterns in consumer behavior in a situational context 
(Geiger, 2020). Furthermore, observation methods, such as PBO, pro-
vide a strong basis for assessing what consumers really do because of the 
lack of an associated sense of judgment. The invitation to participate in 
the PBO study was distributed via email and published on different so-
cial media channels, such as Facebook and LinkedIn, with the help of 
friends of the lead author. The research intention was elaborated within 
the invitation; the type of packaging waste that should be included in the 
PBO study was introduced to the participants. The volunteer partici-
pants could use any type of camera and were asked to provide a brief 
explanation as to why the packaging in their photographs was not sorted 
into the plastic waste fraction. A total of 167 images were received from 
135 participants via email within a month after distributing the invita-
tion. However, not all photographs were used in this study. Some were 
removed due to poor quality that did not allow clear identification of the 
packaging type. Duplicates of the same packing and photographs of 
items other than plastic food packaging were also removed. 

The knowledge gained from the PBO study was complemented by 
two different interview techniques. These supported and validated the 
data from the PBO study. These were 1) Semi-structured interviews were 
conducted with an open-ended questionnaire, which allowed the re-
spondents to express their opinions in their own words. 2) Probing in-
terviews used photographs from the PBO to ensure that the interviewees 
were referring to the same objects (i.e., type of plastic packaging) in the 
semi-structured interviews. Furthermore, images helped participants 
recall their experiences and what they do in a particular situation. 

The invitation to participate in the interviews was distributed among 
the network of friends and colleagues of the lead author via social media, 
emails, and telephone calls. The invitation was also sent separately via mail 
and social media to students at the University of Borås, at the Blekinge 
Institute of Technology, and Hyper Island in Karlskrona—an educational 
institution in Sweden—to achieve a broad range of interviewees. The only 

limitation required for participation was residing in Sweden. Most data 
were collected online because of the COVID-19 pandemic. The in-
terviewees were informed of the purpose of the study (improving the 
design of plastic food packaging to improve miss-sorting behavior). They 
were also informed that their sorting behavior would not be judged in this 
study to help prevent answers bias due to social desirability, such as faking 
ignorance instead of acknowledging the true reason. 

Eighteen consumers participated in the semi-structured and probing 
interviews, which were conducted on a single occasion for each partic-
ipant. Four interviews were conducted in Borås and 14 in Karlskrona. 
Most of the participants had a university education and different occu-
pations, including 9 students and 5 researchers (the remaining partici-
pants were university teachers, pilots, nurses, and mechanics). Three 
persons lived in a house and the rest lived in apartments. The ages of the 
participants ranged from 20 to 35 years old. External factors, such as the 
size of the kitchen, distance to the nearest recycling station, or the type 
of waste collection bins for those living in apartments were similar 
among the participants and not controlled for in the present study. Seven 
of the participants were native Swedes; the remainder were from Asia, 
the Middle East, and Europe. Therefore, the interviewees formed a group 
with reasonable cultural diversity. The interviews showed that all par-
ticipants were well-informed of their role as sorters in the waste man-
agement system. The interviews were based on participant preferences. 
Some were conducted online, using Zoom, Skype, or FaceTime appli-
cations, whereas others were face-to-face. The interview questions 
covered nine principal areas and were used to lead the interviews in a 
pre-planned manner (see Table 1). The participants had different 
knowledge and cultural backgrounds, which required different ap-
proaches, such as asking questions in different manners or order. Hence, 
the interviews were quite dynamic, and had the same collective goals. 
The interviews were recorded with the consent of the participants. The 
video or audio files of the interviews were transcribed and coded. 

The data from the PBO study and interviews were thematically 
analyzed to identify potential themes within the participant statements. 
Thematic analysis is a method used to analyze qualitative data and is 
typically applied to sets of texts (e.g., interview transcripts) in which the 
data are used to identify common themes—topics, ideas, and commonly 
used phrases—that arise repeatedly. Although there are various ap-
proaches for conducting thematic analysis, the most common form fol-
lows a six-step process: familiarization, coding, generating themes, 
reviewing themes, defining and naming themes, and write up (Braun and 
Clarke, 2006). In the present study, the process was initiated by collecting 
the PBO comments and transcribing the interviews. The coding was 
performed independently by three of the authors and compared to ensure 
that the correct conclusions were drawn from the collected data, to ensure 
the reliability of the generated data, and to minimize research bias. 

The pro-environmental behavior of consumers in reality may not 
reflect their expression of environmental concern (Darby, 2001; Koll-
muss and Agyeman, 2002). Thus, the coding was performed in two steps. 
First, we identified the explicit codes that mirror participants’ language 
and concepts. Second, we stated the codes that invoke the objectives and 
the principal questions of the study (i.e., the subcode). For example, the 
code ‘inconvenience’ was closely related to participant comments such 
as ‘greasy and sticky soft plastic immediately went to the burnable bin’. 
However, no one said that they could not be bothered to do so. Thus, 
another potential reason to explain the participant behavior according 
to this comment and similar ones could be ‘laziness’. In contrast with 
‘inconvenience’, the code ‘laziness’ invokes the study objective, because 
no participant used the term directly to describe why they declined to 
sort. Another example was the ‘perceived to be of low value’ code which 
refers to participant comments such as ‘I usually dispose of small plastic as 
mixed waste because I never thought about it, to be honest’; this could also 
be interpreted as ‘being apathetic’. Table 2 presents an example of the 
identified codes, subcodes, and associated themes. 

Subcodes are not necessarily more valuable than explicit codes and 
are employed by the author to further develop the initial themes and to 

Table 1 
Sample interview questions about sorting of food plastic packaging.  

Questions 

Q1. How do you usually sort waste at home? 
Q2. Which type of plastic packaging do you sort as mixed waste and why? 
Q3. I have some pictures to show you of different plastic packaging. I want you to 
tell me which of them you would sort as mixed waste and how can you be sure that 
they cannot be recycled. 
Q4. How do you identify the packaging materials? 
Q5. How do you describe the soft plastic packaging? 
Q6. Does the packaging size, form, color, symbols, or information change your 
attitude or the way you treat soft plastics, and why? 
Q7. Do you know how the collected waste is recycled at recycling facilities? 
Q8. How have you gained your current knowledge of sorting? Are there any specific 
sources you used? 
Q9. How do you think that it is possible to solve the plastic packaging problem?  

Table 2 
Example of the themes, affiliated codes, and subcodes based on thematic 
analysis.  

Theme Codes Subcodes 

The soft plastic had 
perceived 
inconvenience for 
sorting due to lack of 
functionalities 

Time-consuming, Efforts 
needed, Inconvenience, 
Cleaning vs wasting, 
Personal preference over 
environmental ones 

Size matters, arbitrary 
decision vs. logical 
decision, Unfamiliarity, 
Laziness, Comfort 

The influence of informal 
knowledge on sorting 
behavior 

Personal information, Low 
value, Not recyclable, 
Environmental concern, 
Confusion 

Bad-Education, Content 
vs. packaging, Situation, 
Making thing smaller 
legitimizes, Lifestyle- 
related shopping  
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answer the study question. Essentially, all codes must be relevant for 
answering the research question (Braun and Clarke, 2006). A wide range 
of codes, subcodes, and themes were generated to ensure the most 
plausible possibilities that could elucidate the sorting behavior of the 
participants. Tables 3 (Section 3.1) and 4 (Section 3.2) present and select 
the most relevant codes and themes; the subcodes are not mentioned in 
the tables to avoid confusion and to enhance the text readability (Full 
coding scheme can be seen in Appendix 3). 

3. Results 

3.1. PBO 

Fig. 1 shows examples of plastic packaging images collected from the 
PBO study. The largest fraction of the plastic packaging waste in the 
images was soft and flat packaging, such as films, thin container lids, and 
freezer and snack bags. Other types of plastic packaging were from salad 
and cookie trays and disposable packages (e.g., those used for fresh 
berries). Soft, resealable zipper plastic packaging, such as for chewing 
gum and nuts, were also miss-sorted as mixed waste. 

Based on the thematic analysis, the comments of the participants in 
the PBO study were classified into three principal themes: a) the pack-
aging was identified as soft plastic, b) consumers were uncertain 
whether the package was made from plastic, and c) the package 
perceived as inconvenient for sorting and sorted as mixed waste. Table 3 

lists the themes with the corresponding codes. 

3.1.1. Packaging identified as a soft plastic 
The comments given by the participants in the PBO study revealed 

that the majority of packages were miss-sorted as mixed waste due to the 

Table 3 
Themes were identified from the thematic analysis of the data from the PBO 
study.  

Theme Packaging Participant 
comments 

Code 

Packaging 
identified as a 
soft plastic 

*Tortilla bread, 
Pasta 500 gr, 
Nuts 200 gr, Freezer 
bag, Lettuce 
package, Softcover 
on cookies, Plastic 
rubber band over 
salad packaging, 
Disposable fruit 
package, Chewing 
gum 100 gr, Interior 
package of cookies 

It is not possible to 
recycle the plastic 
packaging covered 
by aluminum 
inside. / No shape, 
no color, no sign, 
tears off easily, and 
cannot be recycled 
either. / Bulky 
plastic packaging; 
the rest goes in the 
burnable bin. / 
They are too 
lightweight to be 
sorted with the 
usual plastic 

- Not 
recyclable 
- Low value 
- Informal 
knowledge 
- Soft plastic 
versus rigid 
plastic 

Uncertainty 
identifying 
plastic material 
in the packaging 

*Chip and snack 
bags, Lid made from 
paperboard foam in 
a chocolate 
package, Bread 
package that is 50/ 
50 paper & plastic 

I am not certain 
which material it is. 
Is it paper or plastic 
or a combination of 
both? Therefore, it 
is burned / 
Seriously, I have no 
idea how to sort it 
since they made it 
50–50 plastic and 
paper 

- Not 
recyclable 
- Low value 
- Informal 
knowledge 
- Uncertainty 

Inconvenience of 
correctly sorting 
plastic 
packaging 

*Barilla 500 gr, 
Meat tray, 
Philadelphia cheese 
150 gr, Rice 
pudding 500 gr, 
Sliced cheese 140 
gr, Greasy freezer 
bag 

Soaked pad! 
Disgusting and 
smelly. 
/ Greasy and sticky 
soft plastic 
immediately go to 
the burnable bin. / 
It is not possible to 
remove or clean the 
sticky cheese from 
the torn-up plastic 
or at least I have no 
idea how to do it. 

- Not 
recyclable 
- Low value 
- Efforts 
needed 
- Disgusting 
content 

*The packaging presented in Table 1 is shown in Appendix 1. 

Table 4 
Sample of interview comments about the sorting of food plastic packaging and 
related codes and themes.  

Theme Participants comments Codes 

Environmental concern 
and subjective norm 

Separate waste bins for 
mixed waste, food, 
plastic, paper, and metal. 
/ I just try to sort my 
waste in the same way as 
my roommate 

Environmental 
Concern, Imitating 

Inconvenient to sort soft 
plastic due to lack of 
functionalities 

I do not like it when the 
packaging is mixed since 
it can’t be separated. / If I 
cannot separate the 
material or clean it, I 
dispose of it as mixed 
waste. 

Time-consuming, Efforts 
needed, Inconvenience, 
Cleaning vs wasting, 
Personal preference over 
environmental ones 

Negative consumer 
attitudes toward 
plastic packaging 
waste 

Plastics are extremely 
harmful for our 
environment. / I think it 
is necessary to replace 
them once and for all. / 
Their use must be 
forbidden everywhere. 

Environmental 
Concern, Low value, Not 
recyclable 

The influence of 
informal knowledge 
on sorting behavior 

It would be a waste of 
water to clean the greasy 
and dirty packaging, and 
it is better to leave it as 
mixed waste. / I will sort 
the packaging with a 
metal cover as metal, not 
as plastic or as mixed 
waste. 

Personal information, Low 
value, Not recyclable, 
Environmental concern, 
Confusion 

The influence of 
packaging design 
attributes on the 
perception of low 
value 

Cheap! / Abundant / 
They usually have no 
specific color and are 
pale or transparent. 

Environmental 
Concern, Low value, 
Design characteristics 

Packaging disability to 
communicate 

I never look for this 
information either on the 
packaging or on the 
internet. 

Personal knowledge, Lack 
of 
communication on 
packaging  

Fig. 1. Examples of packaging waste images were collected from the 
PBO study. 
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perception that they had low value (not worth recycling) or were not 
recyclable. The comments also showed that in particular cases the de-
cision to sort the waste was influenced more by the contents of the 
packaging than by the packaging itself. For example, a soft and paper- 
based wrap for butter (e.g., Smör, Fig. 1) was identified as being not 
recyclable because of its fatty content. The package was miss-sorted, 
even though the producer recommended that it should be sorted as 
paper waste. This was also the case for some snack bags, regardless of 
whether they were made of paper-based, multilayered plastic, or 
aluminum foils (e.g., the Kiri cheese package shown in Fig. 1). Here, the 
visual (labels) and verbal (a written structure) attributes of the package 
can guide consumers to avoid miss-sorting. These attributes should be 
designed to be visible, clear, and strong (i.e., eye-catching) to commu-
nicate the desired action (De La Fuente et al., 2015). Some packages 
contained this desired information and were still miss-sorted. A plau-
sible reason for this is that the packaging design did not evoke a suffi-
ciently strong interaction between the information and the consumer. 

The PBO study found indications that specifically attributed the 
design of packaging (e.g., no color, no sign) to the perception that 
packaging is not recyclable or not worth recycling (i.e., low value). In 
addition, comparing the photos of miss-sorted packaging and identifying 
similarities between them revealed several design characteristics that 
were common for miss-sorted packages: 1) Color and haptics: the ma-
jority of miss-sorted packaging was made from non-transparent mate-
rial, had a glossy aspect, and was colored in bright and longer- 
wavelength (e.g., red, yellow, or mixed) colors. 2) Material: The pack-
aging was made from a combination of plastic and other materials, for 
example, paper or aluminum. Thin soft plastic, such as plastic foil, is 
highly miss-sorted irrespective of whether it is used as an outer or in-
termediate layer in the packaging and when there is a paper sticker on 
the plastic surface. 3) Size and mass: the packages are small, with an 
average size of less than 200 g. 4) Form: The packaging has a pocket 
shape that contains wet or fatty contents (e.g., cheese). 

3.1.2. Uncertainty identifying plastic material in packaging 
Some participants were uncertain as to whether the package could be 

recycled due to not recognizing which material it was made of (e.g., a 
paperboard foam lid). Previous studies show that material recognition 
has a direct impact on consumer attitudes. When the packaging material 
is not recognizable to consumers, packaging is more likely to be miss- 
sorted (Henriksson et al., 2010; Steenis et al., 2017; Wright, 2011). 
Thus, the packaging design failed to interact with the consumer. The 
interaction could be enhanced by packaging explicit visual attributes (e. 
g., color, symbols, and logos), verbal attributes (written information), 
and haptic attributes (i.e., texture). Tapping and flipping are common 
ways to help consumers identify packaging materials (Santi et al., 2020). 

3.1.3. Inconvenience of correctly sorting plastic packaging 
Some packaging items were miss-sorted because they required effort 

from the consumers to empty and clean. However, these considerations 
are not limited to soft plastic packaging. For instance, a plastic meat tray 
was sorted as mixed waste because the participant thought that “The 
package is so big, soak pad is bloody, and I prefer to leave it in a mixed waste 
outside and get rid of it right away after opening the package.” Plastic 
packaging items were miss-sorted by the participants even though they 
were aware of the importance of proper sorting. This was happened 
because an effort is necessary to make the packaging empty or clean and 
as a result of that, it is perceived as "inconvenient". The Swedish waste 
collection system requires consumers to empty the packaging of its 
contents before sorting. The packaging should be emptied for hygiene 
reasons and because leftover food can affect the automatic sorting 
process for certain types of machines that sort the packaging by weight. 
However, packaging does not need to be cleaned (FTI, 2020). This is 
because cleaning with water and detergent wastes valuable water and 
leads to harmful chemicals entering the wastewater system. Due to the 
PBO constraints, understanding participant commitment to empty and 

clean the packaging is only speculative and could be directed by their 
situational context: emptying and cleaning the packaging to prevent bad 
odor caused by packaged leftovers. Another plausible reason that can be 
inferred from the participant comments is that they do not want to 
damage the recycling process by improper waste sorting. This has also 
been noted in previous studies, such as those by (Williams et al., 2018). 

3.2. Semi-structured and probing interviews 

The PBO study revealed the types of plastic packaging miss-sorted by 
consumers and provided general insight into the reasons for the miss- 
sorting. Interviews were used to deepen this insight by focusing on 
packaging design affordance to interact with consumer attitudes, con-
cerns, knowledge, and desires that were not adequately investigated in 
the PBO study and that can influence sorting behavior. Photographs 
were selected from those collected during the PBO study. The selected 
packaging included freezer bags, crisps, salads, crackers, meat trays, 
bread (half plastic, half paper), and chewing gum wrap. The packaging 
was selected because they were perceived by the participants of the PBO 
study as being non-recyclable, as having low value, or requiring a large 
effort to sort. During the probing interviews, the participants were asked 
to elaborate on how they generally sort or dispose of plastic packaging, 
specifically the packaging shown in these photographs. The interview 
transcripts and the themes most relevant to the research questions were 
selected. Table 4 shows the extracted themes, corresponding quotes, and 
codes drawn from the interviews. 

3.2.1. Environmental concern and subjective norm 
The interviews showed the environmental concerns of the participants 

as an important motivation factor for sorting plastic food packaging 
waste. Participants committed themselves to source separation, because 
this behavior is perceived as the most appropriate method to address the 
environmental problems associated with plastic waste. Subjective norms, 
including peer pressure, are also important factors that motivate sorting. 
When individuals perceive that others who are important to them (such as 
family, friends, and role models) have positive views on waste sorting, 
they are more likely to sort waste (Botetzagias et al., 2015; Lake, 2009). 
This factor was especially important for non-Swedish participants. They 
all agreed that they performed sorting differently in their home countries. 
As an example, one participant noted that “In my country, the source sep-
aration procedure was performed in a completely different manner. Now I try 
to imitate my roommates who were originally Swedish and each of us tries to be 
as involved with waste sorting as possible.” 

3.2.2. Inconvenient to sort soft plastic due to lack of functionalities 
The interviews agreed with the results of the PBO study and showed 

that soft, flat, and small plastic packaging are more likely to be miss- 
sorted as mixed waste than other types of packaging. The bad odor, 
smell, and stickiness were common factors that motivate sorting, espe-
cially for packaging that contained wet content such as dairy, meat, or 
fish. Soft and loose packages were perceived as difficult to clean, as they 
needed to be washed with water, soap, or dishwashing liquid. The 
pocket form could augment the issue because these packages cannot be 
cleaned by merely holding them under running water. Furthermore, 
even if the package was cleaned, it needs to be left out to dry (or would 
otherwise become smelly or sticky again); this was another problem 
with loose forms. Individual attitudes, perceived convenience, knowl-
edge, and situational context significantly affected the process. In this 
case, setting any threshold by the participants for emptying and cleaning 
(i.e., to what extent packaging should be emptied or cleaned) is a per-
sonal decision and does not follow relevant regulations. 

The difficulty of emptying, cleaning, and separating the packaging 
was not only of concern for soft packaging and was disruptive when 
sorting rigid plastic packaging. In some cases, difficulty forces con-
sumers to deliberately miss-sort the package. Fig. 2 shows examples of 
false design affordance conveying inappropriate actions (i.e., miss- 
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sorting) to the consumer. 
In Fig. 2, the foam tray (left image) contained a spongy tissue that 

absorbed the meat blood and could not be washed or cleaned. Therefore, 
the participants sorted it as mixed waste, preferably outside their living 
area to prevent the spread of bad odor or the leaking of blood to other 
waste. In Fig. 2, the package (right image) was perceived difficult to 
separate into plastic and paper parts. The entire package was sorted 
either as plastic or paper waste by some participants. These few pieces of 
evidence show the influence of design affordance on sorting behavior. 

As stated by the participants, rigid packaging that affords specific 
functions such as easy to empty, clean, separate, and reseal (to prevent 

leakage) facilitates the sorting process and extends its life cycle by 
encouraging consumers to reuse the package. The packaging trans-
parency could be of extra value, because the package content is visible 
(revealing the amount of product that remains in the packaging). A 
common example, noted by the participants, was a refillable plastic 
bottle used for new content once the original content has been used that 
can also be sealed for liquid or dry content. The ability of packaging to 
be folded is another valuable function that facilitates sorting, especially 
when considering the large volume of plastic packaging waste. The 
ability of soft packaging waste to be folded is not a concern because this 
type of packaging is easily crumpled and folded. 

3.2.3. Negative consumer attitudes toward plastic packaging waste 
All participants agreed that plastic packaging is used far more 

extensively than any other packaging material. To tackle plastic prob-
lems, the common suggestion was to prohibit the use of soft plastics and 
replace them with other recyclable materials. Bioplastics, glass, and 
paper are commonly referred to as superior alternatives to other mate-
rials. However, few participants were aware of the consequences of 
replacing plastics with these types of materials. The negative attitude 
towards plastic revealed by the interviews was not merely derived from 
environmental concern, as the excessive amount of plastic packaging 
waste was also identified as problematic. All participants living in 
apartments or houses asserted that they assigned a separate place to 
store plastic packaging waste in their kitchen. Usually, daily generated 
waste is collected and stored in different bags below the sink, with one 
bag dedicated to plastic packaging. The collected plastic waste was then 
taken to the waste collection facilities outside the living place. Residents 
living in houses have access to two, multi-compartment bins (one bin for 
dry and mixed waste and the other for food waste), which are collected 
weekly by responsible companies. The excess amount of packaging 
waste, therefore, was problematic. In houses, the extra waste had to 
separated and carried personally to the closest recycling station. Resi-
dents in the apartments may live closer to waste collection facilities but 
would have to make more frequent trips. This issue could be more 
consumption behavior-dependent but nevertheless exposed the ongoing 
challenges that arise from excessive use of plastic packaging for both the 
environment and society. 

3.2.4. The influence of informal knowledge on sorting behavior 
The study shows the perception of ‘low value’ and ‘not recyclable’ 

Fig. 2. A foam tray used for meat packaging (left image) and a combination of 
plastic and paper that is used for cookie packaging (right image). 

Fig. 3. The recycling process described by the participants during 
the interviews. 

Fig. 4. Interrelation between the two principal themes with factors that affect sorting behavior. (Informal knowledge can be a determining factor in every step, as 
illustrated with red triangles. * Packaging condition: Cleanliness, Smelly, Sticky * Packaging functions: Empty, Clean, Separate, Foldable, Resealable, Refillable, 
Solid, and Measure able). 
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could discourage consumers from sorting plastic packaging waste, as 
perception could negatively influence consumer attitudes. The terms ‘low 
value’ and ‘not recyclable’ were frequently used by participants to describe 
the characteristics of the miss-sorted packaging and are considered factors 
affecting immediate decision-making to sort plastic packaging in the 
recyclable fraction or as mixed waste. Most participants were less willing to 
invest time and effort in sorting low value packaging in the recyclable 
fraction. For instance, 16 participants saw no benefit in investing time or 
consuming water to clean a soft package (e.g. greasy bags or rolled rice 
pudding packaging). However, their miss-sorting behavior should not be 
assumed to be a result of a lack of environmental concerns. Fig. 3 illustrates 
the way participants conceptualized the recycling process and supports 
their present treatment of generated waste. Even plastic packaging that is 
miss-sorted as mixed waste is perceived to be environmentally friendly 
because it is used to produce electricity. 

From the points of view of the participants, throwing away some 
types of plastic packaging as mixed waste reduces the environmental 
impact and favors the recycling process. The perceived process has 
significant deficiencies. For instance, waste sorting is the best way to 
handle the generated waste, however, the technical system cannot 
recycle 100% of properly sorted waste (Van Der Linden et al., 2020). In 
addition, the participants were usually not aware of the impact of 
miss-sorting the plastic waste fraction in the bins dedicated to other 
recyclable materials (e.g., sorting plastic in a paper bin and vice-versa). 
These discrepancies between the perceived process and the real situa-
tion could be an indication that participant sorting behavior partly is 
directed by informal knowledge (e.g., gained from the media) rather 
than formal knowledge (e.g., of the technical recycling process). 

3.2.5. The influence of packaging design attributes on the perception of low 
value 

The interviews progressively clarified how the design of the pack-
aging shaped the perception of low value. Based on participant com-
ments, an inexpensive packaging look, low weight, and lack of 
reusability was strongly associated with soft plastic packaging being 
perceived as having low value. In addition, pale and transparent colors 
and glossy packaging surfaces supported the perception of low value for 
several participants. This finding agrees with the results of the PBO 
study and by (Krishna et al., 2017) and (Magnier et al., 2016). 

The form of the packaging appears to be another factor that 
strengthens the sense of low value. Trudel et al. (2016) showed that a 
material that distorts into a crumpled form or that can be torn into small 
pieces can be perceived as having a low value. Under these scenarios, 
even recyclable materials such as paper are more likely to be disposed of 
as mixed waste instead of being sorted into the recyclable fraction 
(Trudel et al., 2016).This appears to be the case for soft plastic pack-
aging, which is typically crumpled or torn into small pieces to save space 
in recycling bins. For example, a chocolate bar or ice cream plastic cover 
consists of materials that are unable to retain their functions (i.e., 
containment and preservation) soon after opening and loses value. 
Hence, the probability of this waste being unconsciously sorted as mixed 
waste is high. Moreover, many participants had difficulty recalling how 
they sorted small pieces of a package after they had been ripped off (e.g., 
the tip of a package). 

3.2.6. Packaging disability to communicate 
The participants were asked if they ever noticed text related to 

sorting or recycling information, logos, or symbols regarding how to sort 
the package after use or if any design aspects influenced them when 
sorting the packaging waste. The participants did not observe such in-
formation. Moreover, none had ever searched for such information on 
the Internet. Appendix 2 provides and summarizes the above discussion 
concerning the design characteristics of the packaging, the reactions of 
participants, and their possible fates. 

3.3. Thematic analysis 

Several scenarios were identified by comparing codes and themes 
drawn from the PBO study and interviews to explain the participant 
behavior towards miss-sorted plastic food packaging waste. 1) Con-
sumers are uncertain and cannot distinguish whether a package is made 
from plastic and, thus, deem it unrecyclable. 2) Consumers know that 
packaging is made from plastic but miss-sort it anyway due to perceived 
inconvenience (separation difficulty or lack of space). 3) Consumers 
know that a package is made of plastic, but the design of the packaging 
communicates low value or inability to be recycled. 4) Consumers know 
that packaging is made from plastic but miss-sort it anyway due to 
laziness and apathy. 5) Consumers may not be aware that they miss-sort 
packaging when disposing of it as mixed waste (e.g., when they tear off a 
plastic cover). Various factors within each scenario influence and 
change the approach of the consumer when deciding to sort plastic 
packaging waste. Some factors, such as the negative attitude or laziness 
of the participants regarding perceived inconvenience and repulsive 
content could trigger consumers to miss-sort plastic packages either 
soon after usage or at any stage of the sorting process. The results of the 
thematic analysis helped define the two principal underlying the-
mes–packaging design affordance and informal knowledge (i.e., per-
sonal knowledge and previous experience), which contributed to each 
scenario. Fig. 4 illustrates that the interaction between the packaging 
design and the consumer (the way that the package communicates its 
suitability for recycling) and consumer decision-making (based on 
informal knowledge and previous experience) are determining factors 
that influence the sorting of plastic food packaging. 

The interviews revealed that the lack of formal knowledge of what 
types of packaging to sort in the recyclable fraction can negatively affect 
the attitudes of the participants and discourage proper sorting. In 
contrast, participants with substantial recycling knowledge typically 
sorted plastic packaging correctly, irrespective of the contents in the 
package or whether the packaging was soft or rigid. Decision-making 
during waste sorting is usually made unconsciously; thus, none of the 
factors shown in Fig. 4 are highlighted by the participants as the sole 
determining factor. However, perceiving plastic packaging as “low 
value” and “not recyclable” are motivating factors that influence con-
sumers to sort plastic packaging as mixed waste. 

4. Discussion 

Miss-sorting can be seen as an error in plastic packaging life-cycle. 
The errors during usage of products usually are caused by false design 
than deviation in users behavior (Norman, 2013). Hence, to understand 
the impact of design affordance on miss-sorting behavior, the study 
strives to discover issues in the design of present plastic packaging that 
encouraging miss-sorting rather than the design that facilitating the 
sorting process. 

This study shows that the sorting of plastic waste (particularly soft 
plastics) by participants is strongly affected by perceived value and con-
venience for sorting. While the first factor is about behavioral cognition 
the latter one implies physical preferences that support plastic packaging 
to perceive as being easy to sort. In this case, the findings of this study 
support the results of previous research (e.g., Wever et al., 2010; Langley 
et al., 2011), which showed that packages with specific functions, such as 
resealability and ease of emptying or cleaning could perceived convenient 
for sorting thus are less likely to be miss-sorted as mixed waste. However, 
this study revealed that, although these functions offer increased conve-
nience for sorting, the soft plastic packaging should be perceived as being 
worth recycling by a consumer prior to convenience factors. Therefore, in 
the design of soft plastic packaging, the perception of being worth recy-
cling should be communicated prior to perceived convenience. Thus, a 
resealable nut package that is easily emptied and cleaned could be 
miss-sorted if the package is perceived as non-recyclable. 

The informal knowledge of the participants is a determining factor 
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when evaluating the package (e.g., soft or rigid, recyclable) and in the 
final decision as to whether or not to sort the waste. The perceived low 
value of soft plastics depends on their inexpensive feel and low dura-
bility, as inferred from different aspects, such as abundance, form, 
texture, color, size, and lack of reusability. 

Based on the DfSB approach, understanding the interaction of the 
packaging with the consumer is the key factor for discovering or 
strengthening packaging abilities to alter consumer behavior. These abili-
ties are the packaging design potential that should communicate a message 
and encourage the consumer to act in the desired way. This study revealed 
that not every package has an equal opportunity to be properly sorted. 
Waste sorting that is perceived as unbeneficial (for material recovery) or 
inconvenient may be terminated by consumers at any step in the sorting 
process (identification, evaluation, and performance; Fig. 4). Accordingly, 
soft plastic packaging needs to be perceived as having a value and being 
recyclable by the consumer. The first step may be to increase consumer 
knowledge of the technical aspects of plastic recycling. Following DfSB 
design strategies, the packaging itself could be a credible source of ‘infor-
mation’ to educate consumers, to mediate ‘design affordance’, and to steer 
sorting behavior. This can be achieved if packaging developers improve 
and develop a new brand of recycling/sorting signage. This study shows 
that interactive packaging is necessary because the information available 
on the packaging studied here was completely ignored by the participants. 
This finding agrees with results from previous studies (e.g., Klaiman et al., 
2017; Williams et al., 2018) that highlight the utmost importance of this 
issue for small packages made from soft plastics that can be easily 
miss-sorted following consumer uncertainty. Participant uncertainty about 
packaging recyclability or preparation (to what extent the package should 
be empty or clean) was a clear barrier motivating miss-sorting. In addition 
to distinctive signage, a novel way of presenting proper information is 
important. For instance, the environmental impact of sorting plastic 
packaging can be calculated and given as numbers in the package. Pre-
senting data in this way would help consumers conceptualize the advan-
tages of their sorting behavior and could affect consumer attitudes and 
encourage them to sort plastic waste. Some packaging can consist of 
different parts (e.g., plastic lids on paper containers), making it necessary 
to apply various relevant types of signage to the packaging. Transparent, 
thin plastic films that cover packages such as chewing gum, teabags, or 
salad dressing powder were largely miss-sorted. These are examples of how 
lack of formal knowledge and affordance in the design of packaging can 
lead to package miss-sorting by consumers. Few participants were aware 
that the function of the thin plastic film was to preserve the quality of the 
content and that even these thin films should be recycled. Haptic attributes 
combined with signage and verbal attributes misled consumer perceptions 
regarding the value of packaging and the materials from which the pack-
aging is made. A matte color combined with a rougher texture (similar to 
what is found in nature and seen on many paper packages) was said by 
most participants to increase the packaging value (i.e., worth recycling). 
Hence, haptic attributes are subjective, because consumers use them as a 
reference for evaluating packaging. 

This study also revealed that false affordance is a design issue that 
leads to the miss-sorting of plastic packaging. For instance, there can be 
a trade-off between ease of use and ease of recycling in the packaging 
design. The interviews support the finding that packaging made from a 
blend of materials, such as plastic and paper, may facilitate the use of the 
packaging content. However, difficulty separating the different parts 
and a shortage of time can encourage consumers to sort the whole 
package as mixed waste instead of separating the package in paper and 
plastic recyclable fractions (when possible). Another example is 
disposable salad packaging that aims to provide a quick and healthy 
meal. Cleaning this packaging may require more time than it saves. This 
perceived discrepancy makes it more likely that the package will be 
miss-sorted. Moreover, the salad dressing can leak and contaminate the 
rest of the collected plastic waste. The size of the packaging also in-
fluences how it is sorted. Large or heavy packages even if dirty or with 
no specific reuse function, have a higher probability of being cleaned 

and sorted correctly. Because they are perceived as containing more of 
the packaging material that increases their value. Hence, are more likely 
that correctly sorted even when the sorting requires larger efforts and 
resources (e.g., water for cleaning). 

Designers have great potential to influence consumer behavior and 
to decrease miss-sorting in many of the examples shown here. However, 
multiple contradictory factors need to be considered when establishing a 
strategy for improved packaging design. An example is a trade-off be-
tween economic and environmental issues, where packages that use less 
material may be cheaper but also less durable and will not encourage 
recycling (since they are perceived as having a lower value). In contrast, 
packaging that contains more material may be more expensive and 
durable and also encourage recycling. 

To change sorting behavior, novel design tactics should have a close 
synergy with each other and should consist of a variety of functions 
meaningful for the consumer to avoid incorrect information that could 
generate false affordances. In addition, design tactics should be 
straightforward and effective without demanding large amounts of 
material or costs. 

5. Conclusion 

Research shows that plastic food packaging can be perceived as 
having poor quality, low durability, and low usability, largely due to the 
lack of design affordance of the packaging. Specifically, the lack of 
affordance of packaging related to sorting and a lack of declarative in-
formation on the package decreases the perceived value and recycla-
bility of the plastic packaging. This, in turn, causes consumers to miss- 
sort plastic packaging as mixed waste or other waste fractions. 

Consumers are frequently held responsible for their miss-sorting 
behavior. However, this research shows that consumers are not exclu-
sively responsible for miss-sorting. Even consumers willing to engage with 
proper waste sorting can encounter large hurdles if the packaging has a 
misleading design. In particular, packaging designers should determine 
how to incorporate plastic into food packaging appropriately, from a 
consumer perspective and provide desirable information via novelty 
signage, labels, symbols, and verbal cues. For example, designers should 
select materials suitable for specific applications so that both the objective 
and subjective characteristics of consumers are met. Waste sorting 
behavior, like any habitual behavior, has its origin in the human lifestyle. 
Therefore, it cannot be separated from consumer behavior in ordinary life 
and their methods of dealing with other types of plastic waste, such as 
bulky products, furniture, spare parts, or decorations. Hence, the current 
negative attitude cannot be modified by simply changing the design of 
plastic packaging. An improvement must be made continuously and in 
parallel with other plastic manufacturers to achieve a concrete shift in the 
waste sorting behavior of consumers. A significant commitment is 
required through oriented and persistent campaigns by both policy-
makers and packaging producers to replace the current negative attitude 
towards plastic packaging diversity with a rational understanding. 

This research shows that the interaction between food packaging and 
consumers during the sorting of packaging waste is far from being fully 
understood. Identifying novel design concepts to facilitate interaction re-
quires further studies that consider the relevant variables influencing waste 
sorting. Half of the participants in this study were students; this could be a 
limitation, as students do not usually have enough space in their homes—a 
factor that affects waste sorting. Therefore, studies need to be undertaken 
on a comparatively large scale and with consumers of different cultural 
backgrounds while considering external factors such as space at home. 

The present research was conducted in Sweden, which has a very 
homogeneous waste collection system, culture, and during the COVID- 
19 pandemic. Doing the same investigation in other places and 
different circumstances might result in different outcomes and could 
represent a limitation of this study. 

This study highlighted that design affordance could affect the sorting 
of waste plastic packaging and could be the beginning of further research 
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in this field. More prominent questions for future research could be how 
packages can be designed to ensure that recyclability is indicated on the 
packaging and how the recyclability of packaging can be communicated 
in an intuitive and useful manner. Also, comparing the plastic packaging 
that is perceived as easy to sort with the ones that are perceived prob-
lematic could be considered as a further area for investigation. 
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Appendix 1 

Table A1 

Table A1 
Pictures of miss-sorted packaging by PBO’s participants, presented in Table 1.  
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Appendix 2 

Table A2 

Appendix 3 Full coding scheme 

A) Generated Codes and subcodes, inferred from the participants’ comments   

Questions Participants comments Codes Subcodes 

Q1. How do you usually sort waste at 
home? 

Separate waste bins for mixed waste, 
food, plastic, paper, and metal 

Environmental concern – Imitating -Source 
separation – Mixed waste 

Enough space – Attitude – Being up-to-date 
- Knowing the instructions – Subjective 
norm 

Q2. Which type of plastic packaging do 
you sort as mixed waste and why? 

I usually dispose of small plastic as mixed 
waste because I never thought about it, to 
be honest!/If I am not certain which 
material it is, paper, plastic, or a 
combination of both, then it is more likely 
to be disposed of as mixed waste./If I 
cannot separate the material or clean it, I 
will dispose of it as mixed waste./I never 
sort any type of plastic as mixed waste./ 
Soft plastic seldom can be reused and has 
a single-use purpose./It would be a waste 
of water to clean the greasy and dirty 
packaging, and it is better to leave it as 
mixed waste. 

Personal information- Low value -Disposing 
- Mixed waste – Small size - Ignorance – 
Uncertainty - Cleaning Time consuming – 
efforts needed – Inconvenience -Soft plastic 
– Reusing Cleaning vs wasting – Plastic 
packaging – Single-use – Not recyclable - 
Water consumption – greasy and dirty – 
Confusion - Personal preference over 
environmental ones 

Pre-judgment 
Awareness – Arbitrary decision – Negative 
attitude – Reusability – Content disgusting – 
Personal comfort over environmental 
concern – Lack of responsibility - 
Lack of knowledge – Soft plastic low value- 
Lot to do – Material combination – barriers- 
Size matters + arbitrary decision vs. logical 
decision 
Unfamiliarity - Cleaning PKG (Returning 
the PKG to its pre-filled status). - Impression 
of the Importance - Cost-benefit 
Comparison - Comfort - education – Being 
apathetic 

Q3. I have some pictures to show you of 
different plastic packaging. I want you 
to tell me which of them you would 
sort as mixed waste and how can you 
be sure that they cannot be recycled. 

Chip bags cannot be recycled./I do not 
like it when the packaging is mixed since 
then it cannot be split up./I will sort the 
packaging with a metal cover as metal, 
not as plastic or as mixed waste./ Bread, 
fruit, or thin shopping bags all are soft 
plastic and I would throw them in with 
the mixed waste./I would split up the 
plastic part from the paper and sort them 
separately./It is a worthwhile effort to 
make shopping bags from sugarcane, but I 
would sort it as mixed waste./If you are in 
hurry and want to pull a pizza out from its 
plastic shelf, there is no way other than to 
tear it into small pieces, which normally I 
would leave in with mixed waste. 

Recyclability, lack of knowledge, 
Less value in thin plastic 
Efforts needed – Mixed waste – Material 
combination – Soft plastic – Difficulty to 
separation – Stress in time – Sorting – Small 
size – crumple – Sugar cane -  

Bad-Education - Preliminary judgment - 
Confusion – Recalling than learning - 
Content and not the PKG (As the decision 
source) - Size matters (Thin vs thick) -bio- 
degradability - Situation - Context +
making thing smaller legitimizes the throw- 
away logic - Lifestyle-related shopping 
(loose vs bulk purchases) - Social behavior 
imitation - Social indoctrination - Family 
Etiquette - Social Civilization – Laziness – 
Being apathetic – Agile decision vs logical - 

(continued on next page) 

Table A2 
Summary of the packaging design characteristics, the participants’ reaction to them, and the possible fate.  

Form Size Mass Color Texture Material Verdict* Example 

Loose Small- 
Medium 

Light* Vivid, 
Transparent 

Glossy, No 
texture 

Soft plastic Less likely to 
Recyclable 

Spaghetti package 

Flat, Pocket Small- 
Medium 

Light Light or Matt Glossy, No 
texture 

Soft plastic laminated with 
paper 

Not Recyclable Snack bag 

Pocket Small Light Vivid, 
Transparent 

Glossy, No 
texture 

Soft plastic Less likely to 
Recyclable 

Nut pouches 

Loose, flat Small Light Vivid, Metal Soft Soft plastic laminated with 
aluminum 

Not Recyclable Butter cover 

Loose, Flat Small- 
Medium 

Light Vivid Glossy Metalized plastic Not Recyclable Cookies, Snack bag, ice 
cream cover 

Loose Small- 
Medium 

Light Transparent Glossy Soft plastic Less likely to 
recycled 

Plastic foil, Freezer bag 

Box-like Small- 
Medium 

Light Transparent Glossy Rigid & Soft plastic Is likely to recycled Fruit package 

Cylinder- like Small- 
Medium 

Light Vivid, White Glossy Rigid & Foam plastic Context dependent* Pudding rice 

Box-like Medium- Big Light, 
Middle 

Vivid, 
transparent 

Glossy Rigid plastic Context dependent* Food tray 

Box & Cylinder- 
like 

Medium- Big Light, 
Middle 

Transparent Glossy Rigid plastic Recycled Fruit juice, water bottles 

Verdict: The outcomes are from the participants’ point of view. 
Light: The packaging size is below 200 gs. 
Context-dependent: The package is sorted if being easy to empty and clean. 
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(continued ) 

Questions Participants comments Codes Subcodes 

Q4. How do you identify the packaging 
materials? 

-The recognition of plastic is not difficult 
unless it has mixed with other materials, 
which you can then flip or touch. / You 
just know it! / You will notice the glossy 
and soft texture once you touch it. / It 
would not be easy when it is mixed with 
other materials or when it looks like 
another material. / They usually have no 
specific color and are pale or transparent. 

Lack of knowledge – Mixed materials – 
Knowing know – Haptic attributes – Efforts- 
Recognition difficulty – Mixture materials- 
Color- Transparent - 

Sense-based Recognition - Guessing or 
hunching as knowing - Assumption instead 
of evidence - Material similarity - 
Appearance vs properties - Aesthetic 
(Visual-Tactile) Qualities – Arbitrary 
behavior - Laziness 

Q5. How do you describe the soft plastic 
packaging? 

Cheap! / Abundant / Useful but 
problematic / Potential resource/ They 
are never used for a lavish purpose. Why? 
Because they are a cheap and good 
treatment for nature. / Plastic treats our 
environment extremely. / A cheap 
product that surrounds us! / Not reusable. 

Low value – Resource- Environmental 
concern- packaging - Exceed usage –Cheap 
– Reusability – Design characteristics 

Standard definition vs personal definitions - 
Price as the quality indicator- Hunch-based 
decision- preliminary judgement – Plastic 
rejection – Pessimist - Negative attitude 

Q6. Does the packaging’s size, form, 
color, symbols, or information change 
your attitude or the way you treat soft 
plastics and why? 

-I never think about that!/It might help if 
they use a bigger size for symbols or any 
type of information that helps you to 
understand how you should sort the 
package, clean it, and extra information./ 
A colorful pattern or bigger and explicit 
signs may help. I am not sure!/Yes, the 
packaging’s texture and how it is felt can 
make you more certain about what 
material it is made of./The smallest sized 
plastic is more likely to sort as mixed 
waste because you might even not 
noticed. 

Ignorance – Bigger size – Symbol – Efforts 
needed for sorting – Recycling knowledge 
-Packaging communication – Color – 
Pattern – Signs – Uncertainty - Texture – 
Low value – Small size 

PKG graphic & info visibility to users - 
Useful vs useless info - assumption + User - 
consortium in miss-conception (Both) 
unnoticeable matters – Habitual behavior – 
Unconscious behavior - lack of instructor – 
Visual attributes – Sorting/recycling 
signage related matter – Size is matter - 
Justification 

Q7. Do you know how the collected 
waste is recycled at recycling 
facilities? 

-No!/ I know exactly what happens at 
recycling facilities./ I saw a short 
documentary movie./I am interested in 
knowing, but I never go to the internet or 
look for that information. I am not sure 
why. / I have no idea of the process. It just 
seems complicated. 

Lack of knowledge -Recycling facilities 
–Environment awareness – Media – Internet 
– Recycling information – Uncertain – 
Complications 

Knowledge - Info + & - + Medium – Source 
of Info - Channel of knowing - 
Understanding the importance - Interest vs 
compulsion - Issues juxtaposition 
(interrelated) vs non-related (Quarantined) 
environmental aspects – Arbitrary decision 
- Trust on pre-knowledge- Motivation – 
Confusion – Being apathetic 

Q8. How have you gained your current 
knowledge of sorting? Are there any 
specific sources you used? 

A landlord letter. / Information provided 
at a recycling station or on the waste 
collection container. / If I am so uncertain 
I might check the package information. / I 
never look for this information either on 
the packaging or on the internet. 

Letter – Information – Recycling station – 
Container -Uncertainty 
Packaging information –Ignorance – 
Personal knowledge - Lack of 
communication on packaging 

Medium / Channel of knowing 
-Understanding the necessity - 
Environmental issues are still an option not 
a must - regulation – Source of information 
– Trust – Arbitrary decision – Being 
apathetic 

Q9. How do you think that it is possible 
to solve the plastic packaging 
problem? 

I think it is necessary to replace them once 
and for all./ Their use must be forbidden 
everywhere./ Plastic packaging must be 
recycled to meet the conditions of the 
circular economy./ Replacing could not 
change anything since we need to fill the 
gap with new materials and every 
material would come with a specific 
problem. Thus, it is an iterative loop! 

Necessity – Environmental concern – Low 
value - Replacement – Forbidden – Not 
recyclable – Circular economy – Gap – New 
material – Iterative loop 

No plastic- Alternative seeking - forbidding 
Laws- Restriction- Linear vs circular 
mindset - Lifestyle Change (revolutionized 
Production) – Personal beliefs – Recycling 
benefits – Long-term planning vs short-term 
– Inevitable consequences – Destiny – Lack 
of control- Consumption behavior -  

B) Primary themes; generated based on codes and subcodes.   

Primary themes Codes and sub codes 

Environmental concern and subjective norm Environmental concern – Imitating -Source separation – Disposing - Mixed waste – Soft plastic – Reusing– Plastic packaging- 
Enough space – Attitude – Being up-to-date - Knowing the instructions – Subjective norm - Lifestyle related shopping (loose 
vs bulk purchases) - Social behavior imitation - Social Civilization – Interest vs compulsion – regulation 

Negative consumer attitudes toward plastic packaging 
waste 

Low value - Ignorance –- Cost-benefit Comparison- Being apathetic- Preliminary judgment- Social indoctrination - 
Motivation – Arbitrary decision - Trust on pre-knowledge- Being apathetic - Exceed usage –Cheap – Reusability – Hunch- 
based decision– Plastic rejection – Pessimist - Negative attitude -– Laziness - Restriction- Linear vs circular mindset - Lifestyle 
Change (revolutionized Production) – Personal beliefs – Recycling benefits – Long-term planning vs short-term 

The influence of informal knowledge on sorting 
behavior 

Personal information- Personal preference over environmental ones- Ignorance – Cleaning vs wasting - Pre-judgment- 
Arbitrary decision - Personal comfort over environmental concern - Lack of responsibility - arbitrary decision vs. logical 
decision - Being apathetic -– Sugar cane - Preliminary judgment - Family Etiquette -Laziness–- Agile decision vs logical - 
Arbitrary decision - Issues juxtaposition- assumption + User - consortium in miss-conception (Both)- Standard definition vs 
personal definitions - Environmental issues are still an option not a must -– Knowing know– Laziness - Replacement – 
Forbidden – Not recyclable – Gap – New material – Iterative loop – Inevitable consequences – Destiny – Lack of control 

Inconvenient to sort soft plastic due to lack of 
functionalities 

Small size – Cleaning- Time consuming – efforts needed – Inconvenience - – greasy and dirty –Water consumption– Confusion 
- Uncertainty – Content disgusting –-Lot to do – Material combination – barriers- Size matters - Cleaning PKG (Returning the 
PKG to its pre-filled status)- Mixed waste – Material combination – Soft plastic – Difficulty to separation – Stress in time – 

(continued on next page) 
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(continued ) 

Primary themes Codes and sub codes 

Sorting – Situation - Context - making thing smaller legitimizes the - Laziness–throw-away logic - – Unconscious behavior- 
Habitual behavior-– Recognition difficulty – Material similarity - 

The influence of packaging design attributes on the 
perception of low value 

Single-use – Not recyclable - Less value in thin plastic - crumple - Preliminary judgment - Confusion –Size matters (Thin vs 
thick) -bio-degradability - Symbol – Efforts needed for sorting – Recycling knowledge -Packaging communication – Color – 
Pattern – Signs – Uncertainty - Texture – Small size- Exceed usage –Cheap – Reusability – Design characteristics - Price as the 
quality indicator- Material similarity - Appearance vs properties - Aesthetic (Visual-Tactile) Qualities 

Packaging disability to communicate Lack of knowledge – Soft plastic low value- Recalling than learning - Content and not the PKG (As the decision source) – 
Being apathetic- Unfamiliarity - Not recyclable - Recycling information – Uncertain – Complications - Media – Internet – 
Source of Info - Channel of knowing - Understanding the importance - Family Etiquette – Arbitrary decision - Trust on pre- 
knowledge- Being apathetic - Medium / Channel of knowing -Understanding the necessity – Source of information – Trust - 
PKG graphic & info visibility to users - Useful vs useless info - unnoticeable matters– Mixed materials– Haptic attributes - 
Mixture materials-Color- Transparent - Guessing or hunching as knowing - Assumption instead of evidence - Appearance vs 
properties - Aesthetic (Visual-Tactile) Qualities  

C) Main themes; generated based on the primary themes. 
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Abstract 

    It is widely acknowledged that environmental impacts from packaging waste depends on how 
consumers sort this waste fraction. Poorly designed food packaging could hinder proper sorting of waste 
packaging since product design informs users how the product should work, be used, and how it 
behaves, thereby scripting consumer behavior and experience. In this research design for sustainable 
behavior (DfSB) strategies are used to improve a cream packaging design that can support and steer 
proper sorting of packaging waste as a sustainable behavior. The application of three DfSB strategies -
match, steer, and force - were examined through circular interviews and practical experience with two 
groups of participants in Karlskrona, Sweden. Prototyping was used to provide a more realistic 
experiment and enhance the communication during the interviews. The results show that consumer-
packaging interactions during the usage phase enhances proper sorting behavior. The results also show 
the potential of a user-centered design-based approach to study consumer-packaging interaction and to 
understand challenges faced by users when sorting packaging waste. It also shows the potential of 
design strategies to steer consumer behavior, and reveals details that are important when designing 
packaging that were not known. Packaging form, color, and haptic attributes are the most influential 
design attributes that can support packaging functionalities and script consumer sorting behavior.  
 
Keywords: Packaging design; packaging waste; sustainable behavior; sorting packaging waste, 
packaging functionality; emotional factor, haptic attributes   
 
1. Introduction  

     79.6 million tons of packaging waste were generated in 2019 by countries in the European Union 
(Eurostat, 2020).  The COVID-19 pandemic has led to an increase in this amount by 15% due to the 
rise in e-commerce and the over-protection of food products (EAE, 2020). Due to its material diversity, 
handling packaging waste is critical in a sustainable waste management system. It is a potential resource 
for material recovery and energy production if properly separated by households/consumers (Dainelli, 
2008). Therefore, waste sorting by residents is as an effective behavior for handling packaging waste 
that involves, among other things, technical and ethical issues (Rousta et al., 2017). However, the 
recycling rate of packaging waste, including paper, cardboard, metal, glass, wood, and plastic, is less 
than 50%, and for the plastic packaging fraction it is less than 15% (Eurostat, 2020; The world bank, 
2022). Sweden's packaging waste recycling rate is higher than the other European Union (EU) countries 
due to a well-established waste collection system. Still, packaging waste contributed to about 20% of 
the total municipal solid waste (MSW) in Sweden in 2020, and was the fraction that was miss-sorted 
the most of all waste fractions (AvfallSverige, 2022).   
     The reasons for the low rate of sorted packaging are varied. The most common is that sorting 
packaging waste is perceived as inconvenient by consumers if the sorting process is requires effort and 
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2. Department of Industrial Design, Faculty of Applied Arts, University of Art, Tehran 1136813518, Iran 

* Corresponding Author: Babak.nemat@hb.se +46 768 7000 54 

 

Abstract 

    It is widely acknowledged that environmental impacts from packaging waste depends on how 
consumers sort this waste fraction. Poorly designed food packaging could hinder proper sorting of waste 
packaging since product design informs users how the product should work, be used, and how it 
behaves, thereby scripting consumer behavior and experience. In this research design for sustainable 
behavior (DfSB) strategies are used to improve a cream packaging design that can support and steer 
proper sorting of packaging waste as a sustainable behavior. The application of three DfSB strategies -
match, steer, and force - were examined through circular interviews and practical experience with two 
groups of participants in Karlskrona, Sweden. Prototyping was used to provide a more realistic 
experiment and enhance the communication during the interviews. The results show that consumer-
packaging interactions during the usage phase enhances proper sorting behavior. The results also show 
the potential of a user-centered design-based approach to study consumer-packaging interaction and to 
understand challenges faced by users when sorting packaging waste. It also shows the potential of 
design strategies to steer consumer behavior, and reveals details that are important when designing 
packaging that were not known. Packaging form, color, and haptic attributes are the most influential 
design attributes that can support packaging functionalities and script consumer sorting behavior.  
 
Keywords: Packaging design; packaging waste; sustainable behavior; sorting packaging waste, 
packaging functionality; emotional factor, haptic attributes   
 
1. Introduction  

     79.6 million tons of packaging waste were generated in 2019 by countries in the European Union 
(Eurostat, 2020).  The COVID-19 pandemic has led to an increase in this amount by 15% due to the 
rise in e-commerce and the over-protection of food products (EAE, 2020). Due to its material diversity, 
handling packaging waste is critical in a sustainable waste management system. It is a potential resource 
for material recovery and energy production if properly separated by households/consumers (Dainelli, 
2008). Therefore, waste sorting by residents is as an effective behavior for handling packaging waste 
that involves, among other things, technical and ethical issues (Rousta et al., 2017). However, the 
recycling rate of packaging waste, including paper, cardboard, metal, glass, wood, and plastic, is less 
than 50%, and for the plastic packaging fraction it is less than 15% (Eurostat, 2020; The world bank, 
2022). Sweden's packaging waste recycling rate is higher than the other European Union (EU) countries 
due to a well-established waste collection system. Still, packaging waste contributed to about 20% of 
the total municipal solid waste (MSW) in Sweden in 2020, and was the fraction that was miss-sorted 
the most of all waste fractions (AvfallSverige, 2022).   
     The reasons for the low rate of sorted packaging are varied. The most common is that sorting 
packaging waste is perceived as inconvenient by consumers if the sorting process is requires effort and 
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time (Buelow et al., 2010; Nemat et al., 2020; Rousta & Dahlén, 2015; Strydom, 2018; Xu et al., 2016). 
In Sweden, sorting packaging waste by consumers requires the packaging waste to be empty, clean, 
folded (sometimes unfolded), separated to a certain extent, and sorted into specific containers (FTI, 
2020; TetraPack, 2021). 
    The sorting of packaging waste can be perceived as time-consuming and inconvenient due to several 
factors. These include consumer attitude, knowledge and time as well as cost, waste collection facilities, 
rules, or the packaging itself (Babaei et al., 2015; Geiger, 2020; Latif et al., 2012; Nemat et al., 2021). 
Since waste sorting is voluntary, it is likely to be neglected by consumers if it is too inconvenient or 
time-consuming. 
     Sorting eco-friendly (e.g., biodegradable) packaging could be even more complex and confusing 
since this type of packaging should be sorted differently from conventional packaging. For instance, 
miss-sorting biodegradable material can have the same environmental impact as conventional plastic if 
it ends up in nature, or it contaminates the recycling stream if not sorted along with other compostable 
materials (PaperFoam, 2020; PEPSICO, 2019). Waste sorting is still recommended as the preferred 
behavior even by companies that manufacture innovative packaging. An example is self-separating 
packaging products (Petersson, 2021). However, the benefits of source separation cannot be attained 
without the voluntarily participation of consumers. As shown in a recent investigation, active 
involvement in waste sorting largely depend on consumer motivation and the perception of convenience 
(i.e., the easy-to-implement nature of sorting). 
     One way to facilitate the sorting process is to enhance consumer recycling knowledge. Having 
knowledge of the different parts (materials) of the packaging and to what extent they are recyclable, 
and how the different parts should be cleaned, separated, and sorted is important. This knowledge can 
save time and reduce confusion (Bernstad, 2014; Rousta & Ekström, 2013).  
     Recycling information that is provided on the packaging is often intended to address the importance 
of recycling and to act as a communication channel between packaging developers, waste management, 
and consumers. Instructive and visible recycling images, logos, and symbols are used to facilitate this 
communication. However, it has been seen that consumers can simply ignore this type of 
communication (e.g.  (Buelow et al., 2010; Klaiman et al., 2017; Langley et al., 2011)) unless supported 
by other packaging design elements such as signage or haptic attributes (Nemat et al., 2021; Verdonk 
et al., 2017). This is due to the fact that waste sorting is habitual (without conscious planning), which 
can result in a discrepancy between what consumers regard as environmentally and socially important 
activities and what they  actually do in practice (Bhamra et al., 2015; Darby, 2001; Henriksson et al., 
2010). Information that is provided to consumers is a determining factor in eliciting sorting behavior 
when people are motivated to engage in the first place, suggesting an interaction between knowledge 
and motivational factors. Emotions have deep roots in motivating consumers to act in specific ways, 
and are thus essential predictors of sorting behavior. If motivation is high and the task of waste sorting 
is simple, recycling rates would be increased, and vice versa (Bolderdijk et al., 2013; Hornsey et al., 
2016). Packaging design can be utilized to address either one or both of these aspects. 
      Packaging structural design, such as easy to fold or separate, is intended to facilitate the sorting 
process. Packaging design also can generate an emotional anchor by showing that packaging waste is a 
resource that should be sorted. This can be supported by packaging functionalities (Hurley et al., 2014; 
Nemat et al., 2021; Wu et al., 2018). Under these circumstances, packaging can be a platform to offer 
additional service, including facilitating proper sorting. Consumer satisfaction with the service is an 
emotional incentive (Stickdorn et al., 2018) to induce sorting behavior. Then packaging, rather than 
being a passive message-bearer, can actively foster sorting behavior or even direct it, as shown by 
former studies such as those by Wever et al. (2010). To exploit this potential, the abilities of packaging 
to influence sorting behavior need to be studied. 
 

3 
 

1.1. Problem statement 
 
     Generally, food packaging has primary layers of functions, including containment, protection, 
communication, and to facilitate handling (Wohner et al., 2019). Facilitating sorting will add a new 
layer to these primary layers, as illustrated in Figure 1.  
      

 
 
 
Figure 1. Different layers of functions and their role in food packaging. 
 
    This new layer can include a group of functions such as easy to empty, easy to close (re-seal), easy 
to clean, easy to fold, and easy to separate. These functions are commonly referred to as the waste 
sorting functions (WSF) since they make the sorting process more effortless and convenient (Langley 
et al., 2011; Lindh et al., 2016; Wever et al., 2010; Wikström et al., 2016; Williams et al., 2018).  
    WSFs may promote the perceived value of the packaging if they are usable and aligned with 
consumer expectations (Nemat et al., 2021). Not all of the functions act in the same way, so they may 
interfere with each other and therefore be perceived as problematic for sorting or even compromising 
the primary packaging functions. For example, a yogurt package with a wide mouth (see Figure 2) was 
identified as easy-to-sort since it was easy to open, empty, and fold. However, the package's inability 
to be resealed prevented it from retaining the freshness of its content. Hence, even though the package 
was fully recyclable, it was sometimes miss-sorted when the contents were rotten (Nemat et al., 2020).  
 
 

 
    
 
 
Figure 2. A yogurt packaging with a wide mouth. 
 
     
 
 

    WSFs can also include visual attributes that can increase the value of perception and can be an 
incentive for consumers to respond to these design aspects emotionally (Krishna et al., 2017). The 
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potential effect of the visual elements is not merely about promoting the sense of value but also about 
supporting the packaging’s usability. Each food packaging function communicates with the consumer 
so that they can engage with the packaging and reflect upon their physical interaction with the package. 
For example, the package should offer a suitable size and grip for the human hand when emptying, 
cleaning, or folding. Therefore, to enhance the overall usability in order to foster sorting behavior, a 
delicate balance in the design is needed between packaging abilities and consumer expectations from 
the packaging. To fulfill this, it is not sufficient for designers to know the properties of the packaging, 
but they must also understand the user’s expectations of, and experiences when handling, the packaging. 
This understanding can be obtained from a practical and design-based approach (Norman, 2013). In 
spite of this, the possible interrelations between WSFs within primary packaging functionalities has not 
been extensively studied.  In addition, the role of visual attributes in fostering sorting behavior has been 
discussed as much as other design aspects, such as packaging materials.  
     Previous studies typically analyze and critique existing packaging, leading to suggestions of how the 
packaging should be changed to support sorting behavior (see, for instance (Jerzyk, 2016; Klaiman et 
al., 2017; Langley et al., 2011; Lindh et al., 2015; Nemat et al., 2020; Williams et al., 2018; Wohner et 
al., 2019)).    Since these studies do not develop and study new packaging designs according to the 
suggestions, the research outcomes remain either theoretical suggestions or general statements. The 
results are not directly applied in packaging design to influence consumer behavior unless they are 
translated into a practical application (Kok, 2021). This yields a gap in utilizing the potential of food 
packaging design – as seen in previous research – to support sorting behavior.   
     Considering the negative environmental impacts of miss-sorting packaging waste and the related 
advantages of correct sorting behavior, approaches such as design for sustainable behavior (DfSB) are 
needed to induce and script sorting behavior. In this way, packaging design can fulfill an additional 
service and support sorting behavior as a sustainable behavior. 
      
1.2. Design for sustainable behavior 
 
   An effective way to improve sustainable behavior is to discover which factors act as interventions to 
develop solutions that trigger certain behaviors. It is then possible to maintain specific consumer 
behavior and guide the consumer actions towards more sustainable habits (Selvefors et al., 2011). It is 
not enough to see what people practice, but it is necessary to understand what they think and feel to 
discover effective interventions. However, tracking consumer behavior while sorting waste is not an 
easy task. Waste sorting at home is usually carried out in a private place (kitchen) and as a habitual task 
(Nemat et al., 2020; Wever et al., 2010). Consumers may have encountered problematic issues during 
sorting packaging waste but have difficulty recalling them at the time of sorting.  
    A user-centered design approach such as DfSB can help discover effective interventions throughout 
the entire sorting process. DfSB is applied to design products and services that create preconditions for 
a sustainable everyday life. The main emphasis is on studying user behavior during product usage and 
discovering factors that bridge the behavior planned by the designer and the actual consumer behavior 
(Lilley, 2009; Lockton et al., 2010). The approach has been widely used in a variety of research fields 
to promote sustainable behavior, such as preventing littering (Wever et al., 2010), sustainable food 
packaging (Jerzyk, 2016; Orzan et al., 2018), consumption behavior (Zain et al., 2012), or prevention 
of marine litter (Portman et al., 2019).  
 
Different strategies in DfSB  
 
      Human behavior is not a chain of reactions that occur sequentially, so applying any behavioral 
amendment demands various design strategies. One of the earliest design strategies for inducing an 
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intended behavior is the 'scripting' approach proposed by Jelsma and Knot (2002). They defined 
scripting as the design of a product layout that guides the user's behavior more or less forcefully (Jelsma 
& Knot, 2002). In this case, a product to script consumer behavior should be designed to make the 
desired behavior easy, while undesired behavior is made difficult or impossible. An example is using 
perforated lines on a package to indicate where the package should be open. Following Jelsma and Knot 
(2002), researchers have proposed other strategies in psychology and designing behavior, e.g. (Bhamra 
et al., 2015; Kuijer & Bakker, 2015; Lilley, 2009; Wever et al., 2010). An example in the field of 
disposal behavior, was the study by Wever et al. (2010) to mitigate food packaging waste littering. 
Wever proposed a typology of several design strategies in addition to the scripting strategy, eco 
feedback, forced functionality, and functionality matching. He used eco-feedback in the form of anti-
littering labels on disposable coffee cups and scripting in several forms such as reusability, reclose 
ability, and top of mindness intended to make it less likely for consumers to forget to clean a package 
(Wever et al., 2010).  
A general model has also been developed by Capman and Renström 2011, which is also known as the 
‘power in decision making’ model. This model differentiates strategies by allocation of control between 
the user and the designer. On one end of the spectrum is the 'enlighten' strategy to induce a behavioral 
change whereby power in decision-making relies more on the user in action. At the other end of the 
spectrum, a designer uses force to avoid unintended behavior and to ensure a behavioral shift (see Figure 
3). 
 

 
 
Figure 3. Power in decision-making model to support sustainable behavior. Adopted from (Capman & 
Renström, 2011). 
 
   The model is divided into five main groups based on how consumer behavior and activities are 
influenced: 1) enlighten: comprises strategies that explicitly communicate with the user to motivate 
them by increasing their knowledge and giving them information about the effects of their behavior on 
the environment, such as feedback and information. Hence consumers may decide to change their 
behavior; 2) spur: strategies to encourage consumers by highlighting positive effects besides 
environmental gains, for example by rewards, challenges, and competitions. For instance, Sweden has 
a can and bottle deposit system that returns the deposit to the consumer when the can or bottle is 
correctly sorted into a pant machine (Thelocal.se, 2018); 3) match: strategies address how products and 
services can be adapted to existing consumer behavior and designed to adapt the product better to the 
expected behavior. Empirical research conducted by Rousta et al. (2016) showed that the distance 
between residents’ living places and waste collection system affects proper sorting. As shown by the 
study, shortening this distance and enhancing accessibility significantly improved the sorting behavior 
(Rousta et al., 2016); 4) Steer: similar to a script, consists of strategies aimed to design products and 
services so that sustainable behavior becomes the obvious choice; 5) Force: strategies aimed to make it 
impossible for other behaviors than the desired on. An example is a medicine bottle that can only be 
opened when the cap and the body are in a particular position.  
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    The appropriateness of any chosen strategy depends on the behavior, particular product, and the way 
they interact with each other (Capman & Renström, 2011; Lilley & Wilson, 2013).  
 
1.3. Purpose of this study 
 
   This study aims to understand how applying a practical approach, namely user-centered design, can 
improve the packaging design to foster correct sorting behavior. The main objective is to practically 
enhance the design of a package by collecting user feedback, implementing DfSB strategies, and 
prototyping. By choosing a pragmatic approach, the study intends to assess the new packaging model’s 
overall impact on consumer sorting behavior. A second aim is to illustrate the importance of a design-
based approach in such studies. Considering the research intention, the usability of the new packaging 
model was critical, whereas creating a model that suits mass production was not part of the research.  
The outcomes of this study could shed light on the following questions: 
1) How can user-centered design strategies support sorting behavior? 
2) Which aspects of food packaging design are more valuable to encourage correct sorting behavior?     
   The study’s outcomes can assist packaging developers in utilizing the packaging design as an efficient 
element to direct consumers sorting behavior. Consequently, manufacturers can use packaging design 
to generate appropriate consumer expectations, which will fruitfully affect consumers-packaging waste 
perception and decisions. 
 
2. Methodology 
 
     Five rounds of interviews (detailed in sections 2-1) were used together with sketching and 
prototyping to explore how applying DfSB strategies in packaging design can direct sorting behavior. 
Each group’s interviews were planned to obtain specific information to fulfill the research intentions 
and evaluate the design model. Different types of prototypes supported each round. All sessions were 
recorded, either as images, videos, audio, or notes. The repetition of the interview process was limited 
to five rounds due to time limitations and the research constraints regarding prototyping. As discussed 
below, these five rounds were sufficient to gain a deep understanding of the respondents needs with 
regard to packaging design and to design and test prototypes that were aimed to fulfill these needs. 
    The first four rounds of interviews, which were aimed to obtain the ideal packaging model, were 
conducted with a small group of participants (n=10) at the participants' living places. All interviews 
were recorded and photographed with the participants' permission.  
   The first round of interviews aimed to identify (as part of user-centered research) design interventions 
that could improve sorting behavior. The assumption was that improving the design gradually, instead 
of dramatically, allows the authors to analyze how each packaging design attribute can support correct 
sorting. This can be done by informing consumers about possible actions for sorting packaging waste. 
The last round of interviews (the 5th) was conducted with a relatively large group of participants (n=30) 
to evaluate the models that were approved by the earlier interview groups. Gradual improvement of the 
packaging design in collaboration with the interview group also minimizes possible bias of the 
researchers and ensures the packaging model's superiority over the original package. 
    Three of the five DfSB strategies described above were in focus: match, steer, and force.  These were 
chose since they relate to behavioral control by the product design. The effects of these strategies were 
studied separately within the second round of interviews. 
     The match strategy was applied to ensure that, regardless of the packaging design improvements, 
the final model still contains the features that the participants perceive as valuable. The steer and force 
strategies aim to script behavior through applying design constraints and enhancing the user's ability to 
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intuitively utilize specific functions. In the context of this study, usability is the packaging sorting-
related functions that are easy to discover, to understand, and to use for everyone.   
      Two constraints were used to support the ‘steer’ and ‘force’ strategies, a) Physical constraints and 
b) Semantic constraints. The constraints to affect the behavior should be functional and easy to perceive 
and understand; thus, people react to these constraints without thinking about their actions (Norman, 
2013). In this vein, to improve the new design, the steer strategy was applied in the form of recyclable 
labels, texture, and color/graphical elements of the package. The force strategy involved mainly two 
forms, foldability, and separation, through packaging shape and functionalities.     
    
2.1. The interviews 
  
    Unstructured interviews with open-ended questions were conducted to collect data. The unstructured 
interviews usually have the least number of questions as they lean more towards an exploratory 
conversation but with an underlying subject. The advantages of unstructured interviews are to establish 
a scene of trust between the researcher and interviewees and that the respondents will be more truthful 
with their answers. The informal nature of unstructured interviews lets the participants clarify their 
doubts about the research topic and freely voice their reflections. Hence, there are more plausible for 
designers to learn from the respondents as they typically know more than what they can initially 
verbalize (Boyce & Neale, 2006; Qu & Dumay, 2011).  
    Interviews were conducted in Karlskrona-Sweden. The following considerations were used when 
selecting participants; a) they must be familiar with the package and must have used it before; b) they 
must be able to read Swedish to follow the provided information on the porotypes without difficulty; c) 
the group must include a variety of ages to test the usability the prototypes; d) members of the groups  
should preferably live with a family, since this is likely to increase the frequency that the selected 
packaging is used and disposed of, and e) the group members were willing to have a researcher visit 
their home. The latter condition was critical considering Covid's impact, so everyone who contributed 
to this study was required to be vaccinated.  
    Ten respondents in 10 households accepted the study invitation, and they all were Swedish. Three of 
them lived without family and were older than 65. The rest of the participants were between 35 and 55 
and lived with their children. Except for two, they lived in houses, so external factors such as waste 
collection facilities or distance to collection sites were similar. The waste sorting system stipulated that 
all participants sort their packaging in different fractions such as metal, plastic, or glass. All participants 
could be classified as upper-middle-class and educated at the university level or experts in a particular 
field (e.g., nursing). Hence, economic backgrounds were similar. These parameters were not studied in 
this study.   
    A cream package was chosen for this study since it was identified as being difficult to  sort in previous 
research (Nemat et al., 2020). In fact, the interview group used in that study is the same group used in 
the present study. Also, in the five most popular Swedish grocery retailers (ICA-MAXI, Willys, COOP, 
City Gross, and Lidl), more than 60% of cream products are supplied with this package, but with 
different brands. The package's facial appearance, content (i.e., cream 36% fat), and physical features 
such as volume (5dl), and size (h=197mm, w=55mm, d=55mm) are identical among the named retailers 
except for the graphical elements and brand, as shown in Figure 4.  
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Figure 4. Examples of the cream package studied here.  
     
    The combination of free discussion, testing prototypes, and exchanging feedback identify the user 
expectations of the package at the time that they sort the packaging waste. 
     Although the interviews were unstructured, they were based on some questions to keep the 
discussion aligned with the research objective. Every round of interviews was directed by a different 
group of questions to address the research purpose. A summary of the questions provided at the 
preliminary interviews is given in Table 1. The questions were not rigid and were worded differently 
due to the flexibility in the interview discussions. (For the sake of clarity, the questions that formed the 
base of subsequent interviews are presented below.) 
 
Table 1. Summary of the questions for the first round of interviews. 

Questions  
Q1 Why did you select this particular product? Is there anything that you like or dislike about the 

package itself?  
Q2 How do you usually sort the packaging waste? 
Q3 What is your overall opinion about sorting the packaging waste? Did you find it difficult, easy 

or..? 
Q4 What aspects of the package did you find more problematic when sorting? 
Q5 What aspects of the package did you find more accessible when sorting? 
Q6 What would you suggest to improve the package waste sorting? 

 
3. Results and discussion 
3.1. Sorting patterns  
 
    Each participant was asked to demonstrate the required steps for sorting, as well as explain the 
necessity of the action and express the perceived difficulties or simplicities involved in each step. A 
sorting pattern consists of a series of consumer actions to perform the process, often carried out 
sequentially. The required steps for sorting the packaging waste and participants' statements are 
summarized in Table 2.  
 
Table 2. The main steps and reasons for sorting the packaging waste. 
 

Main Steps for preparing the 
package 

Reason 

Removing the cap 
Emptying the package 
Cleaning the package under 
running water 
Folding 

Preparing for emptying 
Preparing for cleaning + eating or drinking 

Preventing food odors 
 

Saving space 

9 
 

Reclosing the cap 
 

Preventing food odors or any leakage and lets the package remain 
folded 

 
 These steps can take place inside 

or outside the residential area 
Reason 

 
Separating the cap Eco-related concerns To sort the plastic cap and paper body in different 

containers  
 

Sorting the cap as plastic and the 
body as a paper packaging 

Eco-related concerns 

 
   Answering Q1-Q4, participants stated several issues that caused the packaging waste sorting to be 
somewhat problematic. The main complaint concerned the package's physical constraints, which made 
folding difficult. See Figure 5. 
 

 
 
Figure 5. Sequential steps to fold the package: the flaps should be opened completely (left images in 
Figure 5 from A-D), then both sides of the package should be pressed down (image E-F). 
 
    The package consists of a paper-based container and a plastic enclosure (neck) with a cap. The 
package can be folded, but its plastic neck hinders consumers from folding it fully. Also, the package 
does not remain folded unless the cap is closed. Some participants could recall forgetting to remove the 
cap before sorting the packaging at the waste collection point, which meant that the plastic cap and 
paper body were miss-sorted into the same packaging fraction. As discussed below, this was studied 
further. The package’s cap was associated with several steps, including resealing the package, 
preventing the spread of odors, and maintaining its foldability. This was an example of how different 
packaging parts can interchange their roles due to the context of use and how different layers of tasks 
can intervene in a specific part of the package. Here, the cap has an essential role throughout the package 
life cycle until the packaging waste is sorted.  
    Since the present design affords no ability for users to fold the package some participants stated that 
they would ignore the process and sort the package unfolded:  
“This is a relatively small size of the package, and I am a single person not consuming often, so 
sometimes I prefer to sort it unfolded and do not bother myself to struggle with the package to fold it.” 
    From a waste management view, folding the packaging waste is an unnecessary action. However, it 
is a great advantage at the collection points and for the collector trucks, since the amount of waste that 
is sorted and transported in each container can be maximized. This is especially important for paper-
based packaging waste, since it occupies a lot of space despite its light weight (FTI, 2022). Folding the 
packaging waste is also crucial to saving space in trash bins. Whether consumers live in an apartment 
or house, they often have to have a separate place to store the generated packaging waste before it is 
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life cycle until the packaging waste is sorted.  
    Since the present design affords no ability for users to fold the package some participants stated that 
they would ignore the process and sort the package unfolded:  
“This is a relatively small size of the package, and I am a single person not consuming often, so 
sometimes I prefer to sort it unfolded and do not bother myself to struggle with the package to fold it.” 
    From a waste management view, folding the packaging waste is an unnecessary action. However, it 
is a great advantage at the collection points and for the collector trucks, since the amount of waste that 
is sorted and transported in each container can be maximized. This is especially important for paper-
based packaging waste, since it occupies a lot of space despite its light weight (FTI, 2022). Folding the 
packaging waste is also crucial to saving space in trash bins. Whether consumers live in an apartment 
or house, they often have to have a separate place to store the generated packaging waste before it is 
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taken to the recycling facility. Larger volumes of waste may result in extra trips between consumers' 
living areas and recycling facilities. This issue was more important for some participants (those with a 
bigger family and higher consumption) as they folded the package and rolled it to save more space, as 
shown in Figure 6. In this vein, fold-ability and roll-ability are advantageous even for this size package, 
and positively influence consumer attitudes and thus should be considered by the designers. 

 
 
Figure 6. Folding and rolling the packaging waste. 

    
   Separating the package’s components was another issue of concern for the participants. The package's 
plastic neck is noticeably bigger than the cap, but it is not separable from the paper body. The company’s 
current recommendation is to sort the package's plastic cap as plastic and the body, consisting of the 
plastic neck and paper body, as a paper packaging.  Due to the difficulty of separating the neck and the 
body, participants ignored the recommendation. This went against the participants' sorting desire and 
caused confusion. Participants who tried to separate the neck discovered it even more dangerous rather 
than being practical or problematic:  “I injured my hand once when I tried to cut the plastic part with 
scissors.” 
    An issue such as this can induce arbitrary sorting behavior and can be a misleading factor, and should 
be avoided by designers. Another misleading factor was applying the same texture and color (ivory 
appearance) to the packaging body and its plastic parts, leading to the perception that the whole package 
was made from plastic. Therefore, some participants sorted it as plastic waste. In summary, the current 
package design does not induce correct sorting. In fact, in some specific issues, such as folding and 
separating, its design hinders correct sorting even though consumers are motivated to perform their 
sorting correctly. These results showed directions in which the design of the package can be further 
improved to foster proper sorting behavior. 
    The interviews did not focus only on problems but, at the same time, the package’s features or 
abilities that participants considered as valuable. The packaging size and its cubic form were identified 
as the consumers favorite features since it fitted with the refrigerator space. Participants were also 
satisfied with how the packaging is easy to use, clean and empty because of its straight head and wide 
mouth. Its resale-ability was also an advantage due to the fact the package contains long-life cream: “It 
is a kind of packaging designed to help you take the last drop!” 
   These specifications enable the consumers to utilize packaging functions and make the right choice. 
Thus, it can act as a design intervention to influence sorting behavior. Once the interventions and their 
relationship with consumer behavior are identified, they can be changed to benefit design and scripting 
user behavior.  
 
3.2. Identification of subtasks  
 
    The sorting pattern ascertains what actions were carried out by participants. The subtasks give 
information on how these actions are performed. Focusing on how can reveal if packaging design 
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affordance and attributes are important to support the sub-tasks. For instance, the ‘removing the cap’ 
step could be broken down into sub-tasks such as grabbing the package, turning the cap 
counterclockwise, and removing the cap. These actions can be supported by the design of the package 
to provide specific affordance, namely, grip-ability and reclose ability. Supporting both functions to a 
great extent depends on the package's visual aspects, texture, and size. From this perspective, tuning 
each aspect can be done more accurately to anticipate user reactions. Although valued by the consumers 
these details are usually missed in interviews - or might not even come to the respondents' attention - 
as the entire process is performed habitually (i.e., without conscious decision-making). Hence, the 
recorded images, videos, audio, and notes taken during interviews were used to extract how participants 
performed the stated action. A summary is presented in Table 3. The detailed findings of Table 3 are 
given in Appendix1. 
 
Table 3. The sorting process includes sub-tasks and relevant details. 
  

Sorting 
pattern  

Sub-tasks Affordance Package’s 
parts that 
support 
affordance 

Possible design 
attributes that 
affect affordance 

Removing the 
cap 

Grabbing the package,  
Turning the cap anticlockwise. 

Grip-ability 
Reclose ability/ 
easy to reseal 

Body 
Cap 
 

Body texture 
 Cap texture, Cap & 
Neck form 
Size 

Emptying Shaking, 
Turn the package upside 
down. 
 
and/or 
Fill it with water; turn the 
package upside down.  

Grip-ability 
Grip-ability 
 
 
Grip-ability 
Fillable/easy to 
empty 

Body,  
Body, Top 
open 
 
Body, Top-
open 

Body texture 
Body texture, 
Packaging form 
 
Body texture, 
Packaging form 

Cleaning Fill it with water for washing 
& cleaning 
Reclose the cap, 
 
 
 
Shaking the package, 
Removing the cap, 
 
Turn the package upside down 
 

Grip-ability 
Fillable & 
Reclose ability 
/easy to clean 
 
 
Grip-ability 
Grip-ability 
 
Grip-ability 

Body, Top –
open 
Cap & Neck – 
Screw 
 
 
 Body 
Cap & Neck –
Screw 
Body Top-
open 

Symbol, verbal 
attributes Body 
texture, Packaging 
form 
Cap & neck form 
 
Body texture, 
Packaging form 
Cap & neck form 
Body texture, 
Packaging form 

 
3.3. Implementing DfSB 
 
    The ideas that were identified in the first round of interviews were prototyped for use in the second 
round of interviews. This reduced possible misunderstandings between the interviewer and the 
respondents regarding the necessary changes in design. It also provided the participants with a more 
realistic experience of examining the new packaging model. The prototype shows the idea in a physical 
format that communicates the idea to participants and allows them to try its usability in practice  
(McElroy, 2016). Observing the participants' natural reactions to the prototypes provided valuable 
insight into what design attributes should be altered to improve the package sorting abilities. The 
prototyping process benefited from a recursive procedure that depends on the complexity of the attribute 
in focus. Changes in the design were repeated until most of the assumptions are tested and either 
improved or fixed. For instance, if the effect of the texture was to be investigated, the prototype surfaces 
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round of interviews. This reduced possible misunderstandings between the interviewer and the 
respondents regarding the necessary changes in design. It also provided the participants with a more 
realistic experience of examining the new packaging model. The prototype shows the idea in a physical 
format that communicates the idea to participants and allows them to try its usability in practice  
(McElroy, 2016). Observing the participants' natural reactions to the prototypes provided valuable 
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were made so that the participants would consider it as a paper texture and not as a printed image of the 
paper.  
    The core of the discussions within the interviews was how the prototype design affordance could 
differ from the original package. Thus, different series of questions were asked. The questions for the 
second round of interviews are presented in Table 4. 
 
Table 4. Summary of questions discussed in the second round of interviews. 

Questions  
Q1 How was your sorting experience compared to the original model? 
Q2 How would you describe the overall sorting experience?  
Q3 Regarding the new prototype, is there any feature you like or dislike? Why?  
Q4 How did you notice the package can be folded in this way? 

 
     The participants were not shown the prototypes prior to the interviews. With the delivery of each 
model, they were asked to show how they would sort the prototype. Immediate attention was paid to 
how they perceived the model as being easy or difficult to sort and what attributes could contribute to 
forming this perception. The new model was developed and modified through sketching and based on 
feedback from each session to test by the subsequent round of interviews (see Figure 7). 
 

 
 
Figure 7. Different stages within the interview process (O= Original package 
P = Prototyped package). 
 
    The steer strategy discussed with reference to Figure 3 was first implemented by applying different 
textures, colors, and labels as semantic constraints to indicate the package's recyclability and how it 
should be positioned in the consumers’ hands. Five prototypes were prepared, using the original 
package as the basis for prototyping. Each participant was given these five packages to assess their 
support to aid correct sorting behavior in terms of either visual or informative attributes. 
    The first two prototypes aimed to compare the effect of texture and additional information when both 
packages are similar to the original sample. As shown in Figure 8, the body of both packages were 
covered by the same textured cardboard (330 grams, brown and grey). Model (A), has the usual 
recycling-related information based on the manufacturer's recommendation). In contrast, Model (B) has 
new information that proposes the user to sort the package’s parts marked with the red dot as plastic 
and the white dot as paper (see Figure 8). 
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    The prototypes revealed that the participant's response to the texture was more definitive and faster 
than to the visual attributes. All of the participants ignored the conventional recycling information on 
Model (A). This was attributed to the small size of the written information which made it difficult for 
them to read, regardless of their age. The participants readily recognized that the body of the two models 
were made from paper due to the texture, which was felt by touching.  
The new text in Model (B) was legible but confusing. Several participants found that the red color in 
the legend was very similar to the color used in graphic elements on the package’s cover, leaving the 
participants with the dilemma of how the body should be sorted (the red color is for sorting of the plastic 
but the body of the package is made from paper). 
      All participants felt that simply modifying the current packaging design with instructions supporting 
correct sorting of the package would not steer their sorting behavior. The new information will not be 
noticed if the original format remains. This finding is supported by previous research that shows that 
users perform waste sorting with little cognitive effort and based on their former experience, unless 
facing a new challenge (Henriksson et al., 2010; Langley et al., 2011; Wever et al., 2010). In this case, 
a clear, concise, and consistent message is more likely to automate sorting behavior (Amir Kavei & 
Savoldi, 2021; Wu et al., 2018). 
    Therefore, in the other three models (C-E) shown in Figure 9, the text and icon were at the center of 
the design to expose the packaging value for recycling. In Models (C&D) the recycling icon was 
supported by the text recyclable paper and in model (E), the I’m 100% compostable icon, informs the 
users about packaging recyclability. All three models were printed on lighter cardboard (220 gram, matt 
white and cream).  A new graphic design for these prototypes was aimed to distinguish these models 
from the original package and represented them as new packaging. It was more likely, in this vein that 
the participants perceived that they were faced with a new package that had new information.  
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Figure 9. Different prototypes with new visual design. 
 
     In Model (E), the message (‘I’m 100% compostable’) is intentionally designed to indicate that the 
package should be composted. This message, although not relevant in real situations, was used to 
ascertain if participants would differentiate the message from the other models. Among these three 
models, the recyclable message on the Model (D) was perceived as highly directive for sorting due to 
the explicit label view. The reaction was predictable as the label was created following the Gutenberg 
diagram effect.  
    The Gutenberg diagram is established based on how the human eyes move across a surface when 
reading. Because Americans and Europeans read from left to right, top to bottom, the eye will always 
start at the top left section of a layout and scan down to the bottom right corner. Research has found 
that the upper left area is the most valuable region within the packaging design because of this scan 
pattern. When the user reaches the lower right portion of the page, there is a break in the reading or ‘page 
scan’ process, and the user will need to take action (Berman, 2010). This is the perfect location to insert 
call-to-action, such as the Model (D). 
     Comparing the models, the way that the label was communicated in a model (D) was preferred over 
the others. The label content was perceived as being instructive and friendly. These findings are 
consistent with prior studies that show package typography is one of the essential visual elements of a 
package because words directly communicate a message to the consumer, unlike images and other 
decorative elements that the consumer must interpret. Increasing the size and novelty typefaces often 
allow the letters to be more visually appealing to consumers and that the letter also become images, not 
merely symbols used for reading. This enables the letter to be more creative and emotionally connected 
(Ambrose & Harris, 2011; Unger, 2007).  
    The form of the prototypes used in the second round of interviews (Figure 8) was not changed to 
keep the interviews’ focus mainly on the package texture and visual attributes. An object's shape or 
exterior appearance can create an initial impression and generates long-lasting inferences, thus affecting 
the other design attributes (Bloch, 1995). Hence, the main focus in the third round of interviews was on 
developing the package form by utilizing DfSB. The design was supported by prototyping to see how 
manipulating the package’s shape can afford its functionalities, especially folding and separating.  
    The interviews revealed that the current design has no ‘steering’ over sorting behavior, and thus the 
balance of control is more weighted on the side of the users (see Figure 3). The current design does not 
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give the impression that the package could be folded, and it was not easy when tried to fold the 
packaging. The plastic neck was also inseparable. The intention of the prototypes discussed below was 
that the form of the package should be improved to ‘steer’ participants to fold the package, since it is 
perceived that this is the only way to treat the packaging waste. 
    Similarly, the new form was intended to ‘steer’ or ‘force’ participants to separate different packaging 
components. It was also ensured that other attributes of the original package were maintained in the 
new prototypes to support the matching of consumer needs and designers objectives. The finding from 
the first group of prototypes also was taken into account. For instance, previously accepted graphical 
items were partially replicated on all prototypes, such as the legend location at the front of the package. 
In addition, the prototypes’ visual images were expanded further, corresponding to the form evolution.  
    Several design solutions could have been implemented to improve the package's target 
functionalities. One suggested approach is to generate a wide range of prototypes as a base to start the 
selection process. This requires a sufficient number of models that differ from each other so that the set 
of models covers the space of possible designs. This idea generation process benefits from considering 
as many different models as possible (Liu et al., 2003; Sio et al., 2015). To prevent replication (several 
models with similar features), the identification of the different models was limited to design 
specifications that had been perceived as values by interviewees, such as the straight head, wide-open 
mouth, easy to empty, clean, and reseal. Logically, the package’s functionalities will ultimately be 
matched with the participants' sorting demands. 
    The design process is detailed in Appendix 2. Three possible forms were generated from the original 
packaging, all were similar in size and form, and prototyped for the interviews. Model A-1 is identical 
to the original packaging, with the exception that the corners are sharp. Model B-1 has a triangular 
shape, and model C-1 has a polygonal shape (see Figure 10). 
     In round four of the interviews each of these three models was evaluated in comparison to the 
original package and by itself, respectively, based on the capabilities its design afforded with respect to 
how easy it is to fold and separate the plastic cap and neck from the paper body. The interviewer was 
merely an observer during the interviews and collected feedback. The models themselves had to 
demonstrate their capabilities. The collected feedback was compared, summarized, and interpreted into 
design elements. The conclusion manifested itself as a new model, and this evolution process led to 
discovering the final models (see Figure 10). 
      
 



14 
 

 
 
Figure 9. Different prototypes with new visual design. 
 
     In Model (E), the message (‘I’m 100% compostable’) is intentionally designed to indicate that the 
package should be composted. This message, although not relevant in real situations, was used to 
ascertain if participants would differentiate the message from the other models. Among these three 
models, the recyclable message on the Model (D) was perceived as highly directive for sorting due to 
the explicit label view. The reaction was predictable as the label was created following the Gutenberg 
diagram effect.  
    The Gutenberg diagram is established based on how the human eyes move across a surface when 
reading. Because Americans and Europeans read from left to right, top to bottom, the eye will always 
start at the top left section of a layout and scan down to the bottom right corner. Research has found 
that the upper left area is the most valuable region within the packaging design because of this scan 
pattern. When the user reaches the lower right portion of the page, there is a break in the reading or ‘page 
scan’ process, and the user will need to take action (Berman, 2010). This is the perfect location to insert 
call-to-action, such as the Model (D). 
     Comparing the models, the way that the label was communicated in a model (D) was preferred over 
the others. The label content was perceived as being instructive and friendly. These findings are 
consistent with prior studies that show package typography is one of the essential visual elements of a 
package because words directly communicate a message to the consumer, unlike images and other 
decorative elements that the consumer must interpret. Increasing the size and novelty typefaces often 
allow the letters to be more visually appealing to consumers and that the letter also become images, not 
merely symbols used for reading. This enables the letter to be more creative and emotionally connected 
(Ambrose & Harris, 2011; Unger, 2007).  
    The form of the prototypes used in the second round of interviews (Figure 8) was not changed to 
keep the interviews’ focus mainly on the package texture and visual attributes. An object's shape or 
exterior appearance can create an initial impression and generates long-lasting inferences, thus affecting 
the other design attributes (Bloch, 1995). Hence, the main focus in the third round of interviews was on 
developing the package form by utilizing DfSB. The design was supported by prototyping to see how 
manipulating the package’s shape can afford its functionalities, especially folding and separating.  
    The interviews revealed that the current design has no ‘steering’ over sorting behavior, and thus the 
balance of control is more weighted on the side of the users (see Figure 3). The current design does not 

15 
 

give the impression that the package could be folded, and it was not easy when tried to fold the 
packaging. The plastic neck was also inseparable. The intention of the prototypes discussed below was 
that the form of the package should be improved to ‘steer’ participants to fold the package, since it is 
perceived that this is the only way to treat the packaging waste. 
    Similarly, the new form was intended to ‘steer’ or ‘force’ participants to separate different packaging 
components. It was also ensured that other attributes of the original package were maintained in the 
new prototypes to support the matching of consumer needs and designers objectives. The finding from 
the first group of prototypes also was taken into account. For instance, previously accepted graphical 
items were partially replicated on all prototypes, such as the legend location at the front of the package. 
In addition, the prototypes’ visual images were expanded further, corresponding to the form evolution.  
    Several design solutions could have been implemented to improve the package's target 
functionalities. One suggested approach is to generate a wide range of prototypes as a base to start the 
selection process. This requires a sufficient number of models that differ from each other so that the set 
of models covers the space of possible designs. This idea generation process benefits from considering 
as many different models as possible (Liu et al., 2003; Sio et al., 2015). To prevent replication (several 
models with similar features), the identification of the different models was limited to design 
specifications that had been perceived as values by interviewees, such as the straight head, wide-open 
mouth, easy to empty, clean, and reseal. Logically, the package’s functionalities will ultimately be 
matched with the participants' sorting demands. 
    The design process is detailed in Appendix 2. Three possible forms were generated from the original 
packaging, all were similar in size and form, and prototyped for the interviews. Model A-1 is identical 
to the original packaging, with the exception that the corners are sharp. Model B-1 has a triangular 
shape, and model C-1 has a polygonal shape (see Figure 10). 
     In round four of the interviews each of these three models was evaluated in comparison to the 
original package and by itself, respectively, based on the capabilities its design afforded with respect to 
how easy it is to fold and separate the plastic cap and neck from the paper body. The interviewer was 
merely an observer during the interviews and collected feedback. The models themselves had to 
demonstrate their capabilities. The collected feedback was compared, summarized, and interpreted into 
design elements. The conclusion manifested itself as a new model, and this evolution process led to 
discovering the final models (see Figure 10). 
      
 



16 
 

 
 
Figure 10. The models used in the design evolution that led to the final model. 
 
      In all three basic models (A-1, B-1, C-1), the plastic neck was designed to be removed automatically 
to facilitate separating the neck from the body. Figure 11 shows Model (A-1) when sorted by one of the 
participants. 
 

 
 
Figure 11. Sorting Model (A-1). 
 
      Although the solution seemed to facilitate the separation of the neck from the body, the design of 
the body for Models (B-1) and (C-1) hindered foldability. The triangular shape may appear to be simple 
to fold due to fewer sides, but in actual practice it causes difficulty.  One of the participants noted that: 
 “This is rather than confusing to fold. The only logical way is to put the package on the ground and 
crush it with my foot!” 
     On the contrary, Model (C-1) had more sides than the other models, which meant that the package 
could not be folded and flatted completely. Therefore, both Models (B-1) and (C-1) were rejected by 
the participants due to difficulties encountered when folding. Of the three models, A-1 was perceived 
as easy to fold due to the sharp corners, even though its oblong shape does not, in theory, afforded this 
function. Also, separating the plastic neck from the body was perceived as being effortless and 
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performed unintentionally. However, the new design left new concerns, such as the risk that the neck 
with separate unintentionally from the body during daily operation. Also, why can the entire package 
not be made from paper? 
     New prototypes were created to address these two issues. In Model (A-3) the plastic neck was 
removed entirely and replaced with a new way to re-seal the package (see Figure 12). On paper, the 
model meets all the participants’ requirements. However, in practice, the way that the package should 
be re-seal created an impression that the system is not safe enough to preserve the content and not easy 
to use. Hence, the package was rejected by most participants. 
 

 
 Figure 12. Model (A-3) folding process. 
 
The decision to remove Model (A3) from the possible prototypes went against the participants’ 
preference to have a package made entirely from paper. Debates around Model (C-1) resulted in creating 
a new model to keep the balance between participants’ ultimate desire (complete paper package) and 
actual practice. Model (A-4) was designed to fill this gap (see Figure 14). This model had flaps at both 
ends of the package (left image in Figure 14) that should be opened prior to folding the package. Based 
to participant feedback, these flaps were further modified (right images in Figure 13) to facilitate 
folding. 
    This prototype, which was the final model, was aligned with many of the participants’ preferences. 
The model is mostly made of paper and has a plastic neck that is smaller in size than the original 
packaging. The neck is surrounded by a colorful ring that can act as a strap to pull out the plastic part 
when the packaging content is finished, and consumers want to separate it from the paper body. 

 
 
Figure 13. The final model, the left one with flaps and the right ones without flaps.  
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     Although the participants thought that the final model was a significant improvement over the 
original packaging, there is a risk that some of the shortcomings of the final model would be overlooked 
due to the fact that the participants had been involved in developing in the model. This, and the fact that 
it was developed in collaboration with the interviewer, can be a research bias. Hence, the last (5th) round 
of interviews aimed to evaluate the final model using a completely different group of users, and also on 
a larger scale. 
      It was decided that the interviews would take place in a public area - a public library - to save time 
and to include typical consumers in the final target group.  
     The respondents compared the final model with the original package, with focus on criteria related 
to sorting the packaging waste. The aim was to understand how the differences in the packaging 
attributes between the final model and the original package were perceived by the respondents and how 
these differences would affect their sorting behavior. This, in turn, would identify which of the two 
packages were preferred. 
      Considering the research boundaries (time, budget, and prototyping), the number of respondents 
was limited to 30. The interviews were conducted for two weeks, in limited hours each day, as governed 
by the library rules. At each interview session, illustrated in Figure 14, a few samples of the original 
package and the final models were provided to the respondent. A sign on the main deck in front of the 
main entrance (How do you recycled it?) clearly showed the intention of the research.  
      Questions directed towards desire features were close-ended so that the respondent could answer 
the questions fast and accurately, see Table 5. Direct observation was also used to collect information. 
Further information was given to those who were interested. The only constraint that was imposed on 
the respondents was that they were familiar with the original packaging. This constraint was imposed 
to reduce the time required for the interviews and to have respondents that had prior experience of 
sorting these packages. Other than this, the choice of respondents was random. 
 

 
 
Figure 14. The setup with samples in a public library. The text on the black sign (indicated by a red 
oval) is translated as ‘How do you recycle it?’ 
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Table 5.  Close-ended questions that were used in the last round of interviews. 
 

 
 
      With respect to Q1, the respondents perceived that the models were different, and the new model 
attracted more attention since it was new. The majority of participants (80%) thought that the graphic 
design and vivid color were better than the original package, but fewer thought that the shape was an 
improvement (20%). Both packages were attributed the same value in terms of performance. Fifty-
seventh percent of the 30 respondents considered the sharp corners – with the associated with flat edges 
– of the new model as an extra value. They thought that this shape had a better fit with their hands. On 
the contrary, the others (43%) thought that the original model shape was better suited to fulfill its role 
as packaging. Both the original package and the new model were considered suitable to fulfilling the 
respondents’ expectations. 
      The haptic attributes of the new model were significant for the respondents’ perceptions.  The 
contrast between the new model materials’ texture and color enabled the respondents to differentiate 
between the paper body and plastic neck and cap (Q2). When asked whether the model's color or texture 
is most effective to distinguish between paper and plastic, 67% answered texture and 33% color.  It was 
more difficult for the respondents to give an answer for the original package, especially when comparing 
to the new model. The new model has slight depressions on the sides compared to the original package. 
Some respondents (seven) saw this design feature as an improvement over the original package, since 
it allows easier picking from the refrigerator when placed next to other packages. It also gave the 
impression that it is safer to grab the package by its body rather than its neck or cap. Although this 
feature was only mentioned by a few respondents (7 of 30), it indicated that details are important. The 
new model was preferred to the original packaging with respect to the ability to distinguish between the 
paper and plastic parts of the packaging (Q2). This gave the perception that the new model has a higher 
value due to its body texture and cap and neck colors.  
      One explanation for this is that haptic attributes have deep roots in human experience as a way to 
discover the surrounding environments. Thus, these attributes can significantly affect human behavior 
with little cognitive effort. The contrast between these design aspects was the key for respondents to 
differentiate the model materials and regard the new model as having a higher value. This finding is 
supported by former studies such as (Gelici-Zeko et al., 2013; Spence, 2016; Steenis et al., 2017). It can 
be reiterated that physical prototypes have an advantage over images in this regard, since the 
respondents’ reactions occur naturally when they handle the physical prototypes.      
     Q3 was not easy to answer due to the location (library) of the interview. It would have been 
preferable if the ability to empty and clean the original package and the new model could have been 
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with little cognitive effort. The contrast between these design aspects was the key for respondents to 
differentiate the model materials and regard the new model as having a higher value. This finding is 
supported by former studies such as (Gelici-Zeko et al., 2013; Spence, 2016; Steenis et al., 2017). It can 
be reiterated that physical prototypes have an advantage over images in this regard, since the 
respondents’ reactions occur naturally when they handle the physical prototypes.      
     Q3 was not easy to answer due to the location (library) of the interview. It would have been 
preferable if the ability to empty and clean the original package and the new model could have been 
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tested. This was especially true for the new model since the respondents had experience with emptying 
and cleaning the original package, but not with the new model. Most of the respondents (90%) shared 
the same view as the respondents in the earlier interviews that emptying and cleaning are critical factors 
when sorting (as noted above, the wide-mouth prototype shown in Figure 13 was preferred in this 
regard). The present respondents stated that even if they do not fold the package, it is always emptied 
and washed before sorting.  Although the new model was also approved, the emptying and cleaning 
functions need to be tested during actual sorting. 
      All of the respondents thought that the new model was easier to fold than the original package (Q4). 
The model’s sharp corners together with the folding lines on the sides was a clear stimulus that steered 
the respondents to fold the package as designed. Folding lines are also familiar from other types of 
packages, which meant that the new model was folded intuitively. This is described in design theory as 
a ‘recognition-over-recall’ by William et al. (2003). According to this, any design that is aimed to 
facilitate specific activities should bridge perceptual information with former experience to minimize 
cognitive load. The efficiency of the folding lines and how they are used is well-known. Here, the 
contrast in the colors between the original package and the new model acted as semantic constraints 
and limited the possible position that the user could hold the package, thus supporting the package 
foldability.  
      Separating the paper body from the plastic neck and cap (Q5) required less effort with the new 
model compared to the original package. This was due to the special design features of the new model. 
In particular, the colored ring surrounding the plastic neck clearly showed the extra function afforded 
by the new model. Sixteen of the thirty respondents searched for information about sorting on the 
original package and the new model before attempting to fold and separate it (Q6). The rest, folded the 
package first and then pulled the colored strap to remove the plastic neck and cap. The action of this 
group of respondents hence followed the design intention (acting free of instruction), and showed that 
any information that may have been provided on the packaging was not relevant for their sorting 
behavior.  
     Nonetheless, just over half of the respondents (16) looked for information on the new model before 
folding and separating.  This was attributed to the fact that the label and written information were more 
prominent than on the original package. It could also be due to the fact that they had no experience with 
the new model and hence looked for all relevant information. In this case, this behavior would reduce 
in relevance in the long term. Considering the habitual nature sorting, it is probable that this kind of 
information may lose its effect on consumer behavior over time. Wever et al. (2008) also highlighted 
the lack of lasting impact of labelling in their empirical study. This was also mentioned by all 
respondents, who perceived that this type of information is useful only once (the first time that the 
package is used), thus offering no extra information in the longer term. Therefore, they do not look for 
this information in the original package or on any other packaging that is purchased on a regular basis. 
This reveals the significance of the package’s communication with the consumer at the first encounter, 
and the importance of designing the packaging to increase its impact. The first contact, in this vein, is 
the best opportunity for the designer to convey specific messages and to make an impression on 
consumers.  
     Ten of the respondents showed a deeper interest in the process of identifying new prototypes, and 
the others models were shown to them. They thought that the model with a detachable head (A-1 in 
Figure 10) would be a better option if it was practical to develop and use. 
    Towards the end of the interview a new proposition was suggested by some of the respondents. The 
suggestion concerned the paradox between today’s dynamic lifestyle versus the capability of the 
packaging: “Why the packaging design and functionalities is still the same when everything around us 
can be customized to fit our living conditions?” 
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      For example, one respondent suggested that the packaging size or quantity should be customized to 
the consumer’s consumption behavior and how the packaging is used during its lifecycle. The request 
was based on the respondent's living conditions. As a family with four children, usually more than one 
package is stored in the refrigerator. Although the consumption period is given on the packaging, it is 
not easy to see when the user is under time pressure (the letters are too small to read). (This is similarly 
true for the packaging after use – when it is to be sorted.) This increases the amount of product that is 
purchased to ensure that it is available in the refrigerator when needed. This can lead to products that 
are spoiled since they exceed the consumption deadline. Under this scenario, the user preferred to 
dispose of the packaging with its content as mixed waste. A conclusion that can be drawn from the 
above suggestion is that the usage phase can impact how the packaging is sorted.  
     Addressing this suggestion through prototyping is outside the scope of this research. Sketching was 
used in an extra meeting to represent some possible solutions regarding the respondents’ proposals (see 
Appendix 3). Customizable packaging may not be feasible at present, but it has the potential to enhance 
packaging value even further. This could, in turn, reduce the likelihood that packaging is miss-sorted 
by increasing the convenience, and decreasing the time required for, sorting.      
 
4. User-centered approach and DfSB to influence sorting behavior  
     This empirical research deepens our understanding of how a user-centered approach such as DfSB 
can give direct evidence of how packaging design affects or steers sorting behavior. The interviews 
show that DfSB, in synergy with other design disciplines, has the potential to steer sorting behavior and 
make it predictable. Identifying the design intervention, comprehending user demands, and translating 
them into design elements is crucial for success. The results show the potential of a user-centered 
approach to assist the researcher/designer to understand users’ thoughts and desires, and how DfSB 
strategies can utilize the design interventions to foster proper sorting behavior. Among the data 
collection methods, the role of direct observation is vital throughout the process. Observing consumer 
interaction with the product and design intervention deepens understanding as to which direction the 
design could be improved further.       
      The central assumption in DfSB is that the balance of control should be weighted more heavily on 
the users' side and that the user feels little control from the designer (Bhamra et al., 2015; Endsley & 
Jones, 2012; Lilley, 2009). However, as the study showed, the respondents benefitted by design that 
steered their behavior. This could depend on the context, since sorting is a habitual behavior. The ease 
of packaging waste sorting is critical for consumers to be actively involved with the process. Hence, in 
this particular context, they seemed to be more willing to be steered by packaging design. For instance, 
the respondents were pleased to be steered by the packaging to show how the packaging should be 
folded and separated. This finding is in accordance with the fact that sorting behavior is a ritual process 
that consumers should perceive as easy and effortless. 
     Regulating the designed solutions and how these are aligned with user demands is of utmost 
importance in user-centered design approaches. After all, the final solution is the one that best serves 
the users as a group and not the designer or specific user individually. Such individualized attempts 
may create confusion among consumers. An example was found in the interviews regarding the model's 
shape (increasing or reducing the number of sides of the models) that was identified as problematic for 
sorting. The investigation revealed a disparity between design and use of an attempted solution.  
    The study revealed that the first contact between the package and consumer is the most critical 
opportunity to create and impression on the consumers and establish a relationship with the consumers. 
Packaging form, color, and haptic attributes create an impression due to their impact on the perception 
of value. Marketing introduced these attributes as persuasive attributes to increase the “willingness to 
buy”. As emphasized by this study, the perception of value is also crucial to inducing sorting behavior 
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and refers to interventions that convince consumers that packaging waste is worth recycling. As such, 
a value to influence attitudes and behavior needs to be salient (Nilsson, 2007). The visual attributes 
were key to representing packaging values. Furthermore, they were critical in empowering constraints 
(physical and semantic), thus succeeding with the ‘steering’ the consumers to behave in a desired way. 
    Some attributes were more important than others to create an impression of value, as they are multi-
tasking and thus can influence consumer behavior in different directions. For instance, packaging 
texture can affect the perception of quality (relevant to purchase) and at the same time provide 
information that the packaging is recyclable.  
     The first contact between the packaging and the consumer is also key to convey a message. For the 
message to catch the users’ attention, it should be clear, concise, and informative. Hence, the stimuli of 
message framing are necessary to make it effective. A suggestion could be to replace relevant barcodes 
with conventional logos, icons, or legends by considering the advances in technology and the ever-
increasing popularity of mobile phones in daily life. Application of acronym terminology on different 
packaging components, e.g., “P” stands for “Paper,” could be another solution to help consumers 
differentiate between packaging materials. 
     A bigger size to display information and labels and the way that they are positioned can amplify the 
effect of these data. However, the impact does not last long. As Wever et al. (2010) discussed, this may 
be related to the short period that labels provide a significant contact the consumers. In this research, 
however, the lack of lasting effect was attributed by respondents to the nature of these data and since 
the data is duplicated. Generally, message intervention involves three essential factors in the 
communication process: “what” (the content), “how” (to represent the message), and “whom” 
(audience) (Mills & Barlow, 2014). Current research often focusses on “how” and “whom” while, as 
shown by this study, the content of a message is also essential to prolong users' communication with 
packaging.  
    Manipulating the graphical elements could be another way to gain consumer attention and to convey 
a message. For instance, some packaging faces are used to provide a recipe, which producers can use 
to effectively communicate with consumers. The provided information should be informative, friendly, 
and dynamic to maintain lasting effects. 
    This study also revealed that focusing on packaging-consumer interaction is essential when 
packaging is used regularly by consumers to support sorting behavior. It is not confined to the moment 
that packaging turns to waste. This happens since packaging functionalities enable consumers to take 
various actions and impact their decision-making. Similarly, as visual attributes, packaging functions 
can be multi-tasking (a resealable cap can hinder the foldability of the packaging waste). The use phase 
is critical for addressing consumer values and presenting the packaging functions and abilities, such as 
recyclability. Regular use, in this vein, presents a significant opportunity to educate consumers on 
utilizing packaging functions when sorting packaging waste. Hence, the (miss) sorting of packaging 
does not necessarily only depend on the last stages in the packaging life-cycle. In contrast, sorting 
behavior can be affected by information gained during the initial phases when consumers buy and use 
the packaging. 
   
5. Conclusion 
    DfSB is a flexible approach that enables consumers to utilize product functionalities more intuitively 
and, at the same time, enhance product usability. The use of DfSB to influence sorting behavior seems 
to be a promising approach to improving the packaging design to enhance proper sorting of packaging 
waste. The role of the “match” DfSB strategy is critical to align the design with user needs, while the 
“force” and “steer” strategies try to make the packaging functionalities relevant for long-lasting, 
habitual sorting behavior.  
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    A combination of investigating and generating prototypes in DfSB has the potential to script sorting 
behavior if appropriate information and strategies are developed and incorporated into the design 
process. The designer/researcher needs to be aware of the challenges that face the consumers during 
sorting, and the potential of packaging to effectively address these challenges. This combined 
knowledge must be implemented in DfSB.  
    The study has shown that the packaging should continuously support behavior to encourage 
consumers to sort packaging waste properly. Sorting behavior is socially acceptable, so consumers’ 
acceptance and adaptation to the applied strategies are high, at least in the scope of the study. The 
finding might be different in another context, such as regulating energy consumption.  
    From a research perspective, DfSB is a user-centered approach that is capable of addressing consumer 
demands and collecting data that usually is not confined to the research domain. Additional information 
gained from DfSB can affect the depth of the designer’s knowledge and provide questions for further 
research. 
     DfSB strategies, themselves, do not tell a designer ‘how’ to use them. There is no defined path for a 
designer to combine design aspects in order to influence a specific behavior. In some contexts, 
differentiating between different strategies is not easy, such as ‘steering’ and ‘force’. In actual practice, 
the efficiency of every strategy is dependent on several factors.  The design interventions are determined 
by factors that are often not easy to identify or define, while selecting a strategy and the outcomes are 
entirely reliant on them. As confirmed by this study, in DfSB the experience and knowledge of the 
designer is essential to use these approaches as well as to analyze and interpret the results to generate 
effective solutions. The more experienced a designer is, the more advantages the approach can yield. 
This is especially important in food packaging design due to its wide range of functions that packaging 
can possess and its diversity in attributes. Any attempt to manipulate the packaging design should be 
carefully considered to stimulate the desired effects, and not to provoke an adverse reaction from 
consumers. 
    The findings of this study, due to the constraints, are limited to the research scope and cannot be 
generalized. This requires additional investigations on a larger scale. The actions of the respondents 
during interviews may be different to what they would have been in actual life. As stated earlier, the 
design solutions could be different in other circumstances and under other design supervision. However, 
using physical 3-D prototypes, instead of pictures of prototypes, allowed the respondents to use them 
as they would in every-day sorting activities. 
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Appendix 1. 
 
Table 3. The sorting process includes sub-tasks and relevant details. 
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Appendix 2. 
 
   The process was initiated by hand sketching. Selected sketches were converted to 3D digital models 
using 3D Studio Max and Rhino cross software.  The whole plastic parts were sliced into STL files 
using Creality software and printed as a 3d model using 1.75mm PLA (Poly Lactic Acid) filament. 
Textured cardboard (330 grams) was used to build the prototype's body, and all the images were printed 
on the cardboard. A summary of the design and prototyping process is presented in subsequence figures. 
1. Sketches  
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3D modeling, 3d printing, and pre-prototypes. 
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Appendix 3. Sample of sketches centering a customizable packaging. 
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Proper handling of food packaging waste requires an effective 
bond between the technical waste management system and 
consumers. One of the ways to promote sorting behavior 
is to strengthen this interaction. Packaging can act as a 
mediating factor to facilitate this interaction if its potential 
is utilized effectively. The packaging design's ability to script 
consumers' sorting behavior is one of the ways to improve 
waste sorting as a sustainable behavior in the long-term 

and serves as an educational platform to foster sorting behavior. Considering 
the unique characteristics of food packaging, it is expected that different food 
packages tend to influence a consumer in different ways. Hence, applying proper 
design strategies requires an in-depth understanding of packaging-consumer 
interactions throughout the sorting process.  This thesis, therefore, aims to unfold 
the packaging design potential to support sorting behavior. Furthermore, how is 
it possible to maintain and empower the user-packaging interaction by applying 
different design strategies? In this case, the potential of design approaches, 
namely the user-centered design (UCD), design for sustainable behavior (DfSB), 
and design affordance, have been discussed. Moreover, the advantages and 
opportunities of these methods to improve packaging design, thus influencing 
sorting behavior, are investigated using different research methodologies.

This thesis presents work that was done within the Swedish Centre for Resource 
Recovery (SCRR). Research and education performed within SCRR identifies new 
and improved methods to convert residuals into value-added products. SCRR covers 
technical, environmental and social aspects of sustainable resource recovery.
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