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In addition to such an “internal” value for the enCOMPASS project, this deliverable also presents a valuable 

resource for informing other researchers investigating and designing behavioural change systems in the 

energy saving domain.  
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2 MOTIVATIONAL MODELS 
In this section and in Section 3 the theoretical foundation for persuasive systems is provided. This section 

highlights the importance of motivation for the enCOMPASS applications to induce behavioural change. We 

review different motivational theories that explain the abstract drivers of human behaviour. We then zoom 

in on the situation-dependent goals of the user. In Section 3 we will focus on ICT-mediated behavioural 

change incentives, by addressing different models of persuasive system design.  

2.1 MOTIVATIONAL THEORY  
For any behavioural change to happen, one must be capable, one must have the opportunity to do so, and 

one must be motivated (Michie et al., 2011). Motivation is particularly important for behavioural change in 

energy saving behaviour. In general, consequences of energy saving actions are not immediately visible to 

the consumers due to the low frequency of energy billing, the invisibility of consumed energy and the 

relatively abstract unit in which it is measured (kWh), and the positive environmental impact resulting from 

energy saving is achieved out of sight of the consumer. Additionally, while in households the financial 

incentive to save energy is quite strong as cost per kWh is relatively high, in other contexts where the 

consumer is not responsible for the energy bill, this incentive falls short (e.g. in schools or public buildings, 

the other two key contexts for the enCOMPASS project). As a consequence, energy consumers need a 

strong motivation to engage in energy saving actions, both at home, in the workplace or at school. 

However, as noted in D5.1 Behavioural Change models and Determinants for Energy Consumption, the 

behavioural change models based on the Theory of Planned Behaviour (Ajzen, 1991) as well as process 

models (e.g. Bamberg, 2003; Prochaska & Velicer, 1997) underestimate the importance of motivation for 

behavioural change. Therefore, in this sub section we provide a succinct overview of motivational theory. 

Motivation may be defined as the ‘energization’ (i.e., instigation) and direction of behaviour (Elliott & 

Covington, 2001, p. 73). It represents the reasons for people's actions, desires, and needs. The motivation 

of users to engage in energy saving actions is a critical success factor for a behavioural change system. The 

vast amount of research on human motivation has yielded several influential theories whose key notions 

must be introduced into the behavioural change process model for energy consumption behaviour. The 

following subsections thus give an overview over the key motivational theories. 

2.1.1 Motivational theories and affordances 

Vassileva (2012) has proposed a model for motivation in social computing applications that can inform 

incentive modelling for behavioural change. Three classes of motivational theories are distinguished: 

needs-based, social-based, and rewards-based theories of human motivation. The following subsections 

outline the motivational theories in each of these classes. The reviewed motivational theories are 

increasingly applied to improve engagement with ICT-systems, reflecting the growing attention in research 

for motivational aspects of system use. This has led to the emergence of the concept of motivational 

affordances, as properties of an object that determine whether and how it can support one’s motivational 

needs (Zhang, 2008). The more a system appeals to these needs, the stronger the drive users feel to use it. 

Accordingly, behavioural change systems need to offer different types (and combinations) of need-based, 

social-based, or reward-based motivational affordances to engage users. 

2.1.2 Needs-based motivation  

There are different main needs-based motivation theories: the need achievement theory, goal setting 

theory, self-efficacy theory and basic desires theory. Each is shortly described in the following paragraphs. 
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Need Achievement Theory states that achieving success and avoiding failure are separate motives that 

guide human behaviour. This way, humans demonstrate to themselves or to others high rather than low 

ability (Atkinson, 1960). People highly motivated to succeed prefer tasks of intermediate difficulty. People 

highly motivated to avoid failure on the other hand tend to prefer either very simple or very difficult tasks 

(Atkinson, 1960; Richter et al., 2015).  

Self-efficacy Theory (Bandura, 1977) focuses on the individual’s belief in his/her ability to succeed in specific 

situations. Self-efficacy can enhance or impede motivation. People with high self-efficacy choose to 

perform more challenging tasks, investing more effort and persisting; and when failure occurs they recover 

more quickly and maintain the commitment to their goals (Schwarzer et al., 1997; Richter et al., 2015).  

Basic Desires Theory identifies sixteen basic desires that guide a large part of human behaviour (Reiss, 

2002). Reiss (2002) states that these desires motivate people’s actions and define their personalities. The 

desires are the need for approval, learning, food, raising children, loyalty to traditional values, social justice, 

independence, organized environments, physical activity, power, romance saving and collecting, social 

contact, social status, safety, and competition.  

2.1.3 Social-based motivation  

The two main social-based motivation theories are highlighted below. 

Social Comparison Theory is built on the assumption that people are driven by their need for accurate self-

evaluations of their opinions and abilities. First, objective evaluations are sought, but when unavailable, 

people resort to compare their opinions and abilities against others (Festinger, 1954). Suls & Martin (2000) 

point out the factors that influence an individual’s use of social comparison: the other person's expertise, 

similarity with the individual, and previous agreement with the individual. For the incentive model the 

motivational effect of social comparison for self-enhancement and keeping a positive self-evaluation are 

particularly relevant.  

Personal Investment Theory (Schilling & Hayashi, 2001) suggests that an individual’s investment of time and 

effort in a task depends on personal incentives, self-beliefs, and available alternatives (Richter et al., 2015). 

Three basic components determine one’s personal investment: personal incentives, sense of self, and 

perceived options (Schilling & Hayashi, 2001; Richter et al., 2015). The personal incentives can contain task 

incentives (e.g. skill improvement), ego incentives (e.g. wish to outperform others), social incentives (e.g. 

affiliation with others), or extrinsic rewards (e.g. monetary compensation, social recognition, approval). The 

sense of self refers to perceptions, beliefs and feelings related to competence, goal-directedness, self-

reliance and social identity. Last, perceived options are available and appropriate alternative choices, often 

influenced by social aspects (Richter et al., 2015). 

2.1.4 Reward-based motivation  

Among others, there are also two key reward-based motivation theories, which are described here. 

Atkinson (1960) has developed the Expectancy-value Theory to understand the motivation of users for task 

achievements, where achievement is determined by an individual’s expectations and the subjective value 

the individual assigns to the task. Expectancies are specific beliefs individuals have regarding their success 

on certain tasks they will carry out in the short-term future or long-term future (Wigfield & Eccles, 2000). 

Subjective task values refer to the motivation of an individual to engage in a certain activity (Wigfield & 

Cambria, 2010). Eccles et al. (1983) defined different components of subjective task values: attainment 

value or importance, intrinsic value, utility value or usefulness of the task, and cost. Attainment value was 

defined as the importance of doing well on a given task. Intrinsic value is the enjoyment one gains from 
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doing the task; doing tasks that are intrinsically valued, has psychological impact and mostly positive. Utility 

value or usefulness refers to how a task fits into an individual’s future plans. Last, the cost refers to how the 

decision to engage in one task limits access to other activities, as assessment of the effort and the 

emotional cost to accomplish the activity (Wigfield & Eccles, 2000). 

And finally, according to Skinner’s Reinforcement Theory (1957), an individual’s behaviour with negative 

consequences tends not to be repeated as people generally seek out and remember information that 

provides cognitive support for their pre-existing attitudes and beliefs. Skinner noted that continuous 

reinforcement establishes desired behaviours quicker than partial reinforcement. However, once the 

continuous reinforcement is removed, the desired behaviours extinguish fast (Richter et al., 2015). 

Skinner’s Reinforcement Theory explains the motivation to perform actions or behaviours that lead to 

extrinsic rewards.  

2.1.5 Self-Determination theory  

Richter et al. (2015) position Self-Determination Theory (SDT) as a comprehensive theory that bridges the 

aforementioned classes. SDT focuses on types of motivation and asserts that motivation is 

multidimensional and spans a continuum ranging from intrinsic to extrinsic motivation, to the state of 

lacking the intention to act (Richter et al., 2015). In this way, extrinsic motivation refers to performing a 

task in order to attain some separable outcome, whereas intrinsic motivation refers to performing an 

activity for the inherent satisfaction of the activity itself (Ryan & Deci, 2000). 

Self-Determination Theory (SDT) bridges the aforementioned classes (Richter et al., 2015). It represents a 

broad framework for the study of human motivation and personality, articulating a meta-theory for 

motivational studies, a formal theory that defines intrinsic and extrinsic sources of motivation, and a 

description of their roles in cognitive and social development and individual differences. Every individual 

has been born with the capability to be intrinsically motivated. However, research has shown that 

supporting conditions are needed to maintain intrinsic motivation (Ryan & Deci, 2000). They argue that 

over the course of one’s childhood activities are increasingly extrinsically motivated, as children have to do 

activities they do not find interesting per se, but are expected from them.  

SDT postulates that that human behaviour is driven by three innate psychological needs: the need for 

autonomy, the need for competence, and the need for relatedness (Ryan & Deci, 2000; Richter et al., 2015). 

Autonomy refers to one’s control over one’s own actions. Competence refers to control the outcome and 

experience mastery, while relatedness reflects the universal need to interact with and be connected to 

others.  (Ryan & Deci, 2000).  

Conditions supporting the individual’s experience of autonomy, competence, and relatedness are argued to 

foster the most volitional and high quality forms of motivation and engagement for activities, including 

enhanced performance, persistence, and creativity (Richter et al., 2015). In contrary, when these needs 

thwarted, this lead to diminished motivation and well-being (Ryan and Deci, 2000b). SDT proposes that the 

degree to which any of these three psychological needs is unsupported or thwarted within a social context 

will have a robust detrimental impact on wellness in that setting. 

Ryan & Deci perceive motivation as a multidimensional construct that resides along a continuum of self-

determination ranging from intrinsic motivation, through extrinsic motivation to amotivation (Ryan & Deci, 

2000), the state of lacking the intention to act. On a scale from amotivation to intrinsic motivation, 

different regulation styles can be employed: non-regulation, external regulation, introjected regulation, 

identified regulation, and integrated regulation, and finally intrinsic regulation. People experience an 

increasing level of autonomy. Externally regulated behaviour is performed to satisfy an external demand or 
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reward contingency. Individuals typically experience this behaviour as controlled or alienated. Introjected 

regulation involves taking in a regulation but not fully accepting it as one's own. Identification reflects a 

conscious valuing of a behavioural goal or regulation, such that the action is accepted or owned as 

something that is personally important. Integration occurs when identified regulations are fully assimilated 

to the self. That is, the behaviour has become congruent with one's other values and needs. The more 

behaviour is self-regulated, the more autonomy one perceives, and the more intrinsically motivated one is.   

2.2 USER GOALS  
While motivational theories as abstract drivers of human behaviour help to understand the high-level 

reasons for e.g. using persuasive systems, the goals of a user in relation to a specific application within a 

specific context of use must also be considered. Different theoretical notions can support this 

understanding. In this sub section we will review goals from two different perspectives: goals that guide 

(pro-)environmental behaviour, uses and gratifications of mobile application and mobile game usage.  

Goals in context of pro-environmental behaviour 

Goal Setting Theory claims that difficult, specific, context-appropriate, and immediate rather than long-

term goals are drivers of high achievements (Ling et al., 2005). A goal is perceived as what the individual is 

trying to accomplish by directing attention, assembling effort, increasing persistence and belief in ability to 

complete a task. Efficient goals are proximate in time, moderately difficult, and specific, with an objective 

definition that is understandable for the individual (Locke et al., 1981). Goal-setting theory implies a 

rational choice approach, in which behaviour is guided by conscious decisions about what a single goal one 

wants to achieve and how this can be done. However, in the context of pro-environmental behaviour, goals 

can drive behaviour that do not meet the criteria postulated by Locke et al. (1981). Instead, multiple 

overarching goals are can be active at the same time that are potentially in conflict with each other.  

According to Goal Framing Theory, such goals are simultaneously present in any given situation, while one 

goal is more in focus than others. Research has shown that these goals will vary across situations (e.g. Steg 

et al., 2016). The focal goal influences the way people process information and act upon it (Lindenberg & 

Steg, 2007). A goal frame is a focal goal together with its framing effects (i.e., its effects on cognitive 

processes, such as selective attention). Three different goal frames are distinguished: the hedonic goal “to 

feel better right now,” the gain goal “to guard and improve one’s resources,” and the normative goal “to 

act appropriately.” (Lindenberg & Steg, 2007, p. 119). When an individual has short-term hedonic goals in 

focus, s/he is particularly sensitive to what increases or decreases pleasure, or affects one’s mood. In 

contrast, focal gain goals make people sensitive to changes in personal resources (e.g. money). Finally, the 

question about what one ought to do, is key for people who have a normative goal frame in focus. Note 

that all three goal frames are likely to be active at the same time, while in different situations different goal 

frames can get the upper hand. The likelihood that a pro-environmental choice is made increases if the 

other goal frames are in line with the focal goal (Steg et al., 2016). The reverse is also true: e.g. a normative 

goal can be pushed to the background when the hedonic goal becomes focal. This can be the case for 

example when one thinks about reducing the room temperature. Note that hedonic and gain goals do not 

necessarily lead to environmentally inefficient behaviour, as e.g. the gain goal to save money on the 

electricity bill can be compatible with the normative goal of doing the right thing in protecting the 

environment.  

Steg et al. (2016) have identified values and situational factors as the main factors that influence the 

strength of the normative, gain, and hedonic goal frames. Values are desirable and trans-situational goals 

that serve as guiding principles in one’s life (Schwartz, 1992 as cited in Van der Werff et al., 2013). Values 
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reflect which goals people find most important in life in general, whereas goals as defined in goal-framing 

theory reflect what motivates people in a given particular situation (Steg et al., 2016). Three types of 

situational factors have been distinguished that each impact the strength of the goal frames and with that 

the likelihood of pro-environmental behaviour. First, the presence of symbols that have a normative, 

hedonic or gain connotation can affect the strength of these goals. Second, the behaviour of others can 

either strengthen or weaken the strength of the goals. For example, when one sees other people littering, 

the normative goal of acting appropriately weakens, as one sees other people violating this norm. Finally, 

the perceived costs of pro-environmental behaviour can increase the importance of the gain goal, even in 

situations in which a strong normative goal frame is present (Steg et al., 2016). In addition to these factors, 

Miao & Wei (2013) have also shown that different settings impact the importance of normative and 

hedonic goals. Their study has demonstrated that in households the normative goal is most important, 

while in a hotel setting, the hedonic goals are most important. Likewise, other environments (e.g. the 

workplace, or school) may also strengthen or weaken either of the goal frames.  

Gölz & Hahnel (2016) have collected partial evidence for the presence of these goal frames in the use of 

feedback systems. From their study they concluded that in the use of feedback systems users seek to 

achieve hedonic goals (having fun, avoiding inconvenience due to negative impact of receiving 

consumption feedback) and gain goals (reducing costs of electricity), but not for normative goals. Instead, 

learning how to save electricity was found, which does not immediately map on either of Lindenberg & Steg 

‘s (2007) goal frames. However, there is a difference between the learning goal and the other hedonic and 

gain goals, in the sense that learning how to save electricity can be instrumental to another goal, which 

may also include e.g. protecting the environment, or doing the right thing, which would then correspond to 

the normative goal. Alternatively, learning how to save electricity can be perceived as a necessary condition 

to e.g. save money.  

The situational factors also provide opportunities for strategies to be employed in the enCOMPASS user 

awareness applications. For example, introducing symbols that show approval (e.g. thumbs up) or rejection 

(e.g. thumbs down) of energy consumption can strengthen the normative goal frame, whereas e.g. showing 

how easy it is to use a timer on the air conditioning can reduce the perceived costs (e.g. effort) saving 

energy. The perceived costs will then reduce the emphasis on the gain goal, allowing for the normative goal 

frame to become more active.  

Uses and gratifications of mobile application usage  

Uses and gratifications theory originates from research on mass media usage. The basic assumption behind 

this high-level theory is that the audience (or the users) actively seek out and use media to fulfil their 

needs. Additionally, it is assumed that different media compete against each other and against other 

sources of gratification for the attention of the audience (Katz et al, 1974). The uses and gratifications 

approach has been applied to many different kinds of media and devices (e.g. social media, Raacke & 

Bonds-Raacke, 2008, mobile phone usage; Leung & Wei, 2000). Across different media and devices, two 

classes of uses can be distinguished: instrumental uses, which are goal-directed and purposeful, and 

ritualistic, which are habitual and diversionary (Hiniker et al., 2016).  

This distinction closely resembles the distinction between pragmatic and hedonic value users derive from 

information systems. Utilitarian systems address tasks and activities where user motivation in using the 

system is driven by the expectation of an external reward or benefit (Heijden, 2004). In contrast, hedonic 

systems serve activities in which users are intrinsically motivated by benefits stemming from the interaction 

with the system as such, including fun-of-use (Heijden, 2004). Hedonic systems typically provide stimulation 

by their challenging or novel character, or identification by communicating important personal values to 
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others (Hassenzahl, 2004). Utilitarian systems primarily afford instrumental uses, whereas hedonic systems 

mostly afford ritualistic uses.  

As in enCOMPASS gamified applications are developed, the particular (hedonic) uses and gratifications from 

playing mobile games are particularly relevant. Wei & Lu (2013) found out that enjoyment, interaction with 

others as individual gratifications, and the perceived number of peers in the social network are strong 

predictors for playing social games on smartphones. Engl & Nacke (2013) found out that, as a ritualistic use, 

playing mobile games is primarily an enjoyable way of spending time between daily activities, valued 

particularly for its ubiquitous availability and its instant entertainment for short time episodes. Mobile 

gaming is competiting for attention with gratifications gained from other sources, such as reading a book, 

listening to music, or having a conversation. Thus, in line with uses and gratifications, the authors observe a 

competition with other media and other non-mediated gratifications.  

This sub section has reviewed different goal frames, uses and gratifications, as predictors for pro-

environmental behaviour and usage of media respectively. A goal-based approach, combining gratifications 

from games with the activation of goal frames to encouraging energy efficient behaviour, is a promising 

research direction to deliver incentive tailored to the needs of different users and user groups. In 

enCOMPASS this direction is further investigated, by designing a gamified incentive model that appeals 

users with different motivations for pro-environmental behaviour.  
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content of the persuasive message. In cases the user is able to do so, a direct route is opportune. 

Otherwise, an indirect route needs to be taken. Note that given the abundance of information users in the 

information era are confronted with, users increasingly rely on indirect routes to process information.  

Persuasive software features 

Finally, the persuasive software features must be considered. Oinas-Kukkonen (2013) and Oinas-Kukkonen 

& Harjumaa (2009) distinguish primary task support, compute-human dialog support, system credibility, 

and social influence as persuasive system principles. The principles should be perceived as optional 

elements rather than requirements for each BCSS. The design principles for each of the categories are 

summarized in Table 2.  

Table 2: Design principles for behavioural change support systems (Oinas-Kukkonen & Harjumaa, 2009) 

Principle Description 

Primary task support 
 

Reduction A system that reduces complex behaviour into simple tasks helps users perform the target 
behaviour, and it may increase the benefit/cost ratio of a behaviour. 

Tunnelling Using the system to guide users through a process or experience provides opportunities to 
persuade along the way 

Tailoring Information provided by the system will be more 
persuasive if it is tailored to the potential needs, interests, personality, usage context, or other 
factors relevant to a user group. 

Personalization A system that offers services has a greater capability for persuasion. 

Self-monitoring A system that keeps track of one’s own performance or status supports the user in achieving goals.  

Simulation Systems that provide simulations can persuade by enabling users to observe the immediately the 
link between cause and effect.  

Rehearsal A system providing means with which to rehearse a behaviour can enable people to change their 
attitudes or behaviour in the real world.  

Dialogue support 
 

Praise By offering praise, a system can make users more open to persuasion. 

Rewards Systems that reward target behaviours may have great persuasive powers. 

Reminders If a system reminds users of their target behaviour, the users will more likely achieve their goals. 

Suggestion Systems offering fitting suggestions will have greater persuasive powers. 

Similarity People are more readily persuaded through systems that remind them of 
themselves in some meaningful way. 

Liking A system that is visually attractive for its users is likely to be more persuasive. 

Social role If a system adopts a social role, users will more likely use it for persuasive purposes. 

System credibility support 
 

Trustworthiness A system that is viewed as trustworthy will have increased powers of persuasion. 

Expertise A system that is viewed as incorporating expertise will have increased powers of persuasion. 

Surface credibility People make initial assessments of the system credibility based on a firsthand inspection. 

Real-world feel A system that highlights people or organization behind its content or  services will have more 
credibility. 

Authority A system that leverages roles of authority will have enhanced powers of persuasion. 

Third-part 
endorsements 

Third-party endorsements, especially from well-known and respected sources, boost perceptions 
on system credibility. 

Verifiability Credibility perceptions will be enhanced if a system makes it easy to verify the accuracy of site 
content via outside sources. 

Social support 
 

Social learning A person will be more motivated to perform a target behaviour if (s)he can use a system to observe 
others performing the behaviour. 
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Social comparison System users will have a greater motivation to perform the target behaviour if they can compare 
their performance with the performance of others. 

Normative influence A system can leverage normative influence or peer pressure to increase the likelihood that a person 
will adopt a target behaviour. 

Social facilitation System users are more likely to perform target behaviour if they discern via the system that others 
are performing the behaviour along with them. 

Cooperation A system can motivate users to adopt a target attitude or behaviour by leveraging human beings’ 
natural drive to co-operate. 

Competition A system can motivate users to adopt a target attitude or behaviour by leveraging human beings’ 
natural drive to compete. 

Recognition By offering public recognition for an individual or group, a system can increase the likelihood that a 
person/group will adopt a target behaviour. 

 

The complete persuasive system design process model, containing persuasion postulates, the persuasion 

context, and finally the persuasive software features are depicted in Figure 2.  

 

Figure 2: Persuasive System Design model (Oinas-Kukkonen, 2013) 

As the design postulates are argued to be applicable to all persuasive systems, they would need to be 

carefully tested against empirical evidence to be treated as such. Even though the authors evaluate 

exemplary studies in the light of the PSD model, no specific evidence is provided for the validity of the 

design principles. Also, the principles can to be elaborated and tailored to the specific setting of 

behavioural change support systems to be practically useful. In a recent review of the state-of-the-art in 
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an increasing number of received messages and social network updates can also evoke positive feelings and 

strengthen the sense of connectedness (Pielot et al., 2014). 

This information overload means that one needs to understand when and how to present a notification in 

such a way that ideally, users notice it, are not annoyed by it, and respond to it, either directly or at a later, 

more suitable point in time. From the users’ perspective, notifications and attention triggers are often 

referred to as (human) interruptions (e.g. McFarlane & Latorella, 2002; Czerwinski et al., 2004), and suitable 

points in time when to present such triggers as opportune moments or non-disruptive moments (Pielot et 

al., 2015a; 2015b; Poppinga et al., 2014; Pejovic & Musolesi, 2014). Another term that is also used in this 

context is the interruptibility of a user, assuming that interruptions between coarse breakpoints, i.e. major 

changes in the workflow, annoy users less (Poppinga et al., 2014). E.g., Fischer et al. (2011) found that a 

user responds to a notification more quickly if triggered at coarse breakpoints, e.g. after making voice calls 

or receiving SMS, assuming that the endings collocate with naturally occurring breakpoint in the user’s 

primary task. In this case however, one needs to distinguish between three cases. In the best case, the user 

did in fact finish a task, both physically and cognitively, and is susceptible to interruption. Alternatively, the 

user may have just finished sub-tasks within a larger activity, or in the worst case, is already planning the 

next task (Fischer et al., 2011). 

Previous research has identified four primary design solutions for coordinating interruption, i.e. immediate, 

negotiated, mediated, and scheduled interruptions (McFarlane & Latorella, 2002; McFarlane, 2002). An 

immediate solution for coordinating interruption would mean that the interruption occurs at any random 

time, requesting immediate attention of the human (McFarlane & Latorella, 2002). A negotiated solution 

would announce the need to interrupt first and then support a negotiation, e.g. for when the best time of 

interruption would be (ibid.), allowing the interrupted human different choices: (a) take-up with full 

compliance, (b) take-up with alteration (e.g., “remind me later”), (c) decline (“skip this version” in the case 

of a suggested update), or (d) withdraw (Clark, 1996, as cited in McFarlane & Latorella, 2002). Mediated 

interruptions use indirect information, e.g., a human’s digital calendar or environmental sensors, to identify 

opportune moments for triggering notifications (Poppinga et al., 2014). A scheduled solution would restrict 

the interruption to a prearranged schedule, e.g. once every 15 min, or by explicit agreement for a one-time 

interruption (McFarlane & Latorella, 2002).  

In their mediated interruptions approach, Fogarty et al. (2004; 2005) have identified opportune and non-

disruptive moments for workers using stationary desktop computers and additional sensors in conjunction 

with self-reported feedback on interruptibility (experience sampling, triggered and recorded via audio 

prompts and microphone). The authors demonstrate that sensor-based statistical models of human 

interruptibility can provide robust estimates for a variety of office workers, with accuracy as good as or 

better than people self-reporting their current interruptibility (Fogarty et al., 2004). Their approach 

combined sensor input with user-system interaction log data to determine whether subjects were working 

on certain less interruptible applications (Fogarty et al., 2004). They also found an indication for a 

difference in interruptability between different types of workers, comparing managers, researchers and 

interns in their study, in that especially managers have fewer moments of interruptibility than researchers 

or interns. 

Adding to the work of Fogarty et al. (2004; 2005), Poppinga et al. (2014) focused on mediated interruptions 

on mobile phones. After collecting 6,581 notifications from 79 users via a MoodDiary app which asked 

about users’ mood several times a day, followed by a question on the obtrusiveness (see Figure 3), they 

developed a model that predicts suitable moments to issue notifications with 77.85 % accuracy (ibid.), 

using smartphone sensors and context data (e.g. time, location). The most promising predictors they found 
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for opportune moments were the time of day and the angle at which the user held the device. For the 

average user, before 8:21 a.m. and after 8:20pm, yet not too late at night, were the most suitable times to 

respond to notifications. When the phone was tilted by approximately 60%, i.e. the angle that typically 

indicates that the user is holding the phone in their hand, users responded to more than every second 

notification (Poppinga et al., 2014). Overall however, their predictive model only performed slightly better 

than random predictions, i.e. many notifications still occurred at inopportune moments. And even if the 

opportune moment was predicted correctly, they did not assess in their study whether users would actually 

act on the notifications. 

 

Figure 3: Process for issuing and answering a notification in MoodDiary app. In steps with user interaction (3-5), users 
can reject the notification. In Poppinga et al., 2014. 

Rather than taking the scarcity of human attention as a starting point, Pielot et al. (2015a; 2015b) assume 

that “attention is abundant, rather than scarce, when a person is bored”, as bored people tend to be 

actively looking for stimulation (Eastwood et al., 2012, as cited in Pielot et al., 2015a), and mobile phones 

are often turned to when people are bored (Brown et al., 2014, as cited in Pielot et al., 2015a). From that 

perspective, optimizing the moment at which a notification is delivered not only means that conflict with 

primary tasks should best be avoided, but also that the inference of times of boredom would improve the 

user’s receptiveness to notifications. Pielot et al. (2015a; 2015b) inferred phases of boredom from patterns 

of mobile phone usage as opportune moments to present pro-active recommendations. In their study, 

experience sampling was used to collect subjective data on the users experiencing boredom. For this 

purpose users received a notification that requested a response to the statement: “Right now, I am feeling 

bored.” (Pielot et al., 2015a). In a real-world study with 54 participants, their models to predict boredom 

have reached accuracies (area under ROC) ranging from 74.6 to 82.9% (Pielot et al., 2015b). Key predictors 

of boredom were recency of communication activity, intensity of phone usage (e.g. battery drain, number 

of apps launched), context (hour of the day and proximity sensor), and basic demographics (Pielot et al., 

2015a; 2015b). In a second study, Pielot et al. (2015b) also found that “users are more likely to engage with 

suggested content on their phones when they are bored”. 

In contrast to many other studies, Kern & Schiele (2003) also considered the social environment of the user, 

mapping the design space of notifications based on social interruptibility vs. personal interruptibility (Figure 

4). Whereas Kern & Schiele (2003) have focused on public spaces, the social environment in other settings 

is also important to consider, as a result of social conventions, and expectations from other users of the 

same space. For example, interacting with notifications at home during dinner, or in the classroom violate 

social conventions, whereas in contrast browsing through notifications while one is home alone is 

unproblematic. 
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Figure 4: Design space of notification according to Kern & Schiele (2003). 

Up to this point, work on the timing of notifications has been addressed without taking into account the 

persuasive context of the enCOMPASS applications. The persuasive context imposes a trade-off on 

designers of persuasive systems between unobtrusiveness on the one hand, and the effectiveness of 

behavioural change incentives on the other. Research on notifications in persuasive systems as a 

consequence strategy for behavioural change is however still in its infancy. As an exception, Tikka & Oinas-

Kukkonen (2016) have experimentally compared user-defined timing of persuasive messages against 

random timing. The differences between the groups in terms of task success, task satisfaction, and 

unobtrusiveness ratings are not significant. However, Tikka & Oinas-Kukkonen (2016) found out that when 

using a system that sends messages, reminders and evaluation requests at random times, better perceived 

performance and higher satisfaction in one’s own achievement do not seem to translate into an 

unobtrusive experience of the system. Regrettably, the authors do not report on the differences between 

the type of incentives they have scheduled to deliver at random or controlled by the user, which is probably 

caused by the small sample size.  

In other words, still relatively little is known about how, and when to deliver behavioural change messages 

such as notifications. The use of adaptivity is a promising direction, implying that the delivery of such 

messages is adjusted to the context of use, leveraging the potential of context data available from the user.  

In addition to understanding when to interrupt users with a notification, it is also key to know how this 

should be done, by considering e.g. the notification style and intensity. McCrickard et al. (2002) identified 

the following three design dimensions for notifications: interruption to primary tasks, reaction to specific 

notifications, and comprehension of information over time. As the dimensions can be considered as 

competing against each other, the authors propose to define successful notification systems design as 

achieving the desirable balance between attention and utility. In addition to the challenge of when to 

interrupt a user, McCrickard et al. (2002) point out that if new information should be detected by users 

with short, quick glances, it’s important to understand the reaction to notifications, considering e.g. how 

information can be highlighted using colours, shapes, and motion. Comprehension is also an important 

aspect because even if users are unwilling to accept a primary task interruption at a given moment, they 

may desire high levels of comprehension over time (ibid.). In experiments, McCrickard et al. (2002) 

explored the design space of notifications on a secondary animated screen, which interrupted a primary 
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task on the first screen. More specifically, they investigated different types of notification animation – 

ticker, fade, blast – and analysed trade-offs between the three dimensions.  

In the context of a surveillance system for police officers, Streefkerk et al. (2007) for example distinguished 

notifications based on salience and information density, arriving at two rules: 1. If message priority is high, 

then use highly salient notification (e.g. flashing). 2. If user workload is high, then present more condensed 

information (e.g. more text). They found that such an ‘adaptive notification’ led to better performance and 

less intrusive messages than non-adaptive notification, especially in high workload situations, and 

subjective judgments showed a positive user experience with the adaptive notification system. 

In conclusion, much work has been undertaken to predict opportune moments of users that would indicate 

a high level of interruptibility. Naturally, not all presented models can predict such moments equally well, 

but also apply different levels of complexity in their models. In the context of enCOMPASS, careful 

evaluation is needed to identify opportune moments to interrupt users with pro-active recommendations 

and other system notifications, e.g. whether mediated or scheduled interruptions would be more suitable. 

In addition to assessing interruptibility, the notification content and means of presentation also needs to be 

considered.  

Furthermore, little is known about how to maximize the effect of persuasive messages in general and 

notifications in particular. The design of these notifications constitutes a research challenge that will be 

addressed in the design of the enCOMPASS system.  

3.4 EMPIRICAL EVIDENCE FOR EFFECTIVENESS OF BEHAVIOURAL CHANGE SYSTEMS 
The theoretical underpinnings and the argued potential of behavioural change support systems to induce a 

change in behaviour or attitudes, the reviewed models do not provide evidence for the effectiveness of 

using ICT-based behavioural change solutions to change the behaviour. Hamari et al. (2014) have 

performed a systematic review on empirical studies that do provide evidence for the effectiveness of the 

designed behavioural change systems.   

For their review they have proposed an abstract framework that connects motivational affordances, to 

psychological outcomes, and behavioural outcomes. Motivational affordance refers to “the properties of an 

object that determine whether and how it can support one’s motivational needs” (Zhang, 2008, p. 145). 

Their model is depicted in Figure 5.  

 

 

Figure 5: Conceptual framework in Hamari et al. (2014). 

The assumption behind the model is that motivational properties of a behavioural change system 

determine to which extent people use it, which make it more likely that first psychological outcomes, and 

subsequently behavioural outcomes are achieved.   

On the basis of this framework, Hamari et al. (2014) have reviewed 95 studies in 89 papers that each 

reported evaluation results of a particular behavioural change support system. The 95 studies originated 

from different domains, as can be seen from Table 3. 
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Table 3: Application domain in studies reviewed in Hamari et al. (2014, p. 126) 

Application domain No. of studies 

Health, exercise 45 

Ecological consumption and/or behaviour 20 

Education, learning 10 

Economic, commercial, marketing 6 

Security, safety 6 

Entertainment 2 

No specific domain 6 

 

As can be seen from the table, twenty studies were concerned with ‘ecological consumption and/or 

behaviour’. Of these 20 studies, Hamari et al. (2014) found positive behavioural outcomes in 11 studies. 

Eight studies yielded partially positive behavioural outcomes, while only one study yielded negative 

outcomes. These results endorse the persuasive potential of behavioural change support systems in 

inducing pro-environmental behaviour.  

A large variety was found between the studies that were reviewed, in terms of the motivational 

affordances that were applied. The affordances and associated number of studies that employed them are 

listed in Table 4.  

Table 4: Motivational affordances found in the review by Hamari et al. (2014, p. 124) 

Motivational affordance Total no. 

Visual or audio feedback 25 

Social support, comparisons, feedback, interaction, 
sharing 

22 

Progress 16 

Persuasive messages and reminders 16 

Objectives and goals 15 

Rewards, credits, points, achievements 16 

Ambient or public displays 13 

Social agents 12 

Competition, leaderboards, ranking 12 

Emoticons and expressions 8 

Suggestions and advice 6 

Tracking 3 

Video-based persuasion 3 

Positive reinforcement 2 

Subliminal persuasion 1 

Not specified 9 

 

A similar wide range of psychological outcomes were evaluated, covering predominantly motivation-

related outcomes (e.g. engagement, encouragement, motivation, enjoyment, fun), and to a lesser extent 

psychological antecedents of the target behaviour (e.g. awareness, attitudes, self-efficacy). Few negative 

attributes were assessed (e.g. frustration, cognitive overload, guilt, anxiety).  

Interestingly, in the evaluation of these persuasive systems, little attention has been paid to social 

influences. Only in one study peer pressure was measured, and in one study sense of community. This is 
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surprising since social dynamics between group members are important predictors of behavioural 

outcomes, and as such need to be assessed to understand the presence or absence of behavioural effects 

(e.g. Hargreaves et al., 2013; Spagnolli et al., 2016).  

In the 95 studies a wide variety of motivational affordances were evaluated. The affordances implemented 

most often were visual and audio feedback (25), social features (22), progress and persuasive messages 

(16), reminders (16), and objectives and goals (15). The popularity of the social features is testimony of its 

proven effectiveness for inducing (pro-environmental) behavioural change (e.g. Abrahamse & Steg, 2013).  

3.5 CONCLUSION 
In this section the theoretical and empirical foundation of behavioural change systems has been addressed. 

For enCOMPASS, the models and associated design principles provide insights into the range of system 

features that can be employed to induce a change in energy consumption behaviour. Additionally, the 

importance of attention triggering has been highlighted, with a focus on adjusting notifications to the 

context of the user, to avoid disrupting his/her primary task performance. While a lot of open questions are 

not yet answered by the presently available research, the lessons learnt from this section can function as 

input to the requirements analysis in WP2.  

  







enCOMPASS D5.2 Incentives and engagement strategies 
Version 1.0  30 
 

 

be considered as game actions and associated with a reward, for example with a number of points. 

Achievements can also be defined, for giving special rewards to the most active users: for example, users 

recognized as helping other users may achieve the status of “experts”. Finally, the status of users can be 

made public, for example in a leader board, so to promote the most performing users and stimulate 

participation. The aforementioned gamification features can be added to an application for a variety of 

objectives: to improve user engagement, ROI, data quality, timeliness, and to learn a particular task or 

business activity (Herger, 2012). Table 5 lists some exemplary gamified applications, specifying their 

business goal and their principal gamification features. 

Table 5: Examples of Gamified Applications in different sectors 

Application Goal Gamification features Reference 

Zamzee To    promote   physical   
activities among children 

Levels, Real world challenges, 
Leaderboards, Achievements, 
Physical and Virtual goods 

https://www.zamzee.com 
 

Innov8  To promote the use of 
BPM and SOA to solve 
traffic and supply chain 
problems 

Competition, Leaderboard, 
Physical Goods, Feedback 

http://www-
01.ibm.com/software/solutions/soa/i
nnov8/index.html 
 

OPower  To encourage people to 
save energy 

Goals, User Comparison, 
feedback 

https://www.oracle.com/corporate/ac
quisitions/opower/index.html 

RecycleBank To help reduce waste and 
adopt green behaviours 

Points, Physical Goods, 
Referral, Real world challenge 

https://www.recyclebank.com/ 
 

LiveOps To motivate call centers 
operators 

Points, Leaderboards http://www.liveops.com/ 
 

Mulino 
Bianco, 
Barilla 

To increase the 
participation   in marketing 
campaigns and the 
acquisition of suggestions 
and new content from 
users 

Achievements, Personalized 
profile 

http://www.mulinobianco.it/i-talenti-
del-mulino 
 

WebRatio 
Community 

To encourage users to 
submit software 
components to a 
repository and test/rate 
existing one, and actively 
participate on the forums. 

Points, Leaderboard, Physical 
and Virtual goods 

 

http://www.webratio.com/communit
y/getting-started 

Samsung 
Website 
(Samsung 
Nation) 

To encourage user to post 
product reviews, and 
participate in user Q&A 
discussions, 

Points, Badges, Progress 
Levels 

http://www.samsung.com/us/welcom
e_BV.html 

Fitbit To help users to improve in 
the fitness activities and 
goals 

Point, badges, Goals, Real 
world challenges, user 
competition 

https://www.fitbit.com/app 

Khan 
academy 

To improve user skills in 
topics related with math, 
physics, chemistry, etc. 

Points, level, missions, skill-
growth trees 

https://www.khanacademy.org 

https://www.zamzee.com/
http://www-01.ibm.com/software/solutions/soa/innov8/index.html
http://www-01.ibm.com/software/solutions/soa/innov8/index.html
http://www-01.ibm.com/software/solutions/soa/innov8/index.html
https://www.oracle.com/corporate/acquisitions/opower/index.html
https://www.oracle.com/corporate/acquisitions/opower/index.html
https://www.recyclebank.com/
http://www.liveops.com/
http://www.mulinobianco.it/i-talenti-del-mulino
http://www.mulinobianco.it/i-talenti-del-mulino
http://www.webratio.com/community/getting-started
http://www.webratio.com/community/getting-started
http://www.samsung.com/us/welcome_BV.html
http://www.samsung.com/us/welcome_BV.html
https://www.fitbit.com/app
https://www.khanacademy.org/












https://www.gamified.uk/2014/02/24/gamification-games-different-thats-ok/
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