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Sammanfattning 

Eftersom avfall separeras vid dess källa, beror Sveriges återvinningssystems framgång i stor 

utsträckning på aktivt deltagande hushåll. Studier har visat att särskilt unga inte följer lokala 

återvinningsrutiner på ett konsekvent sätt. Ett nytt och lovande tillvägagångssätt för att hantera detta 

suboptimala hushållsåtervinningsbeteende (English: household recycling behaviour (HRB)) är 

användningen av övertygande teknik. Syftet med denna studie är att utforska de viktigaste delarna av 

övertygande teknik som strävar till att främja ett hållbart hushållsåtervinningsbeteende hos vuxna i 

Sverige. Den valda metodiken är forskningsdriven design. Baserat på resultat från en litteraturstudie 

samt en online enkätundersökning fokuserad på målgruppen unga (N=50), designades en 

mobilapplikation genom ett iterativt tillvägagångssätt. Studien identifierade följande nyckelelement 

för en övertygande design i domänen: (1) Lättillgänglig information angående optimalt 

hushållsåtervinningsbeteende, (2) Användning av flera motivationsstrategier, (3) Identifiering av 

skillnader mellan lokala återvinningsrutiner, (4) Betrakta användare som jämställda och (5) 

Användning av lättillgänglig teknikkanal. Effekterna av dessa element är beroende av att användarna 

även har möjlighet att utföra den önskade sopsorteringen, och därför på ett välfungerande 

återvinningssystem. Designlösningen att använda sig av övertygande teknik i form av en app visade 

sig väcka målanvändarnas nyfikenhet. Studien visar att en väldesignad app kan fungera som en 'morot' 

för att uppmuntra användning över en längre tid, och skapa en reflektionsprocess som kan bryta 

ohållbara återvinningsvanor. 

Abstract 

As waste is separated at the source, the success of the Swedish recycling system largely depends on an 

active participation of households. However, especially young people were found to not consistently 

follow their local recycling schemes. A recent and promising approach to tackle such suboptimal 

household recycling behaviour (HRB) is the use of persuasive technology. To understand and further 

its context-specific potential, this research aims to explore the key elements of persuasive technology 

which aspires to promote sustainable household recycling behaviour among adults in Sweden. The 

chosen methodology is research through design. Based on the results of a literature review and online 

survey among target users (N=50), a mobile phone application was designed in an iterative manner. 

Through these activities, the following key elements were established: (1) easy access to information 

about optimal household recycling behaviour, (2) employment of several motivational strategies, (3) 

recognition of differences between local recycling schemes, (4) regard of users as equals and (5) use 

of a readily accessible technology channel. The impact of these elements depends on the users’ ability 

to carry out the target behaviour and therefore on a well-functioning recycling system. The 

technological format of persuasive technology interventions was found to spark the target users’ 

curiosity. Using this as a ‘carrot’, a well-designed content is argued to encourage repeated use and a 

reflection process to help break unsustainable household recycling habits.  
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1. Introduction 

With a growing population, increasing consumerism, urbanisation and the intensive use of packaged 

products, the amount of waste that we as humans produce is steadily increasing. Particularly the waste 

that is not collected and recycled has a large negative impact on public health and contributes to 

environmental pollution and climate change. Of the estimated 7-10 billion tonnes of urban waste that 

are produced annually, 2 billion tonnes stem from households. And these numbers are predicted to 

increase further in the near future (UNEP, 2015). A key approach to reducing the waste’s negative 

impact is recycling, which describes the general process of collecting previously used materials and 

reprocessing them into products, materials or substances (The European Parliament and the Council of 

the European Union, 2008). However, for recycling to be effective, a well-functioning recycling 

system and the cooperation of citizens is required (Vicente & Reis, 2008). The higher the citizens’ 

degree of involvement, the better quality waste materials can be extracted. Consequently, a policy goal 

in many countries, including Sweden, is to improve their citizens’ household recycling behaviour 

(HRB; Avfall Sverige, 2017; Halvorsen, 2012). 

Since 2006, Sweden has consistently recycled (and composted) around 50% of its household waste 

(Avfall Sverige, 2017). With this figure, Sweden ranked sixth in Europe in 2015 (European 

Environment Agency, 2016). Despite the high ranking, it should be noted that the percentage of 

recycled household waste has stagnated for over a decade and that 50% is still far off the European 

Commission’s recycling target of 65% by 2030 (European Commission, 2017). In Sweden, it is the 

responsibility of each municipality that the household waste within the municipality is transported and 

recycled or disposed of. This autonomy leads to differences among the municipalities’ recycling 

systems which requires citizens to adapt to their local recycling scheme.  

There do not exist accurate statistics on the current or past HRB in Sweden as it is in its nature hard to 

measure. The existing self-reported data indicate that the HRB in Sweden is reasonably good but not 

ideal (Miliute-Plepiene, Hage, Plepys, & Reipas, 2016). A consistet finding across publications is that 

HRB tends to improve with age, making young people a highly relevant target group for interventions. 

While the factors that influence HRB are thoroughly studied, the results of these studies are often 

overlooked in the intervention design and little work has been carried out to tailor interventions to 

specific target audiences and contexts (Varotto & Spagnolli, 2017).  

Within sustainable HCI, a widespread approach for behaviour change is the use of persuasive 

technology, which is then labelled persuasive sustainability. Given the limited success of purely 

behavioural and purely technical approaches in encouraging sustainable behaviour, it has been argued 

to offer novel opportunities and prospects (Midden, McCalley, Ham, & Zaalberg, 2008). So far, 

persuasive sustainability has mainly been applied to consumption behaviour (related to energy, water, 

gas and solid materials), transportation, air quality and CO2 emissions (Brynjarsdottir et al., 2012; 

DiSalvo, Sengers, & Brynjarsdóttir, 2010). Recycling has only recently started to move to the fore. 

Exploring this untapped potential is a unique chance to reach HRB-related policy goals. 

The thesis aims to explore the potential of persuasive technology in the context of HRB and more 

specifically, aims to answer the following research questions: What are the key elements of persuasive 

technology which aims to promote sustainable household recycling practices among young adults in 

Sweden? How can these elements be implemented in an artifact? The thesis takes on a research 

through design approach. In a first step, a literature review and survey were conducted to gather 

insights into the recycling system in Sweden, HRB, persuasive technology and the target users’ 

recycling-related experiences and interests. In a second step, these insights were integrated into the 
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design of mobile phone application which was improved upon iteratively. The choice of the 

application as the most suitable technology channel was motivated by its capacity to provide 

situational decision-support by being portable, accessible and familiar to the target audience. Local 

approaches, like augmented waste containers, were ruled out due to the entanglement with recycling 

schemes and the large amount of effort and resources required to implement them on a large scale.  
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2. Background 

The background chapter provides an overview over the relevant literature with emphasis on the 

recycling system in Sweden, HRB, persuasive technology and its application to sustainability-related 

topics. 

2.1. The Recycling System in Sweden 

According to Sweden’s official website, the country recycles nearly 100% of its household waste 

(Sweden.se, 2017). However, when referring to the definition of recycling by the European 

Parliament which excludes energy recovery, this statement does not hold true (The European 

Parliament and the Council of the European Union, 2008). Not counting energy recovery, Sweden 

recycled and composted around 50% of its household waste between 2006 and 2016 (Avfall 

Sverige, 2017). Less than 1% of the waste ended up in landfills. With a sixth place in recycling in 

Europe in 2015 (European Environment Agency, 2016), Sweden ranked high but the stagnating 

percentage of recycled household waste is a cause for concern, also with regard to the European 

Commission’s recycling target of 65% by 2030 (European Commission, 2017). Compared to 

incineration, recycling preserves valuable resources and saves more energy than incineration can 

produce (Björklund & Finnveden, 2005; Morris, 1996). With the abolishment of an incineration 

tax in 2010, it is now in the hands of municipalities and citizens to boost recycling.  

In Sweden, the responsibility for handling waste is divided between municipalities, producers, 

businesses and households (Avfall Sverige, 2017): 

o Producers: responsible for collecting and disposing of recovered paper, packaging, 

electronic waste, tyres, cars, batteries and pharmaceuticals 

o Municipalities: responsible for transporting, recycling or disposing of waste from 

households (and equivalent waste from businesses) which was produced within the 

respective municipality and does not fall under producer responsibility 

o Businesses: responsible for disposing of waste that is not covered by producer 

responsibility or municipality responsibility 

o Households: responsible for separating and depositing waste at available collection points 

and following the municipality's recycling scheme 

Due to the division in responsibility and varying collaborations between stakeholders, the 

recycling schemes for Swedish households differ depending on their geographic location. For 

example, only 212 of 290 municipalities required the separate collection of food waste in 2016 

(Avfall Sverige, 2017). Swedish households are usually required to sort paper, plastic, metal and 

glass. These types of waste fall under producer responsibility and compared to combustible waste 

(Swedish: brännbart; under municipality responsibility), they can be recycled. The total number of 

drop off stations for paper, plastic, metal and glass in Sweden is around 6000 (Hage, Söderholm, 

& Berglund, 2009). However, as Sweden is a sparsely populated country, some households can be 

located far from a drop-off station. Some municipalities have included economic incentives into 

their waste management policies to encourage a higher participation in their recycling schemes 

(Hage et al., 2009). For instance, the majority of municipalities has exchanged a flat fee pricing 

policy for waste collection against a volume-based or weight-based one (Hage, Sandberg, 

Söderholm, & Berglund, 2008).  
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In view of the Swedish recycling system, households that sperate and dispose of their waste in line 

with their local recycling scheme can significantly increase recycling rates and help avoid the 

incineration of recyclable material. Their effort is particularly important due to the separate 

handling of combustible and recyclable waste. 

2.2. Household Recycling Behaviour (HRB) 

Household Recycling Behaviour (HRB) has been thoroughly researched by environmental 

psychologists (Corral-Verdugo, 1997; Guagnano, Stern, & Dietz, 1995; Knussen & Yule, 2008; 

Ojala, 2008; Osbaldiston & Schott, 2012; Varotto & Spagnolli, 2017). As the thesis aims to impact 

HRB, it needs to take HRB-related theories as well as previously conducted research on 

determinants and intervention strategies into account. It should be noted that household waste 

refers to all waste that occurs in households independent of the disposal responsibility. 

HRB can be roughly divided into the collection, preparation and separation of waste at home 

(Miafodzyeva & Brandt, 2013; Vicente & Reis, 2008). While all three components are needed to 

allow for an effective and efficient recycling process, the extent to which citizens are asked to 

engage in them depends on the implemented recycling system (Miliute-Plepiene et al., 2016). The 

higher the citizens’ degree of involvement, the better quality waste materials can be extracted. Due 

to the environmental and economic benefits of recycling household waste, a policy goal in many 

countries, including Sweden, is to improve the HRB of their citizens (Halvorsen, 2012).  

HRB is commonly considered as a habit as it occurs frequently, in a stable context and as an 

automatic response to a specific context (Verplanken, 2006). This means that for many people, 

recycling is an activity that they do not pay much attention to (Comber & Thieme, 2013). This 

also holds true when recycling requires actions that are spread over several situations. An example 

is the recycling of bottles as they need to be washed, stored and taken to a container (Knussen & 

Yule, 2008). An ongoing discussion concerns the level of control that is required between the 

individual actions. Common to all viewpoints is the assumption that intentions to repeat habitual 

behaviours are less likely to be based on deliberation than are intentions to repeat non-habitual 

behaviours (Knussen & Yule, 2008; Ouellette & Wood, 1998).  

The habitual nature of recycling behaviour entails the need for awareness raising (Comber & 

Thieme, 2013). To change potentially undesirable behaviour, a person needs to become aware of 

and consciously evaluate the behaviour. Common methods to achieve this include self-

observations, confrontations and interpretations. After this process has occurred, HRB can be 

regarded as a reasoned action and supported as such.  

2.2.1. Theories and Frameworks 

The two main theories that have been used to explain HRB as a reasoned action are the Theory 

of Planned Behaviour (TPB) and the Attitude Behaviour Context Model of Behaviour (A-B-C 

model). This section covers the two theories as well as the related research that has been 

carried out.  

Theory of Planned Behaviour (TPB) 

The Theory of Planned Behaviour (TPB) was introduced by Ajzen (1985) and underpins much 

of the conducted research on environmental behaviour. According to this theory, behaviour is 

directly determined by a person’s intentions to behave a certain way. The intentions, in turn, 
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are determined by attitudes, norms and perceived behavioural control (see Figure 1). The 

attitudes describe a person’s evaluation of the behaviour and its outcomes while the norms 

reflect whether the social environment of the person supports the behaviour. Finally, the 

perceived behavioural control describes whether the person feels able to engage in the 

behaviour.  

Figure 1. The Theory of Planned Behaviour (TPB), adapted from Ajzen (1991) 

An ongoing debate concerns the role of habit within the TPB. While habits were not originally 

considered, studies based on the TPB that also incorporated habits, have provided new and 

relevant insights. Ouellette and Wood (1998) conducted a meta-analysis of these studies and 

described (1) that people had stronger intentions to continue a habitual behaviour than a non-

habitual behaviour and (2) that intentions were less likely to be influenced by attitudes for 

habitual than for non-habitual behaviour.  

Within the domain of recycling, Knussen, Yule, MacKenzie, and Wells (2004) conducted a 

study that used the TPB to guide the analysis of intentions for HRB. Based on the results from 

a questionnaire among 252 Scottish citizens, they concluded that TPB components explained 

29% of the variance in the citizens’ intentions to recycle. Past behaviour and perceived habit 

made significant independent contributions to the analysis of intentions – beyond the effects 

of the TBP components. In 2008, Knussen and Yule applied a different perspective to the 

results of the study. They argued that past recycling behaviour is not a suitable measure of 

habit and that a lack of recycling habit constitutes in fact an alternative habit of (suboptimal) 

waste disposal.  

Attitude Behaviour Context Model of Behaviour (A-B-C model) 

The Attitude Behaviour Context Model of Behaviour (A-B-C model) was introduced by 

Guagnano et al. (1995) and combines internal factors (e.g., attitudes, beliefs and intentions) 

with external factors (e.g., the social or economic situation). It postulates that behaviours (B) 

are associated with attitudes (A) and external conditions (C) and that the effect of attitudes and 

conditions on behaviours depends on the values of the attitudes and conditions relative to each 

other. An application of the A-B-C model to recycling can be seen in Figure 2.  
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Figure 2. An application of the A-B-C model to recycling, adapted from Behave (n.d.) 

Guagnano et al. (1995) tested the hypotheses of their model in a survey-based study in which 

26% of the 257 participants were provided with collection bins for curbside pick-up. 

Confirming the hypotheses, Guagnano et al. (1995) found main effects for attitudes and 

conditions on behaviours as well as interaction effects for the households without collection 

bins. In 2006, Ölander and Thogersen applied the A-B-C model in another study which 

accompanied the introduction of a new kitchen waste recycling system in a Danish 

community. In line with the predictions of the model, they found that the original structure of 

the households’ environment and the introduction of the system influenced the correlation 

between attitudes and behaviours. Ölander and Thogersen (2006) concluded that facilitating 

environmental conditions are crucial to promote better recycling behaviour. 

Compared to the TPB, the A-B-C model does not solely comprise of factors that are internal 

to the actor but does also take external conditions into account. In both theories, the impact of 

attitudes on the behaviour is not absolute but depends on either external conditions (A-B-C 

model) or the perceived social support and perceived ability to engage in the desired 

behaviour (TPB). The habitual nature of recycling behaviour likely affects this interplay, too. 

For the thesis this implies a careful consideration of recycling-related attitudes, situational and 

social variables as well as the target audience’s perception thereof. 

2.2.2. Determinants of HRB 

While the TPB and the A-B-C model provide a framework to explain HRB, they do not 

specify the variables that determine HRB. In this section, those variables and related research 

will be presented.  

An initial large-scale study which aimed to understand the variables that determine HRB was 

conducted by Halvorsen (2012). The study examined the effects of norms and policy 

incentives onto HRB in 10 OECD countries. Using a survey-based approach (N=10251), 

Halvorsen (2012) found that the strongest motivators for household recycling were the belief 
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that recycling is beneficial for the environment and that recycling is a civic duty. The 

provision of facilitating recycling services was found to improve HRB. Among the 

implemented services, door-to-door collection and drop-off centres were determined as the 

most effective. Finally, Halvorsen (2012) discovered that while the success rates of monetary 

incentives have varied greatly, incentives often play a considerable role in determining HRB 

and have the potential to crowd out morally motivated behaviour. More research will be 

needed to investigate the impact of different types of monetary incentives onto HRB and their 

interplay with other variables.  

In 2013, Miafodzyeva and Brandt conducted a meta-analysis to bring together the results of all 

prior research that had investigated the determinants of HRB. They grouped the examined 

variables into the following four categories:  

o Socio-psychological variables: Describe the perceptions and traits of individuals; 

they can be divided into motivational and situational variables; situational variables 

also include knowledge, information and past behaviour  

o Technical-organisational variables: Describe the recycling (collection) scheme that 

is available for the sampled population 

o Individual socio-demographic variables: Describe the characteristics of a sampled 

population; they most often include age, gender, income, education level and dwelling 

o Study-specific variables: Describe a diverse range of variables that are rarely studied; 

these include population density, religious beliefs and shopping behaviour 

The results of the meta-analysis carried out by Miafodzyeva and Brandt (2013) revealed that 

the convenience of the recycling facility is the strongest predictor of HRB. It is closely 

followed by moral norms, which are defined as personal concerns about recycling, and by 

information which have a similar level of correlation with HRB. The third strongest predictor 

is environmental concern. Other variables that were found to have a significant but weak 

correlation with HRB are personal effort, access to kerbside collection, social norms and 

income. These results largely support the findings by Halvorsen (2012). Miafodzyeva and 

Brandt (2013) integrated all significant predictors into a theoretical framework for future 

research (see Figure 3). The framework is centred around the intentions to recycle (which are 

directly linked to HRB based on the TPB) and visualises the strength of the different 

predictors in terms of layers that are located in varying distances from the centre. 
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Figure 3. Explanatory framework of predictors for HRB, adapted from Miafodzyeva and 

Brandt (2013) 

Based on the described results, Miafodzyeva and Brandt (2013) drew several conclusions. 

Firstly, they concluded that citizens need to be educated about recycling and encouraged to 

follow good recycling practices sufficiently and regularly. This is particularly important when 

new recycling systems are implemented. The reasons for this conclusion were (1) the strong 

correlation between information and HRB and (2) that the researchers of all 22 studies that 

had investigated information and practical knowledge, agreed that these variables positively 

and significantly impact HRB. Secondly, due to the strong correlation between moral norms 

and HRB, Miafodzyeva and Brandt (2013) argued that it is crucial to portray recycling as an 

easy, useful and important activity. Thirdly, they concluded that while socio-demographic 

variables are necessary for describing the population, they are, with the exception of income, 

poor predictors of HRB.  

Another approach to better understand the determinants of HRB is to apply different 

persuasive strategies and evaluate the outcomes. Varotto and Spagnolli (2017) carried out a 

meta-analysis to determine the most common persuasive strategies to improve HRB and their 

effectiveness. Based on adapted categories from Osbaldiston and Schott (2012), they divided 

the strategies (in decreasing number of frequency) into: 

o Prompts and information: Providing reminders, factual or persuasive information to 

encourage recycling; often in written format or face-to-face 

o Feedback: Providing individuals or groups with information about their HRB and 

how it relates to a pre-defined standard 

o Commitment: Encouraging individuals to commit to a certain behaviour or goal; 

based on the assumptions that people aim to appear consistent (Cialdini, 2009) 
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o Incentives: Offering benefits, including financial rewards and gifts, for individuals 

who participate in recycling schemes or programmes 

o Environmental alterations: Adapting the physical environment so that recycling is 

easier to perform 

o Social modelling: Indicating through demonstrations or discussions that the initiators 

themselves engage in recycling; based on the assumption that people learn through 

observations (Bandura & Walters, 1977) 

Some of the studies analysed by Varotto and Spagnolli (2017) relied on a combination of 

these strategies. The results of the meta-analysis showed that social modelling and 

environmental alterations were the most effective strategies, followed by combined 

interventions, prompts and information, incentives, commitment and feedback. Varotto and 

Spagnolli (2017) highlighted several issues that they discovered during the research process. 

Firstly, they found that while variables that tailor interventions to a specific target audience 

and context have been investigated within the literature, they are often overlooked in the 

intervention design. Secondly, they pointed out a lack of studies that investigate long-term 

effects of the different variables onto HRB. Thirdly, they emphasized that studies which 

involve both self-reported and actual data, often find a strong discrepancy between the two. 

Potential reasons for this discrepancy could be that participants do not remember situations 

correctly or that they lack the knowledge or willingness to answer accurately (Corral-Verdugo, 

1997). This discrepancy is particularly problematic as most HRB-related research studies rely 

exclusively on self-reported data (Bartelings & Sterner, 1999). A potential alternative to self-

reported data is trash tracking technology which makes it possible to follow waste items or 

their components during the disposal and recycling process. On the down side, tracking waste 

adds the costs for the labels and the reader, and raises privacy issues (Binder, Quirici, 

Domnitcheva, & Stäubli, 2008). 

The three studies presented in this section have examined the determinants of HRB and 

obtained similar results. What was concluded to mainly determine a person’s HRB are the 

(perceived) convenience of the recycling activity, the person’s sense of duty and 

environmental concern, as well as the prospect of personal benefits. In line with these 

determinants, effective persuasive strategies were found to include environmental alterations 

and the provision of information, prompts, feedback and incentives. The most effective 

strategy was found to be social modelling, meaning that the researchers indicated that they 

themselves engage in good recycling practices. However, as social norms were not 

consistently identified as a strong determinant of HRB, it should be considered that the 

participants were susceptible to the social desirability bias.  

The core strategies within the thesis are the provision of information, prompts and feedback as 

they are most consistent with the thesis’ focus on persuasive technology. Environmental 

alterations and incentives were disregarded as strategies as they are tightly interconnected with 

recycling schemes and policies and therefore cumbersome to implement on a large scale. An 

additional motivational strategy was the provision of a communication platform between users 

and recycling providers. While creating a sense of community, this strategy was also intended 

as a guidepost for future improvements of the recycling system. As mobile phones are widely 

available and easily accessible, a mobile phone application was seen as the most suitable 

technology channel for the chosen strategies. 
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2.2.3. Household Recycling Behaviour in Sweden 

In this section, the studies that have examined HRB in Sweden will be presented. As it is 

difficult to objectively determine to what extent Swedish citizens dispose of their waste as 

requested, most of these studies have relied on self-reported data. A good example is the study 

conducted by Hage et al. (2009) which used a survey-based approach (N=827) to investigate 

the determinants of recycling efforts in Swedish households. The self-reported recycling 

efforts for packaging waste are presented in Figure 4. However, as self-reported data on 

recycling habits have been found to often differ significantly from the actual behaviour 

(Varotto & Spagnolli, 2017) and the results only represent the individuals who voluntarily 

returned the postal survey, these results should be treated with caution. 

Figure 4. Self-reported recycling efforts of Swedish citizens, adapted from Miliute-Plepiene et 

al. (2016) 

Several studies have investigated the determinants of HRB in Sweden. The main results were 

the following: Firstly, (perceived) convenience of the waste collection system and moral 

norms were identified as two strong predictors of HRB in Sweden (Bartelings & Sterner, 

1999; Hage et al., 2009; Miliute-Plepiene et al., 2016). Secondly, two studies from Sweden 

confirmed the hypothesis from the A-B-C model that there exists an interaction between the 

two predictors (Hage et al., 2009; Miliute-Plepiene et al., 2016). In other words, moral norms 

become less important as motivators when a convenient waste collection system has been 

installed. Thirdly, the most common recommendation of authors to improve HRB in Sweden 

is to provide clear and simple information about the recycling systems, including the different 

containers that are used, and the environmental benefits of recycling (Hage et al., 2009; 

Miliute-Plepiene et al., 2016; Ojala, 2008). 

Regarding the role of economic incentives, the studies from Sweden have obtained mixed 

results. Hage et al. (2009) found that economic incentives significantly influence HRB. 

However, the study included time savings through close drop-off stations as an economic 

incentive while the other studies focused purely on financial profits. Bartelings and Sterner 

(1999) also found that economic incentives play an important role in predicting recycling 

behaviour. At the same time, they emphasised that given a suitable environment, people seem 

willing to put more effort into recycling than what can be explained by the money they save. 

Contrary to these findings, Miliute-Plepiene et al. (2016) could not confirm the effect of 

economic incentives on HRB. More research will be needed to clarify the role of financial 

motivators and the effect of different waste fee policies in Sweden.  
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Similarly to the undetermined role of economic incentives, different results have been 

obtained regarding the impact of social norms. Social norms are thereby defined as the norms 

that are held by people in the social circle of an individual (Miafodzyeva & Brandt, 2013). 

While Hage et al. (2009) found that these people’s recycling efforts positively impact HRB 

and suggested to introduce information campaigns about their recycling behaviour, Miliute-

Plepiene et al. (2016) found no such impact. More research will be needed to determine the 

role of social norms onto HRB in Sweden. 

A study that provided further insights on the views and opinions of reluctant recyclers in 

Sweden was conducted by Ojala (2008). The study focused on young people to help explain 

the gap between findings from previous research that young people are generally interested in, 

well-informed and concerned about environmental problems but at the same time tend to 

recycle less than old people (Lindén, 2004; Meneses & Palacio, 2005; Saphores, Nixon, 

Ogunseitan, & Shapiro, 2006). Ojala (2008) argued that understanding and improving the 

HRB of young people is particularly important as they are at the stage where recycling habits 

are created. Once created, these habits can be hard to change. Based on the results from a 

questionnaire (N=422) and subsequent regression analysis, Ojala (2008) concluded that a 

combination of negative emotions (worry) and positive emotions (hope and joy) towards 

environmental problems was positively related to recycling. Follow-up interviews revealed 

that the people classified as “reluctant recyclers” (n=11) wanted more information, felt low-

efficacy and struggled to integrate good recycling practices into their everyday life. Based on 

these results, Ojala (2008) recommended to design recycling information campaigns in a way 

that they raise awareness for environmental problems but at the same time show the potential 

of specific behaviours to help solve these problems.  

In line with the consensus in the literature that young people tend to exhibit worse recycling 

habits than older people as well as Ojala’s (2008) reasoning that improving young people’s 

HRB is important as they are in the stage of developing long-lasting habits, it was decided that 

the thesis would focus on young adults. This decision, in turn, played an important role when 

identifying the most suitable technology channel. Familiarity and accessibility were seen as 

essential factors, and mobile phones found to be among the most widely used technical 

devices among Swedish adults (Deloitte, 2016). 

2.3. Persuasive Technology 

Having explored the Swedish recycling system and research on HRB, this section will inform the 

thesis research with regard to the use of persuasive technology which is seen as a novel and 

promising approach to positively impact HRB - also with respect to the limited success of purely 

technical and purely behavioural approaches in encouraging sustainable behaviour (Midden et al., 

2008). The section will present persuasive technology in general as well as its applications to 

sustainability-related behaviours.  

Persuasive technology, also referred to as behaviour change support systems, is defined as 

interactive information technology that is designed to create, change or reinforce attitudes, 

behaviour or both (Fogg, 2002). It has opened up many new possibilities to influence people and 

promote certain choices or lifestyles (Oinas-Kukkonen, 2010). Popular areas for persuasive 

technology include healthcare (IJsselsteijn, De Kort, Midden, Eggen, & Van Den Hoven, 2006), 

education and training (Fogg, Cuellar, & Danielson, 2009) and sustainability (DiSalvo et al., 
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2010). The notable success of persuasive systems has been attributed to their ability to combine 

the positive aspects of interpersonal and mass communication (Cassell, Jackson, & Cheuvront, 

1998). The systems allow for personalisation, two-way interaction, the use of social cues and the 

creation of sensory experiences that go beyond text and speech – which can enable users to, for 

example, better conceptualize cause-effect relationships (Fogg, 2002; Midden et al, 2008). 

However, persuasive technology also comes with several ethical challenges. The following six 

were identified by Fogg (2002): 

o The innovative nature of computer systems could distract users from the persuasive intent 

of the designers 

o Designers could take advantages of the computer systems’ image as “intelligent and fair” 

o Computer systems can be very ubiquitous and persistent 

o It is impossible to negotiate with computer systems 

o Computer systems can influence emotions while not having emotions themselves 

o Computer systems cannot be held responsible for any harm they cause 

In response to these issues, Oinas-Kukkonen and Harjumaa (2008) argue that persuasive 

technology should always be designed to be useful, easy to use, unobtrusive and transparent.  

2.3.1. Theories and Frameworks 

Two main theories for the design and evaluation of persuasive technology are the Fogg 

Behavioural Model (FBM) and the Context-aware, Personalised, Persuasive (CPP) 

framework. They highlight the core aspects that need to be considered in persuasive design. 

Fogg Behavioural Model (FBM) 

A widely accepted behaviour model for persuasive design is the Fogg Behavioural Model 

(FBM) which was introduced by Fogg (2009a). The FBM describes behaviour as a product of 

motivation, ability, and triggers; implying that for a target behaviour to happen, sufficient 

motivation, sufficient ability and effective triggers must all be present at the same time. For 

each of the three factors, Fogg (2009a) specifies and describes several subcomponents. Figure 

5 shows the factors and subcomponents and how they relate to the target behaviour. It should 

be noted that contrary to its name, “simplicity factors” are factors that if required, increase the 

difficulty and lower a person’s ability to engage in the target behaviour.  
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Figure 5. The Fogg Behavioural Model (FBM), adapted from Fogg (2009a) 

Context-aware, Personalised, Persuasive (CPP) Framework 

The Context-aware, Personalised, Persuasive (CPP) framework was introduced by Prost, 

Schrammel, Röderer, and Tscheligi (2013) as a design framework for behaviour change 

support systems, particularly but not limited to the domain of sustainable transport. As can be 

seen in Figure 6, the CPP framework consists of three interlinked layers: the target behaviour 

layer, the user layer and the situation layer.  

Figure 6. The CPP framework, adapted from Prost et al. (2013) 
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On the target behaviour layer, several persuasive strategies get implemented. On the user 

layer, the system’s services get personalised. On the situation layer, the system adjusts to a 

specific context. For each layer, behaviour change support factors (BCSFs) can be identified. 

These factors build the foundation for the interlinkage of the three layers as they describe 

which factors on one layer have an impact on factors on another layer. 

2.3.2. Approaches in Persuasive Technology 

This section introduces the most common approaches used in persuasive technology. 

Gamification 

A common approach within persuasive technology is gamification. Gamification is defined as 

the use of game elements in a non-game context and has already been applied to a variety of 

contexts (Deterding, Dixon, Khaled, & Nacke, 2011). While there does not exist a single 

accepted definition for games, Schell (2014) identified the following ten game elements: 

“Games are entered wilfully, have goals, have conflict, have rules, can be won and lost, are 

interactive, have challenges, create their own internal value, engage players and are closed, 

formal systems”. Within the literature, there is a consensus about the motivational power of 

games (Bogost, 2007; Lavender, 2007). So related to the FBM, gamification constitutes a 

straightforward approach to cover the motivational aspect of persuasive technology.    

Ambient Awareness 

Ambient awareness systems are based on the ideas of calm computing and ambient displays to 

raise awareness for one or several aspects of the user’s behaviour (DiSalvo et al., 2010). In 

many persuasive systems, ambiently provided information are used as a strategy for 

persuasion. They usually make some aspect of the user’s true behaviour visible to encourage 

reflection or display the desired behaviour in an aesthetically rewarding way to encourage 

imitation. Ambient awareness systems can take on many forms, including devices, 

visualisations, physical artefacts and intelligent agents (DiSalvo et al., 2010). With regard to 

the FBM, the systems show potential to increase the user’s motivation through the provision 

of feedback and can also work as triggers when they represent undesirable behaviour in a 

prominent and deterrent way. 

Intelligent and Interactive Systems 

The great majority of persuasive systems communicate with users in a one-way direction. 

However, the few interactive systems that exist illustrate the potential that interactivity has in 

terms of more precise goal-setting, targeting of tasks and personalisation (Midden et al., 

2008). The idea is to create intelligent agents that the users can communicate and interact with 

and that persuade the user through the interaction. An agent is thereby defined as a software 

that can make (more or less) intelligent decisions autonomously. As envisioned by Midden et 

al. (2008), agents should adapt to the characteristics of the user and the context, define goals, 

give feedback and provide guidance. They would thereby turn from a tool into “persuasive 

social actors”. Due to their diverse forms, intelligent and interactive systems offer a variety of 

benefits. Within the FBM, they can function both as motivators (e.g., by using social cues) and 

triggers. However, as the systems are technically complex, the time and resources required to 

build them, must not be overlooked.  
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2.3.3. Persuasive Sustainability 

Persuasive sustainability is an emerging genre in which persuasive technology is applied to 

the topic of sustainability, traditionally in the context of the FBM introduced by Fogg (2009a; 

Brynjarsdottir et al., 2012). It is closely related to the role of technology as a promoter of 

sustainable behaviour, one of four possible linkages between these two domains (Midden, 

Kaiser, & McCalley, 2007). As using traditional media has only led to limited success in 

raising awareness for environmental issues and encouraging related behaviour changes, 

persuasive technology has been regarded as a promising new approach to achieve these goals 

(Midden et al., 2008). It can target users on an individual level, focus on specific groups of 

people and support changes on a societal level (Mankoff et al., 2007).  

A very common form of persuasive sustainability is eco-feedback technology which originates 

from work in environmental psychology (Froehlich, Findlater, & Landay, 2010). Eco-

feedback technology provides information about measurable aspects of individuals’ or groups’ 

behaviour and the impact it has on the environment. It is based on the assumption that users 

lack awareness for both, their behaviour and its environmental impact (Huber & Hilty, 2015). 

The techniques from environmental psychology that are often used in eco-feedback 

technology are information, feedback, goal-setting, comparison, commitment, 

incentives/disincentives and rewards/penalties (Froehlich et al., 2010). Which of these 

techniques will be employed in a specific eco-feedback system usually depends on the 

behaviour that the system wants to encourage. Closely related to eco-feedback technology are 

Persuasive Sustainability Systems (PSSs) which go beyond the provision of feedback and 

suggest specific strategies on how to achieve a certain goal (Hubert & Hilty, 2015).  

A more specific type of eco-feedback technology are eco-visualisations which provide 

feedback on energy consumption in order to encourage sustainable behaviours or foster 

positive attitudes towards these behaviours (Pierce, Odom, & Blevis, 2008). Eco-

visualisations can be classified as either pragmatic (facilitating a quick understanding of the 

underlying concept) or artistic (fostering interest without being easy to solve). 

An initial overview over the publications in the area of persuasive sustainability was presented 

by DiSalvo et al. (2010). They determined that the most common approach within the genre 

was to create systems that aim to convince users to behave more sustainably. What constitutes 

sustainable behaviour, however, was often determined by the researchers and centred around 

the broad notions of resource usage and conservation. Similarly, among the researchers that 

evaluated their designs, the criteria for success were generally depended on the researchers’ 

personal definition of sustainable behaviour. Publications that did not include evaluations 

were categorised as design descriptions or verifications of persuasion theories without the 

direct aim for behaviour change. DiSalvo et al. (2010) divided the design strategies into strong 

persuasion and passive persuasion. In strong persuasion, the user is informed about how 

sustainable their behaviour is. In passive persuasion, the user is provided with information 

about behaviour domains like consumption or waste which are implicitly contextualised 

within the subject of sustainability. According to DiSalvo et al. (2010), the extent to which the 

users in the analysed studies were aware of the persuasive intent varied.  

Brynjarsdottir et al. (2012) built on the analysis by DiSalvo et al. (2010) and reviewed the 

newly added persuasive sustainability publications. Of the 36 reviewed publications, 18 

focused on energy consumption and 9 on the consumption of other materials like water, paper 
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and gasoline. The remaining 9 publications focused on transportation, air quality, CO2 

emissions or went beyond the scope of one single topic. Appropriate recycling behaviour was 

not mentioned as a topic that had received significant attention in the reviewed publications. 

The majority of publications targeted users at the individual level, including behaviour that 

occurred in the context of a family or company. 17 out of the 36 publications had no user 

evaluation (for 12 it was not possible to conduct an evaluation) and of the 29 publications that 

reported full design implementations, 23 used user-sensing. Most consumption-related 

publications did not provide specific instructions or target goals related to the consumption 

behaviour. Based on their review, Brynjarsdottir et al. (2012) identified the following issues 

with persuasive sustainability: 

o Sustainability is often defined too narrowly 

o Interventions target almost exclusively individuals and behaviours 

o Interventions often assume that users behave rationally 

o Interventions often ignore the context of users’ everyday lives 

o Interventions struggle to cope with changes over time 

To tackle these issues, Brynjarsdottir et al. (2012) made the following suggestions: 

o Broaden researchers’ understanding of persuasion 

o Shift from instructions to reflections 

o Shift from behaviours to practices 

o Broaden the focus from just individuals to groups 

o Integrate users into the design process 

Most of the conducted persuasive sustainability research has targeted consumption behaviour 

and in particular energy consumption behaviour. Household recycling has received 

surprisingly little attention. Considering the positive impact that good household recycling 

practices can have, there exist a large potential for meaningful research and development. This 

untapped potential might to some extent be explained by the difficulty to obtain user data on 

HRB – a factor that is also taken into account within the thesis. The aim of the thesis is 

understand and further the potential of persuasive technology to improve household recycling 

practices among young adults in Sweden. To avoid falling into the trap of arbitrarily defined 

goals for persuasion, the target behaviour was established based on the identified recycling-

related problems and associated consequences. More specifically, citizens’ compliance with 

their local recycling schemes was considered an indispensable requirement to boost recycling 

rates in Sweden (where waste is separated at the source and the responsibility for managing 

waste is divided). Entailing lower resource and energy consumption, high recycling rates are 

argued to be sustainable from both an environmental and economic perspective. 
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3. Methodology 

3.1. Research Through Design 

The research methodology for the thesis was research through design. Within the area of HCI, a 

model for this methodology was proposed by Zimmerman, Forlizzi, and Evenson (2007). The 

model is based on a concept introduced by Frayling which states that researchers who follow the 

research through design approach focus on doing the “right thing”, namely to create HCI products 

that transform the world from its current state into a preferred state. These products differ from 

design practice products in two ways: 

o The main aim when creating research through design products is to produce knowledge 

rather than to make a commercial product 

o  Research through design products show new inventions, including novel integration of 

theory, technology, user needs and context; they are not solely a refinement of already 

existing products 

In the model by Zimmerman et al. (2007), true knowledge (e.g., models and theories) is integrated 

with how knowledge (technical opportunities) to tackle wicked HCI problems in which the 

stakeholders have conflicting goals. In order to create the “right thing”, the researcher will engage 

in an active design process. The desired outcome of this process is a definition of the problem and 

preferred state, a series of artifacts and a documentation of the design process. Through their 

work, the researcher contributes to the HCI community in the following ways: 

o Identification of how existing technology can be improved or how new technology can be 

created that can have a positive impact 

o Creation of products that embody theoretical contributions and technical opportunities 

o Creation of products that reveal the balance researchers have made between intersecting or 

conflicting perspectives 

Zimmerman et al. (2007) built on the idea by Cross (1999) that design knowledge is embedded in 

an artifact. The artifact does thereby reflect a certain framing and positions itself relative to other 

artifacts with similar or different framings. It has the potential to become a pre-pattern from which 

a design pattern can be developed (Alexander et al., 1977). This closely relates to the notion of 

intermediate-level knowledge which was introduced by Höök and Löwgren (2012). Intermediate-

level knowledge is thereby defined as a form of knowledge that is more abstracted than a 

particular instance but less than a general theory. It can be divided into generative and evaluative 

intermediate-level knowledge and take on many different forms. Generative intermediate-level 

knowledge is concerned with the creation of new designs. Examples include patterns, guidelines 

and annotated portfolios. Evaluative intermediate-level knowledge is concerned with the 

subsequent evaluation of the design. Design heuristics and criticism fall into this category. 

The wicked problem that the thesis aims to tackle is the unsustainable HRB of young adults in 

Sweden. It is wicked in the sense that the young adults want to get rid of their household waste in 

the quickest, easiest and most comfortable way possible while the goal of the recycling providers 

and society as a whole is to encourage compliance with the local recycling scheme, for both 

economic and environmental reasons. With regard to the research questions, the research through 

design methodology provided a unique opportunity to embed the knowledge obtained through a 
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literature review and survey within an artifact. This was intended to increase the tangibility of the 

knowledge and produce new insights through the design process itself. Hence, the thesis aims to 

produce generative intermediate-level knowledge through the comprehensively informed design of 

a mobile phone application and subsequent reflection, articulation and abstraction.  

During the design process, research through design can follow any established design 

methodology – the fact that the goals are slightly different bears little implication on the choice of 

process. In the thesis, Fogg’s (2009b) eight-step design process was applied as it provides relevant 

and detailed guidance for the development of persuasive technology, independent of whether the 

persuasive technology is intended as a research through design contribution or design practice 

product. A breakdown of the thesis’ structure can be seen in the following section 3.2.   

3.2. Project Stages 

The structure of the thesis was adapted from Fogg’s (2009b) eight-step design process for 

persuasive technology. The process is closely related to the Fogg Behavioural Model (2009a) 

which was presented in section 2.3.1. Each of the eight stages of the thesis is summarized and 

explained in the following paragraphs. A visualisation of the stages and how they relate to the 

performed activities of the thesis (in red font) can be seen in Figure 7.  

Figure 7. The stages of the thesis, adapted from Fogg (2009b), and related activities 
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Stage 1 – Choosing the audience 

At this stage, the audience for the intervention was chosen. The choice was based on the results of 

the literature review (see section 2.2.3) and defined the target audience of a survey. In line with 

Fogg’s (2009b) recommendation, it was considered important that the audience would be 

receptive to the targeted behaviour change and familiar with the technology channel. 

Stage 2 – Choosing the target behaviour 

At this stage, an appropriate behaviour was chosen that the persuasive technology would target. It 

was broadly defined in line with the reviewed literature and narrowed down based on the results of 

the survey. In line with Fogg’s (2009b) recommendation, the selected behaviour was kept simple; 

options for future expansion were kept open. The selected behaviour and rationale behind this 

choice are presented in section 4.4.  

Stage 3 – Finding what prevents the target behaviour 

At this stage, the reasons for the absence of the target behaviour were determined. As Fogg 

(2009b) suggests, these reasons were to fall into one or more of the following categories: (1) lack 

of motivation, (2) lack of ability and (3) lack of a well-time trigger. The potential reasons for the 

absence of the target behaviour were established through the literature review and later refined for 

the chosen target audience, based on the conducted survey (see section 4.4). 

Stage 4 – Choosing the technology channel 

At this stage, the most suitable channel for the technological intervention was chosen. The choice 

was based on the outcomes of stages 1-3, with a particular focus on the target users’ motivation to 

use the channel. The rationale behind the choice can be seen in section 4.4. 

Stage 5 – Finding relevant examples of persuasive technology 

At this stage, relevant examples of persuasive technology were identified and analysed. The 

examples are presented in section 5.3. 

Stage 6 – Imitating successful examples 

At this stage, successful ideas and design features from the existing persuasive technology 

examples were identified and incorporated into the design of a mobile phone application. The 

design and its elements are presented and argued for in section 5.5.  

Stage 7 – Testing and iterating 

At this stage, the design of the mobile phone application was tested and revised in an iterative 

manner. In line with Fogg’s (2009b) recommendation, a series of small, quick user tests was 

preferred to a single big test. The outcomes of the user tests are presented in section 5.5 and 5.6. 

After three iterations with paper prototypes, a digital prototype was created (see section 5.7).  

Stage 8 – Expanding on success 

At this stage, directions for future research were given (see chapter 7). They include the 

identification of areas for improvement and expansion.  
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4. Part Ⅰ - Survey on Recycling Behaviour and Interests among Young 

Adults in Sweden 

4.1. Aims 

The survey was related to stages 2, 3 and 4 of the thesis and intended to answer the following 

questions: 

1. Do the target users feel that they could improve one or more aspects of their HRB? 

2. What problems do the target users face when recycling their household waste? 

3. Within the domain of recycling, what are the target users interested in learning more about? 

4. Are the target users interested in using an application that would help them improve their 

HRB? 

5. What kind of application would the target users be most interested in using? 

4.2. Method 

A survey was carried out among members of the target audience which consisted of young adults 

aged 18 to 30 who were living in Sweden. Without a formal definition of young adults, it was 

decided to target this age range as it was around the average among the existing definition and 

common in research studies with a focus on young adults (e.g., Kerr et al., 2016). The survey was 

chosen as a method as it could reach a large number of people and guarantee anonymity. The 

guaranteed anonymity was intended to reduce a potential social desirability distortion, meaning 

that participants would answer incorrectly to present themselves in the best possible light 

(Richman, Kiesler, Weisband, & Drasgow, 1999).  

4.2.1. Data Collection 

The initial survey was tested on three participants and their feedback was used to identify 

unclear, unnecessary and missing survey items. The improved survey (see appendix 9.1) was 

distributed via social media and accessible for a total of four weeks. 

4.2.2. Data Analysis 

The responses were analysed using descriptive statistics. For the open questions, a thematic 

content analysis was used. The precise analysis method was closely related to the one 

described by Braun and Clarke (2012). After familiarising herself with the data, the author 

generated initial codes from each of the participants’ statements. With the aim of identifying 

underlying themes, she recursively grouped the codes into small clusters and the small clusters 

into bigger clusters until a coherent set of clusters had been established. Finally she named, 

defined and reviewed the identified themes in relation to the entire data set. 

4.3. Results 

A total of 50 participants (35 female and 15 male) filled in the survey. The average age of the 

participants was 24 years. 45 out of the 50 participants were living in Uppsala.  
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Do the target users feel that they could improve one or more aspects of their HRB?  

68% of the participants agreed or strongly agreed that they could improve how they prepare their 

household waste and 56% how they dispose of it. Linked to these results, 32% agreed or strongly 

agreed that they are often unsure into which container they should put their waste items. 18% 

disagreed or strongly disagreed that they know how many waste containers there exist for their 

household waste.  

What problems do the target users face when recycling their household waste? 

Of the five predefined response options, overflowing waste containers were reported as a problem 

by the largest number of participants (58%), followed by difficulties in dismantling waste (54%), 

difficulties in cleaning waste (32%), difficulties with inconvenient locations of waste containers 

(20%) and difficulties with unclear/no labelling of waste containers (18%).  

The added problems were the following: 

“There are so many different categories of waste, that to have all of these separated at your 

apartment, it would take so much room and effort.” 

“Actually, it's difficult to sort waste in my room. I have only two containers and both are small, 

which is not enough for separating the waste on each category” 

“[It is] hard to decide categories” 

“We only have one container for ‘hard plastic’ but none for other kinds of plastic which is really 

confusing. I don't understand why is there a separate category for newspaper, when it is 

basically just paper.” 

54% of the participants disagreed or strongly disagreed that it requires a lot of effort to prepare 

and dispose of their household waste correctly; 32% agreed or strongly agreed.  

Within the domain of recycling, what are the target users interested in learning more about? 

76% of the participants disagreed or strongly disagreed that it does not make a difference whether 

they recycle and 84% disagreed or strongly disagreed that they do not really care about recycling.  

What the participants were most interested in learning more about was the impact of recycling 

onto the environment (72%), followed by how to integrate good recycling practices into their daily 

life (64%), how different waste items get recycled (64%), the recycling efforts of other people in 

the community (60%) and the recycling system in the area (50%). 

Are the target users interested in using an application that would help them improve their 

HRB? 

On a scale from 1 to 10 where one 1 meant “not interested at all” and 10 meant “very interested”, 

the average response was 6 and the median response 7 (26% of participants). A visualisation of the 

distribution of responses can be seen in Figure 8.  
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Figure 8. A bar chart showing the distribution of the survey participants’ interest (on a scale from 

f1 to 10) in using an application that would help them improve their HRB 

What kind of application would the target users be most interested in using? 

The participants were asked to rank five kinds of applications according to how interested they 

were in using them. The weighted average scores were the following: 

1. An application that gives feedback (3.44) 

2. An application that visualises the recycling system (3.2) 

3. An application that sends reminders (2.94) 

4. An application that lets the users communicate with recycling providers (2.82) 

5. A game (2.6) 

From the thematic content analysis of the open questions, the following themes emerged:  

o Theme 1: “To know what to put where”: Learning to comply with the local recycling 

scheme 

The theme focuses on the participants’ motivation to use an application that helps them 

overcome their (and others’) current lack of knowledge about the local recycling scheme 

and the recycling behaviour it requires.  

The participants reported that they require guidance when deciding which waste item they 

should put into which container and how they should prepare and dismantle the waste 

(e.g., “I would like to get some feedback on how I'm supposed to [recycle and dismantle 

my waste]”). The participants’ wording suggest that they often require decision-support 

”at the time” or “in situations” when they do not know what to do with a waste item. A 

particular focus was on uncommon waste items (e.g., “ceramics”) and waste items that 

“need to go to a special station”. One participant outlined their reaction to the current lack 

of information: “when I don't know what to do with the item at hand I just put it in the 

brännbart container, which I think is not good”. 

Apart from the guidance in specific situations, the participants were interested in learning 

about household waste recycling more generally (e.g., “showing basics how to 

recycle/what is recycling”, “apps that shows how to do the recycling in steps”). One 

participant asked for guidance when purchasing products: “when I'm making a choice on 

which product to buy (what has a better chance of being recycled or what is easier to 

recycle, for example)”.  
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Another key aspect of the theme was the participants’ uncertainty about the precise 

location of waste containers (e.g., “finding where these damned containers are”) and 

“recycling centres” and that they would like to use an application to change this. Several 

participants mentioned that they like the idea of presenting the information on a map (“I 

would also want to see some recycling place for electronics/paint etc on a map”, 

“definitely maps”).  

Finally, the participants did not only speak for themselves but also suggested who else 

would benefit from learning about the local recycling schemes. In particular, the 

participants mentioned people who changed their place of residence (e.g., “when you 

arrive at the new place, or the people come from the place without recycling training”) and 

students (e.g., “especially in student housing it is often unclear how the recycling system 

works and there is no real explanation except for from other students who have lived there 

before”).  

o Theme 2: “Visual feedback, some statistics showing the good impact of recycling”: 

Knowing that I am doing the right thing and that it matters 

The theme focuses on the participants’ wish to learn about the impact and accuracy of 

their HRB and to get acknowledged for their efforts.  

The first key aspect of the theme was that the participants wanted to know about the 

“impact that [their] personal contribution to recycling has on the environment” and if their 

HRB “made a difference”, particularly with regard to the “environment” and in “reducing 

different environmental problems”. Knowing that their HRB matters, would be 

motivational for the participants (e.g., “ it would help motivate me to keep up if I knew I 

made a difference”). In addition, some participants would like to receive “positive” or 

“visual” feedback on their HRB. 

Closely related to the idea of feedback is the wish of the participants to “monitor” or 

“track” their recycling performance and how much of each type of waste they produce – 

usually on a “weekly” or “monthly” rhythm. The participants would like to see the 

development of their own HRB (e.g., “graphs of recycling habits over time”) and 

“compare” it to the HRB of others (e.g., “everyone in the corridor I live in”). Other 

suggestions were to “make groups and monitor a consolidated performance” and to use an 

application as “something to talk about with other people and compare habits”. 

As an additional step, goal-setting (e.g., “make people more aware about their optimum 

possible recycling performance against their current performance”) and an achievement 

system with “points” or “rewards” were suggested. Ideally, these points would “translate 

into something real in life”. This opinion, however, was not shared by everyone as one 

participant preferred to have “no leader boards creating social pressure”. 

After having disposed of their waste items, the participants were interested to know “what 

happens to [their] disposed items”, and how they be would transformed into new materials 

(e.g., “showing what your recycled items become”). One participant explained that it 

“would give some perspective on the issue. If I see that the plastic package I threw into the 

plastic waste bin gets recycled into another item, that would certainly improve my 

recycling habits”). 
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o Theme 3: “It would be nice to have something to […] remind me”: Being encouraged to 

keep up the good work – every single day! 

The theme outlines the participants’ wish to be reminded to behave in accordance with 

their local recycling scheme. It was commonly mentioned together with the participants’ 

motivation to learn about household waste recycling in the first place (e.g., “it would be 

nice to have something to teach me and remind me”).  

Recognising the frequent occurrence of waste (e.g., “daily waste”), the participants 

suggested that a “daily use” of the application would be most effective. One participant 

referred to the habitual nature of HRB, saying that they would like “reminders for 

everyday habits to stabilise regarding recycling”. Not everyone, however, shared this 

view. One participant mentioned that they want “no stressful alerts and notifications”. 

o Theme 4: “It would be great with close contact with the providers of the system”: Helping 

to improve the situation and getting heard 

The theme focuses on the participants’ wish to use an application to communicate with the 

recycling providers – to ask questions, highlight problems and make improvement 

suggestions.  

The participants specified that they would like a platform to ask question and get answers 

from the recycling provider (e.g., “then I could ask the people in charge right away”). To 

avoid that everyone would ask the same questions, several participants suggested to add a 

“Frequently Asked Questions” section. 

In addition to asking questions, the participants would like to use the application to let the 

recycling providers know about problems (“when there are parts of the recycling system 

that don´t work well”) and to communicate “improvement ideas”. One participant 

specified that they would like both “a way to vote for suggestions for improvements and a 

way to make those suggestions” in the application. Two participants provided examples 

how such a platform for improvement ideas could be helpful: 

“And a feature that make it easy to for example tell them if a specific container is full. 

Then they get statistics on how often they need to empty containers and so on. You 

help each other” 

“For example: Most of the recycling system in my area works great, but then there is 

lightbulbs that I have to walk for 80 min to recycle. Like, why? Probably all of the 

students living in my area have the same problem, so it would be great with close 

contact with the providers of the system so we could just tell them and find a better 

solution.” 

o Theme 5: “Interactivity and explorability! Not just a bunch of images and movie clips”: 

Using the application should be enjoyable and easy 

This theme focuses on the context in which the participants would like to use the 

application and the system qualities and design features that they value most.  

The participants wanted to use the application in their “leisure time” and as a tool to 

counter boredom (e.g., “something interesting to look at when I'm bored”). To enjoy its 

use, a “well detailed and simple” design as well as “clarity” were seen as important. At the 

same time, the application should “not be patronising” or give the users the impression of 

being judged (e.g., “anything that doesn't make me feel bad and blamed”).  
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While some participants wanted the application to be as simplistic and “automated” as 

possible (e.g., “it should require no extra effort on my part”), another participant preferred 

a more playful approach, namely “an interactive and explorable visualisation that feeds 

and rewards [their] curiosity”. 

The presentation of the content played an important role for the participants. They stated 

that they would like “lots of pictures”, “small movies” or something similar to “tutorial 

videos on YouTube”. One participants added that they would like the movies to contain 

“interesting facts about recycling”. In addition, a “paper-reading version” was requested. 

It was important for the participant that the application was “fun and interesting”. In this 

context, two participants suggested the use of games/game elements but to shift the focus 

from the competitive aspects to the explorational and cooperational ones.  

“In the case of a game, I would rather it either challenged me to do it or that it invited 

me to explore the area, instead of any kind of social competition.” 

“Maybe add some gamification and play not as an individual but as a community?” 

4.4. Analysis 

The survey was related to stages 2, 3 and 4 of the thesis. The outcomes of these three stages are 

summarized and discussed in the following section. What needs to be kept in mind is the self-

selection bias that applies to all of the obtained results. Instead of being sampled randomly, the 

participants could decide themselves whether they wanted to fill in the survey. It is therefore likely 

that the participants were above average interested in recycling and above average motivated to 

improve their HRB - considering that they were willing to participate in the research. This bias is 

not very problematic as the people who completed the survey are also the ones that would most 

likely be interested in trying out the application. However, it needs to be acknowledged that the 

results do likely not represent the people who are most reluctant or indifferent when it comes to 

recycling. Targeting this subgroup provides an interesting and highly relevant area of future 

research. 

Stage 2 was concerned with the choice of behaviour to target. In the literature review, HRB was 

defined and argued for as the target behaviour. To evaluate the relevance of this choice, an 

analysis of the survey results related to question 1 in section 4.1. was conducted. A clear majority 

of the participants felt that they could improve one or several aspects of their HRB. At the same 

time, a third of the participants admitted to have considerable knowledge gaps about how to 

recycle correctly. And while the rather homogeneous geographical location of the participants 

could have limited the representativeness of the survey results, the findings clearly show that for 

the polled group, HRB is a relevant behaviour to target. Considering a social desirability 

distortion, the participants’ knowledge gaps and potential to improve their HRB could even be 

larger than specified in the survey. In addition, the participants might have been more interested in 

recycling than the average member of the target audience as they were willing to fill in the survey. 

Fogg’s (2009b) advice was to reduce the overarching goal to a simpler and measurable one. This 

was not applied to the thesis as it aimed to create guidance for the design of persuasive technology 

that targets HRB with all its components. However, a suitable sub-goal for future evaluations was 

established. When establishing the sub-goal, it was acknowledged that the preparation and 

disposal of waste are tightly interrelated. Without dismantling an item, it is impossible to correctly 

dispose of its parts and without knowing about the different containers, it is impossible to know 
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into which parts it needs to be dismantled. It was therefore suboptimal to either focus on the 

preparation or disposal of waste items. Instead, the defined sub-goal was to get people to actively 

try out the designed application when they do not know how to prepare and/or dispose of a waste 

item or have another recycling-related question.  

Stage 3 was concerned with what was preventing the target behaviour. According to Fogg 

(2009b), the answer is either a lack of motivation, a lack of ability, a lack of a well-time trigger or 

a combination of these. To determine what applied to the thesis research, an analysis of the survey 

results related to questions 2 and 3 in section 4.1. was carried out.  

The problems that the participants reported in the survey were mainly related to motivation and 

ability. Both the overflowing waste containers (which were reported as the most common 

problem) and the unclear/missing labelling of waste containers were seen as adverse 

circumstances and attributed to a lack of ability. Problems that were attributed to either or both, 

depending on the situation, were the difficulties in preparing and sorting waste and the 

inconvenient locations of waste containers. Knowledge gaps also fell into this category as it 

cannot be guaranteed that all required information were available. Assuming that most of them 

were, the knowledge gaps can mainly be attributed to a lack of motivation. 

The tendency of the survey participants to explicitly ask for motivating features in the application 

underlined the lack of motivation as a key element that prevents the target behaviour. 

Stage 4 was concerned with the choice of technology channel. The choice was informed by the 

decisions made in stages 2 and 3 and by the survey outcomes related to questions 4 and 5 in 

section 4.1. Fogg’s (2009b) advice that the target audience should be familiar with the technology 

channel was taken into account. As discussed in section 2.2.2, local approaches, like augmented 

waste containers, were disregarded early during the research process as they would be too 

cumbersome to implement on a large scale. Instead, the focus was placed on self-contained 

applications. 

To determine whether the survey participants were interested in using an application, they were 

asked to indicate their motivation on a scale from 1 to 10 (see Figure 8). The average of 6/10 and 

median of 7/10 indicated a sufficient motivation among a majority of the participants. The result 

also validated the approach to use persuasive technology in the thesis more generally.  

The motivation of the target audience to use the chosen technology channel was considered vital 

and thus, the survey participants were asked to indicate their interest in using different kinds of 

applications. The ranked averages for the proposed applications were quite close to each other, 

ranging from 2.6 to 3.44. The least preferred option was a game so it was excluded from further 

consideration. The other four options were broadly supported by the themes that emerged from the 

thematic content analysis and seen as potentially valuable elements of a successful application.  

When deciding for which device the application should be built, the familiarity of the target 

audience with the device was made a priority. As smartphones and laptop computers were by far 

the most commonly used devices among Swedish adults (Deloitte, 2016), everything else was 

ruled out. The final decision to design a mobile phone application was based on the fact that 

mobile phones are significantly easier to carry than laptop computers. This reduces the effort 

required to carry out the target behaviour. The participants could, for example, use the application 

when standing in front of waste containers that are located outdoors.  

 



31 

 

5. Part Ⅱ - Iterative Design of a Mobile Phone Application 

Following on from stages 1 to 4 that were presented in the previous chapters, this chapter presents the 

stages 5 to 7 that relate to the iterative design of a mobile phone application. 

5.1. Aims 

The iterative design of a mobile phone application was intended to complement the scientific 

contribution of the thesis in two different ways and thus to achieve two different aims. As 

mentioned before, the aim of the design process was not to simply create the most effective 

solution for unsustainable HRB.  

The first aim was to increase the tangibility of the knowledge collected during the previous stages. 

Implementing the results in an artifact was intended to deepen the scientific community’s 

understanding of the results. This was expected to be achieved through an engagement with the 

design and the provided descriptions of the prototypes. 

The second aim was to gather new knowledge through the design and evaluation process and to 

create intermediate-level knowledge situated in the design and descriptions. The author aimed to 

present her insights through the iteratively evolving design but also in the accompanying 

explanations. In addition, the participants of the evaluation sessions were expected to help 

improve the design by giving feedback and making suggestions. The resulting design was 

intended to reflect the obtained results and function as a groundwork for future research. 

5.2. Method  

Based on the findings from the literature review and survey, and on the most relevant existing 

persuasive technology projects (see section 5.3), the author designed an initial paper prototype. In 

an evaluation session, the prototype was presented to a member of the target audience who was 

asked to accomplish several tasks with it and to provide feedback. The results were analysed and 

used to improve the initial paper prototype. The updated prototype was used in the following 

evaluation session and so on. A total of three iterations was carried out. In the last iteration, two 

participants provided feedback in a combined evaluation session. In line with Fogg’s (2009b) 

recommendation, several quick evaluation sessions were preferred to a single big one. On the 

basis of the final paper prototype, a digital prototype was developed with the application Marvel. 

This was done to better communicate how a fully developed application would look like and 

enable other researchers to build upon the work more easily. 

5.2.1. Data Collection 

The participants were given a summary of the thesis and asked whether they would be willing 

to take part in a paper prototype evaluation session. If the participants agreed, a suitable date 

and time was arranged. Before each of the evaluation sessions started, the respective 

participant was asked if they had questions, would feel comfortable to be recorded and to sign 

a consent sheet (see appendix 9.2). If they agreed to be recorded, a voice recorder was used. 

The participants were reminded that they could leave at any point without specifying a reason. 

During each of the evaluation sessions, the author presented the paper prototype to the 

respective participant and instructed them to use it like a real mobile phone application. The 

participants were asked to complete 13 tasks with the application (see appendix 9.3) whereby 

the author worked as a “human computer” and changed the visible page of the paper prototype 
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when the participants had “clicked” on the paper screen. The tasks were created based on what 

the author considered the main purpose of the application. While working on the tasks, the 

participants were encouraged to verbalise their thoughts. After completing the tasks, the 

participants were asked four questions about their impression of the design and content of the 

prototype (see appendix 9.3). The participants were invited to make comments and 

improvement suggestions. 

5.2.2. Data Analysis 

An intelligent transcription of the recorded sessions was carried out, meaning that the sessions 

were not transcribed word by word but with an emphasis on accurately portraying the meaning 

of each statement. The transcriptions were complemented with notes on whether the 

participants completed the tasks and if they encountered any problems while working on the 

tasks. The transcriptions were used to identify insights which were noted down and grouped as 

general or specific to a certain page. Each insight was evaluated and if consistent with the 

project aims and previous results, related changes were made to the paper prototype.  

5.3. Existing Approaches 

This section relates to stage 5 of the thesis and presents the most thesis-relevant existing 

persuasive technology projects. 

5.3.1. Weigh Your Waste Device 

The Weigh Your Waste device is a platform for users to monitor their waste charges and learn 

about related topics, including recycling, reuse and composting. It was developed by Gartland 

and Piasek (2009) and consists of a digital weighing scale at the bottom of a wheelie bin and a 

touch screen monitor. The weight measurements of the waste are sent to the screen via Wi-Fi 

technology where the user can access them (see Figure 9).  

Figure 9. The interface of the Weigh Your Waste device, taken from Gartland and Piasek 

(2009) 

The Weigh Your Waste device can be integrated with ‘pay by weight’ waste schemes or be 

used solely as an educational platform. Its initial design was informed by the results of a 

survey among 19 household owners and 4 businesses in Dublin, Ireland. While 80% of the 
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participants were concerned about the environment, only 30% recycled their waste. In 

addition, the participants did not feel well informed about recycling and were motivated to 

learn more. Gartland and Piasek (2009) improved the design of the Weigh Your Waste device 

though a focus group session and user testing, and created a prototype which, however, was 

not evaluated.   

5.3.2. BinCam/BinLeague 

BinCam/BinLeague is a social persuasive system that aims to encourage reflection and 

promote sustainable HRB (Comber & Thieme, 2013). Instead of a normal kitchen refuse bin, 

users install a BinCam bin which captures the bin’s content via a camera and uploads the 

pictures onto a social media platform. The uploaded pictures are visible to all users of the 

BinCam system and sent to a crowd-sourcing service which identifies and counts the number 

of waste items. The numeric values that are generated this way can be used for the BinLeague 

application which visualises and compares the recycling achievements and prevented food 

waste of the participating households (see Figure 10).  

Figure 10. The interface of the BinLeague application, taken from Comber and Thieme (2013) 

Comber and Thieme (2013) conducted an evaluation study of BinCam/BinLeague in which 22 

participants used the system for a duration of five weeks. The participants stated that after 

these five weeks, they had become more aware of their recycling behaviour. However, no 

direct impact on their attitudes or intentions was found. The participants’ responses towards 

the system were mixed. Most of the participants enjoyed using the system while some 

reported that they found it intrusive and that it made them feel guilty or ashamed. 

5.3.3. The Trash Game 

Lessel, Altmeyer, and Krüger (2015) used a gamification approach to educate people about the 

correct separation of waste and encourage better recycling behaviour. The resulting Trash 

Game consists of (1) several bins which are augmented with a camera to capture the waste and 

a screen to present feedback and (2) a mobile application which is designed as a game. In the 

game, the users manage a recycling company and one of their main activities is to sort waste 

in order to improve their revenue.  
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Figure 11. The classification screen of the Trash Game after the user made a decision, taken 

from Lessel et al. (2015) 

Compared to BinCam/BinLeague, the crowd-sourcing service is replaced with the users of the 

game who are aiming to obtain high game scores. Lessel et al. (2015) conducted an online 

study in which they found that crowds make half as many mistakes as individuals when 

sorting waste. The answer that each user gives in the Tash Game is therefore evaluated against 

the majority of answers given by all the other users. The crowd feedback is also presented on 

the screens of the bins. In a preliminary evaluation study, the participants (N=35) indicated 

that they liked the augmented bins and the application but were concerned about waiting times 

and focused more on the classification task rather than the game as a whole. 

5.3.4. Sorteringsguide (English: Waste Sorting Guide) 

The Sorteringsguide is a web-based application that aids the categorisation and disposal of 

waste (Uppsala Vatten, n.d.). The idea behind it is that a user can specify a waste item and is 

given information about its category (e.g., garden waste) and where it should be disposed of 

(e.g., recycling centre). The Sorteringsguide is only available in Swedish and can be found on 

the website of Uppsala Vatten. Its interface can be seen in Figure 12. According to the person 

responsible for the Sorteringsguide at Uppsala Vatten, the Sorteringsguide was visited 2078 

times between 1st January and 14th April 2018. Of these visitors, 1009 (48.56%) used a 

desktop computer, 775 (37.3%) a mobile device and 294 (14.15%) a tablet.  
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Figure 12. The interface of the Sorteringsguide, taken from Uppsala Vatten. (n.d.) 

5.4. Design Principles 

The following design principles were used to guide the design of the application to ensure that it 

was easy to learn and use and enjoyable for the user to interact with. The principles are adapted from 

Preece, Rogers, and Sharp (2015). 

Visibility  

The more visible the functions and features of a system are, the easier it is for the user to find them 

and to know what to do next. In turn, if these functions are invisible, the user might find it difficult 

to use the system and become frustrated.  

Feedback  

Feedback involves providing information to the user about which actions have been performed and 

what has been accomplished. This includes audio, tactile, verbal and visual information. Providing 

appropriate feedback can help to provide the necessary visibility for user interaction.  

Constraints  

The principle of constraints refers to determining ways of restricting the possible user interactions 

that can be performed at a given moment. Introducing such constraints can prevent the user from 

selecting incorrect options and narrow down the user’s interpretation of a problem or information 

space.  
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Consistency  

Consistent interfaces have similar operations and use similar elements for achieving similar tasks. 

This makes it easier for the user to learn and use the system and reduces the likelihood of errors.  

Affordance  

Affordances are attributes of objects that let the user infer how to use them. Graphical elements like 

buttons, icons, links and scroll bars for example should be designed in a way that makes it obvious 

how they can be used. Some of these affordances fall under the category of learned conventions. 

5.5. The Paper Prototype 

The presentation of the paper prototype is divided into six sections. Each section corresponds to a 

basic function of the application and contains one or more pages. The sections are divided into a 

description of the page(s), a rationale behind the design of the page(s) and a summary of how and 

why the page(s) changed during the design process. The development of the design can be seen in 

the pictures which show the versions of the pages in the different iterations. The arrows indicate 

the direction of the development process. A wireframe overview of the initial paper prototype 

(including all six sections) can be seen in Figure 13. 
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Figure 13. A wireframe overview of the initial paper prototype 
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5.5.1. Signing up 

Description: When a user opens the application for the first time, they will need to go through 

the sign up process. On page 1, the user is welcomed, given a short explanation about the 

application and can sign up after by creating a username and password. In case the user has 

previously created these, they can log in by clicking on the LOGIN button. On page 2, the user 

can indicate the town that they live in, either by typing the name or postcode of the town or by 

choosing the town from a drop-down menu. On page 3, the user can indicate the precise 

recycling scheme that they are interested in. The schemes are represented by so-called 

‘BOXES’ which are named after the area that they cover. The user can choose a ‘BOX’ by 

typing its name or selecting it from a drop-down menu. They can click on the displayed 

‘BOX’ squares to be shown more details about the ‘BOX’, see the catchment areas on a map 

and consult frequently asked questions (FAQ) that concern the choice of a ‘BOX’. On all three 

pages, it is possible to change the language of the application to Swedish by clicking on the 

Swedish flag in the top right corner.  

Rationale: The sign-up approach with a username and password was chosen to allow an 

identification of the user in the application (particularly for the chat function) without 

requiring the user to disclose any private information. The user is required to indicate their 

town as the literature review had revealed that there exist differences between the recycling 

schemes of the municipalities. In addition, the user has to indicate their location in the town so 

that building-specific information about waste containers can be added and the buildings’ 

operating companies can provide feedback to their residents. The word ‘BOX’ was chosen to 

convey that all functions are one place. 

Development: On page 1, the LOGIN button was added in response to a suggestion made by 

one of the participants in iteration 3. It was considered useful as users might change their 

phones or prefer to log out after using the application. Page 2 did not change. None of the 

participants had problems with it or made improvement suggestions. On page 3, an icon was 

added next to the SEE ON MAP link in iteration 1. The participant had remarked the 

suboptimal use of icons on the page so the icons were revised to avoid confusion. 
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Figure 14. The development of the sign up process in the paper prototype 

5.5.2. The Home Screen 

Description: This is the first page the user sees when opening the application (apart from the 

very first time when they need to sign up). Below the name of the ‘BOX’, the different waste 

containers that are part of its recycling scheme are represented through squares. The user can 

click on each of the squares to obtain information about the type of waste that is supposed to 

be put in the respective container. Below the squares is a SEE MAP WITH CONTAINER 

LOCATIONS link. The user can click on it to be shown a map with the locations of the waste 

containers in their surroundings and to access further information about the containers (see 
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section 5.5.3). Below the link it reads WHICH ITEM DO YOU WANT TO DISPOSE OF?. 

The user can type in the name of a waste item or choose a waste item from a drop-down menu. 

If the application recognises the item, a box appears which specifies its type and the correct 

waste container for it. At the top of the screen, there are three buttons that, for consistency, can 

also be found in the screens in sections 5.5.4 and 5.5.5. The first of these buttons is located in 

the left corner and called MY ‘BOXES’. It can be used to change the ‘BOX’ that the user is 

accessing. In the right corner there are a question mark button and a settings button. When the 

user clicks on the question mark button, a box will appear with explanations about the 

different features of the application. When the user clicks on the settings button, they will be 

redirected to the settings page presented in section 5.5.6. 

Rationale: This page was chosen as the home page as it contains or provides access to all 

essential information about the user’s local recycling scheme. Based on recommendations in 

the literature and the survey outcomes, providing these information in a simple way was 

regarded as a key element of the application. The waste classification feature was adapted 

from the Sorteringsguide by Uppsala Vatten which was found to be very popular (see section 

5.3.4). Combining it with the other features of the application and making it available in 

English was thought to increase its utility. The user could change between ‘BOXES’ to obtain 

information for friends or family members that do not live in the same place.  

Development: The design of the squares in the middle of the screen was changed in iteration 

3 in response to one participant’s hesitation as to whether the boxes were clickable. The SEE 

MAP WITH CONTAINER LOCATIONS link was added in iteration 2. It is connected to a 

more substantial change in the design of the application which is discussed in section 5.5.3.  

 

 

 

  

 

 

  

 

 

 

 

 

 

 

   

 

Figure 15. The development of the home screen in the paper prototype 

5.5.3. The Map 

Description: The map page can be accessed from the SEE MAP WITH CONTAINER 

LOCATIONS link on the home page. Depending on the chosen ‘BOX’, it will contain a map 
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of the area or of a building and it immediate surroundings. At the bottom of the page is a 

legend that specifies the icons used and the different waste containers that they represent. The 

user can zoom in and out of the map. When the user clicks on an icon in the map, a pop-up 

window appears containing the following information: (1) type of waste container, (2) 

location of the waste container, the collection times and a possibility to set a reminder for the 

collection times and (3) the number of users who have indicated that the container is full 

within the last 24 hours. It also contains a button to let the other users know that the container 

is full and a link to get directions from the user’s current location to the waste container. 

Rationale: Knowing about the location of the nearest waste containers and how to get to there 

was considered an important requirement for anyone who wanted to correctly dispose of their 

waste. Including it in the application was intended to be helpful for users who recently 

changed their place of residence and users who sometimes cannot use their usual containers 

and want to look for different ones. A potential reason for not being able to use certain 

containers is that the they are full - which had been a problem for a many of the survey 

participants. In response to this finding it was decided to include the collection times of the 

waste containers and a possibility for users to let each other know when the containers are full. 

These elements were intended to avoid frustration among the users and potentially as a tool 

for the recycling providers to adjust the collection times and thereby improve the ability of the 

users to carry out the target behaviour. The possibility to set reminders for the collection times 

was added as several survey participants felt that they would benefit from being reminded. As 

this was not the case for all participants, the reminders were designed to be set on an 

individual basis.   

Development: Of all the sections, this one was changed most drastically. In the beginning, the 

user could access the waste container locations (as descriptions and on a map) as well as the 

collection times for each type of waste by clicking on the respective square on the home page. 

From there, they could click on each of the waste containers to indicate that it was full and to 

access the fullness-indications. In the first iteration, the headings on these pages were made 

more specific in response to the participant’s long completion time for tasks 6 to 9. However, 

as in the second iteration the participant still struggled to efficiently complete the tasks, it was 

decided to present the information on a map rather than separately for each container. In the 

third iteration, the participants completed the tasks more efficiently, reinforcing the decision to 

change the design. In the latest prototype version, when the user clicks on a square on the 

home page, they are presented with information about the specific type of waste. Before, these 

information were accessible via the LEARN MORE link. 
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Figure 16. The development of the recycling scheme visualisation in the paper prototype 

5.5.4. Communicating with the Recycling Provider 

Description: From the home page, this page can be accessed by clicking on the speech bubble 

in the horizontal menu at the bottom of the screen. There are two tabs on the page, a chat tab 

and an announcement tab. The chat tap is divided into two parts. In the upper part, the user 

can send a message to the recycling provider. After typing the message and before submitting 

it, the user needs to indicate whether their message is a question or a suggestions and whether 

they want only the recycling provider or also the other users to see it. In the lower part, the 

user can read all previous public submissions, who posted them, when they were posted, 

whether they are questions or suggestions and how many replies each one got. The user can 

click on each submission, read the replies and reply themselves. The user can also search for 

Pop-up 

window 
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specific submissions by entering keywords into a search bar, and access the answers to FAQ 

that are provided by the recycling provider. In the announcement tab, messages from the 

recycling provider to the user community are displayed in chronological order.  

Rationale: A main reasons for adding the page was that several survey participants felt that 

they would benefit from it. Among the proposed kinds of applications, an application that 

allows communication with the recycling provider only ranked fourth out of five options. 

However, in response to the open questions, several participants actively supported it. Asking 

questions, pointing out problems and making suggestions were all activities that the 

participants wanted to engage in. As discovered through the survey responses, the target users’ 

motivation was linked to whether they felt they made a difference. Being able to help improve 

the system for themselves and others was thus thought to aid their motivation. The recycling 

provider in turn could benefit by hearing about the users’ questions, worries and ideas. The 

FAQ were added so that the recycling provider could avoid receiving the same questions 

repeatedly. Similarly, the announcement tab was included so that the recycling provider could 

give feedback about the recycling behaviour in a building or area, announce changes in the 

recycling system or explain why some suggestions are difficult to implement.  

Development: The design of the page was improved during the third iteration. In the initial 

prototype, the page contained three tabs – one for questions, one for suggestions and one for 

announcements. However, one participants felt that a separation between them was not 

necessary and another participants understood the purpose of the different tabs only after they 

were explained. The chat and announcement tabs were kept sperate in the final design to 

emphasize the different communication directions. In response to suggestions made by the 

participants, a differentiation between public and private messages was introduced and a FAQ 

link and search bar were added. This was done to improve the usability of the application and 

facilitate the work of the recycling provider.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. The development of the screen for communication with the recycling provider in 

the paper prototype 
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5.5.5. Accessing Background Information and Statistics 

Description: From the home page, this page can be accessed by clicking on the info icon in 

the horizontal menu at the bottom of the screen. Below the LEARN MORE ABOUT… 

heading, there are five links that the user can click on to access information about the 

respective topic. These links are called WASTE PREPARATION, THE IMPACT OF 

RECYCLING, RECYCLING STATISTICS, THE RECYCLING PROCESS and HOW TO 

REDUCE WASTE. The information content for each topic is provided by the recycling 

provider or a third party. Possible options of how the content can be presented are in text form 

(with or without pictures) and through videos. 

Rationale: The WASTE PREPARATION link was added to provide the user with related 

guidelines. As the survey participants specified waste preparation most frequently as the 

recycling activity they could improve, an overview was considered useful. More specific 

information for each type of waste are also accessible from the home page. The IMPACT OF 

RECYCLING, RECYCLING STATISTICS and RECYCLING PROCESS links were added 

because the survey participants indicated that learning about the respective topics would 

increase their motivation to engage in the target behaviour. Many of the participants wanted to 

received feedback, too. As the provision of individual feedback is difficult with regard to 

HRB, the idea was to compensate for it with recycling statistics and the possibility of 

recycling providers to give feedback to the user community (see section 5.5.4). The 

combination of educational content with more personalised or interactive features was adapted 

from the Weigh Your Waste device (see section 5.3.1). 

Development: The HOW TO REDUCE WASTE link was added in the first iteration after the 

participant had suggested it. While the topic is rather distantly connected to recycling, the link 

was thought to increase the interest of the participants in using the application and help 

achieve the underlying goals of recycling.  

  

 

 

 

 

 

 

 

 

 

 

 

Figure 18. The development of the information and statistics screen in the paper prototype 
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5.5.6. The Settings 

Description: From the home page, the settings page can be accessed by clicking on the 

settings icon in the top right corner. On the page, there are six menu items that the user can 

click on. The LANGUAGE item lets the user set the language of the application to either 

English or Swedish. The REMINDERS item lets the user specify how they would like to 

receive the reminders they set - either as an alarm, text message or email. The CHANGE 

USERNAME and CHANGE PASSWORD items let the user change their username and 

password, respectively. The LOGOUT item lets the user log out of the application. The last 

item is called DELETE ACCOUNT. The user can click on it to delete their account but will 

need to confirm their intention on a pop-up window. There is a space between the LOGOUT 

item and DELETE ACCOUNT item. 

Rationale: Allowing the user to set the language to either English or Swedish was intended to 

increase the circle of potential users. The Sorteringsguide (see section 5.3.4), for example, is 

only available in Swedish. However, not all young adults who live in Sweden speak Swedish 

fluently. International students might require assistance to get used to the Swedish recycling 

system and their local recycling scheme. For them, the English version of the application 

could provide such assistance. A future extension that goes beyond the current scope of the 

thesis could involve the identification of the most relevant additional language options – for 

example for immigrants who speak neither English nor Swedish fluently. The REMINDERS 

setting was mainly intended to cater for each user’s preference so they would not feel annoyed 

and stop using the application. The other four setting options were included so the user could 

manage their use of the application. The DELETE ACCOUNT option was put at the bottom of 

the screen to decrease the likelihood that the user would click on it accidentally. In case they 

did, the pop-up window was added so they could cancel the deletion process. 

Development: The LOGOUT item was added in the third iteration in response to one 

participant’s feedback that they would like the option to log out after using the application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. The development of the settings screen in the paper prototype 
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5.6. User Feedback for Paper Prototype 

During the evaluation sessions, the participants provided feedback for the paper prototype, mainly 

in response to the questions asked at the end of each session. It should be noted that due to the 

iterative design process, the participants were presented with different versions of the prototype.  

All four participants considered the application to be useful. Three of the four participants 

emphasized the potential of the application for people who recently changed their place of 

residence. These people were argued to benefit from the whole range of features in the application. 

Two participants liked the adapted waste sorting guide on the home page and wanted to use it 

themselves. As an example, one participant felt that it could help them determine what to do with 

their milk boxes. Another favourably regarded feature was the visualisation of the recycling 

scheme. When the participant moved into their current accommodation, it was easy for them to 

find the waste containers as they were all in one room. But as the labelling and explanations were 

in Swedish, they had to ask the other students in the building to explain the differences between 

the containers. For another participant, the most helpful feature of the application were the 

collection times of the waste containers. Their nearest waste containers were often full and so the 

participant would have liked to know when to best take out their waste. For the same reason, the 

participant liked to crowd-based fullness-indications for the waste containers. Regarding the 

design, one participant positively mentioned the bottom menu bar as they could see all menu items 

at the same time. The participant also described the design as “simple” and “to the point”.  

All participants made valuable improvement suggestions. As the suggestions were mostly page-

specific they were presented and discussed in section 5.5. The section that was most strongly 

criticized was the original version of what is now the map (see section 5.5.3). After the second 

evaluation session, it was re-designed. The new design also solved the only not page-specific 

suggestion to have all container locations visualised in one place.  

5.7. The Digital Prototype 

The digital prototype was developed based on the final version of the paper prototype. The arrows 

show how the different pages of the protype are connected. It should be noted that the three pages 

in the top row (see Figure 20) are only shown when the user opens the application for the first time 

after installing it. The green background colour was chosen to support the association between 

recycling and sustainability. Due to the limited scope of the thesis, the digital prototype has not 

been evaluated.  
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Figure 20. A wireframe overview of the digital prototype 
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6. Discussion 

To recall, the first research question was: What are the key elements of persuasive technology which 

aims to promote sustainable household recycling practices among young adults in Sweden? Based on 

the presented research, the following key elements were discovered: (1) easy access to information 

about optimal HRB, (2) employment of several motivational strategies, (3) recognition of differences 

between local recycling schemes (4) regard of users as equals and (5) use of a readily accessible 

technology channel. These elements were established in the context of a well-functioning recycling 

system. If the users’ ability to carry out the target behaviour is limited, the persuasive technology will 

likely not be able to compensate for it. Considering that the users often lack motivation, the system 

needs to facilitate the target behaviour as much as possible. This line of argumentation is not new but 

was already established by Miafodzyeva and Brandt (2013) and Varotto and Spagnolli (2017; see 

section 2.2.2). Here, it is essential to put the thesis results in the right context. While the recycling 

system in Sweden is commonly regarded as well-developed, the survey found that the target users 

faced several problems, the most common one being overflowing waste containers. This finding was 

considered during the design of the mobile phone application but can likely only be counterbalanced 

to a small extent.  

The five key elements will be discussed one by one. The first element is easy access to information 

about optimal HRB. It was heavily supported by all three activities. In the literature review, both meta-

analyses that explored the determinants of HRB came to the conclusion that the provision of 

information is an important factor (see section 2.2.2). The survey participants stated a lack of 

knowledge about HRB and indicated that they were interested in using an application that visualises 

the recycling system for them. The use of an application to learn about HRB was a key theme among 

the participants’ answers to the open questions. Similarly, the participants of the evaluation sessions 

emphasised the usefulness of the application’s educational elements which had partly been inspired by 

successful previous projects. The easy access to the information was highlighted as most of the 

information that the target users require are already freely available but not searched for. The time and 

effort needed to obtain the information has likely discouraged them.  

The second key element is the employment of several motivational strategies. In the literature, the 

research in environmental psychology mainly focused on factors that actually influenced people’s 

HRB (albeit only short-term). The thesis took a slightly different approach by exploring what the 

target users felt would motivate them to change their behaviour. It was acknowledged that the findings 

would not necessarily translate accurately into actual behaviour. However, the results would likely 

correspond to the participants’ motivation to try out the persuasive technology which could encourage 

reflection and break the habit of unsustainable HRB. Ideally, it would lead to repeated use. What was 

discovered though the survey was that different target users are motivated by different features. There 

does not exist a ‘one-size-fits-all’. The ranked average of the proposed types of applications 

(corresponding to different motivational strategies) were very close together. The answers to the open 

questions were also diverse and sometimes even contradicting each other. This is in line with the result 

by Varotto and Spagnolli (2017) that combined interventions are among the three most successful 

strategies to improve people’s HRB. Comparing the findings by Varotto and Spagnolli (2017) and the 

survey outcomes more closely, a large overlap regarding the role of information, prompts/reminders, 

moral norms and environmental concern can be seen. What stands out is the role of feedback. Varotto 

and Spagnolli (2017) found feedback to be the least successful strategy while the survey participants 

considered it as one of the most motivating features. While the survey sample size was limited and the 

participants’ age range and location were quite specific, it would be an interesting topic for future 
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research. Another interesting finding was the survey participants’ little enthusiasm for the use of 

games as a persuasive strategy. It got the lowest ranked average of the proposed kinds of application 

and was only actively supported by the participants in a non-competitive form. This confirms the 

findings by Lessel et al. (2015) that the users of the Trash Game focused more on the classification 

tasks than on the game scenario.  

The third key element is the recognition of differences between local recycling schemes. In the 

literature review it was established that in Sweden, the municipalities are responsible for transporting, 

recycling or disposing of waste from households. Due to this division in responsibility, the recycling 

schemes for Swedish households differ depending on their geographic location. As HRB can only be 

sustainable if it is in accordance with the local recycling schemes, persuasive technology needs to 

acknowledge these differences.  

The fourth key element is the regard of users as equals. As presented in the literature review, the use 

of persuasive technology comes with a variety of ethical challenges so much care is required of 

researchers who develop persuasive technology. While the researcher might consider sustainability a 

good cause, it is crucial that the developed systems are always unobtrusive and transparent. Users 

should be made aware of the aims behind the persuasion and shown the researcher’s underlying 

reasoning. In the survey, several participants stated that they did not want to use persuasive technology 

that was patronising or would made them feel judged or blamed. As can be seen from the 

BinCam/BinLeague application (see section 5.3.2), pressure can be an enticing tool to improve HRB. 

However, several of the BinCam/BinLeague users indicated that the system made them feel guilty or 

ashamed. Not only should this be seen as ethically reprehensible but also as unsustainable. Users who 

associated negative emotions with a persuasive system are unlikely to continue its use.  

The fifth key element is the use of a readily accessible technology channel. This means that the 

technology channel should be accessible in the situations in which is needed. This focus on contextual 

use was established through the literature review and survey. By definition, HRB comprises of several 

activities which do not necessarily take place in the same location. So if people wanted to consult an 

application as decision support, it should ideally be accessible in all of the different locations. One 

simple way to achieve this is through portability, making mobile phones and tablets suitable 

technology channels (whereby mobile phones are more popular and might be a better choice). The 

need for a readily accessible technology channel was also supported by the survey outcomes. A key 

request of the participants was for situational decision-support, particularly when they had to decide 

what to do with a waste item. It was assumed that the participants would like to have the relevant 

information readily available so they do not need to spend any extra time and effort to obtain them.  

The second research question was: How can these elements be implemented in an artifact? With the 

designed mobile phone application, one answer to this question is embodied in the presented 

prototypes. The design of the prototypes was based on the findings from the literature review and 

survey and received positive feedback from the four participants of the evaluation sessions. It is, of 

course, only one interpretation of the results and leaves room for improvement. In the current version, 

the key elements were implemented as follows: The easy access to information about optimal HRB is 

provided through a visualisation of the recycling scheme and access to a map with container locations 

on the home page as well as further recycling-related information in a separate section. The employed 

motivational strategies were - apart from the provision of information - the use of reminders, the 

reinforcement of a sense of community and the possibility to receive (general) feedback. The 

application provided location-specific information to the users who indicated their place of residence 
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during the sign up process. The application was designed to give users the autonomy to use it in the 

way that would suit them best. In addition, the design of the application encouraged a dialogue on 

eyesight between the users and the recycling providers. To ensure that the content was readily 

accessible, the chosen technology channel was a mobile phone.  

The designed application shows potential to help break unsustainable recycling habits by encouraging 

reflection. It also shows potential to help create new, sustainable habits when people change their 

place of residency. In the literature review, it was argued that the habitual nature of HRB requires 

people to become aware of their doings before they can evaluate and change them. Here, the 

application could work both as a trigger for reflection and a tool for learning after the reflection 

process has occurred. Its potential benefits for people who recently changed their place of residence 

was highlighted by the participants of the evaluation sessions. After relocating, people might be 

especially receptive to the provided information as they are trying to settle in and look for guidance. 

The application could help them to established sustainable recycling habits for their new home.  

Overall, the thesis research confirmed the relevance of targeting HRB among young adults in Sweden. 

The results showed that a vast majority of the participants felt that they could improve one or several 

aspects of their HRB – despite them being potentially more interested in recycling than the average 

member of the target population, subject to the social desirability bias and not fully aware of their 

recycling habits. Most polled members of the target audience were found to be motivated to use 

persuasive technology to improve their HRB. This finding opens up the possibility to use the 

technological format of the interventions to get people interested. When they try out the system, a 

well-designed content could encourage repeated use. 
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7. Conclusion 

For both economic and environmental reasons, countries around the globe aim to increase the 

recycling rates for household waste. In Sweden, where household waste is separated at the source, a 

requirement for success is an active participation of citizens. Their self-reported recycling habits were 

rather good but these data were likely biased and have not been confirmed. In addition, several studies 

showed that young people tend to recycle less than older people. A recent and promising approach to 

encourage better HRB among reluctant recycler is persuasive technology. To understand and further 

its context-specific potential, the thesis aimed to explore the key elements of persuasive technology 

which aspires to promote sustainable HRB behaviour among adults in Sweden. Based on the results of 

a literature review, a survey among target users and the iterative design of a mobile phone application, 

the following key elements were established: (1) easy access to information about optimal HRB, (2) 

employment of several motivational strategies, (3) recognition of differences between local recycling 

schemes (4) regard of users as equals and (5) use of a readily accessible technology channel.  

In addition to providing the foundation for these five key elements, the results underline the relevance 

of the conducted research. A large majority of the survey participants felt that they could improve one 

or more aspects of their HRB. The participants, however, also pointed out several issues that limited 

their ability to correctly dispose of their waste, the most common one being overflowing waste 

containers. This issue can be addressed by persuasive technology but must eventually be solved by the 

recycling providers. Overall, the interest of the survey participants in using persuasive technology to 

improve their HRB was found to be high. This opens up the possibility to use the technological format 

of the interventions as a “carrot” that would spark people’s curiosity. While the content should be 

designed to encourage repeated use, even trying out an application once could help to encourage 

reflection and break unsustainable recycling habits. The design of a mobile phone application 

illustrates possibilities to implement the established key elements in an artifact and can be used as a 

groundwork for future research. A current limitation of the design is that it has not been evaluated with 

regard to the target behaviour.  

In response to this last limitation, one area of future work is an implementation and subsequent 

evaluation of the digital prototype. By observing how users interact with the design in a natural 

environment and on a regular basis will lead to new insights with regard to use of persuasive 

technology which aims to promote sustainable HRB. It also provides an exciting opportunity to reflect 

on the established key elements. Ethnographic research or a diary-based study could be suitable 

methods for this endeavour. Another area of future work is a collaboration with recycling providers. 

Getting their feedback on the proposed content of the application will open up novel opportunities for 

improvement and reflection. 
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9. Appendices 

9.1. Target User Survey 
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9.2. Consent Form for Paper Prototype Evaluations 
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9.3. Testing Protocol for Paper Prototype Evaluations 

Hi, ___, thank you for participating in my evaluation study today! 

I will ask you to carry out several tasks with a paper prototype of a mobile phone 
application which I have designed as part of my master thesis.  The application is 
intended to promote good household recycling behaviour among young adults in 
Sweden. The paper prototype you will see today, however, is not the final version and I 
am conducting this evaluation so that I can improve its design. Please be aware that any 
feedback is valuable for me and that I would like you to test the application for me. I am 
not testing you. 

The whole test will take approximately 15 minutes I have prepared a consent form. 

Please read through it and if you agree with the statements, sign it at the bottom. If you 

have any questions, don’t hesitate to ask. 

In this evaluation, I am interested in what you think while you perform the tasks I am 
asking you to do. In order to do this, I am going to ask you to talk aloud as you work on 
the task. What I mean by “talk aloud" is that I want you to tell me everything you are 
thinking from the first time you hear the task until you finish it. If you are silent for a long 
period of time, I will remind you to talk. Do you understand what I want you to do? After 
the think-aloud tasks, I will also ask you a couple of questions about your personal 
opinion of the prototype.  

 
As this is a paper prototype, I will work as a “human computer”. When you “click” on 
something on the paper I will show you the screen that would open. As not all screens 
are fully designed yet, I will also tell you when a screen would open that I didn’t bring 
with me today. Do you understand how this is supposed to work? 

 
Good. Please remember that you can skip any question or stop at any time if you feel 

uncomfortable. Are you ready? I will start the recording now. 

• Task 1: You are new user. Please create an account. 

• Task 2: Indicate that you live in Uppsala.  

• Task 3: You live in GatanB but you are unsure if the box called GatanB is the 

correct one. Verify that the GatanB ‘box’ relates to the post code 555. 

• Task 4: Select the GatanB ‘box’ and continue to the next page. 

• Task 5: You have half-eaten apples that you want to dispose of. Find out into 

which container you should put them. 

• Task 6: Find out where the nearest compost containers are.  

• Task 7: The compost container at the end of GatanB is the closest. Find out if 

other users have indicated within the last 24 hours that the container is full. 



65 

 

• Find 8: Find out when the compost container at the end of GatanB will get 

emptied. 

• Task 9: Set a reminder for when the compost container gets emptied.  

• Task 10: Check the current reminder settings. 

• Task 11: Use the application to find out more about the recycling process of the 

apples you want dispose of. 

• Task 12: After reading the information about compost recycling, you consider 

creating your own compost in your garden. However, you are unsure if you need 

to register your compost. Ask your recycling provider this question. 

• Task 13: You told your Swedish friend about the application and when she comes 

to visit, she wants to see if there exists a ‘box’ for her address, GatanE in Uppsala 

as well. Find out if this is the case. 

Thank you for completing the tasks. I would now like to ask you a couple of questions 

about your experience during this evaluation. 

• Question 1: Do you consider this application useful? 

• Question 2: What did you like most about the application? 

• Question 3: What do you feel should be improved? 

• Question 4: Do you feel that there is a function that should be added? 

• Question 5: Is there anything else you would like to mention? 

That’s all. Thank you very much for your participation. 

  

 

  

 

 

 

 


