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Abstract

Ini}a}ves to reduce energy consump}on on the campus of the University of Twente have been 

mostly focused on increasing building e昀케ciency like applying insulta}on to buildings. However, no 

research has been done on their long term plan to engage students and employees within their 

energy consump}on ini}a}ves. Knowing how to design responsible behaviour change interven}ons 

for electricity usage among university employees in the future could signi昀椀cantly enhance future 

energy-saving e昀昀orts on campus. In this study a design process for a responsible behaviour change 

interven}on amongst university employees for their electricity consump}on is described. Within this 

process a Behavioural Habits Model (BHM) was developed through a literature review. This model 

can guide designers to create similar e昀昀ec}ve responsible behaviour change interven}ons. With this 

model and relevant state of the art 昀椀ndings an interven}on was developed and evaluated with a 

series of user tests. The design was generally posi}vely reviewed and par}cipants stated that they 

would intent to use the interven}on and intent to change their behaviour when the interven}on got 

implemented. These results support that a versa}le design approach through the BHM with the 

implementa}on of mul}ple interven}on types facilitates the inten}on to behaviour change and use 

of a responsible energy consump}on interven}on amongst university employees. Future work 

should focus on assessing whether the interven}on or a design through the BHM facilitates a posi}ve 

change in responsible energy consump}on behaviour, as this aspect was not evaluated in the current 

study.
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Chapter 1 – Introduc琀椀on

The Campus & Facility Management (CFM) at the University of Twente is a university department 

responsible for overseeing the campus and its facili}es. The University of Twente is ac}vely striving 

to evolve into a sustainable organiza}on. Their sustainability mission involves addressing societal 

needs through the formula}on of proac}ve and sustainable measures to support both the planet 

and its inhabitants.

The University of Twente has already ful昀椀lled its long-term agreements with the government to 

reduce energy demand by 30% from 2005 to 2020, achieving this goal in 2014 [1]. This was primarily 

accomplished through energy-saving measures that focused on enhancing building e昀케ciency. Think 

about insula}on, natural ligh}ng and ven}la}on, energy e昀케cient appliances etc. There is however 

recogni}on that there are limits to building e昀케ciency improvements. 

Hence, the Campus & Facility Management (CFM) is looking for alterna}ve measures sustain the 

downward trend in energy consump}on. Apart from building e昀케ciency users themselves also play a 

vital role in energy savings. A study by Azar and Menassa [2, Art. men}oned in Azar and Al Ansari] 

es}mate poten}al energy saving in US o昀케ce spaces at 21% if employees adopt simple ac}ons. 

Examples are adjus}ng room temperatures and reducing the use of equipment and lights during 

unoccupied building periods. Similarly, the European Environment Agency [3] shows that up to 20% 

of the current consumed energy can be saved through changing behaviour. The CFM recognizes this 

role of users in in昀氀uencing energy consump}on and sees engaging students and employees as the 

next phase for energy reduc}on. 

Research ques琀椀ons

Nevertheless, the CFM is s}ll unsure on how students and sta昀昀 can be involved in reducing energy 

consump}on. This project aims to serve as an example or pilot project to the CFM of how to engage 

employees in responsible energy usage to reduce energy consump}on. There are many forms of 

energy consump}on: water, gas, electricity etc. This project strictly limits the scope to electricity 

consump}on. Addi}onally, it speci昀椀cally pursues to make pro-environmental behavioural (PEB) 

change regarding energy consump}on among university employees possible as this user group 

generally has more control over their electricity consump}on than students. Common PEB include, 

but are not con昀椀ned to, controlling equipment, ligh}ng usage, ven}la}on, air condi}oning etc. The 

intent is to in昀氀uence university employees to turn o昀昀 devices when they are unnecessarily on. For 

this project a PEB change interven}on will be designed. With this in mind the following research 

ques}on is de昀椀ned:
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RQ: How can an e昀昀ec}ve behavior interven}on be designed to facilitate pro-environmental behavior 

among university employees, speci昀椀cally targe}ng the responsible energy usage? 

Sub ques琀椀ons - behaviour

One of the reasons why engaging users in reducing energy consump}on is a di昀케cult topic is because 

of the complexity of behaviour change. The driving force of changing behaviours and habits remains 

a subject of ongoing discussion in the literature }ll this date. Before an interven}on for pro 

environmental behaviour (PEB) change to reduce energy consump}on can be created, it is necessary 

to conduct a research about these driving forces behind habits and behaviour change and how to 

e昀昀ec}vely apply strategies to guide these forces to the desired PEB outcomes.

SQ1: What are e昀昀ec}ve suppor}ng behaviour change models for pro environmental behaviour 

interven}on designs regarding responsible energy usage? 

SQ2: Which techniques can be applied to change behaviour to pro-environmental behaviour 

regarding the responsible usage of energy? 

Sub ques琀椀on – data collec琀椀on

A second component of the interven}on which requires research is the requirement of data 

collec}on amongst university employees:

SQ3: What are ways to collect electricity consump}on data of university employees?
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Chapter 2 – Background Research

To create e昀昀ec}ve interven}ons, it is crucial to consider both academic literature and the prac}cal 

implementa}on of exis}ng products. By analysing both literature research and real-world 

applica}ons, it is possible to gather valuable insights that will inform the design decisions for the 

interven}on. This can ensure that it is both theore}cally sound and prac}cally e昀昀ec}ve. Therefore, 

this chapter is split up into a literature review subsec}on and a state of the art subsec}on.

Literature review

The literature review 昀椀rst examines the single determinant a琀�tude. To gain a deeper understanding 

of behaviour change mechanisms, behaviour change models are also explored. This explora}on aims 

to assist designers in crea}ng interven}ons for promo}ng pro-environmental behaviour (PEB). 

Addi}onally, behaviour change techniques (BCTs) and their applica}on in these interven}ons are 

discussed. 

What are the rela琀椀ons of a琀�tude and pro environmental behaviour?

A琀�tudes is a determinant that is frequently cited in the literature and behaviour models presumably 

because they re昀氀ect individuals' evalua}ons, beliefs, and feelings toward a behaviour. Understanding 

the rela}on between a琀�tudes and PEB could poten}ally aid in iden}fying the underlying 

mo}va}ons and barriers that in昀氀uence whether someone engages in a par}cular behaviour or not. 

(i.e., planned behaviour) which could eventually lead to actions. See next subsection <What are 

effective supporting behaviour change models for PEB interventions?= 

presents contradicting findings. Murtagh et al9s study focussed on plug load feedback in 

losing significant information. The attitude in Murtagh et al9s study are measured with three items. 
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et al9s study e

What are e昀昀ec琀椀ve suppor琀椀ng behaviour change models for PEB interven琀椀on designs?

Analysing exis琀椀ng behaviour models

. The theory of planned behaviour, Geller9s behaviour change model 

are all closely tied to BCT9s needed for an intervention. This creates a more simplistic overview 
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Figure 1 Fishbein9s

control, which influences intentions and behaviour directly. The perceived control over people9s 



25

[5]

Murtagh et al9s study focussed on plug load feedback in university offices. They found that positive 

Murtagh et al9s study are measured with three items. For example, the item "My 

esults of Wyss et al9s study expands on the 
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Figure 1: Model of the TPB.

Secondly, Geller9s behavioural change model is a model to show transitions between stages of 

behaviour change when designing a BCT intervention. Geller9s behaviour change model was 

Figure 2. It consists of four performer9s stages. First, 
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Figure 2: Geller9s behaviour change model for sustainability adapted from Yun et al [8]. It shows four performer9s stages and 
three types of interven}ons which support the performer move to the next stage.

Geller9s model is based on a few 

Geller9s model to design PEB change interventions. On its own Geller9s model has quite a few 

shortcomings. A more concrete overview of PEB change can be found when Geller9s model is 

Geller9s model and the TPB complement each other. TPB assumes people are already in the 

conscious incompetence stage (e.g. they are already aware on how to behave sustainably). Geller9s 

behavioural control are the key factors that pose obstacles for the individual9s progression from the 

embles the intention to change behaviour in TPB. The second expansion that Geller9s model 

summarize, Geller9s model expands on the TPB by introducing habits 
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behavioural control are the key factors that pose obstacles for the individual9s progression from the 

Lastly, Stern9s theory contains four causal variables which relate to PEB.  According to Stern9s theory 

that there is a discrepancy between attitude and PEB stern9s 

discrepancy between attitudes and PEB. Stern9s also talks about contextual factors like the difficulty

Stern9s theory contains the causal variables include personal ca

Stern9s theory complements Geller9s model. Stern9s theory expands on the need to acquire 

knowledge in Geller9s model by introducing the needed skills to perform an action and the 

Stern9s variable of attitudinal factors like norms, values and beliefs. According to the TPB attitudes 

are a mediating factor for intentions which are very closely related to motivation. Stern9s variable of 
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included in Geller9s model. To summarize, Stern9s theory is indeed very similar to Geller9s model, but 

In conclusion, Geller9s model expands on the TPB by introducing habits and a stage of non

or the individual9s progression 

Geller9s model does not addr

Geller9s model by also incorporating the skills to perform an action, sociodemographic v

Crea琀椀ng an overarching model

interventions. The discussed models the theory of planned behaviour (TPB), Geller9s model and 

Stern9s theory on their own consist of a few shortcomings. A more concrete

Figure 3: A behavioural habits model (BHM) or behavioural change model for pro environmental behavioural habits to 
gather insights on how to create an interven}on that can e昀昀ec}vely promote PEB. This model is created by comparing the 

TPB, Geller's model and Stern's theory.
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determinants of PEB, with <pro environmental behavioural habits= depicted as the desired result. 

show the relations between determinants. TPB can be recognized in the <motivational intervention 

type= box. Expanding on Geller9s model two additional intervention types have been added: the 

<emotional= and <reward & polity intervention types=. Firstly, the <emotional intervention type= 

[6]  

determinants. Knowledge is in this model indicated as <(unconscious) incompetence=. The factors 

control may also be direct. Secondly, the <reward & policy intervention type= has been added. These 

were mentioned within Stern9s model. However, it is unclear how exactly they influence other 

BHM. The first being <(unconscious) incompetence=. Unlike Geller9s model it does not only focus on 

important, but also how to do it. (Unconscious) incompetence expands on Geller9s model by 

recognizing the importance of skills as well. Secondly, <perceived external & internal control= differs 

[5]

k it9s validity. Lastly, <pro environmental behavioural habits= is not 

simply behaviour, but corresponds to Geller9s unconscious competence stage where the behavioural 
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How to e昀昀ec琀椀vely apply educa琀椀on, goal se琀�ng and social comparison techniques in 

interven琀椀ons for energy consump琀椀on?

BCT9s. There 

are many BCT9s that support PEB change. Examples of these BCT9s mentioned in the literature 

Additionally it could correct for misconceptions like that devices don9t consume energy when turned 
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Geller9s model and relates to Stern9s 

unconscious incompetent performers stage in Geller9s model to the conscious incompetent 

Siero et al9s 

strategies to maximize the information9s transformative potential towards PEB: it must be easy to 

— —

motivational intervention according to Geller9s model and relates to Stern9s 
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separate target per department within the company. This contradicts Yun et al9s suggestion to assign 
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[11]

[13]

[14] Siero et al9s finding 

[14]
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[10]

[10]

[11]

[15]

[16] [17]

despite par}cipants being 

unaware of the study and not bearing the 昀椀nancial responsibility for the energy costs. In contrast 

Thornock [15] states that receiving feedback a昀琀er extended delays increases learning costs which 

results in less improvement in learning and future performances when compared to providing real 

}me feedback. Opitz et al [18] supports this statement as they found 
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[15]

don9t focus on 

In summary, averaging energy consump}on data over 

15 minutes fails to accurately represent users' energy consump}on. Instead, averaging over shorter 

}me spans from seconds to minutes may provide a more accurate depic}on. However, thorough 

research in this area is lacking, with Anvari et al [19] being one of the few sources addressing the 

importance of temporal resolu}on in energy consump}on feedback.

Conclusion
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Three models the theory of planned behaviour (TPB), Geller9s model and Stern9s theory 

Figure 3

BCT9s have to be employed. Three BCT9s were 

all BCT9s 

effectiveness of the different BCT9s. Real time 
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interventions for university employees. I do not claim that this model is more inclusive or 8better9 

BCT9s. However, intervention design for PEB 

group9s
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State of the art

This subsec}on provides a comprehensive review of current state-of-the-art techniques and designs 

about the following topics:

1. Data gathering

2. Indica}ng energy consump}on performance through methods like colour, brightness and 

pa琀琀erns.

3. Energy consump}on feedback applica}ons

4. Smartwatch func}ons

5. Interface design for a bar or gauge

Data gathering

To create an e昀昀ec}ve behaviour change interven}on, it is essen}al to 昀椀rst gather data about the 

users behaviour. Here 昀椀ve exis}ng products are analysed that collect energy consump}on data to get 

an overview of the available data gathering possibili}es regarding energy consump}on.

Curb

The Curb energy monitor men}oned in [20] measures energy for homes. It speci昀椀cally measures the 

homes main energy supply and the circuits within a home. It does this through using CT clamps, 

Figure 4 le昀琀 picture. The current transformer (CT) clamp can measure the currents 昀氀owing through 

electrical conductors and thus electrical wires. It does this without making contact with the wire. The 

main energy supply and the circuits are measured from within the electrical panel in the home. The 

main energy supply enters the home from this electric panel and is the connec}on between the 

homes energy supply and the grid. A CT clamp is put around the incoming electricity wire from the 

grid which is the main energy supply. Other CT clamps are put around the wire connected to the 

breaker in the electric panel that controls a speci昀椀c group of outlets. A large hub and transmi琀琀er are 

located in the electrical panel. The hub is connected to the ethernet. The ethernet connec}on allows 

for the data to be transmi琀琀ed for a real-}me data monitoring and processing. The processed data 

can be visualized in an app.
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Figure 4: An illustra}on of curb can be seen in the le昀琀 picture. The blue box is the hub and transmi琀琀er. On the phone the 
processed data is visualized. In the middle an electrical panel can be found. On the le昀琀 an example of what a CT clamp looks 

like is shown.

Sense

Other than the Curb the Sense [21] energy monitoring system only uses 2 clamps. Sense only 

monitors the energy of the main energy supply to the house. The clamps are then only applied to the 

hot wires of the energy supply and poten}ally also the neutral ones. It is connected to the Wi-Fi 

network in the house and does therefore not require an ethernet connec}on. The sense has a 

developed an AI to be able to tell di昀昀erent types of devices apart. Every device has a di昀昀erent 

signature in their energy consump}on pa琀琀erns, see Figure 6. However, some signatures are very 

similar. Reviews show that it some}mes has di昀케culty telling these devices apart. Noise within the 

overall energy consump}on of the home can also lead to confusion within the system. The system 

samples the data 1 million }mes per second.

Figure 5: An illustra}on of what the Sense app on the phone looks like.
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Figure 6: An example of the energy consump}on signature of a fridge from Sense [22].

Smappee In昀椀nity

The Smappee In昀椀nity [23] energy monitor are customizable for every user. The customer can buy 

di昀昀erent parts depending on their needs which they can connect. It allows for three possible ways to 

submeter appliances [24]. The 昀椀rst op}on is to put CT clamps at the around the wires of the di昀昀erent 

circuits in the electricity panel. This allows for to measure the circuits of groups of devices, but not 

the individual devices. The second op}on is to use a smart plug connec}ons between the devices 

and the power outlets. With this it is possible to measure the energy consump}on of individual 

devices. The last op}on is to submeter from the main energy supply like with Sense. This is done with 

the NILM feature. It also uses machine learning and databases to iden}fy the appliance speci昀椀c 

energy signatures. However, it can only iden}fy up to 昀椀ve devices with an accuracy of 70%.



43

Figure 7: Illustra}on of the product Smappee In昀椀nity.

Emporia Vue

Emporia Vue can measure up to 16 di昀昀erent circuits and can be combined with emporia9s smart 

plugs to measure the energy consump}on of speci昀椀c devices. It is connected via Wi-Fi and streams 

con}nues real-}me 1 second data to the app.

Figure 8: On the le昀琀 an overview of Gen 2 Emporia Vue. In the middle an overview of how to connect the CT clamps onto the 
electrical panel. On the right an illustra}on of the emporia smart plugs.

Conclusion

There are two main ways in which energy consump}on data can be collected. The 昀椀rst op}on is to 

measure the electricity consump}on via CT clamps in the electric panel. The CT clamps can either 

measure the individual groups or they can measure the incoming electricity from the grid. In order to 

measure the electricity consump}on per device an AI can be applied that can iden}fy individual 

devices by their unique power signatures. However, this technology is s}ll in its infancy stage. 

The second op}on is to measure the electricity consump}on at the devices outlets through smart 

plugs. However, this op}on would require a lot more physical infrastructure and materials which 
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costs energy. This is a disadvantage as the interven}on should save more energy than it uses. Table 1 

shows an overview of the possible electricity data gathering techniques per product that is analyzed.

Applica琀椀on Sense di昀昀erent 
devices

How does it measure? Amount of 
infrastructure 
required

Connec琀椀on

Curb Only circuit groups though CT clamps in the 
electrical panel (groups 
and main)

Hub with 
transmi琀琀er and 
mul}ple CT clamps 

Ethernet

Sense Individual devices though CT clamps in the 
electrical panel (only 
main) and an AI

Only 2 CT clamps Wi-Fi

Smappee Group and 
individual devices

Through CT clamps in the 
electrical panel (main and 
groups), through smart 
plugs or NILM (machine 
learning and databases)

Minimum of two 
clamps, but can 
use more. Can also 
use smart plugs.

Wi-昀椀

Emporia 
Vue

Group and 
individual devices

CT clamps in the electrical 
panel (main and groups) 
and op}onally through 
smart plugs

Mul}ple CT clamps 
and smart plugs 
per individual 
device

Wi-Fi

Table 1: Overview of possible electricity data gathering techniques for the interven}on.

Indica琀椀ng energy consump琀椀on performance through light with colours, brightness and 

pa琀琀erns

In order to make design decisions on how the interven}on will indicate the energy consump}on 

performance of its users, di昀昀erent exis}ng products and studies are analysed on how they present 

the energy consump}on performance of their users with colours, brightness and pa琀琀erns.

Visualizing buildings occupants energy performance 

In a study by Peschiera and Taylor [14] par}cipants were able to see their energy consump}on 

performance with colour coded bar graphs. For par}cipants in par}cipants groups A, the bar 

showcasing their room9s per capita average daily usage over the past 7 days is red if it was more than 

20% above the building-wide average, green if more than 20% below and yellow if within 20% of this 

generic descrip}ve norm. The colour of the graph for par}cipants group B followed the same colour 

coding except the point of comparison was the 7-day daily average of peers, see Figure 9.
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Figure 9: Visualiza}on of energy consump}on performance by Peschiera and Taylor [14] in order to compare your energy 
consump}on to others and help par}cipants share energy saving prac}ces.

Energy labels

The European commission [25] has implemented the EU energy label since 1994 to support the 

consump}on decisions of consumers. Speci昀椀cally, suppor}ng the consumers in the search to 昀椀nd 

more energy e昀케cient products. Apart from this it also serves as a mo}vator to manufacturers to 

develop energy e昀케cient technologies. Not only the EU has implemented energy labels. Other 

countries all over the world as well, see Figure 10. However, each country has a di昀昀erent label design 

and e昀케ciency ra}ng. Nevertheless, an aspect of the energy labels that stays the same is the colour 

gradient from green to red that is used. Green indicates very energy e昀케cient products and red 

none昀케cient energy products.

Figure 10: Energy labels from all over the world. The energy label on the le昀琀 is the EU energy label.
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BIM-integrated energy visualiza琀椀on approach

A eco-feedback system by Truonga et al [26] was developed which combined a building informa}on 

model (BIM) with energy informa}on, see Figure 12. This would enhance the visual representa}on of 

energy consump}on. The data collec}on focussed on gathering energy consump}on data for each 

individual room inside a building. The energy informa}on was visualized through colours and was 

split into nine categories. Each category of energy consump}on is associated with a colour gradient 

between green and red, see Figure 11. The energy use levels are determined with Equa}on 1.

�� = �ÿ�Ā + ÿ(�ÿ�� 2 �ÿ�Ā8 )
Equa}on 1: Calcula}on of the energy use levels. Ei is the energy use intensity for level i (ranging from 0 to 8). Ei is 

determined by dividing each room's daily energy use by the room's area. Emin represents the minimum energy intensity 
observed in the collected energy data. Emax represents the maximum energy use intensity observed in the collected energy 

data.

Figure 11: Overview of the associated energy use levels with the colour gradient.

Figure 12: Illustra}on of the BIM-integrated visualiza}on approach.

CoSSMic

Vilarinho et al [27, Art. men}oned in Chalal et al] created a CoSSMic, a so昀琀ware with user interfaces, 

to increasing awareness of residents of smart houses and suppor}ng PEB change to more 

responsible consump}on habits. The energy consump}on of the smart home was visualized through 

a 2D tree 昀椀ll gauge which was combined with a tra昀케c light colour coding system (red, orange, yellow, 

green). The colour coding represented the overall performance of the household regarding their 
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energy e昀케ciency and behaviour change. The colour coding is based on a certain user score that can 

increase when certain milestones or PEB are achieved. Red indicates a low performance level and 

green indicates a high performance level. The user interface can be seen in 

Figure 13: Illustra}on of the UI of the CoSSMic so昀琀ware to increase awareness and support PEB habits among smart home 
residents.

Power-Aware Cord system

The Power-Aware Cord system developed by Gustafsson and Gyllenswärd [27, Art. men}oned in 

Chalal et al] aimed to inves}gate how ambient displays can be u}lized to increase energy 

consump}on awareness. The wa琀琀-Lite system a琀琀empted to achieve this through feedback to the 

end users. The prototype of the Wa琀琀-Lite system can be seen in Figure 14. It is a power cable is 

overlayed with three phosphor threads that starts glowing when an AC-current is introduced within 

the power cable. These threads can be set at any intensity and be lit one for one crea}ng a 昀氀owing 

mo}on. The light pa琀琀ern changes its state of being sta}c, pulsing and 昀氀owing intensity blue light 

depending on the users electricity consump}on or load. A user study was conducted (this study was 

not representa}ve for the target group) which came to the following conclusions:

• Blue light represents electrical current well

• Majority stated that the constant light glow with varying intensi}es is calming and visually 

pleasing

• Flow and pulse anima}ons were the most informa}ve of all states

• Pulsing and 昀氀owing light pa琀琀ers perceived irrita}ng when consump}on high

Overall the ini}al user test points out that the Power-Aware Cord is very accessible and intui}ve in 

order for the user to get a be琀琀er comprehension of their energy consump}on.



48

Figure 14: On the le昀琀 the 昀椀nished prototype of the Power-Aware Cord can be found. Here it can be seen that the power cord 
is blue whenever energy is used. On the right side an overview of the di昀昀erent layers that make up the product.

Conclusion

Exis}ng products or studies u}lize colours from green to red to indicate energy consump}on 

performances. With green indica}ng a low energy consump}on and red a high energy consump}on. 

Only one product was found that did not indicate energy performance through colours. Instead it 

u}lized the colour blue to represent the electricity current. The intensity of the lights was used to 

showcase the current energy consump}on and 昀氀uctua}ons or spikes in energy consump}on were 

visualized though light pa琀琀erns. However, no other products or studies were found that u}lized light 

intensity or pa琀琀erns to visualize the energy consump}on performance. A overview of the 昀椀ndings 

can be found in Table 2. Therefore, it is recommended to use gradients from green to red to indicate 

energy consump}on performance.
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Project Colour Intensity pa琀琀erns
Visualizing buildings 
occupants energy 
performance

Green, yellow and red to indicate 
energy consump}on rela}ve to a 
last 7 day average energy 
consump}on

- -

Energy labels Gradients from green to red to 
indicate a products energy 
e昀케ciency

- -

BIM-integrated 
energy visualiza琀椀on 
approach

Colour gradient from green to red 
divided in 8 categories.

Colours represent the energy use 
intensity for level: room's daily 
energy use divided by the room's 
area

- -

CoSSMic Tra昀케c light colour coding system: 
red, orange, yellow, green.

Red indicates worst performance 
of energy e昀케ciency and PEB 
habits and green the best.

- -

Power-Aware Cord Blue to represent electricity 
current

To indicate 
current 
electricity usage

Pulsa}ons 
indicate 
昀氀uctua}ons or 
spikes in energy 
consump}on

Table 2: Overview of the state of the art 昀椀ndings regarding the indica}on of energy performance with colours, intensity and 
pa琀琀erns in exis}ng products or studies.

Energy consump琀椀on feedback applica琀椀ons

Indicators such as colour, brightness and pa琀琀erns only provide a general sense of energy 

consump}on, but they are lacking in precise detail. To o昀昀er users a clearer understanding of their 

energy usage and which behavioural techniques are u}lized, four di昀昀erent feedback applica}ons are 

analysed.

My Green Butler

[28] claim to be the world9s first proven solution 
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[29] [28]

that the guest don9t mind to reduce their footprint while staying in the accommodation. The 

Figure 15: My Green Butler is personalized dependent on the roles of the user: manager, sta昀昀 or guest.
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Figure 16: My Green Butler u}lizes di昀昀erent characters to communicate di昀昀erent types of informa}on in a fun way.

Buddy Ohm

Buddy Ohm is an IOT device as in Figure 17 that measures electricity, gas, water and steam 

consump}on and the solar power genera}on. A visualiza}on can be seen in Figure 18. It measures 

these things for en}re buildings or public infrastructures. Therefore it is not able to provide 

individual feedback, but is rather designed to provide real-}me insights to help determine resource 

昀氀ows by connec}ng ac}ons with energy consump}ons. The company focusses on small or medium-

sized companies. 

Figure 17: The buddy ohm IOT device created by the buddy plavorm.
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Figure 18: Buddy Ohm overview of measurements in graphs.

Energy Buddy – Energiemanager

The Energy Buddy is an app on google play in which you can track your electricity consump}on and 

costs. The app provides data about the users CO2 footprint. Addi}onally, it can suggest personal goals 

to reduce emissions. A visual representa}on of the app is shown in Figure 19.

Figure 19: visual representa}on of the Energy Buddy app.

Pure Energie

On the website or app of the energy supplier Pure Energie clients can see their energy usage in 

graphs over di昀昀erent }me frames. On the top right of the graph in Figure 20 it is possible to change 

the }me frame displayed on the x-axis in the graph to a day, month, year or total. The actual energy 

usage is compared to the es}mated energy usage. Pure Energie tries to es}mate the monthly 
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payment with the es}mated energy usage, however you can also set or alter it yourself. Apart from 

electricity usage it is also possible to look at the gas consump}on or at the costs instead of the 

energy usage in kWh or m3.

Figure 20: Energy consump}on overview provided by the Energy supplier Pure Energie.

Conclusion

The di昀昀erent energy consump}on feedback applica}ons can be linked to di昀昀erent behavioural 

changing techniques. Although not all applica}ons are aimed at changing behaviours they do support 

it. A reoccurring technique that is present in all analysed applica}ons are graphs that give you an 

insight into your energy consump}on. It is also important to note that My Green Butler, which is a 

applica}on that has proven to reduce the energy consump}on and behaviours of its users uses most 

di昀昀erent interven}on type techniques. This corresponds to the 昀椀ndings provided in the BHM model. 

Therefore, mul}ple interven}on types should be combined into one solu}on. Graphs are a familiar 

tool for users to get an insight into their energy consump}on. Furthermore, social comparison and 

goal se琀�ng could be an interes}ng combina}on to indirectly prompt the user to set goals.
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Social 
comparison

Educa}on/ 
instruc}onal

Sugges}ons 
for ac}ons

Analogies Goal se琀�ng

My Green 
Butler

Compare to 
lowest 
energy 
consump}on 
with graphs

Shows how low can 
your energy 
consump}on be with 
graphs

Yes Energy saved 
is equal to x 
amount of 
days taking a 
car o昀昀 the 
road

Poten}ally 
indirect by 
comparing 
yourself to 
others

Buddy Ohm Provides real-}me 
insights into the 
energy 昀氀ows using 
graphs

Energy Buddy – 
Energiemanager

Graphs with energy 
consump}on and 
costs

(Costs) Yes

Pure Energie Graphs with energy 
consump}on

Staying below 
your set 
monthly 
payment or the 
es}mated 
energy usage

Table 3: Overview of the di昀昀erent behavioural changing techniques per energy consump}on feedback applica}on. The 
colour green is used for emo}onal interven}on types techniques, yellow for instruc}onal interven}on techniques and blue 
for suppor}ve interven}on techniques.

Smartwatch func琀椀ons

In the speci昀椀ca}on chapter it is decided to create an interven}on in the form of a smartwatch. In 

order to make an intui}ve user interface for a smartwatch it is important to include already familiar 

aspects of similar exis}ng products. The func}ons of the Apple watchOS 10 are analysed for this 

reason.

The Apple watchOS 10 [30] has the func}on to wake (turn on from sleep mode) when you raise your 

wrist and to go to sleep when you lower your wrist again. This is interac}on via gestures. It has an 

always-on display op}on, but for a project regarding responsible energy usage this might not be 

desirable. It contains virtual assistants and voice commands (Siri). Addi}onally to this it also is 

equipped with health and 昀椀tness tracking sensors, GPS and an NFC for contactless payments. It also 

has a lot of se琀�ngs op}ons which allows for a personaliza}on. Lastly, it also is water resistant. There 

are many more features, but they are way too much to cover. These examples display the wide range 

of usages.

Interes}ng func}ons that could be added for an intui}ve smartwatch interface are familiar symbols 

like in Figure 22 and familiar interac}ons like in Figure 21. Addi}onally, the smartwatch should have a 

sleep and wake func}on to save energy.
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Figure 21: Apple watchOS 10 on the le昀琀 and some common apple watch gestures from Apple [31] on the right.

Figure 22: Some interes}ng Apple [32] status icons.
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Interface design for a bar or gauge

In the speci昀椀ca}on chapter a design decision has been made to implement lights into the wristband 
of the smartwatch to give an indica}on of the users cumula}ve energy consump}on of the current 
day rela}ve to his personal average or that of similar employee types depending on which state the 
smartwatch is in. See <Energy bar light

. These lights are supposed to represent a bar with a scale of percentages with the end of the bar 

represen}ng 100% and the beginning 0%. To 昀椀nd out what a intui}ve way is to visualize the energy 

bar lights, speci昀椀cally when represen}ng a percentage over 100%, di昀昀erent experience bars from 

di昀昀erent games are analysed.

Minecra昀琀

The experience bar in the Minecra昀琀 game is divided into 18 subsec}ons. When a player receives 

experience the bar slowly 昀椀lls up. With each higher level the subsec}on requires more XP to be 昀椀lled. 

The anima}on to 昀椀ll subsec}ons based on the gained experience is seemingly instant. When an 

experience orb is picked up the player gets auditory feedback through a *ping* sound. If the player 

reaches a new level the bar is reset. In Figure 23 an illustra}on of the experience bar can be found.

Figure 23: Illustra}ons of Minecra昀琀9s experience bar.

Fortnite

Fortnite9s experience bar only pops up whenever the player gains experience and disappears again 

when it updated the players level. It 昀椀rst shows your previous experience and then shows an 

anima}on where it adds the newly gained experience to your previous experience, as can be seen in 

Figure 24. Whenever a player reaches a new level the pop up in Figure 25 is displayed. The 
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experience bar is split up into subsec}ons which require more experience to 昀椀ll when on a higher 

level.

Figure 24: Fortnite9s pop up of the experience bar.

Figure 25: Fortnite's pop up for a level up.

Conclusion

Both analysed experience bars were split into subsec}ons. Therefore, it could be intui}ve to split up 

the energy light into subsec}ons as well. This might also make easier for the user to determine the 

percentage that is being displayed by the user. Whenever the experience bars of the analysed games 

were 昀椀lled the bar resets and is being 昀椀lled up again. Thus, this might also be a intui}ve thing to do 

for the energy bar lights. However, there is a di昀昀erence in informa}on that is being shown between 

the analysed games who showcase levels and the bar light which showcases percentage. Therefore, 

it could be that is not the same for the energy bar lights. To 昀椀nd out whether this is the case it would 

require tes}ng. Furthermore, incorpora}ng sound e昀昀ects when 昀椀lling a subsec}on or reaching 100% 

and displaying a visual cue or popup upon reaching 100% could enhance user engagement.
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Chapter 3 – Methods and Techniques

The design method selected in this study is the Crea}ve Technology Design Process as described by 

Mader and Eggink [22]. It is inspired from the Divergence and Convergence Models and the spiral 

models. The Crea}ve Technology Design Process consists of the four phases idea}on, speci昀椀ca}on, 

realisa}on and evalua}on. This model, as can be seen in Figure 9, serves as a guideline for an 

itera}ve design process. 

Figure 26: Crea}ve Technology design process. [33]
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Idea琀椀on

In the idea}on phase crea}ve ideas are generated to solve the design ques}on which is in this case 

also the research ques}on. Here di昀昀erent brainstorming techniques can be applied. The idea}on 

process as described in Mader and Eggink [33] and Figure 26 incorporates a stakeholder analysis and 

user needs, problem de昀椀ni}on, and early idea evalua}on to develop a re昀椀ned project idea, along 

with requirements for the solu}on. 

For this project, brainstorming was chosen as the ini}al step. Given the broad scope of energy 

conserva}on, star}ng with explora}on allowed for a clearer understanding before narrowing down 

speci昀椀c areas. Ini}al e昀昀orts focused on iden}fying scenarios where energy savings could be 

achieved. This groundwork provided a founda}on for brainstorming sessions aimed at devising 

strategies to realize these scenarios.

During brainstorming, the Behaviour Change Model (BHM) served as a tool to generate ideas on 

applying di昀昀erent interven}on types; emo}onal, instruc}onal and suppor}ve. Addi}onally, 

brainstorming sessions were conducted to explore wearable technologies, which enable users to 

receive feedback con}nuously regardless of loca}on. Another session explored sensory feedback 

types to inves}gate e昀昀ec}ve ways of engaging users through the interven}on.

Following the brainstorming phase, the project progressed by combining concept ideas into an ini}al 

design, thereby narrowing down the broad topic of energy conserva}on even further. This approach, 

focusing on emo}onal, instruc}onal, and suppor}ve interven}ons, was aimed at enhancing the 

e昀昀ec}veness of behaviour change interven}ons, as indicated by analysis using the BHM.

Subsequently, a琀琀en}on turned to data gathering methods speci昀椀c to the interven}on's needs, 

building upon proposi}ons outlined in the state of the art. This previous sec}on already discussed 

which techniques could be used to gather energy consump}on data. However, discussion 

surrounding the opera}onal environment of the infrastructure in which the data would be collected 

has yet to be addressed. This brainstorming session will focus on how data gathering methods can be 

integrated into the interven}on.

A昀琀er all brainstorming aspects have been completed and the ini}al concept design has been created 
it is }me to incorporate stakeholders in the design process. To do this 昀椀rst a stakeholder analysis is 
introduced. Here the stakeholders are iden}昀椀ed and analysed according to the Stakeholder Salience 
Model (SSM) by Mitchell et al [34]. The stakeholders are categorized according to the three a琀琀ributes 
described in the SSM. These a琀琀ributes are power, urgency and legi}macy. What these a琀琀ributes 
exactly express are explained in the <Stakeholder iden}昀椀ca}on and analysis
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= sec}on. Based on whether the stakeholder possess or lack the corresponding a琀琀ributes they are 

categorized into one of eight di昀昀erent stakeholder groups as can be seen in Figure 27. Four di昀昀erent 

stakeholders are analysed for this project. 

Figure 27: An overview of the Stakeholder Salient Model (SSM) from Mitchell et al [34] and their respec}ve stakeholder 
classi昀椀ca}ons.

Then, a昀琀er all stakeholders have been analysed and iden}昀椀ed an unstructured interview is 
performed amongst three university employees. This interview aims to get a general understanding 
of the university employees in order to validate previous design decisions and assump}ons and to 
get insights into possible variables that could in昀氀uence the e昀昀ec}veness of the interven}on results. 
Furthermore, it aimed to let the university employees revise the ini}al design in order to create an 
e昀昀ec}ve design and thus take into account the opinions of the university employees. The informed 
consent form used can be found in <Appendix A: Informed consent form

= and the interview ques}ons are detailed in <Appendix B: Stakeholder interview ques}onsAppendix 

B: Stakeholder interview ques}ons=.

The 昀椀ndings from the unstructured interviews that in昀氀uenced revisions to the ini}al idea were 

u}lized to develop a re昀椀ned concept. This revised concept, along with addi}onal detailed interview 

昀椀ndings, are further elaborated upon in Chapter 5.

Speci昀椀ca琀椀on

The speci昀椀ca}on ini}ally focuses on re昀椀ning stakeholder analysis through the crea}on of three 

personas, each represen}ng one interven}on type from the BHM used in this project. This step is 

crucial to gain a deeper understanding of various user pro昀椀les (university employees) who may 

poten}ally use the product. It aims to ensure that the design meets diverse user needs and 

preferences e昀昀ec}vely.
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Following the crea}on of personas, user needs were iden}昀椀ed. A comprehensive list of stakeholder 

requirements were generated with help of the results of the ques}ons asked stakeholder interviews 

in <Appendix B: Stakeholder interview ques}ons= and categorized into func}onal and non-func}onal 

requirements. These requirements were then priori}zed using the MoSCoW method [35]. This 

priori}za}on is essen}al for op}mizing }me and resources throughout the project.

Lastly, the interven}on concept is further speci昀椀ed with help of the new personas and stakeholder 

requirements. This sec}on is divided into two main parts: the prototype design speci昀椀ca}ons and the 

data gathering speci昀椀ca}ons. Following the discussion of the interven}on concept speci昀椀ca}ons, 

examples of its use will be visualized in user scenarios, and an overview of the interven}on concept 

will be provided through a speci昀椀ca}on diagram.

Realiza琀椀on

The realiza}on phase focussed on crea}ng the actual prototype. However, since the concept 

explained in the speci昀椀ca}on was too large to realize some aspects of this idea, mainly the data 

gathering aspect of the interven}on, were le昀琀 out. Therefore, the prototype was dependent on the 

simula}on of data (Wizard of oz) instead of actual energy consump}on data.

For the realiza}on, the necessary materials were gathered 昀椀rst. The instruc}ons from the 

speci昀椀ca}on diagrams and graphical representa}ons of user interac}ons in Chapter Five were then 

used as examples and instruc}on guides to realize the concept of the interven}on.

Evalua琀椀on

Lastly, in the evalua}on phase user tes}ng along with an assessment of the 昀椀ndings and the met 

requirements will take place. The explana}on of the evalua}on method is split up into two 

subsec}ons. The 昀椀rst subsec}on arguments on why inten}on is used as the variable to evaluate the 

behaviour change interven}on. The second subsec}on explains the method of the gathering and 

showcasing of the results and their respec}ve assessments.

Measuring inten琀椀on

RQ: How can an e昀昀ec}ve behavior interven}on be designed to facilitate pro-environmental behavior 

among university employees, speci昀椀cally targe}ng the responsible energy usage? 
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project PEB change won9t be able to be measured. Therefore

Figure 3 TPB Figure 1

This is considered outside the scope of the interven}on, 

because these things can9t be changed through the altering of behaviours. This is also the reason 

Results & assessment

Inten}on will be used to evaluate the realized prototype with user tes}ng. For this an unstructured 
interview was used. First the method as described in <Appendix F1: Ini}al method

= was used, but later this method was revised to the method detailed in <Appendix F2: Improved 
method

= due to the learning curve of the interven}on a昀昀ec}ng results and }me constraints.
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The results of the user tes}ng are put in an overview to provide a comprehensive understanding of 

the interven}on's e昀昀ec}veness. The results consist of: statements from the interview ques}ons and 

an indica}on of usefulness per aspect of the interven}on. The results are analysed for no}ceable 

outcomes through the BHM to assess the e昀昀ec}veness of the selected BCTs in the interven}on and 

through the stakeholder requirements. Addi}onally, general no}ceable outcomes where no analysis 

with the BHM is made are also highlighted. This all provides a detailed evalua}on of how well the 

interven}on meets its intended goals and user needs.
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Chapter 4 – Idea琀椀on

Introduc琀椀on

This chapter delves into the idea}on phase of designing a behaviour change interven}on aimed at 

promo}ng energy conserva}on among university employees. We start with the brainstorming phase 

to explore various energy-saving scenarios, interven}on types, wearables, and sensory feedback. As 

energy conserva}on is a broad topic, this ini}al explora}on helps narrow down and target speci昀椀c 

areas for e昀昀ec}ve stakeholder feedback in a later phase of the idea}on process. The ini}al concept 

further re昀椀nes these ideas, focusing on developing tangible strategies that are in correspondence 

with the 昀椀ndings from the literature. With the ini}al idea created an brainstorm about the 

opera}onal environment is executed to provide op}ons of how to communicate the data that is 

required for this idea. A昀琀er this a stakeholder analysis is introduced to gain a deeper understanding 

of the people that are in昀氀uenced by the interven}on or can in昀氀uence the process of the project. A 

stakeholder interview is conducted to review the ini}al concept and design decisions. A昀琀er 

stakeholder feedback and concerns have been taken into considera}on a revised ini}al concept will 

be discussed. This concept will be further speci昀椀ed in chapter 昀椀ve.

Brainstorming 

In Figure 28 a high level overview of the interven}on can be found. This overview is used as star}ng 
point for the whole brainstorming process. First, before brainstorming the scenarios in which energy 
could be saved are determined. This provides more speci昀椀c insights in the non-responsible habitual 
pa琀琀erns that need to be targeted within the solu}ons. The energy saving scenarios are followed up 
with three brainstorming sessions: Brainstorming though the BHM

 Brainstorm wearable types

Brainstorm sensory feedback types

A昀琀er these brainstorm sessions an ini}al idea is generated. Lasty, the possible opera}onal 

environments are discussed and explored to gather the required data necessary for the ini}al idea. 

Figure 28: General overview of the implementa}on/ e昀昀ects of a s}ll undetermined interven}on.
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Energy saving scenarios

Reducing energy consump}on is a very broad topic which can be tackled from many angles. To get a 

clearer picture about where energy savings could be realized a set of scenarios were created. In 

Figure 29 scenarios of non-responsible energy usages can be seen. These provide opportuni}es for 

behaviour change to reduce energy consump}on during the brainstorming phase. Alterna}ve 

scenarios not illustrated in Figure 29 are se琀�ng room temperature too much in advance, not having 

devices set in sustainable mode, the unnecessary use of mul}ple screens at the same }me, having 

more lamps on than is necessary, not loading the washing machine }ll full weight, di昀昀erence 

between standby mode and o昀昀, excessive hea}ng due to lack of clothing layers, pu琀�ng hea}ng or 

cooling at their maximum level, cleaning or hoovering when it is not yet necessary, was}ng energy 

through ine昀케cient cooking methods e.g. not using lids, using large pans for small por}ons, warming 

up the oven for too long, leaving the extractor hood on a昀琀er cooking etc. There are s}ll many more 

scenarios, however using even more scenarios for the brainstorm session would be ine昀케cient. 

Therefore only the currently named scenarios are taken into account during the brainstorm sessions. 

Addi}onally, it is good to note that during this phase of the design process, it was not yet determined 

that this project would only focus on electricity consump}on. This means that during the process 

energy consump}on might also point towards other forms of energy consump}on than electricity 

usage.
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Figure 29: Illustra}ons of scenarios of non-responsible energy usages which could provide opportuni}es for behaviour 
change to reduce energy consump}on. U}lizing lights because of obstruc}ons while sunlight is available (1), taking 

unnecessary long hot showers (2), not turning o昀昀 devices like washing machines, dryers, dishwashers or chargers when they 
completed their task (3), leaving devices on when exi}ng a room or building (4), not turning o昀昀 devices when taking a break 

(5), hea}ng or cooling a room when alterna}ve measures like opening or closing windows, curtains etc. are available (6), 
have a unnecessary high plug load which draws currents for devices that are not in use (7), hea}ng or cooling while working 

against compe}ng systems or in opposi}on to environmental factors e.g. open doors, windows, having both hea}ng and 
cooling systems on at the same }me etc. (8), washing hands with warm water (9), booking a room at the University of 

Twente while arriving late or not at all which automa}cally starts to turn on room regula}ng devices e.g. hea}ng, cooling 
and ven}la}on systems (10), put on music while not ac}vely listening (11).

Brainstorming though the BHM

The BHM model in Figure 3 from the literature review is used as a tool to aid in an e昀昀ec}ve 
interven}on design for this project as it is based on behavioural models which should incite 
behaviour change. This means it is important to involve this model into the brainstorming phase to 
increase chances of an e昀昀ec}ve result. This brainstorming phase is split into three categories: 
Suppor}ve interven}on types, emo}onal interven}on types and instruc}onal interven}on types. 
Why it was determined that these three interven}on types were used in this project can be found in 
the <Crea}ng an overarching model

= sec}on.

The brainstorm and concepts of the suppor}ve interven}on type can be seen in Figure 31 and Figure 
32. The concept genera}on focusses on genera}ng concepts for general solu}ons regarding the 
behaviour change for reduc}on in energy consump}on and for speci昀椀c scenarios men}oned in the 
previous sec}on <Energy saving scenarios
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 An illustra}on of the scenarios 1, 2, 3, 4 and 6 can be found in Figure 30. The second brainstorm 

regarding the emo}onal interven}on types can be found in Figure 33 and the third brainstorm about 

the instruc}onal interven}on types in Figure 34.

Figure 30: Illustra}ons of scenarios 1, 2, 3, 4 and 6 from the suppor}ve interven}on type brainstorm in Figure 32.
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Figure 31: Brainstorm of the important aspects for suppor}ve interven}ons to create more responsible energy consump}on 
habits.
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Figure 32: Concepts of suppor}ve interven}ons split into general solu}ons and solu}ons for the speci昀椀c scenarios 
men}oned in the previous sec}on <Energy saving scenarios

=. The scenarios in the black boxes refer to the scenarios in Figure 29.
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Figure 33: Brainstorm of emo}onal interven}on type concepts and relevant aspects.
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Figure 34: Brainstorm of instruc}onal interven}on type concepts and important aspects to take into account.
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The chances of successfully altering behaviour improve greatly when the di昀昀erent interven}on types 

are combined as can be derived from the BHM in Figure 3. Therefore, the best aspects of di昀昀erent 

ideas should be combined. First, the best aspects of the brainstorming and concepts will be de昀椀ned.

Regarding the suppor}ve interven}on type brainstorm in Figure 31 all men}oned aspects could be 

important. Through reminders and feedback the interven}on could prompt users to alter their 

behaviour. This has to go hand in hand with encouragement to be most e昀昀ec}ve. In this brainstorm 

<other people= link the aspects encouragement and reminders/ feedback together. This might 

therefore be an extra e昀昀ec}ve aspect to add into the interven}on. The emo}onal interven}on type 

brainstorm in Figure 33 describes more about the impact social connec}ons can have. Goal se琀�ng is 

actually more of an aspect related to mo}va}onal interven}on type rather than the suppor}ve 

interven}on type. However, no brainstorming has been done for this interven}on type. Therefore it 

is put in the suppor}ve interven}on type instead. In summary the suppor}ve interven}on type 

aspects that could be important for the ini}al idea are reminders/ feedback, encouragement, goal 

se琀�ng and the performance of the desired behaviour to turn it into a habit.

Regarding the suppor}ve interven}on type concept genera}on some re昀椀ning can already be done. 
The concept genera}on of this interven}on type in Figure 32 is split into two parts: solu}ons to solve 
all scenarios and speci昀椀c scenarios men}oned in the sec}on <Energy saving scenarios

=. However, the solu}ons that o昀昀er the possibility to save energy for all scenarios will have 

signi昀椀cantly more impact than the concepts that focus on only saving energy in one speci昀椀c scenario. 

Therefore, concepts 1, 2 and 3 seem to be most e昀昀ec}ve. In conclusion, the interven}on will have 

the most impact when it aims to save energy in all scenarios instead of speci昀椀c ones.

For the emo}onal interven}on type the social role modelling seems to be most feasible and e昀昀ec}ve 

within this project and the generated ideas. Most example emo}onal interven}on concepts (13 and 

14 in Figure 33) are focused on interven}ons that distribute energy money savings in a way that 

would hypothe}cally emo}onally mo}vate employees to reduce their energy consump}on. 

However, this emo}onal driver is expected to not be very stable. This driver relies on the decisions 

made by the direct stakeholders iden}昀椀ed in Error! Reference source not found., which are external 

factors beyond the control of this project. The direct stakeholders have the power to decide whether 

to invest the saved money through the interven}on in the proposed emo}onal mo}vators. Therefore 

this project itself has very li琀琀le in昀氀uence in whether money related emo}onal drivers would be 

feasible to apply within this target group. The direct stakeholders make that decision. Addi}onally, 

choosing money related emo}onal mo}vators as the main mo}va}onal driver can cause issues 

whenever the direct stakeholders change their funding plans. If direct stakeholders were to 昀椀rst 

support money related emo}onal mo}vators, but stopped this support later down the line, it can 
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have nega}ve consequences on end users behaviours. With the emo}onal interven}on type lacking 

from the prototype it will cause demo}va}on among the users. Core users who were strongly 

mo}vated by this emo}onal driver will be extra e昀昀ected and might not perform the desirable PEBs. 

An alterna}ve provided concept (12 in Figure 33) focusses on the emo}onal a琀琀achment of games. 

Gaming might be a good op}on for an emo}onal driver. However, it is di昀케cult to get every university 

employee to take part and invested in playing a game. Alternately, social (role) modelling could 

poten}ally merge mul}ple emo}onal mo}vators together through peer pressure and social 

comparison. With social connec}ons it can ini}ate emo}onal triggers, create closer }es or 

a琀琀achment to the interven}on goal and feedback (posi}ve reinforcement or s}mula}on to improve). 

Furthermore, focussing on social connec}ons helps to reach more people and broaden the network 

and through peer pressure and social comparison more university employees will be persuaded to 

take part in the interven}on. Lastly, social (role) modelling or peer pressure can be a connec}on 

point between the suppor}ve and emo}onal interven}on type as social connec}ons can also be a 

considered a form of feedback, see Figure 31. One way of crea}ng an environment to where social 

(role) modelling can thrive is by making results of for instance energy saving publicly known or visible 

as men}oned in Figure 33 in concept 15. In summary, social (role) modelling through peer pressure 

and social comparison could merge the emo}onal and suppor}ve interven}on and many of the 

important emo}onal aspects together. Addi}onally it could support the network growth of the 

interven}on.

The most important aspects of the instruc}onal interven}on type brainstorm are the how, e昀昀ect & 

awareness and clear communica}on. It is assumed that all university employees know why they 

should par}cipate in energy saving behaviours. Therefore, the why aspect and the concepts 16 and 

17 in Figure 34 are not required for this interven}on. Concepts 18 and 19 in Figure 34 could be 

promising instruc}onal interven}on concepts. However, these concepts should be realised through 

clear and transparent communica}on with the core users to reach their full poten}als. Both these 

concepts could possibly be combined each other. They both overlap with the concepts 1, 2, 3 in 

Figure 32 from the suppor}ve interven}on types.

So, in short a combina}on of the di昀昀erent interven}on types integrates the best aspects of the 

brainstorm into one concept idea. Aspects that could be considered for integra}on are reminders/ 

feedback, encouragement, goal se琀�ng, the performance of the desired behaviour to turn it into a 

habit, social connec}ons (e.g. social (role) modelling, peer pressure, social comparison), how to save 

energy, the e昀昀ects of ac}ons, awareness and clear communica}on. One of the most promising 

aspects that combines the emo}onal and suppor}ve interven}on with one another are the social 

connec}ons. Another very promising aspect is feedback since during an a琀琀empt at behaviour change 
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it is important for the users to know how well they are performing. Lastly, for the interven}on to 

have most impact in the reduc}on of energy consump}on it would have to focus on this reduc}on 

within mul}ple scenarios at once. Therefore, an product idea that aims to alter behaviour to reduce 

energy consump}on in every context is considered. This means that the interven}on func}ons 

within every environment e.g. at home, the university, public spaces etc. However, not every 

environment has the appropriate exis}ng infrastructure to be able to support the behavioural 

change towards responsible energy usage. Therefore, the interven}on has to be brought with the 

user to every di昀昀erent environment to manage this behavioural change.

Brainstorm wearable types

An e昀昀ec}ve way for the interven}on to be carried around with the user in their day to day lives are 

wearables. A brainstorm about possible wearable type op}ons for the product idea can be seen in 

Figure 35.

The most promising wearable types men}oned in the brainstorm are ar}facts, clothing and 
accessories. The skin categorized wearable types is a whole new and mostly s}ll undiscovered 
wearable type. These wearable types require an extra amount of innova}on. The development of 
new skin based wearable types are not the goal of this project. Therefore, this type might not be 
suitable for this project as all the e昀昀ort should be focused on suppor}ng responsible energy usage. A 
buddy could be a nice op}on for an wearable. A buddy is an object that could poten}ally func}on as 
a <friend= to the user. This would for instance work when the buddy is incorporated or combined 
with another wearable type. The incorpora}on of a buddy might create a more emo}onal bond 
between the user and the interven}on. However, if the buddy system is a wearable itself it might be 
imprac}cal for a large amount of the scenarios men}oned in <Energy saving scenarios

 For example, a stu昀昀ed animal is not an object what you would like to carry around all day. On the 

other hand, ar}facts that are already present in the environment, clothing and accessories are very 

promising. These are objects that users already are used to carry around which lowers the threshold 

of u}liza}on. A condi}on for these ar}facts is that they have to allow for the func}onality of the 

interven}on. In summary, promising wearables that should be considered for the wearables are 

ar}facts, clothing and accessories which could poten}ally be integrated/ combined with a buddy.
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Figure 35: Brainstorm regarding wearable type op}ons for the interven}on.
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Brainstorm sensory feedback types

Most of the key features that are necessary for the interven}on are discussed. However, it is s}ll 

unclear how the interven}on will interact with the user. Therefore, a brainstorm regarding the 

possible sensory feedback types is undertaken. This brainstorm can be seen in Figure 36. Feedback 

was already men}oned in the suppor}ve interven}on type brainstorm in Figure 31, however, this did 

not focus on the sensory aspects within the user interac}on.
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Figure 36: Brainstorm of sensory feedback types for the interven}on.

Sound, visual and touch are promising sensory feedback types for the interven}on. Smell and taste 

don9t have much rela}on to the interven}on. Sound can be a good way to support interac}on 

experiences as conforma}on of interac}ons like the tapping/pressing/bu琀琀on sounds. Apart from 

this, it could func}on as a feedback for reminders. This is also the case for feedback aimed at human 
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touch receptors. Feedback in the form of voice might be a form of too direct (or intrusive) feedback. 

Meaning that it can disturb or disrupt the ac}vi}es the users are performing. Possibly resul}ng in 

annoyance or dissa}sfac}on. Visual feedback like text or graphs can contain more explicit 

informa}onal feedback containing more informa}on. Icons, images, lights and colours can be applied 

to create a more intui}ve design.

Ini琀椀al idea

Feedback mechanisms in the ini琀椀al design

A general overview of the ini}al idea for the interven}on can be seen in Figure 37. All features are 
inspired by aspects from the di昀昀erent interven}on types discussed in the <Brainstorming though the 
BHM

= sec}on. The features as reminders, feedback, encouragement, goal se琀�ng and the performance of 

behaviours are incorporated from the suppor}ve interven}on type brainstorm in Figure 31. 

Hypothe}cally, the interven}on should bring about the performance of behaviours that save energy. 

When this is repeated, it should create new responsible habits towards energy conserva}on. The 

reminders and encouragements are included within the feedback. Feedback points 1, 2 and 3 in 

Figure 37 are always visible to the user and func}on as reminders. Addi}onally, feedback point 4 also 

func}ons as a reminder and are no}昀椀ca}ons that are only visible to the user whenever the speci昀椀c 

situa}on occurs. Point 6 func}on as encouragement through celebra}ons of milestones and 

successes. It gives you a no}昀椀ca}on when you have reached your goal and the streak of the user 

reaching the goal. Whenever you set and reach more di昀케cult goals you get extra bonus streak 

points. However, users might not always want to receive feedback. In this case the users can turn the 

wristband o昀昀. 

Features of the emo}onal interven}on type are included through social connec}ons. Users of the 

interven}on will interact with each other in their day to day lives. By displaying feedback points 1 

and 2 publicly users can receive feedback—whether posi}ve or nega}ve—about their energy 

performance. This can mo}vate them to either improve or maintain their current level of 

performance. Social (role) modelling, peer pressure and social comparison are the main drivers for 

this type of feedback and mo}va}on.

The instruc}onal interven}on type features focus on showing the user on how to save energy 

through educa}ng them on how much energy they are using in real-}me. This in昀氀uences the 

men}oned awareness aspect. Furthermore it shows the current individual energy consump}on per 

device as a percentage of the total current energy usage. This educates the users on how to save 

energy and the e昀昀ects their ac}ons have on their overall energy consump}on. 
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In Table 4 an overview can be found of the di昀昀erent feedback types and their corresponding 

interven}on types. It is expected that a feedback type which can be applied to mul}ple interven}on 

types will be most e昀昀ec}ve in altering behaviours.

Figure 37: Overview of the general ini}al idea.

Feedback points in Figure 37  / interven琀椀on types Emo琀椀onal Instruc琀椀onal Suppor琀椀ve
1) Total current individual energy usage X X 
2) Total individual performance in comparison to 

goals
X X X 

3) Current individual energy consump}on per 
device as a percentage of total current energy 
usage

X 

4) No}昀椀ca}on when you reach 50%, 75%, 90%, 
95% and 100% of the energy consump}on of 
your set goal

X 

5) Goal se琀�ng advice X 
6) Encouragement: no}昀椀ca}on for reaching goal, 

streak of amount of days the goal is reached
X 

Table 4: Overview of the di昀昀erent feedback points and their corresponding interven}on types.

Ini琀椀al concept design (speci昀椀ed)

To enhance the concepts generated in the brainstorming phase, the best aspects of di昀昀erent ideas 

can be combined. Furthermore, the feedback mechanisms men}oned in Table 4, which focus on 

mul}ple interven}on types, greatly improve the chances of successfully altering behaviour when 

these interven}on types are combined, as derived from the BHM in Figure 3. This approach leads to 

the development of the ini}al concept.

An overview of the ini}al concept can be found in Figure 38. The ini}al concept is a wristband which 

measures personal energy consump}on. In an addi}onal app you can set the your daily energy 

consump}on goals, see your exact energy consump}on, history and rank. The wristband contains 

lights. How much of these are on determines what percentage of your consump}on goal you have 
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used. The lights intensity shows your current energy consump}on. The brighter the more energy you 

are consuming. Addi}onally the colour of the lights says something about the streak you have in 

reaching your energy goals. Se琀�ng more di昀케cult goals gets you bonus streak points. Warnings for 

when you are over your daily target or reach 50%, 75%, 90% or 95% of your target u}lize organic 

hap}c feedback in the form of pressure on the skin. 
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Figure 38: Overview of the speci昀椀ca}on of the ini}al idea.

It measures:

• Amount of energy used by A/C and hea}ng systems in personal rooms

• Amount of energy used by ven}la}on in personal rooms

• If you are in a personal room

• Amount of energy used by lights

• Amount of energy used by personal pc and phone

Feedback: 

• Organic hap}c feedback in the form of pressure on the skin

• Light intensity

• Amount of lights

• Colour of lights

Other ac}vi}es: 

• Can add personal rooms to the system?

• Can set personal daily energy consump}on goals
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Interven}on types:

• Suppor琀椀ve: it aims to mo}vate people to change their habits through goal se琀�ng, 

engagement, peer pressure and modelling.

• Emo琀椀onal: The performance of the user towards their energy consump}on goals is clearly 

visible towards other poten}al users. Being shown the accomplishments of others while 

walking by or in conversa}on can posi}vely in昀氀uence peer pressure and social modelling. 

Addi}onally, users can get feedback (posi}ve or nega}ve) about their energy performance. 

Which might s}mulate them to improve or keep up their good work.

• Instruc琀椀onal: It educates users on their current energy consump}on. Making them more 

aware of their ac}ons.

• Reward & policy: The reward is a social status of being sustainable. 

Opera琀椀onal environment brainstorm

However, the concept of the ini}al idea did not yet focus on how the interven}on should gather its 

energy consump}on data to func}on properly. This was not yet possible before as it was yet unclear 

what type of data needed to be measured. With the ini}al idea determined it is now known that the 

interven}on should gather real }me energy consump}on data per device of each individual user. To 

gather this informa}on and data for the interven}on three environments/ scenarios for data 

gathering are sketched to make this possible. These scenarios can be found in Figure 39, Figure 40 

and Figure 41. In all of these scenarios the hub, smartphone or interven}on could also interact with 

other smart systems to gather more (speci昀椀c) informa}on. This sec}on is an brainstorm of the 

opera}onal environment and how the data is communicated. The state of the art sec}on already 

gave examples on how to measure energy consump}on data.

Instrumenta琀椀on

The 昀椀rst scenario to gather the data needed for the interven}on is to instrument the rooms in which 

the measurements need to take place. An overview of this scenario can be seen in Figure 39. The 

interven}on then communicates with a hub located in a room. This hub is in contact with all the 

energy consuming devices within that room. These devices give the hub the right data that it then 

forwards to the interven}on. A hub could poten}ally also cover a bigger area then one room and 

connect mul}ple rooms together. In the case of scenario 1 the CFM would have to provide all the 

instrumenta}on needed in order for this to func}on. 
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Figure 39: The 昀椀rst op}on to gather the data required for the interven}on u}lizes instrumenta}on and a general hub.

Smart phone

The second op}on is to create context awareness through the u}liza}on of exis}ng ar}facts like a 

smartphone. This is illustrated in Figure 40. Smartphones contain many sensors which can help 

determine speci昀椀c context in which energy conserva}on is required. The smartphone then gives 

contextual informa}on to the interven}on. This informa}on can contain informa}on on whether the 

user is inside or outside, whether the ligh}ng condi}ons change etc. With this knowledge the 

interven}on can make es}ma}ons on which energy consuming devices are currently in use. 

However, the interven}on would then be based on es}ma}ons which leaves room for the possibility 

to give inaccurate feedback to the users. Addi}onally it might be hard to determine which type of 

device they are using (there are mul}ple types of lights) and its energy consump}on. Therefore it 

might be necessary to add an average energy consump}on per device type or give the possibility to 

let the user personalize the energy consump}on se琀�ngs per device type.
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Figure 40: The second op}on to gather data for the interven}on is by measuring context with the smartphone. These 
context then form a basis for the es}ma}on regarding the current energy consump}on per device.

Addi}onally to measurements the smartphone could also gather contextual insights through access 

to personal apps like the calendar. 

Smart system

The last op}on to measure the data needed for the interven}on to func}on is the situa}on in which 

everything is integrated within the interven}on itself. This means that all the communica}on with 

the external devices is executed by the interven}on without any use of a device func}oning as a 

mediator. This scenario is illustrated in Figure 41.
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Figure 41: The last scenario to gather the data needed for the interven}on. All the communica}on with the external energy 
consuming devices is done by the interven}on itself. There is no device func}oning as a mediator.

Stakeholder analysis

Stakeholder analysis is a crucial step in the process of designing e昀昀ec}ve interven}ons. This phase 

involves iden}昀椀ca}on, analysa}on and the understanding of the various stakeholders who are 

impacted by or have in昀氀uence over the project. By examining their interests, roles, and poten}al 

impact, we can priori}ze the most important stakeholders whose engagement and support are 

essen}al for the success of the interven}on. This analysis ensures that the strategies are tailored to 

meet stakeholder needs and e昀昀ec}vely address their concerns. This will enhance the likelihood of 

achieving a sustainable behaviour change interven}on. 

Stakeholder iden琀椀昀椀ca琀椀on and analysis

When designing behaviour change interven}ons it is important to take into account the perspec}ves 

and needs of the di昀昀erent stakeholders. This can be achieved through a stakeholder analysis with the 

Stakeholder Salience Model (SSM) proposed by Mitchell et al [34]. In this model the stakeholders are 

distributed among three a琀琀ributes. The 昀椀rst one is legi}macy which indicates the <right= or claim a 

stakeholder has to make requests related to the project. The second a琀琀ribute is power which shows 

the in昀氀uence of the stakeholder over the projects ac}ons and outcomes. The last a琀琀ribute is urgency 

which re昀氀ects the degree of immediacy or priority that stakeholders a琀琀ach to their interests or 

concerns related to the project. The presence or lack of these a琀琀ributes for each stakeholder 
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determines the stakeholder groups, as can be seen in Figure 42. The stakeholders involved in this 

study will be analysed through the SSM.

Figure 42: An overview of the Stakeholder Salient Model (SSM) from Mitchell et al [34] and their respec}ve stakeholder 
classi昀椀ca}ons.

University employees

The university employees are the core users of the interven}on. Therefore, they de昀椀nitely have 

legi}macy as they have a claim to make requests to the project. Furthermore, because they are the 

end users of the interven}on they have a lot of in昀氀uence in the design decisions in the interven}on. 

This means that they have the power over the projects ac}ons and outcomes. Addi}onally, their 

concerns about design are cri}cal for interven}on e昀昀ec}veness in promo}ng behaviour change. 

Therefore the university employees interests are considered to be urgent. University employees are 

categorised as the most important stakeholder group since they have a high legi}macy, power and 

urgency. Therefore, they are considered to be a de昀椀ni}ve stakeholder group.

Campus & Facility Management

The CFM is the client of this project. However, the CFM is considered to be an indirect stakeholder as 

they are mostly interested in the study results on how to design these types of interven}ons instead 

of the prototype that will be created. Therefore, they do own the legi}macy to make requests for the 

study, but don9t hold any speci昀椀c power or urgency along with these interests. Hence, the CFM is 

considered to be a discre}onary stakeholder.
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Designer

The designer creates the project. Therefore, the designer de昀椀nitely has legi}macy and power as they 

can alter the interven}on to how they see 昀椀t. Moreover, the urgency of designers interests are 

considered to be high due to academic }melines and project milestones that need to be reached. 

Consequently, the designers of the project are considered to be a de昀椀ni}ve stakeholder group.

Supervisors

The supervisors support the designers of the project with their process. Therefore, they de昀椀nitely 

have legi}macy and power as they have a claim and in昀氀uence to make requests to the project and to 

alter the design decisions in the interven}on. Addi}onally, the urgency of their interests with respect 

to project deadlines and opinions about the process and interven}on are considered to be important 

for a smooth project implementa}on and alignment with academic standards. Consequently, the 

supervisors are considered to be a de昀椀ni}ve stakeholder group.

Conclusion

The university employees were found to be the most important stakeholders within this project since 

their interests have most in昀氀uence on the e昀昀ec}veness of the design. Other important stakeholders 

within this project are the designers and the supervisors who play a big role in the design process 

and making 昀椀nal design decisions. All three of these stakeholder groups are considered to be 

de昀椀ni}ve stakeholders. The CFM is considered to be a discre}onary stakeholder since this 

stakeholder is the client of the project, but is more interested in the project results than the actual 

prototype. An overview of the categoriza}on of the stakeholders with the SSM can be found in Figure 

43.
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Figure 43: Categoriza}on of the stakeholders with the SSM.

Understanding the stakeholders

To design an e昀昀ec}ve behaviour change interven}on for university employees, this stakeholder 

group needs closer examina}on. Stakeholder interviews were conducted with university employees 

to inves}gate their energy consump}on behaviours and tailor e昀昀ec}ve interven}ons. The interviews 

focused on their control over energy use, opinions on sustainability, understanding of the importance 

of energy conserva}on, preferred interven}on types, and perspec}ves on key aspects of energy-

saving ini}a}ves. These ques}ons were asked to validate previous design decisions and to get 

insights into possible variables that could in昀氀uence the e昀昀ec}veness of the interven}on results.

Other 昀椀ndings from these stakeholder interviews are explored further in the sec}ons }tled  <Revising 
concept design

= and <Stakeholder requirements (MoSCoW)

=. More detailed informa}on about the interview itself can be found in the <Appendix A: Informed 
consent form

= and <Appendix B: Stakeholder interview ques}ons= and the method chapter.

The results of these stakeholder interviews can be seen in Table 5. Two out of the three par}cipants 

men}oned to have a low control over their personal energy consump}on. The pc was men}oned by 

par}cipant 1 as a device that the employees do have control over. However, this was o昀琀en le昀琀 on 

standby mode for convenience as the informa}on then does not disappear when opening the screen 

again. This might suggest that energy savings for this par}cipant are hard to realise. However, 
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par}cipant 2 who works in the same building and hallway as par}cipant 1 does state to have a high 

control over her energy consump}on. Sta}ng that if you know about things you can have a lot of 

control. Meaning university employees who experience a low control over their energy consump}on 

might lack knowledge about the ac}ons they can perform to reduce their energy consump}on. 

Par}cipant three, who works in a di昀昀erent building on campus, a琀琀ributes her low control over 

energy consump}on to the control systems, which do not allow for speci昀椀c control and 

personaliza}on. In summary, par}cipants low control over their energy consump}on might indicate 

that they lack knowledge about the ac}ons they can perform to reduce their energy consump}on. 

An instruc}onal interven}on could solve this problem. However, a low control could possibly also 

jus}fy future 昀椀ndings for not realized poten}al with respect to energy savings.

University employees generally have a posi}ve a琀�tude towards sustainability and energy 

conserva}on. However, two out of the three par}cipants state that there must be a balance between 

energy reduc}on and comfort or convenience.

Addi}onally, it seems that university employees generally have a good idea on why they should 

par}cipate in energy saving ini}a}ves. All naming costs and sustainability related topics. This 

validates the assump}on made earlier that university employees don9t need educa}on on why they 

should par}cipate in energy saving ini}a}ves.

Lastly, it was found that there is not one speci昀椀c interven}on type that university employees seem to 

昀椀nd most e昀昀ec}ve. This supports the design decision to use a mixture of interven}on types as 

men}oned before.

Par}cipant 1 Par}cipant 2 Par}cipant 3
Control over personal energy consump}on Low High Low
Opinion on sustainability or energy 
conserva}on

Posi}ve Posi}ve Posi}ve

Have a good understanding of why it is 
important to save energy

Yes Yes Yes

Type of interven}on of the BHM that would 
bene昀椀t you the most?

Reward and 
mo}va}onal 
(specially 
subjec}ve 
norms)

Mixture of 
di昀昀erent 
interven}on 
types and 
highlights 
emo}on

policy

Table 5: Results of the stakeholder interviews before revealing the ini}al idea.

University employees men}oned the following things to be important in order to save energy:

• Insights into energy conserva}on savings, expressed in energy and money.
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• Kilowa琀琀 is not a su昀케cient unit for expressing energy savings as it does not provide 

meaningful informa}on or a basis for comparison.

• The interven}on must alter habits.

• Show the best ways to save energy as some}mes employees are unsure of the best ways to 

save energy.

• Feedback on results is crucial for evalua}on.

• Encouragement is important.

• Balance between reduc}on in energy and comfort and convenience. The interven}on should 

not be too extreme or limi}ng that it takes away all comfort or convenience.

• Informa}on on the energy-saving goals of the University of Twente (UT), the amount of 

green energy produced, and how much of it is used.

• Energy savings informa}on at the group or o昀케ce level is seen to be useful.

• Interven}ons that facilitate group discussions on sustainability topics, such as sustainability 

dialogues and think tanks, could be very useful for gathering input from others.

In conclusion, the stakeholder interviews provided key insights into university employees' energy 

consump}on behaviours and their views on e昀昀ec}ve interven}ons. Par}cipants with low control 

over their energy consump}on may lack knowledge on energy saving ac}ons, sugges}ng a need for 

instruc}onal interven}ons. Apart from this, university employees generally have a posi}ve a琀�tude 

towards sustainability and energy conserva}on, but they emphasize the need to balance energy 

reduc}on with comfort and convenience. Furthermore, employees already understand the 

importance of par}cipa}ng in energy-saving ini}a}ves, so educa}onal interven}ons on this aspect 

are unnecessary. Lastly, the 昀椀ndings support the decision to use a combina}on of interven}on types 

to e昀昀ec}vely promote energy-saving behaviours.

Addi}onal to the stakeholder interviews with the university employees, a mee}ng is conducted with 
the CFM, who serves as the client for this project. However, the CFM is considered to be an indirect 
stakeholder as this mee}ng cleared up they that were not convinced about the project's 
implementa}on e昀昀ec}veness without proof of results and associated costs. However, they do see 
poten}al in the future if the study results on how to design such interven}ons prove e昀昀ec}ve, 
viewing it possibly as a crucial 昀椀rst step. The CFM was originally thought to be a more important 
stakeholder in the project. Therefore, the stakeholder analysis in <Campus & Facility Management
 sec}on was revised and altered a昀琀er this mee}ng to its current classi昀椀ca}on.

Revising concept design

In order to create an e昀昀ec}ve design it is important to take into account the opinions of the 
university employees. Therefore, the ini}al design was revised by the university employees. This 
revision of the ini}al design was executed during the same interviews men}oned in the  
<Understanding the stakeholders
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= sec}on. Findings relevant to revise the concept design are the following: 

1. Comparisons between employees are appreciated, but there should be a con}ngency against 

se琀�ng goals too easily.

2. An op}on to not set goals is desired.

3. The brightness should re昀氀ect average energy consump}on over the month, allowing it to 

indicate whether more energy is being used than normal, func}oning as a reminder.

Addi}onally, two out of three par}cipants stated they would be willing to wear a wearable device, at 

least for a short period of }me. The par}cipant who ini}ally men}oned that kilowa琀琀 is not a 

su昀케cient unit for expressing energy savings stated that kilowa琀琀 would be easier to understand than 

she ini}ally thought a昀琀er seeing the ini}al design in Figure 38, because it would be easier to grasp 

over a period of }me. However, she s}ll men}oned that costs would have more personal meaning. 

Furthermore, one par}cipant men}oned that the idea of se琀�ng a goal is nice, but she would 昀椀rst 

need to understand what the energy consump}on really entails before se琀�ng the goal.

The other 昀椀ndings of the stakeholder interviews that go more into detail are discussed in the 

speci昀椀ca}on chapter and will be used to specify the concept into desired direc}ons. These 昀椀ndings 

can be found in the MoSCoW Table 7 stakeholder requirements.

So, when taking these things into account there seem to be a few concerns about the current 

concept of the goal se琀�ng. One par}cipant's notable point underscored the importance of 

understanding energy consump}on before se琀�ng goals. This was exactly the issue the designer 

faced when trying to implement the goal se琀�ng in prac}ce. Literature stated that goal se琀�ng should 

be 

Another argument which supports the decision to scrap the goal se琀�ng BCT from the interven}on 

has to do with the data uncertain}es. The energy data is too uncertain due to temperatures, holidays 

etc. The goal se琀�ng was supposed to add an element of comparison to the interven}on. Comparison 

in combina}on with 昀氀uctua}ng and uncertain data is very complex. Due to these addi}onal 
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implementa}on complexi}es, the decision was made to scrap the goal se琀�ng BCT from the 

interven}on. 

omparison of personal and similar employees performances inspired by 昀椀nding 3 men}oned above 
which suggests that brightness should re昀氀ect average energy consump}on over the month, allowing 
it to indicate whether more energy is being used than normal. 

<

=. 7.1 was added since it was expected that users maybe did not know their final performance of 

Table 4

Table 4

Which type of opera}onal environment is be used is speci昀椀ed in chapter 5.

Figure 44: Revised overview of the general ini}al idea.



93

Feedback points in Figure 37  / interven琀椀on types Emo琀椀onal Instruc琀椀onal Suppor琀椀ve
1) Cumula}ve energy consump}on of today X X X
2) Current energy consump}on in the moment X X X
3) Comparison of personal and similar 

employees performances
X X

4) Cumula}ve energy consump}on of today per 
device

X

5) Energy consump}on per hour (or over a 
di昀昀erent }me unit: week, month, year, total)

X

6) No}昀椀ca}on when you reach certain 
percentage of your personal or similar 
employees average energy consump}on

X

7) Encouragement 7.1) Yesterday9s 
performance

X

7.2) Performance streak X

7.3) Current performance 
rela}ve to last hour

X

Table 6: Revised overview of the di昀昀erent feedback points and their corresponding interven}on types. Feedback points 1-3 
are an emo}onal interven}on type because this data is visible to other users. Meaning the performance data can be 
compared though the BCT social comparison. The performance streak can be seen as an emo}onal (or mo}va}onal) 

interven}on type as this prompts emo}onal involvement within the interven}on. All instruc}onal feedback types show 
insights into the energy consump}on of the user. Point 1, 2 and 6 can be considered suppor}ve interven}on types as they 

can func}on as reminders to the user.
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Chapter 5 – Speci昀椀ca琀椀on

Personas

Before con}nuing with the concept speci昀椀ca}on a be琀琀er understanding of the core users is needed. 
The interven}on should be designed with the users context in mind. Personas can func}on as a tool 
for a user centred design process. User centred design supports the sa}sfac}on of the users and 
reduces the costs and risks of the project. The personas can be seen in Figure 45. To read the 
personas please go to the <Appendix C: Personas

=. The personas are based on answers from university employees on the stakeholder interview 

ques}ons in <Appendix B: Stakeholder interview ques}onsError! Reference source not found.=. The 

personas are classi昀椀ed into three di昀昀erent interven}on types for ease of classi昀椀ca}on. However, 

most users will bene昀椀t from a mixture of the di昀昀erent interven}on types.

Figure 45: An overview of the di昀昀erent personas. The persona on the le昀琀 is for the suppor}ve interven}on type. The persona 
in the middle is for the emo}onal interven}on type. This persona also addi}onally takes into account the rewards 
interven}on type. The persona on the right is for the instruc}onal interven}on type. This persona also addi}onally takes into 
account the rewards interven}on type. To read the persona9s please look in the <Appendix C: Personas

=

Stakeholder requirements (MoSCoW)

With help of the user personas and the stakeholder interviews, ques}ons can be found in <Appendix 

B: Stakeholder interview ques}ons=, the stakeholder requirements are determined. The stakeholder 

requirements of the core users can be seen in Table 7. They are priori}zed according to the MoSCoW 

method [35] and colour coded as non-func}onal and func}onal requirements.  Priori}za}on is 

necessary for be琀琀er u}liza}on in }me and resources during the project.
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In conclusion, the smartwatch must be able to be personalized and allow users to decide what to do 

with their data. In short, the user should have control over what informa}on the smartwatch 

showcases and how it handles its data. Moreover, it should not be annoying in any way or consume 

more energy than it saves.
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Must have Should have Could have Won’t have
Must not require more energy to be 
build and func}on than what can be 
saved

Should be as small as possible Comparison of energy consump}on in rela}on 
to other employees

An addi}onal device (only 
use the exis}ng 
infrastructure and ar}facts)

Must not sacri昀椀ce comfort for a 
reduc}on in energy usage

History reports Top down inten}on to sustainable transi}on Won9t have very <loud= 
no}昀椀ca}ons

Must secure privacy Overview of what type of devices are 
currently in use

Comparison with the university energy usage Something that causes a 
hassle

Op}on to turn smartwatch on and 
o昀昀 

A lot informa}on visible to the user Comparison of users energy use of a speci昀椀c 
type of device and the average energy usage 
of that device

Won9t be something that you 
have to ac}vely think about

Op}on to turn lights o昀昀 and on to 
provide op}on to share informa}on 
instead of obliga}on

A clear unit to express energy savings Compa}ble with other devices (e.g. smart 
watches)

Won9t be something that you 
can forget

The op}on to not receive feedback An intui}ve interface/ easy to use Own energy source Won9t be annoying. 
Op}on to take the smartwatch o昀昀 A big enough screen for people to read Precau}ons for colour blind people.
Op}on to delete informa}on on a 
certain }me frame (e.g. once per 
month)

Should be able to monitor all of your 
energy consump}on as a precau}on 
against a skewed representa}on of the 
users energy consump}on

Op}on to form social bubble to share 
performance informa}on. Also the addi}onal 
op}on to choose who to share your bubble 
with.

The op}on to personalized feedback 
se琀�ngs

Precau}ons for unfair energy 
consump}on comparisons (e.g. o昀케ce 
employee vs. lab employee

Contextual data shown alongside energy 
usage for a more complete picture when doing 
social comparisons

Subtle feedback No}昀椀ca}ons when having an extreme high 
energy consump}on for a period of }me.

Provide feedback when reducing energy 
consump}on

Table 7: Requirements of the core users (university employees) priori}zed with the MoSCoW method. Both the non-func}onal and the func}onal requirements are shown in di昀昀erent colours
Non-func}onal requirements

Func}onal requirements.
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Interven琀椀on concept

The interven}on concept consists of two main parts, the prototype design speci昀椀ca}ons and the data 

gathering. A昀琀er the interven}on concept speci昀椀ca}ons have been discussed, examples of its use will be 

visualized in user scenarios and an overview of the interven}on concept will be given through a 

speci昀椀ca}on diagram.

Prototype design and speci昀椀ca琀椀ons

The interven}on will feature a wearable. This is in contradic}on with a non-func}onal requirement 

men}oned in the MoSCoW method in Table 7. This requirements describes that the interven}on won9t 

have an addi}onal device and that it will only use exis}ng infrastructures and ar}facts. Nevertheless, a 

dis}nct design choice contradic}ng this non-func}onal requirement was made. This design choice is that 

the interven}on will feature a wearable. This decision was made to be able to give the user constant, 

indirect and undisrup}ve feedback. Indirect and undisrup}ve feedback support in achieving other 

requirements set in Table 7 (e.g. won9t have <loud= no}昀椀ca}ons, won9t be annoying and won9t be a 

hassle). The constant feedback is part of the suppor}ve interven}on type and serves as a reminder to the 

user. Exis}ng infrastructure like the smartphone could not support these requirements. This is because 

constant, indirect and nondisrup}ve feedback requires something that is always there, but does not 

require too much a琀琀en}on. Users are for example not always on their phone. Therefore, the user is not 

able to receive constant feedback. Addi}onally, when a phone gives feedback like no}昀椀ca}ons it is o昀琀en 

performed through sounds or vibra}ons which is neither indirect as nondisrup}ve. Lastly, when using 

vibra}ons as feedback it might be hard to tell di昀昀erent types of no}昀椀ca}ons apart. Is the no}昀椀ca}on from 

the interven}on or did I get a WhatsApp message? In summary, the interven}on will feature a wearable 

as exis}ng infrastructure do not support constant, indirect and nondisrup}ve feedback.

The type of wearable that has been selected for the speci昀椀ca}on phase is an smart watch. This type of 

wearable was selected for the visual feedback it could show to the user. The system requires many 

personalized se琀�ngs, see Table 7. This means the user requires a lot of interac}on op}ons. This can only 

intui}vely be realized through visual and possibly audio based representa}on. However, as men}oned 

the feedback is required to be indirect and undisrup}ve. This requirement takes the audio representa}on 

out of the equa}on as many users would classify a for example talking interven}on as annoying and 

disrup}ve. A visual representa}on via an interac}ve screen for system se琀�ngs is generally non disrup}ve 

as the user can simply turn the screen o昀昀 and on. Audio feedback like interac}on sounds are added to 

increase the user experience, but not used as the main representa}on. Another bene昀椀t of incorpora}ng 

an interac}ve screen within the interven}on is that it is a very compact solu}on to show the user a lot of 

informa}on. For example a smart watch enables the possibility of visualizing (comparison) energy usage 

graphs in a familiar and intui}ve way. So, the smart watch is selected as the wearable for the interven}on, 

because of the need to have a lot of user interac}on op}ons and to show the user a lot of informa}on via 
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indirect and undisrup}ve interac}on. 

Figure 46: Illustra}on of the smartwatch. It has a wristband that contains lights and that can be adjusted in length by the holes.

The smartwatch also allows for constant feedback to the users though lights that are incorporated within 
the wristband of the watch. These lights are used as reminders to the user and show their performance 
data. The smartwatch can be seen in Figure 46. Originally, as described in Figure 37. A detailed 
explana}on about the lights in the wristband can be found in the <Wristband lights

= sec}on.

These lights are also a feedback point which incorporates personal comparison and social comparison. 
With social comparison the performance of similar employee types are considered. The informa}on of 
the comparisons are also directly visible though the lights. By including both direct personal and social 
comparison feedback, the interven}on aims to provide a more comprehensive feedback mechanism. 
Ini}ally, social comparison was avoided due to the risks highlighted in the background literature, such as 
poten}al disengagement from con}nuous poor performance. However, it is expected that these risks will 
be signi昀椀cantly reduced when users can also draw mo}va}on from personal comparison. To further 
mi}gate the risks associated with social comparison, an op}on to turn o昀昀 the direct feedback of 
comparisons is available. This feature has been extended to include other feedback op}ons as well. How 
the comparisons are integrated within the performance feedback is also detailed in the <Wristband lights

= sec}on.

The similar employee types are determined in the <Se琀�ngs

= sec}on under the personal account. Has the personal account not yet been completed then instead of 

u}lizing the average energy consump}on of similar employee types the average energy consump}on 

over the last seven days of all university employees using the interven}on is used.

Wristband lights

The wristband lights in Figure 47 show the user feedback points 1 to 3 from the revised ini}al idea in 

Figure 44:

1. Cumula}ve energy consump}on of today

2. Current energy consump}on in the moment
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3. Comparison of personal and similar employees performance

4. Figure 47: An overview of the whole smartwatch. The posi}oning of the lights are highlighted.

With the toggle bu琀琀on, highlighted in Figure 48, the user can determine to what the cumula}ve energy 
consump}on of today (point 1) and the current energy consump}on in the moment (point 2) are 
compared. Either your personal performance or the performance of similar employee types or both 
(point 3). More on the toggle bu琀琀on in the <Toggle bu琀琀on

= sec}on.

Figure 48: Overview of the smartwatch. The toggle bu琀琀on is highlighted.

The feedback in the energy bar light, detailed in Figure 47, is visualized through the 昀椀lling the bar through 
turning on the lights and by altering the colour of the lights in the wristband of the smartwatch. Each light 
used in the 昀椀lling of the light bar represents a certain percentage of the cumula}ve energy consump}on 
of today rela}ve to one of the performances determined by the toggle bu琀琀on. More on this in sec}on 
about the <Energy bar light

= itself. 

The feedback in the energy lights, also detailed in Figure 47, are visualized though colour change. The 

colours are an indica}on for the current energy consump}on in the moment or the current performance 

in the moment. More on this in the sec}on about the <Energy= itself.

Toggle bu琀琀on

Depending on the state of the lights the smartwatch provides di昀昀erent feedback to the user. This state 

can be altered with the toggle bu琀琀on. The posi}oning of the toggle bu琀琀on can be found in Figure 47. By 

clicking on the bu琀琀on the user can toggle between the following four states:

1. No feedback is shown (all lights are o昀昀)

2. Only a bar for personal comparison is shown

3. Only a bar for social comparison is shown
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4. Both personal comparison and social comparison are shown

A representa}on of toggling between the di昀昀erent states regarding the light bar can be seen in Figure 49. 
To what the informa}on in the <Energy= or <Energy bar light

= is compared depends on the state determined by the toggle bu琀琀on. In state 1 the both lights are o昀昀 and 

no informa}on about the current or cumula}ve energy consump}on is shown. In state two the current 

and cumula}ve energy consump}on are compared to the personal average energy consump}on and for 

state three to the personal average energy consump}on of similar employee types. Lastly, in state four it 

is compared to both personal and similar employees energy consump}on. In this last case the energy 

light may have two di昀昀erent colours. One light colour for each comparison. For the light bar the same 

comparisons are made.

Figure 49: Illustra}on of user toggling though the four states. In state one the lights on the wristband are o昀昀. However the screen 
is not necessarily o昀昀. This is determined by other factors. See the <Screen bu琀琀on

= sec}on. In state two the user receives only feedback with personal comparison. In state 3 this is only in regard to social 
comparison. In state four the user receives both feedback regarding personal and social comparison.
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A deliberate decision was made to include the feedback types of both personal and social comparison 

simultaneously on the lights bar. This was added so users can easily compare both performance states. 

As illustrated in Figure 49 the smartwatch lights don9t always start in the o昀昀 state (state 1) when the 
toggle bu琀琀on is pressed. The user starts toggling from the current state of the smartwatch. The 昀椀rst }me 
the bu琀琀on is pressed and no pop up is shown on the screen, the smartwatch 昀椀rst reminds the user of the 
current state. This is done via a pop up. This design choice was made to ensure that the user is aware of 
the smartwatch's current status before making any changes. More on this in the <Informing the user 
about the feedback

= sec}on. When the screen was ini}ally in sleep mode it wakes. Only while a pop up of the current state is 

shown on the screen the user can toggle to other states.

The lights in the wristband automa}cally go in a sleep mode when for 30 seconds no interac}on with the 

smartwatch is detected. When they go in the sleep mode the lights are temporarily turned o昀昀. When a 

new interac}on with the smartwatch occurs they turn on again. Therefore, this is di昀昀erent than state 1 

where all the lights are standardly o昀昀. Instead, the sleep mode of the lights can only occur in states 2 to 4.

The fact that the lights can be turned o昀昀 was added because this was also a stakeholder requirement 
men}oned in the sec}on <Stakeholder requirements (MoSCoW)

. The toggle bu琀琀on was selected as interac}on interface for the stakeholder requirement rather than 

having a the op}on be incorporated in the se琀�ngs on the screen. This decision was made since it is 

expected that this op}on will be used a lot more than other se琀�ngs that can be operated through the 

screen. 

Informing the user about the feedback

In order to inform the user about where to 昀椀nd what informa}on more interac}ons and interfaces where 
added. In <Appendix D: Toggle bu琀琀on pop upsD= the pop up interfaces related to the states altered by the 
toggle bu琀琀on can be found. Figure 90 and Figure 91 in this appendix show a detailed overview regarding 
the added interac}ons and interfaces of state two (personal comparison). In Figure 92 and Figure 93 in 
the appendix this overview can be found for state three (social comparison). Lastly, in Figure 94 and 
Figure 95 in the appendix the overview for these interac}ons can be found for state 4. These interac}ons 
and interfaces mostly serves as a tutorial for users that are new to the system. More informa}on on the 
interac}ons and interfaces can be found in the descrip}on of the 昀椀gures in the appendix. More 
informa}on regarding the feedback of the energy light can be found <Error! Reference source not 
found.= and for the light bar <Energy bar light

=.

Energy bar light

Feedback that the energy bar light provides is a way to assess how the current energy consump}on 

compares to the historical average over a speci昀椀c period of }me. In this case this is the last 7 days. This 

<Today9s energy usage rela}ve to the average energy 
consump}on over the last seven days displayed in percentage.=

=

Feedback of the energy bar light:
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period was chosen as it incorporates all the di昀昀erent days within a weeks9 }me. It is assumed that people 

o昀琀en have the same energy usage habits over one week. Choosing a the average energy usage of the last 

7 days instead of a month also takes the temperature altera}ons of di昀昀erent seasons in mind. The 

feedback of the energy bar light is calculated through the Equa}on 2 below:

ý��ÿ =  ÿ/ÿ ýĂþĂý�āÿăÿ ÿÿÿÿā� ýĀÿĀĂþāāÿĀÿ ĀĀ āĀþ�� (āÿýý ÿĀĄ)ÿ/ÿ �ăÿÿ�āÿ ÿÿÿÿā� ýĀÿĀĂþāāÿĀÿ Āăÿÿ ā/ÿ ý�Āā 7 þ��Ā ∗ 100%
Equa}on 2: Calcula}ng the Rela}ve Energy Consump}on of Today (RECT). This is the percentage of the energy consump}on of 

today rela}ve to the energy consump}on over the last 7 days.

Depending whether the user is in the personal or social comparison state (or both) the average energy 

consump}on over the last seven days is based on the users data or on the data of similar UT employees. 

The feedback of the energy bar light is visualized via a bar of lights on the wristbands of the smartwatch 

as can be seen in Figure 50. The energy light and the light bar are also visible on the screen. The two light 

bars (top and bo琀琀om) or energy lights (top and bo琀琀om) on the wristband are combined when the 

wristband only has to provide personal or social feedback. When it has to display both there are two bars 

and two energy lights as illustrated in the picture in Figure 50 or Figure 49.

Figure 50: Overview of where to 昀椀nd the light bar and the energy light.

Each light that is on is equal to 5% of the average energy consump}on of the last seven days. This 

feedback will provide insights into how well the user is doing in comparison to her- or himself or other 

similar employee types. The goal is to reduce the energy consump}on or to keep the energy consump}on 

around the same value as the average energy consump}on over the last seven days. The scale of the bar 

of lights can be seen in 

Figure 51: Today9s energy usage rela}ve to the average energy consump}on of similar UT employees over the last seven days is 
55% (top bar). Today9s energy consump}on rela}ve to the personal average energy consump}on over the last seven days is 30% 

(bo琀琀om bar).

The energy light as shown in Figure 50 is not part of the lights bar. The colour of the lights on the lightbar 
help give the user an extra indica}on of their energy consump}on. Tra昀케c light colour coding was deemed 
e昀昀ec}ve in the <State of the art

= sec}on and is therefore applied. The colour of the light bar is based on the following classi昀椀ca}ons:
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• Dark green: ý��ÿ f 50%
• Light green: 50 < ý��ÿ f 100%
• Green-yellow: 100% < ý��ÿ f 105%
• Yellow: 105% < ý��ÿ f 130%
• Orange: 130% < ý��ÿ f 160%
• Red: ý��ÿ > 160%

These categories di昀昀er with the colour categories of the energy light. This is because energy usage over 
for instance a day as visualized in Figure 54 usually contains peaks. Energy consump}on 昀氀uctuates over a 
period of }me. Therefore it is not per se bad to have a current energy consump}on that is higher than the 
average as long as the energy consump}on at a later moment is lower than the average. Therefore, the 
classi昀椀ca}on for the yellow, orange and red colours are linked to lower RECT percentages for the 
cumula}ve energy consump}on of today. While the current energy consump}on is linked to lower RECC 
percentages, see the <Energy= sec}on. Regarding the energy consump}on of today it usually is bad if the 
users go over the average. Therefore the RECT percentages of yellow, orange and red stay closer to the 
100%. Apart from the percentage di昀昀erence another colour category has been added as well. This is due 
to another classi昀椀ca}on in the <Encouragement

 sec}on which classi昀椀es 100% < ý��ÿ% ĀĀ āÿÿăÿĀĂĀ þ�� f 105% as stable. In this sec}on it is s}ll 

argued that a stable energy consump}on is something posi}ve as users can9t always reduce their energy 

consump}on. Therefore, is was seen as important to give users feedback on when their energy 

consump}on was considered stable as well. That is why the extra category is added. 

The last four colour categories are addi}onally also an indica}on that the user has used more energy than 
the average of the last seven days. This means that the lights on the wristband have already done one 
<lab= or <round=. The <State of the art

= sec}on showed that experience bars in games and progress bars for loading screens usually reset. 

However, that during the rese琀�ng another indica}on in the form of text or numbers is o昀昀ered. This is 

kind of similar to the light bar. In order to mimic the general designs regarding the experience and 

progress bars to gain an intui}ve design the light bar will also be reset upon comple}on. However, in 

order to s}ll be able to show the green-yellow RECT category the bar is only reset when the 105% RECT is 

reached. Therefore, when the RECT will be in between 100% and 105% all the lights of the bar will s}ll be 

on. This is extended to 205%, 305%, 405% etc. as well for consistency reasons. 

Another indica}on that the scale is changed is that whenever 100%, 200% etc is reached a pop up 
appears. This pop up provides the user with the informa}on that it reached for instance 100% of the 
seven day average. A visualiza}on can be seen in Figure 53. The scale of the light bar is always visible in a 
short pop up on the sides of the screen when the screen is turned on or touched without clicking on a 
bu琀琀on. This is illustrated in Figure 52. The pop ups slide into vison from the sides of the screen and slide 
the same way back. This is done to illustrate that the pop ups are actually coming from the begin and end 
point of the light bar. The last indica}on that the scale changed is the hap}c feedback. This hap}c 
feedback happens simultaneously with the pop up that provides informa}on. More about this is 
men}oned in the <Hap}c feedback
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= sec}on.

Figure 52: Pop up of the begin and end percentage of the light bar. This is always visible for 2 seconds whenever the screen is 
turned on or when the user tabs the screen without selec}ng a bu琀琀on. Whenever there are two bars showcased on the wristband 

two percentages are shown on either side. One above the other. 
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Figure 53: Pop up of user when 100% is reached. Similar pop ups show up when 200%, 300% etc. is reached. The 昀椀rst two delays 
in the pop up can be skipped through tapping on the screen.

Energy light

The feedback that is provided through the energy lights Error! Reference source not found.Error! 

Reference source not found.Error! Reference source not found.is a way to assess how much energy is 

used in the moment according to a standard set over the last seven days. This period was chosen as it 

incorporates all the di昀昀erent days within a weeks9 }me. It is assumed that people o昀琀en have the same 

energy usage habits over one week. Choosing a the average energy usage of the last 7 days instead of a 

month also takes the temperature altera}ons of di昀昀erent seasons in mind. The feedback is displayed 

through altering the colour of the energy light. The energy light is on whenever the wristbands lights are 

on. (So, only in <state= the energy light is o昀昀.) 

The feedback of the energy light is displayed through the use of colours. In the ini}al idea brightness was 
used instead. However, this change in the design decision was made since no background research could 

<The current energy consump}on per second and rela}ve to the average 
energy consump}on per second over the last 7 days=

Feedback of the 
energy light:
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be found on the e昀昀ec}veness of u}lizing brightness for energy performance. Therefore, it was decided to 
use colours instead was deemed e昀昀ec}ve in the <State of the art

= sec}on. 

This also meant that this feedback point could not be displayed through the energy bar lights, as these 

lights were already used to show informa}on about the cumula}ve energy consump}on of the day using 

colours, which was the original design idea in the ini}al concept. Therefore, this ini}al concept had to be 

changed. A separate set of lights were introduced; the energy lights. These lights could display their own 

separate colours for feedback.

These energy lights are posi}oned to the le昀琀 of the screen as Buschman et al [36] states that humans can 

remember objects be琀琀er when objects are divided over the le昀琀 and right side of the human vison. 

Consequently, the energy light is posi}oned on the le昀琀 side on the screen and the start of the light bar on 

the right of the screen. The light bar does however also end on the le昀琀 side of the screen, because when 

wearing the wristband is a circle. Nevertheless, this way the two aspects are at least somewhat 

separated. Therefore, this is seen as acceptable. Addi}onally, having the energy light on the le昀琀 side of 

the screen is expected to be more intui}ve to the users. Since they don9t have to go with their hand over 

the screen to turn the lights on and o昀昀 when they have the smartwatch around their wrist. The 

posi}oning of the energy light can be found in Figure 47 or Figure 50.

The colours for displaying the feedback of the energy light are determined through the rela}ve energy 

consump}on change (RECC) percentage. The calcula}on for this percentage is the following:

ý��� āÿÿýÿÿā�āÿ = �Ăÿÿÿÿā ÿÿÿÿā� ýĀÿĀĂþāāÿĀÿ āÿÿ Āÿý�ăÿÿ�āÿ ÿÿÿÿā� ýĀÿĀĂþāāÿĀÿ Āăÿÿ ý�Āā 7 þ��Ā āÿÿ Āÿý ∗ 100%
Equa}on 3: The calcula}on of the rela}ve energy consump}on change (RECC) percentage used to categorize the current energy 

consump}on in mul}ple colour categories for feedback point one.

The current energy consump}on per sec in Equa}on 3 is expressed in wa琀琀-hour instead of wa琀琀. Meaning 

that the measured energy consump}on in the moment is mul}plied by 3600 go from the unit wa琀琀 to 

wa琀琀-hour. This is a deliberate decision as energy is measured in wa琀琀-hours and power in wa琀琀s, as stated 

by Endolith [37]. Energy indicates an amount while power indicates a rate of consump}on. The energy 

consump}on on labels of electrical appliances is also expressed in wa琀琀-hours even though the label 

might only indicate wa琀琀. This might be confusing since the de昀椀ni}on of wa琀琀 is 1 joule per second. To 

clarify this please, consider a 60-wa琀琀 lamp:

• If it is on for 1 hour, it consumes 60 wa琀琀-hours.

• If it is on for 1 minute, it consumes 1 wa琀琀-minute.

• If it is on for 2 hours, it consumes 120 wa琀琀-hours.

https://electronics.stackexchange.com/users/142/endolith
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Depending whether the user is in the personal or social comparison state (or both) the average energy 

consump}on over the last seven days per sec is based on the users data or on the data of similar UT 

employees. 

The colours serve as an indica}on of your current energy usage with respect to your average usage. It is a 
tool to determine if the user is more energy than normal. Tra昀케c light colour coding was deemed e昀昀ec}ve 
in the <State of the art

= sec}on and is therefore applied.  The RECC percentage is categorized in 昀椀ve possible colour codes:

• Dark green: ý��� % f 50%
• Light green: 50% > ý��� % f 100%
• Yellow: 100% > ý��� % f 200%
• Orange: 200% > ý��� % f 400%
• Red: ý��� % > 400%

Now that this is clari昀椀ed, let's examine the origin of the percentages for the colour codes. These 

percentages were derived from personal energy data for a single-person household. The data can be seen 

in Figure 54.  Here the average energy consump}on over a period of 7 days was 3,365 kWh per day which 

is an average energy consump}on of 140.2 wa琀琀-hour, as detailed in Equa}on 4.

�ăÿÿ�āÿ ÿÿÿÿā� ýĀÿĀĂþāāÿĀÿ Āăÿÿ ā/ÿ ý�Āā 7 þ��Ā āÿÿ /ĀĂÿ = 3,36524 ∗ 1000 = 140,2 Ą�āā
Equa}on 4: Calcula}on of the average energy consump}on of the last seven days per hour using the personal data in Figure 54.

Figure 54: Energy consump}on of a one person household during a random day.

Using the personal data showcased in Figure 54 an example of the rela}ve colour codes per hourly energy 

consump}on is generated in Table 8. During the actual implementa}on of the product the energy 
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consump}on would be measured per second and expressed in wa琀琀-hour. However, the data of Figure 54 

only provides insights into the total energy consump}on per hour. So, for this example the average of the 

hour is expressed as wa琀琀-hour instead of the energy consump}on data per second. Nevertheless, Table 8 

shows an useful indica}on of how the lights colour would func}on as feedback to the user.

hours Energy 
consump琀椀on in 
kWh

Energy 
consump琀椀on in 
wa琀琀-hour

RECC % Colour code

00:00 0,138 138 98% Green
01:00 0,075 75 53% Green
02:00 0,155 155 111% Yellow
03:00 0,073 73 52% Green
04:00 0,142 142 101% Yellow
05:00 0,068 68 49% Dark green
06:00 0,122 122 87% Green
07:00 0,091 91 65% Green
08:00 0,243 243 173% Yellow
09:00 0,112 122 87% Green
10:00 0,096 96 68% Green
11:00 0,219 219 156% Yellow
12:00 0,127 127 91% Green
13:00 0,551 551 393% Orange
14:00 0,067 67 48% Dark green
15:00 1,485 1485 1059% Red
16:00 0,268 268 191% Yellow
17:00 0,194 194 138% Yellow
18:00 0,088 88 63% Green
19:00 0,133 133 95% Green
20:00 0,221 221 158% Yellow
21:00 0,083 83 59% Green
22:00 0,186 186 133% Yellow
23:00 0,119 119 85% Green

Table 8: Energy consump}on per hour categorized into one of the 昀椀ve light colour categories. The data is gathered from the 
personal data from Figure 54.

There are four important things to note. Firstly the energy consump}on classi昀椀ed as red is way over its 

classi昀椀ca}on as <bigger than 400%= of the RECC%. Here, the RECC% is 1059%. However, this is not seen as 

an issue as the red colour should func}on as a warning to the user. How high the energy consump}on is 

in that moment is than not of great intermediate importance. The user could s}ll 昀椀nd this informa}on 

elsewhere on the screen of the smartwatch. More on this in the <Home screen= sec}on. Secondly, the 

personal data that is used is from a household. The interven}on will gather data in every context. So, also 

from the work environment, public spaces etc. Nevertheless, it is s}ll assumed to be a good enough 

representa}on of energy usage to categorize the energy consump}on into colours. This is due to the 

expecta}on that the energy 昀氀uctua}ons remain s}ll largely the same when incorpora}ng other context 

besides energy usages at home. Apart from this, the personal data that was used was not collected from 

the target group university employees. However, it is expected that university employees will have the 
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same types of 昀氀uctua}ons in their o昀케ces. Lastly, the data that was used is from a one person household 

that consumes way less energy than the average household in the same category. This means that 

昀氀uctua}ons could possibly be higher and the categories would need to be adjusted a昀琀er tes}ng.

In contradic}on with the energy bar lights the energy lights are always on whenever the smartwatch or 

lights are not in the o昀昀 or sleep state. The energy bar lights can be o昀昀 in the in state 2, 3 or 4 and since 

the users cumula}ve energy consump}on of today rela}ve to the average of the previous seven days will 

be at some points lower than 5%. Since the lights of the light bar only turn on a昀琀er the rela}ve 5% is 

reached no lights would be turned on when the rela}ve energy consump}on would be lower than 5%.

Screen bu琀琀on

The screen bu琀琀on can be clicked to set the whole smartwatch (screen and lights) in sleep mode, wake 
mode, o昀昀 mode, on mode or as a shortcut to the home page. This is illustrated in Figure 96, Figure 97 and 
Figure 98. These 昀椀gures can be found in <Appendix E: Screen bu琀琀on interac}ons

E=. The light bu琀琀on could theore}cally also be used to wake the smartwatch as each interac}on with the 

smartwatch when in the sleep mode ac}vates the wake mode. The screen bu琀琀on has three 

func}onali}es:

(1) Clicking the screen bu琀琀on (Figure 96)

a. Turning the whole smartwatch into sleep mode. This will turn o昀昀 the screen and the 

lights within the wristband. Energy measurements will s}ll take place.

b. Wake the whole smartwatch up. It will turn the screen on and display feedback through 

the lights on the wristband. 

(2) Hold the screen bu琀琀on down (Figure 97)

a. Shut o昀昀 the whole smartwatch. The screen and lights are turned o昀昀. No energy 

consump}on measurements will take place.

b. Turning on the whole smartwatch. The screen and lights are turned on. Energy 

consump}on measurements will take place.

(3) Click bu琀琀on twice (Figure 98)

a. Go to the home page screen.

The device also goes automa}cally into sleep mode a昀琀er thirty seconds when no interac}on with the 

smartwatch is detected. (So, the screen and the lights will go into a sleep mode). This design decion was 

made to save energy. As this is the end goal of the interven}on. The smartwatch is easily waked up again 

a昀琀er a second interac}on through a click on the bu琀琀on. The lights will also be put in sleep mode when 

the screen is put in sleep mode. The second func}onality of the bu琀琀on is to hold it in order to shut o昀昀 the 

whole device. The device will than no longer measure the energy consump}on and the communica}on 

with the smartphone is interrupted. This interac}on can be found in Figure 97. Lastly, the bu琀琀on also 

provides an immediate shortcut to go back to the home page. This happens if the bu琀琀on is pressed twice. 
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An illustra}on of this interac}on can be found in Figure 98. More on the home screen can be found in the 

sec}on <Home screenHome screen

Using gestures for control

When you li昀琀 your wrist you wake the smartwatch. Both the screen and the lights on the wristband wake. 
Whenever, you lower your wrist again you turn your smartwatch into sleep mode again. Then both the 
screen and the lights on the wristband go into sleep mode. This interac}on is also part of the Apple 
watchOS 10 [30]. It was decided to incorporate it into the design as it is a very intui}ve interac}on. More 
about the apple watchOS 10 can be found <State of the art

= sec}on.

Screen

Addi}onal to the feedback through the lights the smartwatch also provides informa}on via the screen of 

the smartwatch. The screen can display the following pages:

• Home screen

• Se琀�ngs

• Encouragement

o Yesterday9s performance

o Performance streak

o Current performance in rela}on to last hour

• History

o Circle diagram of today9s energy consump}on per device

o Graph of energy consump}on over certain }me periods.

All these pages also have a lights bar and energy light visualized on the screen. An illustra}on of this can 

be found in Figure 55. The lights on the screen and on the wristband demonstrate the exact same 

informa}on in the same way. Both use the amount of lights and its colour to communicate informa}on. 

Whenever the lights on the wristband are in the o昀昀 state (<state=) or in the personal and social 

comparison state (<state the light bar and energy light on the screen switches every ten seconds between 

personal (<state=) and social comparison (<state=). Whenever the lights on the wristband are in only the 

personal or only the comparison state the light bar and energy light on the screen don9t switch. Then they 

stay in the same state as the lights on the wristband. Now the user has the possibility to see in one 

instant in which state they 昀椀nd themselves in. They can see a symbol of one person in the energy lights 

on the screen. This indicates that they are in the personal comparison state. Alterna}vely, they can see a 

this symbol displayed twice. This indicates that they are in the social comparison state. An illustra}on of 

the screen lights bar and energy light can be found in Figure 56. 
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Figure 55: Overview of the home screen and comparison of the light bar and energy light in the screen and on the wristband.

Figure 56: Illustra}on of the switching the states of personal and social comparison. Personal comparison is indicated through the 
symbol of a single person within the energy light. Social comparison is indicated though the symbol two persons within the energy 
light. Each ten second the state switches between the two. This happens when all of the wristband lights are turned o昀昀 like in the 

picture (state 1). It also happens when two light bars are visible on the wristband. This happens when the wristband both 
provides personal and social comparison to the user. (state 4)

The dots on the bo琀琀om of the pages indicate the current page the screen is displaying. Currently, in for 

instance Figure 55 this is the home screen, which is visualized by a rectangle. An outline of the shape is 

visible for the current page, while 昀椀lled-in shapes represent other pages. These dots at the bo琀琀om of the 

screen, along with arrows on the right, signal that users can swipe to navigate to another page. 

Addi}onally, users can tap the arrows on the side of the screen to switch pages. The naviga}on does not 

allow users to go directly from the 昀椀rst page to the last or vice versa.

Home screen

The home screen, detail in Figure 57, has a se琀�ngs bu琀琀on in the form of a gear which directly redirects 

the user to the se琀�ngs page. Addi}onally, a history bu琀琀on in the form of graph is displayed which when 

clicked redirects the users directly to the 昀椀rst history page (the circle diagram). Here the user can see its 

energy consump}on data. These direct links were added as these pages are seen as the most important 

to the user due to the insights and support these pages can provide. Furthermore, the current energy 

consump}on of the user is displayed in wa琀琀-hour on the home screen. 

Figure 57: Overview of the home page on the screen of the smartwatch.
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Se琀�ngs

When the se琀�ngs icon (The gear) is pressed the user goes to the se琀�ngs menu. Another way of going to 

the se琀�ngs menu is to swipe from the home page to the le昀琀 or tab the le昀琀 arrow on the home screen. 

The se琀�ngs menu can be seen in Figure 58.

Figure 58: Illustra}on of the se琀�ngs menu. It incorporates informa}on about the dele}on interval of the energy consump}on 
data gathered by the interven}on, a personal account used to categorize employees for comparison in the history page sec}on of 

the interven}on, a sleep mode interval and a se琀�ng to turn the hap}c feedback on or o昀昀.

When clicking on one of the se琀�ngs in the menu, a page pops up overlaying the se琀�ng menu page. On 

these pop ups the se琀�ngs can be altered. To go back to the se琀�ngs page the user simply slides her or his 

昀椀nger upwards. This is illustrated in Figure 59. The <Informa}on dele}on interval= pop up is illustrated in 

Figure 60. This interval determines how old the data has to be before it is thrown away. When changing 

this se琀�ng from the standard se琀�ng <Nothing= a warning pops up. Changing this se琀�ng will degrade the 

func}onality of the interven}on as data from the history page will be deleted. This might cause the user 

to be less informed about their energy consump}on. The lowest interval the system allows is 8 days since 

the system has to compare the energy consump}on of the current day to the average of the last seven 

days. This is also the reason that most of the op}ons delete data that is older than a speci昀椀c amount of 

}me rather than from a speci昀椀c point in }me like every 昀椀rst day of the month. The possible op}ons for 

the data dele}on interval are:

• Nothing: never deletes data

• From a year ago: only deletes data that is older than a year

• From 31 days ago: only deletes data that is older than 31 days

• Form 8 days ago: only deletes data that is older than 8 days

The se琀�ng of data dele}on was added as this was men}oned in the sec}on <Stakeholder requirements 
(MoSCoW)
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Figure 59: Illustra}on of how to close pop up se琀�ngs. The user slides upwards.
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Figure 60: Informa}on dele}on interval in the se琀�ngs. This interval determines how old the data has to be before it is thrown 
away.

The second se琀�ng in the menu is the personal account. This is used to classify UT employees in 

categories to be able to compare UT among themselves. This was implemented as a precau}ons for 

unfair energy consump}on comparisons (e.g. o昀케ce employee vs. lab employee) and this was one of the 

stakeholder requirements classi昀椀ed in with the MoSCoW method. This requirement states that it is not 

fair to simply compare all university employees with one another. Some will have a larger energy 

consump}on, because of their environments like (shared or personal) o昀케ces, func}on at work etc. 

Therefore, the user has an op}on to create an personal account. When this account is completed the user 

can compare his or her energy consump}on with other UT employees that live and work in the same 

types of environments. The UT employees are categorized by four things: their type of o昀케ce space, the 

building their o昀케ce is posi}oned, their type of func}on at work and their working hours. These three 

elements were selected as they generally have a great impact in one9s energy consump}on. The di昀昀erent 

func}ons of the university employees that are considered are:

• Lab employees
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• O昀케ce employees

• Professors 

Each func}on requires a di昀昀erent amount of energy to their job. The reason a professors are 

dis}nguished from o昀케ce employees is, because professors have a very low control over their energy 

consump}on when teaching in a classroom. Addi}onally, not all the energy consump}on in the classroom 

is part of their energy usage. For instance, students also charge their pcs. However, they are less in their 

o昀케ce than o昀케ce employees. Therefore, this was considered to be an unfair comparison and thus these 

two func}ons are dis}nguished from each other. However, it is also good to note that some}mes these 

func}ons also overlap. Professors also have to make o昀케ce hours for example. This is not incorporated 

into the current project as crea}ng detailed comparisons is something that can be improved upon when it 

is concluded that the interven}on has the desired e昀昀ect, as men}oned Improving comparisons among 

employees=.

The o昀케ce type categories considered in this project are:

• Personal o昀케ce

• Two person o昀케ce: o昀케ce is shared with one other employee.

• Three person o昀케ce: o昀케ce is shared with two other employees.

• Four person o昀케ce: o昀케ce is shared with three other employees.

The di昀昀erent o昀케ce types also have a big impact on the employees control over their energy 

consump}on. They will also share certain appliances like lights, hea}ng and ven}la}on which need to be 

adjusted to the needs of the employees in the o昀케ce in general. Addi}onally, only two buildings will be 

considered:

• Zilverling

• Horst

Buildings are considered because each building has its own control systems, which may vary and provide 

di昀昀erent levels of control to employees over their electrical appliances.

Lastly, it is also important for classi昀椀ca}on to know their working hours. This can also be 昀椀lled in. An 

overview of the personal account pop up can be found in Figure 61.

It is good to know that there are more subcategories of func}ons, o昀케ces and buildings than the ones 

considered in this project. However, this project is mostly focused on presen}ng a proof of concept. 

Therefore, it is not required to go into the details. Moreover, this project does not focus on the energy 

consump}on of university employees outside of o昀케ce hours. Nevertheless, this expansion could be 
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included in future itera}ons to provide a more detailed overview of the employees energy consump}on 

on a whole.



118

Figure 61: A user scenario showcasing the interac}on with the personal account to classify the UT employee.

The third se琀�ng in the menu is sleep mode. The device automa}cally goes into sleep mode a昀琀er a 

speci昀椀c amount of }me. This }me (in seconds) can be altered in the sleep mode se琀�ng. The standard 

se琀�ng is 30 seconds. A overview of the sleep mode pop up and its interac}ons can be seen in Figure 62.
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Figure 62: User scenario to alter the set }me for the screen of the smartwatch to go to sleep mode. The sleep mode occurs when 
there has not been an interac}on for a certain amount of }me.

The last se琀�ng in the menu is the vibra}onal feedback. More informa}on about this type of feedback can 
be found in the sec}on <Hap}c feedback

. The vibra}onal feedback se琀�ngs as shown in Figure 63 provide the op}on to the user to turn the hap}c 

feedback o昀昀 or on.



121

Figure 63: Overview of the vibra}onal feedback se琀�ngs. The user can turn the hap}c feedback on and o昀昀.
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Encouragement

When you swipe right from the home screen or tab the right arrow you move on to the encouragement 

pages. These pages consist the three pages which show the following:

• The RECC percentage of yesterday (or yesterday9s performance)

• Your posi}ve RECC streak (or performance streak)

• The RECCH percentage (or the current energy consump}on rela}ve to last hours performance)

These pages were added to encourage users. Yesterday9s performance is included as a reminder for those 

who might not have checked their performance at the end of the day, allowing them to review it the next 

day. The performance streak feature was introduced to foster emo}onal engagement with the system. 

Addi}onally, current energy consump}on rela}ve to the previous hour's performance was added to 

provide short-term mo}va}on and insights into their energy consump}on.

Yesterday’s performance

Whenever the system shows the RECT percentage of the previous day (yesterday9s performance) it 

supports it with posi}ve reinforcement for posi}ve encouragement. Table 9 shows mul}ple possible 

responses. The responses are categorized in the <User improved=, <User remained stable= and <User 

struggled=. The boundaries of these categories are as follows:

• ý��ÿ ĀĀ āÿÿăÿĀĂĀ þ�� f 100%
▪ <User improved=

• 100% < ý��ÿ ĀĀ āÿÿăÿĀĂĀ þ�� f 105%
▪ <User remained stable=

• ý��ÿ ĀĀ āÿÿăÿĀĂĀ þ�� > 105%
▪ <User struggled=

The de昀椀ni}on of that the user 8remains stable9 actually allows for the user to consume more energy. 

However, it is infeasible for the user to con}nuously improve as he or she would than no longer have an 

energy consump}on at some point. Therefore, the 8stable9 state is s}ll deemed as a posi}ve component 

for the responsible energy consump}on. The boundary of 105% is an educated guess and might be 

changed later on.

User improved User remained stable User struggled
"You're making progress with 
your energy consump}on—
let's keep moving forward."

"Your energy e昀케ciency journey 
is underway—let's con}nue & 
strive for improvement!"

"We can amplify your energy-
saving performance with 
ongoing improvements."

"Your e昀昀orts in energy 
conserva}on are making a 
di昀昀erence—let's keep going!"

"You're on the right track with 
your energy-saving 
strategies— Keep up the good 
work and look in the 

"There are amazing 
opportuni}es ahead to boost 
your energy e昀케ciency—let's 
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consump}on overviews on 
how to improve."

have a look at the energy 
consump}on overviews."

"Keep up the good work on 
energy conserva}on!"

<Good job! Your energy 
consump}on is stable!=

<Let's build on your energy-
saving e昀昀orts for even be琀琀er 
results."

"You're already making 
posi}ve strides in energy 
e昀케ciency—let's keep up the 
good work!"

"Consistent energy usage—
keep it up!"

"Struggled a bit with energy 
e昀케ciency—let's 昀椀nd solu}ons 
to apply to today! Have a look 
at the energy consump}on 
data for improvements.=

"Impressive improvement in 
energy usage!"

"Steady energy consump}on is 
a posi}ve sign!"

"Energy conserva}on was a bit 
tough yesterday—let's keep 
pushing forward."

"Your energy-saving e昀昀orts are 
paying o昀昀!"

"Well-maintained energy 
levels—great job!"

"Found it challenging to save 
energy yesterday—let's 
improve. Have a look at the 
energy consump}on data."

"Fantas}c job on reducing 
energy consump}on!"

"Your energy consump}on 
remains steady—good work!"

"Encountered some obstacles 
with energy conserva}on—
let's address them. Look at the 
energy consump}on data for 
possible improvements."

"Well done on boos}ng energy 
e昀케ciency!"

"Stable energy usage re昀氀ects 
your commitment."

"Yesterday9s energy 
consump}on was a bit of a 
struggle—let's work through 
it."

"Notable improvement in 
energy conserva}on!"

"Consistency in energy 
consump}on is key—keep it 
going!"

"Energy-saving e昀昀orts 
encountered some 
challenges—let's overcome 
them today!"

"Great progress on saving 
energy!"

"Stable energy consump}on 
shows your dedica}on to 
e昀케ciency."

"Facing di昀케cul}es with energy 
conserva}on yesterday? Good 
news you have a new chance 
today!"

"You're making strides in 
energy e昀케ciency—keep it up!"

"Your consistent energy usage 
is contribu}ng to 
sustainability."

"Way to go on enhancing 
energy-saving prac}ces!"
"Your improved energy usage 
is commendable!"

Table 9: Overview of possible responses of the system on the RECC percentage of the previous day using posi}ve reinforcement.

The RECT itself is not shown on the encouragement page, but rather the di昀昀erence of the RECT 

percentage with the average. This is a bit more intui}ve as the RECT itself has a long de昀椀ni}on which 

might confuse the users. Therefore, the categories percentages that are shown are calculated as follows:
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• <User improved=

o Title: Remained below the average energy consump}on yesterday by:

o þ/ĀĄÿ āÿÿýÿÿā�āÿ = 100% 2 ý��ÿ% ĀĀ āÿÿăÿĀĂĀ þ�� 
o Posi}ve reinforcement in le昀琀 column of Table 9

• <User remained stable=

o Title: Average energy consump}on remained stable yesterday only a slight increase of:

o þ/ĀĄÿ āÿÿýÿÿā�āÿ = ý��ÿ% ĀĀ āÿÿăÿĀĂĀ þ�� 2 100%
o Posi}ve reinforcement in le昀琀 column of Table 9

• <User struggled=

o Title: Exceeded the average energy consump}on by:

o þ/ĀĄÿ āÿÿýÿÿā�āÿ = ý��ÿ% ĀĀ āÿÿăÿĀĂĀ þ�� 2 100%
o Posi}ve reinforcement in le昀琀 column of Table 9

Only the <User remained stable has some addi}onal text in the same line where the percentage is shown. 

An overview of the element that showcases these elements in the encouragement page can be found in 

Figure 64.
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Figure 64: Illustra}on of the encouragement page in which the RECC percentage of yesterday is shown.
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Performance streak

The second element the encouragement pages show is the RECT streak or performance streak. This is 

streak visualizes the amount of days the user got the <User improved= or <User remains stable= response 

on the RECT percentage of the previous day in a row. This element is added to mo}vate the user to 

engage in responsible energy usage. When the RECT streak is showed in days it also displays a message 

through posi}ve reinforcement. These can be seen in Table 10. An example of how the RECT streak will be 

displayed can be found in Figure 65.

RECT streak in 
days

Posi琀椀ve reinforcement

0 "No energy-saving streak yesterday, but let's keep striving."
"Missed the energy-saving streak yesterday, but let's rebound tomorrow."
"Energy-saving streak didn't con}nue yesterday, but today is a new opportunity."
"Yesterday didn't con}nue the energy-saving streak, but progress is s}ll possible 
today!"
"Didn't maintain the energy-saving streak yesterday, but we'll keep striving for 
improvement."
"The energy-saving streak didn't con}nue yesterday, but stay posi}ve. You can 
get one today!"
"Energy-saving streak interrupted yesterday, but let's stay commi琀琀ed."
"Yesterday didn't extend the energy-saving streak, but progress remains."
"No energy-saving streak today, but let's get back on track."

1-2 "Great job on saving energy!"
"Excellent work on conserving energy!"
"Fantas}c job on your energy-conscious choices!"
"Well done on reducing energy usage!"
"Keep shining bright with your energy-saving e昀昀orts!"
"Keep up the good work on energy e昀케ciency!"
"Keep up the energy-saving e昀昀orts!"

3-6 "Congratula}ons on consistently reducing your energy usage! Keep up the great 
work!"
"Excellent work on conserving energy!"
"Well done on reducing energy usage!"
"Your commitment to sustainability is making a di昀昀erence!"
"Your energy-saving habits are paying o昀昀! Keep making smart choices and 
inspiring others to do the same."
"Your e昀昀orts in saving energy are paying o昀昀!"
"Fantas}c job on your energy-conscious choices!"
"Keep up the energy-saving e昀昀orts!"
"Way to go on reducing your carbon footprint!"

7-14 "Keep up the energy-saving e昀昀orts!"
"Your energy-saving habits are fantas}c!"
"Excellent work on conserving energy!"
"Your commitment to saving energy is commendable!"
"Impressive energy conserva}on!"
"You're making a real di昀昀erence with your energy-saving ac}ons!"
"Kudos on being an energy-saving champion!"
"Bravo on your eco-friendly prac}ces!"
"Your dedica}on to conserving energy is admirable!"
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"You're rocking the energy-saving game!"
> 14 "You're demonstra}ng fantas}c energy-saving prac}ces. Keep it up and con}nue 

to lead by example!"
"You're rocking the energy-saving game!"
"Your commitment to saving energy is out of this world!"
"Keep up the energy-saving e昀昀orts!"
"Your energy-saving ini}a}ves are inspiring!"
"You're a sustainability superstar!"
"You're making a real di昀昀erence with your energy-saving ac}ons!"

Table 10: Overview of responses of posi}ve reinforcement for the RECC streak in the engagement page.

Figure 65: An illustra}on of the RECC streak display in the engagement pages.

Current energy consump琀椀on rela琀椀ve to the performance of the last hour

The last element in the engagement pages is the RECCH percentage. This is the energy consump}on 

change in rela}on to the average energy consump}on of last hour in percentages. This is calculated 

through the formula in Equa}on 5. The RECCH percentage provides users with an overview of their 

performance compared to the previous hour. While the RECC does this in rela}on to the last seven days. 

Maintaining a RECCH percentage of 100% throughout the hour will result in the same energy 

consump}on as the hour before.

ý���� āÿÿýÿÿā�āÿ = �Ăÿÿÿÿā ÿÿÿÿā� ýĀÿĀĂþāāÿĀÿ āÿÿ Āÿý�ăÿÿ�āÿ ÿÿÿÿā� ýĀÿĀĂþāāÿĀÿ Āăÿÿ ý�Āā /ĀĂÿ āÿÿ Āÿý ∗ 100%
Equa}on 5: Equa}on of the calcula}on for the RECCH percentage. The RECCH percentage gives the user an overview of how well 

they are doing in comparison to the previous hour. If they remain the whole hour at exactly 100% of the RECCH they will have 
exactly the same energy consump}on as the hour before. Again the 8Current energy consump}on per sec9 is expressed in wa琀琀-

hour.

Along with the RECCH percentage a posi}ve reinforcement will be shown. The speci昀椀c responses can be 

seen in Table 11. Again this is categorized in the three categories <User improved=, <User remained 

stable= and <User struggled=. The boundaries of these categories are the same as with the 昀椀rst element 

that showcases the RECC percentage of the previous day. Only here the RECC percentage in the de昀椀ni}on 

of the boundaries is exchanged for the RECCH percentage.
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• ý����% < 100%
▪ <User improved=

• 100% f ý����% f 105%
▪ <User remained stable=

• ý����% > 105%
▪ <User struggled=

An example of how the RECCH percentage will be displayed can be found in Figure 66.

User improved User remained stable User struggled
"Currently on the right track to 
improve compared to last 
hour—well done!"

"Consistency is currently being 
maintained in comparison to 
the last hour—well done!"

"Challenging hour—let's 
regroup and make strategies 
for next hour. Look at your 
energy data for areas of 
improvements"

"Progress is being made 
compared to previous hour!"

"Stable energy usage—keep up 
the good work!"

"You are currently struggling a 
bit with your energy usage—
let's keep pushing."

"Be琀琀er energy usage than last 
hour—great job!"

"Energy consump}on 
remained steady—great job!"

"Found it challenging to save 
energy this hour—let's 
improve in the next!"

"Improved energy 
consump}on—keep it up!"

"Maintained stability 
compared to last hour!"

"Energy conserva}on was a bit 
tough this hour—let's push 
forward."

"Moving in the right direc}on 
from last hour!"

"Steady progress in energy 
e昀케ciency—keep it up!"

"Had some trouble 
maintaining e昀케ciency 
compared to last hour."

"This is a step forward in 
energy e昀케ciency—good 
work!"

"Consistent energy usage 
observed—nice work!"

"Energy usage was a bit 
tougher this hour, but this only 
means that there is more room 
to improve."

"Notable improvement over 
the last hour!"

"Stability maintained in energy 
consump}on—good job!"

"Facing some obstacles this 
hour—let's work through them 
in the next!=

"Energy-saving improvement 
observed—nice job!"

"Energy levels held steady—
well done!"

"Found it tough compared to 
last hour, but you can s}ll 
make strides next hour!"

"Heading in the right direc}on 
compared to last hour!"

"Stable performance in energy 
usage—keep going!"

"Struggled a bit compared to 
last hour. However, that is 
nothing we can9t handle!"

"Posi}ve change in energy 
usage—keep going!"

"No dis}nct change from last 
hour—keep the momentum!"

"Encountered di昀케cul}es this 
hour—let's overcome them in 
the next!"

Table 11: Posi}ve feedback to back up the RECCH percentage in the engagement page.
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Figure 66: : Illustra}on of the encouragement page in which the RECCH percentage of yesterday is shown.

History

The history element consists of two pages. One showcasing the division of the percentage of the type of 

devices that contributed to the energy consump}on of the current day. This can be seen in Figure 67. An 

illustra}on of the second page can be found in Figure 68. This showcases the energy usage of the user 
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over a period of }me. This period can be altered through interac}on with the bar highlighted in the 昀椀rst 

element in Figure 68. This second page also contains an op}on to compare ones individual energy usage 

to the average energy consump}on of UT employees or to the average energy consump}on of similar UT 

employee. An example of this interac}on can be found in Figure 69. When the op}on <compared to= is 

turned on an extra bar appears in the graph. The informa}on about the contribu}on of speci昀椀c types of 

devices is no longer available unless these comparisons are turned o昀昀. The scenario of when a user 

selects the <Average of similar UT employees= op}on to compare her- or himself with is illustrated in 

Figure 70. In this case a warning pops up and the user can choose to change the se琀�ngs.

Figure 67:  Circle diagram showcasing the division of the type of devices contribu}on to the energy consump}on of the current 
day in percentage.
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Figure 68: Illustra}on of the second page of the history sec}on on the smartwatch. In the 昀椀rst element of the image a red box 
highlights the bar in which the user can tab <Day=, <Month=, <Year= and <Total= to go to the other elements of the 昀椀gure.
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Figure 69: Illustra}on of the op}on to compare the users energy consump}on with the energy consump}on of the average UT 
employee or the average of similar UT employees. When the op}on to compared is turned on an extra bar appears in the graph. 
The informa}on about the contribu}on of speci昀椀c types of devices is no longer available unless these comparisons are turned o昀昀.
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Figure 70: A warning pops up whenever the user tries to compare him- or herself with the average energy consump}on of a 
similar UT employee and the personal account has not yet been completed. When the user tabs the "Change se琀�ngs" op}on in 
the warning pop up it routes the user to the se琀�ngs page. When the user tabs the <Cancel= bu琀琀on of the warning pop up the 

<Average of similar UT employees= remains turned o昀昀.
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Hap琀椀c feedback

There are two instances for which hap}c feedback is provided. Hap}c feedback is given in the form of 

vibra}ons. For the 昀椀rst instance this is whenever the user reaches the following RECT percentages: 50%, 

75%, 90%, 100%, 150%, 175%, 190%, 200%, 250%, 275%, 290%, 300% ect.  Examples of when hap}c 

feedback is ini}ated can be found in Figure 71. An illustra}on of the hap}c feedback in the form of 

vibra}ons itself can be seen in Figure 73. The vibra}ons ini}ate from the posi}on of the screen. For 100%, 

200% and 300% there are two vibra}ons directly a昀琀er each other. For the other percentages this is only 

one vibra}on. With each vibra}on a corresponding pop up is shown on the screen, as detailed in Figure 

72.

Figure 71: Examples of when the hap}c feedback is ini}ated. The 昀椀rst element shows the hap}c feedback ge琀�ng ini}ated when 
the RECC percentage is at 50%. Addi}onally it shows the op}ons for 75%, 90% and 100% RECC. The second element shows the 
hap}c feedback ge琀�ng ini}ated when the RECC percentage is at 110%. Addi}onally it shows the op}ons for 150%, 175% and 
200% RECC. The last element shows the hap}c feedback ge琀�ng ini}ated when the RECC percentage is at 250%. addi}onally it 

shows the op}ons for 175% and 300% RECC.

Figure 72: Examples of the buzz pop ups on the screen that is displayed alongside the vibra}onal feedback.
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Figure 73: Illustra}on of the hap}c feedback in the form of vibra}ons.

The other form of vibra}onal feedback happens when a user le昀琀 on an electrical device while not being 

nearby. In this case the user receives one buzz no}昀椀ca}on alongside a pop up with addi}onal 

informa}on. An example of such a pop up is illustrated in 

Figure 74: Example of a buzz pop up to warn users about electrical appliances that are le昀琀 on when walking away.

Data gathering

Now that the prototype design has been determined it is known which type of data is required for the 

interven}on to be able to func}on properly. The data has to follow the following requirements, it must 

be:

• Real-}me

• Iden}fy di昀昀erent devices

• Iden}fy di昀昀erent users

• Be stored

• Be communicated to the smartwatch
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• Be able to be deleted

• Be private and anonymous

• Adhere to privacy laws

In the state of the art di昀昀erent methods of data measurements were discussed. The data gathering 

method that will be used is through the use of smart plugs. Although, both smart plugs and CT clamps on 

the electric panel with an AI could both iden}fy di昀昀erent devices and measure the real-}me energy 

consump}on of its users smart plugs are considered prominent for two di昀昀erent reasons. Firstly, the 

technology of u}lizing an AI to iden}fy di昀昀erent types of devices though their power signature is s}ll in its 

infancy and is s}ll very prone to errors. This would make the data of the interven}on less reliable. 

Secondly, though measuring the energy consump}on at the electric panel you either measure the main 

incoming electricity or that of the electric subgroups. However, this makes it very di昀케cult to iden}fy the 

energy consump}on of di昀昀erent users u}lizing the energy at the same moment in }me. There is however 

also a downside in u}lizing smart plugs instead of an AI. Every single device that would be measured 

would require a separate smart plug. This costs a lot of materials and thus energy, especially when 

expanding the interven}on to more users since more smart plugs would be required by every expansion. 

This could have nega}ve consequences as the goal is to reducing energy consump}on. Nevertheless, 

smart plugs are considered to be signi昀椀cantly more e昀昀ec}ve in the data measuring than the AI in its 

current development stage. Therefore, smart plugs are chosen as the way to gather the energy 

consump}on data of the users of the interven}on.

The smartwatch allows the user to compare their energy consump}on with similar employee types. As 

Dik [38] men}ons the smartwatch would not only require access to their personal energy consump}on 

data, but also that of similar employee types. This could poten}ally cause privacy issues when not 

carefully managed. To make sure no privacy is being compromised, Dik [38, p. 6] suggests that <each user 

has a personal database in which the data gets processed and stored. This database communicates with a 

server which keeps track of the average energy consump}on per employee type. The communica}on is 

executed through an Anonymous Communica}on Protocol named HTTPS which ensures that the IP 

addresses of the communica}on devices remain hidden to the server.= This allows the data to be private 

and anonymous. This is exactly how this interven}on will store and communicate informa}on between 

the di昀昀erent databases.

The personal database of the interven}on will be stored on the users personal phone via an applica}on. 

This phone will then communicate to the smartwatch via Bluetooth Low Energy (BLE) with data 

encryp}on during transmission. This way of communica}on was selected because of the low power 

consump}on, its secure communica}on abili}es and the fact that it is widely adopted on phones as well 

as smartwatches. Similarly, Bluetooth can also be used as a communica}on protocol for the 
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communica}on between the smart plugs for the same reasons. Long distance communica}on is not 

needed since both the phone, the smartwatch and the smart plugs are likely close by when in use. This 

means it is not an issue to use Bluetooth which is a short range communica}on method. One downside of 

u}lizing the phone as mediator in the communica}on is that it is required to always be on. Meaning when 

the phone ba琀琀ery is dead the smartwatch will not be able to update. However, this is not seen as a big 

issue as most people have charged phones when working. The u}liza}on of the phone as a mediator in 

communica}on u}lizes exis}ng infrastructure and therefore saves materials and energy. In Figure 75 the 

speci昀椀ed version of the opera}onal environment can be found.

Figure 75: The second scenario of the <Opera}onal environment brainstorm

 is selected. This 昀椀gure shows an overview of the communica}on protocols within the interven}on and the method of data 
gathering and storing. It is a further speci昀椀ed scenario 2 then the one described in the <opera}onal environments sec}on=.

Users can link their devices to the interven}on by linking the respec}ve smart plugs to their individual 

devices. This can be done in the applica}on on the phone. However, some}mes users will share their 

devices with other users. Most university employees share rooms and will share usage of the lights while 

keeping personal devices like PCs for themselves. This could poten}ally cause for inaccurate energy 

consump}on measurements. To measures are taken to avoid this.

Firstly, mul}ple users can link the to the same smart plug for energy usage. It is chosen not to divide the 

energy consump}on amongst the di昀昀erent users that are linked to the same smart plug. Instead they will 

be compared to other employees who also share a room with the same amount of people and thus have 

a similar energy consump}on.

Secondly, only users that are currently close to the smart plug which is measuring the energy are send the 

energy consump}on data of the speci昀椀c smart plug. Meaning that when for example three users share a 

room and have all linked the smartwatch to the smart plug for the ligh}ng in the room only the people 

close to the ligh}ng will 8consume9 energy according to the interven}on. 
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Bluetooth is a short range communica}on protocol. Whenever one of the three users leaves the room 

and exits the range of the Bluetooth communica}on, this person is considered to no longer be using the 

electricity for the ligh}ng. This is an elegant solu}on, as this user is also not able to receive the data from 

the smart plug from the ligh}ng anymore. However, is the smart plug only linked to one user, then this 

data is communicated over a Wi-Fi connec}on instead of Bluetooth. Whenever a user leaves his personal 

devices on (smart plug only linked to one user) or he is the last to break a Bluetooth connec}on with a 

shared device (smart plug linked to mul}ple users) the communica}on con}nues via Wi-昀椀 and the 

smartwatch gives a buzz no}昀椀ca}on with a pop up on the screen which displays informa}on about which 

device is le昀琀 on.

Users should give consent via the interven}on for if they would allow the university to u}lize their energy 

consump}on data to gain insights into the general in- and ouvlows of electricity on campus which they 

could u}lize to create more e昀昀ec}ve future energy saving ini}a}ves. This should be clearly and 

transparently communicated to the user.

User scenarios and story board

Figure 78 showcases an user scenario. It shows how the current energy consump}on feedback through 

the energy light can help UT employees manage their energy consump}on. It also shows how the energy 

consump}on of today (using the lights bar) and the data overview can support the users.

Another user scenario can be found in Figure 76. The example showcases Camila ge琀�ng visitors. 

Nevertheless, the same thing applies to mee}ngs, general areas etc. In the example the user does not 

want to broadcast the energy feedback via the lights due to privacy reasons. However, there can also be 

other reasons. These include users being embarrassed by their energy consump}on, it being perceived as 

distrac}ng because of their current task etc. The design had incorporated the consequences of the op}on 

to turn o昀昀 the lights in the wristband. Not being able to perceive this feedback would have been a major 

disadvantage for the interven}on and dras}cally decrease its e昀昀ec}veness. All comparisons, which 

func}on as mo}vators, would be gone. However, the light bar is also visualized on the screen, but all the 

informa}on on the screen is more personal as other people don9t have access to the informa}on. 

Therefore, the func}on to turn the lights of the wristband o昀昀 is to give the users a sense of privacy while 

not sacri昀椀cing the e昀昀ec}veness of the interven}on itself.
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Figure 76: User scenario of a user turning o昀昀 the lights of the smartwatch. This speci昀椀c scenario features the situa}on in which 
the user receives guests, but does not want to broadcast the feedback during the visit due to privacy reasons.

The last user scenario can be seen in Figure 77. This shows how the vibra}onal feedback makes the user 

persona Henk more aware of his energy consump}on over the day. Henk responds to the feedback by 

昀椀guring out how well he is doing. How much electricity does he s}ll need to consume today? And does 

that mean that he needs to change his energy consump}on pa琀琀ern now? Of course it users should 

always try to use their energy as responsible as possible. However, Henk is already someone who does 

this. His energy consump}on is already very low. Therefore, he mostly uses it as a check-up tool. When he 

would have a higher energy consump}on than desired he has a look at the data or history pages to get 

more informa}on. With this addi}onal informa}on he can decide on further ac}ons.
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Figure 77: User scenario showcasing the e昀昀ect of the hap}c feedback on the user persona Tom.
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Figure 78: User scenario using the Annika persona. It shows how the current energy consump}on feedback through the energy 
light can help UT employees manage their energy consump}on. It also shows how the energy consump}on of today (using the 

lights bar) and the data overview can support the users.

Speci昀椀ca琀椀on diagram

To get an complete overview of the interven}on, before it is realized in a prototype, some speci昀椀ca}on 

diagrams are made. Because the interven}on itself is really big, as can be seen in level 1 provided in 

Figure 80, this project will only focus on realizing the part of the interven}on which communicates with 

the user. This means that the data gathering part of the interven}on will not be realized. With this 

decision in mind, no detailed descrip}ons (or speci昀椀ca}on diagrams) have been created for the data 

gathering aspect of the interven}on, as can be seen in Figure 79.

As detailed in Figure 79, there are 4 types of interac}ons the user can have with the system. These are 

the interac}ons with the toggle bu琀琀on, screen bu琀琀on, rota}on of the wrist and display interac}on. The 

informa}on from the data gathering aspect of the interven}on are highlighted with the top two arrows. 

This informa}on includes the current and saved energy consump}on data. Then there are also four types 
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of feedback that the system can give. These are feedback via the energy lights, the energy bar light, 

vibra}ons and via informa}on on the screen.

Figure 80 illustrates how these in- and ouvlows of the system are connected. Two logical processes of the 

energy bar light and energy light are further worked out in Figure 81 and Figure 82 in a level 2 

speci昀椀ca}on diagram.

Figure 79: Illustra}on of the speci昀椀ca}on diagram of the interven}on, level 0.

Figure 80: Illustra}on of the speci昀椀ca}on diagram of the interven}on, level 1.



145

Figure 81: Illustra}on of the speci昀椀ca}on diagram of the interven}on, level 2: the logic of the energy bar light.

Figure 82: Illustra}on of the speci昀椀ca}on diagram of the interven}on, level 2: the logic of the energy bar light.
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Chapter 6 – Realisa琀椀on

Implementa琀椀on of the speci昀椀ca琀椀on aspects

An illustra}on of the prototype can be found in Figure 83. A more detailed descrip}on with images of the 
prototype can be found in <Appendix G: Realisa}on

Appendix F: User tes琀椀ng method and ques琀椀ons

The informed consent form used in the ini}al and improved method can be seen in <Appendix A: 
Informed consent form

. However, the consent form for the ini}al method addi}onally states that the user test also includes a 

survey.

Appendix F1: Ini琀椀al method

This method uses the think out loud method. The ini}al method consists of the following four phases:

1. Unguided familiariza}on: User gets }me to familiarize him- or herself with the interven}on.

2. Structured Familiariza}on: In this phase, the researcher asks the par}cipant to perform speci昀椀c 

tasks using the smartwatch. If something is unclear, the researcher can ask unstructured 

interview ques}ons. This phase includes an unstructured interview and captures the par}cipants' 

immediate reac}ons and thought pa琀琀erns as they interact with the smartwatch though the think 

out loud method

3. Unstructured interview: a昀琀er the familiariza}on phase the user is asked a set of ques}ons. In 

order to get as much informa}on as possible the interview is unstructured. This way other 

interes}ng or important topics that arise can also be discussed.

4. Survey: The user is asked to 昀椀ll in a survey.

1. Unguided familiariza琀椀on

A. Familiarize yourself with the smartwatch screen, the 2 bu琀琀ons and the 2 poten}ometers and look 

around.

2. Structured familiariza琀椀on

A. Turn some appliances on }ll you have a just above average current energy consump}on.

B. Put the smartwatch in the personal comparison state: 2.

C. Find out what this state does.

D. Find out what the di昀昀erence is between the single LEDs and the LED bar.
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E. Let9s say you already used some electricity today. Slowly increase the energy consump}on of today }ll 

50% of your past 7 day average.

F. Put the smartwatch in the personal comparison state: 3. And 昀椀nd out what this state does. 

G. You turn on the air condi}oning. Increase the current energy consump}on }ll its high.

H. By how much are you currently exceeding your average energy consump}on of the last hour?

I. How well was your performance yesterday? By how much did it exceed or improve upon your average 

energy consump}on?

J. How long is your improvement streak?

K. The day goes by& Turn todays energy consump}on up to 75%. 

L. You release you le昀琀 some appliances on. Turn some appliances o昀昀 }ll you are in the range of your 

average energy consump}on.

M. The day goes further by slowly increase todays energy consump}on to 135%.

O. It is the end of the day. Look up what todays energy consump}on is per device. Where would you 

reduce your energy consump}on in the future?

P. Look up when you consumed most energy during the day.

Q. Put the smartwatch in the personal comparison state: 4. And 昀椀nd out what this state does. 

3. Unstructured interview

A. Would you intent to change your energy consump}on to be more responsible when this smartwatch is 

implemented? Why?

B. What do you think encourages and discourages you to change your energy consump}on to be more 

responsible regarding the smartwatch?

4. survey

Prototype testing 

Dear participant,

This research project aims to create an effective behavior
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intervention to facilitate pro-environmental behavior among university employees, 

speci昀椀cally targeting the responsible energy usage. Responsible

pro-environmental behavior include simple actions to reduce energy consumption

e.g. turning off the lights, turning down the thermostat, only turning on the 

dishwasher when it is completely 昀椀lled etc. The purpose of this speci昀椀c 

interview is to get insights in the opinions of the potential end users (university 

employees) of this intervention. These opinions are used to further develop 

ideas and prototypes. Therefore, it is encouraged to answer all the questions 

honestly. All feedback is appreciated!

Participating in this survey is voluntary; there

are no speci昀椀c bene昀椀ts to be gained by participation. It is possible to remove yourself from 

the study at any time. All

gathered data about your participation will then be destroyed. No personal data 

will be collected apart from your demographics. When you have a very speci昀椀c 

employee function within the UT that could potentially identify you as 

participant this will function will be generalized. Therefore your contribution will 

remain anonymous. There are no known risks related

to this study.

Demographics 

 

 

1. What is your Gender?

 

Markeer slechts één ovaal.

 Man 

 Woman
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 Non-binary

 Prefer not to say
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2. What is your age? 

 

Markeer slechts één ovaal.

 18-24

 25-34

 35-44

 45-54

 55+

3. What is your job at the UT? 

 

 

 

4. I want to improve my energy saving at work

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

5. I feel like I have control over my energy consump}on at work. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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6. I believe my colleagues expect me to save energy at work. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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LED lights 

 

 

7. I think it is clear what the di昀昀erent light states mean.

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

8. I think the LEDs are intui}ve to interpret. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

9. I think it is clear what the di昀昀erence is between the two single LEDs and the LED 

strips/bars. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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10. The two single LEDs showcase useful insights in my energy consumption. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

11. The insights of the two single LEDs help me to make more responsible energy 

consump}on ac}ons in the future. 

Imagine you are actually using the prototype in real life.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

12. The LED strips/bars showcase useful insights in my energy consumption. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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13. The insights of the LED strips/bars help me to maintain or improve upon 

responsible energy consump}on ac}ons in the future. 

Imagine you are actually using the prototype in real life.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

14. I think it is useful to see the di昀昀erence in current energy consump}on in the 

moment and the energy consump}on over the whole day. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

15. I think it is useful to compare my energy consump}on with averages. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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16. I think the di昀昀erent comparisons in the light states are useful. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

17. I think one of the following light states are unnecessary: 

 

Markeer slechts één ovaal.

 State 1: Lights off

 State 2: Personal comparison 

 State 3: Social comparison

 State 4: Personal & social comparison 

 All of the states seem useful to me

18. I think the bu琀琀on to toggle through the light states is intuitive. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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19. I think it is intui}ve when LED strips/bars reset when the rela}ve percentage is over a 

mul}ple of 100%. (Turn today's energy consump}on up and down to see this e昀昀ect) 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

20. I think the color of the lights is intuitive 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

21. Do you have any more remarks about the LED lights or the toggle button? 
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Vibrational feedback 

 

22. I experience the no}昀椀ca}on in the form of vibra}onal feedback as "loud".

 

Markeer slechts één ovaal.

1 2 3 4 5

much

23. I experience the no}昀椀ca}on in the form of vibra}onal feedback as annoying. 

 

Markeer slechts één ovaal.

1 2 3 4 5

much

24. I think the no}昀椀ca}on in the form of vibra}onal feedback helps me to undertake 

ac}on for more responsible energy usage. 

Markeer slechts één ovaal.

1 2 3 4 5

much
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25. I think the no}昀椀ca}on in the form of vibra}onal feedback catches my a琀琀en}on 

when doing day-to-day tasks. 

Markeer slechts één ovaal.

1 2 3 4 5

much

26. I think the no}昀椀ca}on in the form of vibra}onal feedback is a good feedback type to 

warn me about my energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

much

 

27. Do you have any remarks about the vibra}onal feedback? 
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Touch screen pages 

 

 

28. The current energy consump}on unit on the home page screen is intui}ve and clear 

to understand.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

29. It is intui}ve that the bar surrounding the screen pages represent the LED 

strips/bars. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

30. It is clear that the bar surrounding the screen pages represent the LED 

strips/bars. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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31. It is intui}ve that the colored box on top of the screen pages represent the two single 

LEDs? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

32. It is clear that the colored box on top of the screen pages represent the two single 

LEDs? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

33. It is intui}ve that the symbol of ONE person in colored box on top of the screen pages 

represent the personal comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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34. It is clear that the symbol of ONE person in colored box on top of the screen pages 

represent the personal comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

35. It is intui}ve that the symbol of TWO person in colored box on top of the screen pages 

represent the social comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

36. It is clear that the symbol of TWO person in colored box on top of the screen pages 

represent the social comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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37. The three pages about 'Yesterdays performance', the 'improvement streak' and 

'current performance compared to the last hour' encourage me to u}lize my energy 

consump}on more responsibly? 

Imagine the three pages would be based on your actual energy consumption data.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

38. The two pages about 'Yesterdays performance' and 'current performance compared to 

the last hour' showcase useful insights in my energy consump}on. 

Imagine the two pages would be based on your actual energy consumption data.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

39. I think the 'Todays energy consump}on per device' page gives me relevant 

insights in my energy consump}on 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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40. I think the insights from the 'Todays energy consump}on per device' will improve my 

responsible energy consump}on pa琀琀erns. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

41. I think the page which showcases a graph of my energy consump}on over a period 

of }me gives me relevant insights in my energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

42. I think the insights from the page which showcases a graph of my energy 

consump}on over a period of }me will improve my responsible energy 

consump}on pa琀琀erns. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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43. I think the interface is intuitive. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

44. Do you have any remarks about the touch screen of the smartwatch? 
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Control, privacy and personalization 

 

 

45. I feel in control when using the smartwatch.

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

46. I feel like I can protect my privacy. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

47. I am sa}s昀椀ed with the amount of personaliza}on the prototype offers. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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48. What aspects do you think are missing regarding the personaliza}on of the 

smartwatch? 

 

 

 

 

 

49. Do you have any more remarks about how you experience your control, privacy or 

personaliza}on when using the smartwatch?
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Implementation of the prototype 

 

 

50. I think the prototype would be a hassle when it would be implemented.

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

51. When the prototype would be implemented I would ac}vely have to think about it in 

order to use it. Meaning that it is always present in the current task I am doing when I 

am doing my job. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

52. I feel like peer pressure and social comparison during implementa}on (e.g. seeing 

how others are performing through the LEDs on their smartwatches) would 

encourage me to u}lize my energy consump}on more responsibly. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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53. I feel like the personal comparison (LEDs, and touch screen pages) would 

encourage me to u}lize my energy consump}on more responsibly. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

54. I think the prototype encourages me to u}lize my energy consump}on more 

responsibly. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

55. I think if the prototype got implemented I would change my energy consump}on to 

use it more responsibly. 

(This is about your intention to change your energy consumption.)

Markeer slechts één ovaal.

1 2 3 4 5

Not Definitely
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56. I think the implementa}on of the smartwatch will support me into a transi}on of 

changing habits to more responsible energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

57. I feel rewarded when I improved or maintained my personal average energy 

consump}on pa琀琀ern. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

58. I feel unmo}vated when I exceeded my personal energy average energy 

consump}on pa琀琀erns. 

Markeer slechts één ovaal.

1 2 3 4 5
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59. I feel rewarded when I consumed less energy than the average energy 

consump}on of similar employee types. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

60. I feel unmo}vated when I consumed more energy than the average energy 

consump}on of similar employee types. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

61. I feel like the interven}on mo}vates me towards a more responsible energy 

consumption. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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62. I feel like the interven}on teaches me about how I can work towards a more 

responsible energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

63. I feel like the interven}on educates me on my energy consumption. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

64. When the smartwatch would get implemented I would be emo}onally invested. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

65. The smartwatch makes me feel like have control over my energy consump}on at work 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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66. Do you have any remarks about the implementa}on of the smartwatch 

 

 

 

67. Do you have any more remarks about the smartwatch in general that you would like to 

add?
 

 

 

 

 

 

 

 

 

 

 

 

 

Deze content is niet gemaakt of goedgekeurd door Google.

 Formulieren

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
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Appendix F2: Improved method

The user tes}ng method was altered to exclude the learning curve of the interven}on from the 

par}cipants tests. This was accomplished by explaining the interven}on through scenarios while the 

researcher interacted with the smartwatch, rather than having the users 昀椀gure out how to use it on 

their own. This approach allowed the users to focus on answering the ques}ons that ma琀琀ered. 

Addi}onally, the survey element of the method was removed, because the 昀椀rst user test took up too 

much }me. The improved method consists of the following three phases:

5. Introduc}on: Shortly explains what the smartwatch does.

6. Familiariza}on: this is the phase in which the researcher interacts with the smartwatch while 

discussing mul}ple scenarios with the par}cipants. This phase includes an unstructured 

interview and captures the par}cipants' immediate reac}ons and thought pa琀琀erns as the 

researcher interacts with the smartwatch.

7. Unstructured interview: a昀琀er the familiariza}on phase the user is asked a set of ques}ons. In 

order to get as much informa}on as possible the interview is unstructured. This way other 

interes}ng or important topics that arise can also be discussed.

Unstructured interview && Quasi experiment >> not random experiment

1. Introduc琀椀on

Explain what the interven}ons does: it shows your energy consump}on compared to the personal 

average or social average depending on the state. Explain what these states are.

With the poten}ometers the researcher does the wizard of oz. Explain which poten}ometer does 

what.

2. Familiariza琀椀on

We will compare the energy consump}on to the personal energy consump}on. We can look at the 

energy consump}on in the moment and of today. Go to the pop up for the explana}on in the 

moment. 

A. Look at it and tell me what you see. And is it clear what the colors mean

Let9s you turn on some appliances like lights and laptops. 

B. What do you see?

We can also go to explana}on of the pop up of today.

C. Look at it and tell me what you see



174

D. Is it clear what the colors mean

Let9s imagine the }me 昀氀ies by and you are consuming energy throughout the day. The energy you 

have consumed today in total increases. (<50%)

E. Tell me what you see

Increase to >50%

F. How do you feel now you are ge琀�ng hap}c feedback?

Increase to 135%

G. Tell me what you see

We can also go to another state. Let9s compare your energy consump}on to that of similar 

employees. Go to state 3. I will go to the explana}on page for today.

H. Tell me what you see (di昀昀erence symbol)

Then it is the end of the day. I have not really performed well compared to my personal goals cuz that 

was 135% but I have performed well in rela}on to similar employees.

I. How does this make you feel

I want to see what I can do be琀琀er. I look at the energy consump}on per device page.

J. Tell me what you see. What can you do to improve your energy consump}on.

Can also see which }mes you consumed most of your energy.

K. Tell me what you see and think

Showcase the encouragement pages

L. What is your opinion about these pages?

3. Unstructured interview

A. Do you think you would use the smartwatch? Do you think other people?

B. Would you intent to change your energy consump}on to be more responsible when this 

smartwatch is implemented? Why?
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C. What do you think encourages and discourages you to change your energy consump}on to be 

more responsible regarding the smartwatch?

D. What do you think was intui}ve & what was not intui}ve?

E. Which parts of the smartwatch were useful and which ones were not?

F. What would you change?

G. Do you have any remarks about the smartwatch?
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Appendix G: Realisa琀椀on

=.

Figure 83: Overview of the smartwatch prototype.

The prototype is bigger than the actual smartwatch that is envisioned. Addi}onally, users can9t put it 

around their wrist since the wristband in the prototype is made with a speci昀椀c kind of cardboard 

material.

Since the idea that was discussed in the speci昀椀ca}on chapter was too big to work out in the current 

study, a few aspects of the idea were not included within the prototype:

• Data gathering: Instead of adding the whole infrastructure of the smart plugs, smart phone 

and databases, the poten}ometers, visible in Figure 83, were used to simulate the energy 

consump}on data in the moment and the cumula}ve energy consump}on over the whole 

day. Other data was simulated within the Arduino code with sta}c global variables that were 

inspired by the energy consump}on of a one person household on a random day.

• Reminders that a speci昀椀c device has been le昀琀 on: This aspect could have poten}ally been 

very useful to incorporate into the design as this is expected to be a very e昀昀ec}ve suppor}ve 

interven}on type technique. However, it is not included within the realisa}on of the 

prototype.

• Se琀�ngs page interac琀椀on: The se琀�ngs page mostly allowed for more personaliza}on and 

some privacy se琀�ngs. These aspects are considered to be important for a 昀椀nal product, but 

not required to encourage behaviour change.
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• Graph interac琀椀on: The graph interac}on was considered to be too much e昀昀ort for too li琀琀le 

gain. Only an indica}on of what the graph (and its interac}on) would look like was expected 

to su昀케ce.

• Turn smartwatch on and o昀昀: This feature was not considered to be useful within the current 

itera}on of the prototype as the data gathering aspect of the interven}on was not yet 

implemented and this would not have a big impact on the actual behaviour change.

• Blinking during pop up explana琀椀ons: This was considered too much of a detail and was 

therefore not included. Also by changing the layout of the pop up it was expected that the 

energy light and energy bar light on the screen were a more intui}ve representa}on than 

what was described in the speci昀椀ca}on chapter.

• Swiping interac琀椀ons: For the prototype to func}on not all interac}ons were necessary to 

implement. Therefore, only the tapping interac}ons on the screen were implemented

• Pop up overlays to indicate scale of light bar: This was considered to be a detail. Something 

that was not necessary for the e昀昀ec}veness of the interven}on.

Apart from things that were not included some things were also done di昀昀erently in the prototype 

than described in the speci昀椀ca}on chapter: 

• Pop up explana琀椀on pages:

o Energy bar light and energy light were illustrated the same as bar light and energy 

light on the screen of the standard pages (e.g. home page, se琀�ngs page, 

encouragement pages and history pages). This was seen as more intui}ve and less 

work as the code for these displays on the screen was already wri琀琀en.

o Legend of the explana}on pages was included on same page as there was more 

space available now that the bar and energy light were visualized as an outline on 

the edge of the screen. Originally these would have had their own respec}ve page.

o An explana}on of personal and social comparison symbol was added. This 

informa}on was lacking in the speci昀椀ca}on and more room was available on the 

same page as the bar and energy light were visualized as an outline on the edge of 

the screen.

o Originally the explana}on pop up would be closed via a swiping interac}on. 

However, this interac}on was not included in the prototype, so bu琀琀on was added 

instead.
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Prototype construc琀椀on

Materials and tools

An overview of the used materials and tools can be found int the Table 12 below.

Materials:

1. Arduino mega 2560 (1x)

2. TFT LCD shield (1x)

3. PCB board (1x)

4. Electronic wires

5. Individual addressable LED strip: 

ws2812b (4x a strip of 10 LEDs)

6. Power source of 5v (1x)

7. Data cable (1x)

8. Breadboard (1x)

9. Poten}ometer B10K (2x)

10. Heat shrink tubes

11. 220 ohm resistors (8x)

12. Pin headers

13. Vibra}on motor (1x)

Tools:

1. Soldering sta}on + }n

2. Wire cu琀琀er 

3. Heat gun

4. Arduino program

5. Plier

6. Wire stripper

Table 12: Materials and tools used for the realiza}on of the prototype.

Assembly instruc琀椀ons

Since the data collec}on aspect of the interven}on is not included within the prototype it has to be 

simulated. This is done by u}lizing poten}ometers and global variables in the code. One 

poten}ometer is used to simulate the energy consump}on data in the moment and the other to 

simulate the cumula}ve energy consump}on over the whole day. 

For the prototype a shield was created with an PCB. This was done because of two reasons. First, this 

would reduce the amount of lose connec}ons and make the prototype more reliable. Second, this 

increases the ease of use as it allows the prototype to be easily disassembled and assembled.

To assemble the whole prototype, 昀椀rst the PCB shield needs to be applied on the Arduino mega. How 

the PCB shield is assembled can be seen in Figure 85 and Figure 86. A昀琀er this the TFT LCD shield is 

put on the Arduino mega as detailed in Figure 84. This order is important as wires connected to the 

le昀琀 side of the bar lights should go under the TFT LCD shield. The LEDs of the energy bar light can be 

s}cked to a piece of cardboard can be cut into a wristband shape. When all these things are done the 
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result looks something like the prototype illustrated in Figure 83. The code of the prototype can be 

found in the a琀琀ached zip 昀椀le.

Figure 84: Put the TFT LCD screen on the Arduino mega 2560.
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Figure 85: Tailor the PCB to the right size 12x21 holes. The 昀椀gures illustrate what will be the back side of the PCB which will 
later be put on the Arduino mega like a shield. Apply the pin headers, vibra}on motor, 220 ohm resistors, the bu琀琀on and the 

LED strips like in the 昀椀gures.
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Figure 86: When turning the PCB around so that it faces upwards the following connec}on points can be seen in the 昀椀gure 
on the le昀琀: grey = pin headers, Red = power, yellow = data, black = ground, orange = resistor connec}ons. The soldering 

connec}ons on the PCB can be seen in the middle and right side 昀椀gures. The energy lights, the toggle bu琀琀on and the 
simula}on of the data collec}on through the poten}ometers also need to be added. These connec}ons can be seen in the 

昀椀gure on the right.
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Chapter 7 – Evalua琀椀on

Method

The evalua}on of the prototype in chapter 7 aims to provide insights in the research ques}on:

RQ: How can an e昀昀ec}ve behavior interven}on be designed to facilitate pro-environmental behavior 

among university employees, speci昀椀cally targe}ng the responsible energy usage? 

The prototype will be evaluated on its e昀昀ec}veness/ usefulness to facilitate PEB among university 
employees regarding their responsible energy usage. The e昀昀ec}veness/ usefulness of the 
interven}on will be evaluated through the responses to the smartwatch features and the usefulness 
of the di昀昀erent aspects of the smartwatch. Whether the smartwatch facilitates PEB among university 
employees regarding their responsible energy usage will be evaluated though the measure of 
inten}on. An argumenta}on as to why this measurement was used can be seen the sec}on 
<Evalua}on

= in the method chapter.

With the evalua}on of the prototype the an overall conclusion with a discussion will answer the 
research ques}on in chapter 8. An explana}on on how these user tests are performed can also be 
fount in the <Evalua}on

= in the method chapter and in <Appendix F: User tes}ng method and ques}ons

=.

Results

A summarized version of the results of the user tests can be found in Table 13 and Table 14. These 

tables are colour coded for an easy overview of posi}ve or nega}ve reac}ons towards certain 

aspects of the interven}on.

Both par}cipant 2 and 4 stated that they thought that all aspects of the interven}on were useful to 

support them to change their energy consump}on to be more responsible. More detailed data of the 

par}cipants opinions about the interven}on can be found in the analysis sec}on.

It is good to note that par}cipant 1 in the user test did a di昀昀erent method then the other par}cipants 
as stated in the <Evalua}on

= in the method chapter and in <Appendix F: User tes}ng method and ques}ons

=. In the ini}al method the learning curve of the interven}on meddled too much with the results. 

Therefore the user test method was revised a昀琀er this was observed. Par}cipant 1 men}oned that 

the interven}on contained too much informa}on and was too complex. However, no par}cipants in 

the revised user method stated the same.
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Par琀椀cipant responses to smartwatch features and usage inten琀椀ons
Statements v / Par琀椀cipants -> 1* 2 3 4 5 6
Believes the vibra}onal no}昀椀ca}on encourages a more responsible energy consump}on.
Likes the reminder aspect of the vibra}onal no}昀椀ca}on.
The streak mo}vates the user to work towards a more responsible energy consump}on.
They appreciate that others can see your energy consump}on data through the wristband LEDs.
They would use the smartwatch. **
They think other people would like to use the smartwatch.
They intent to change their energy consump}on to be more responsible when the smartwatch 
would be implemented.
Every aspect of the smartwatch is useful.

Table 13: Par}cipant responses to smartwatch features and usage inten}ons. Green = true, yellow = neutral/ par}ally/ not sure, red = false and grey = no informa}on.
* Par}cipant 1 had a di昀昀erent interview method see the <Results & assessment

= sec}on in the methods.
** The smartwatch would need to be incorporated within an exis}ng smartwatch in order for them to want to wear it.

Explicit men琀椀oned aspects of the smartwatch regarding their usefulness
Aspects v / Par琀椀cipants -> 1* 2 3 4 5 6 Amount of 琀椀mes explicitly 

men琀椀oned to be:
useful Limited in 

usefulness
useless

Vibra}onal no}昀椀ca}on 2 0 0
Energy bar light 1 2 1
Energy light 3 1 0
Personal comparison 3 0 0
Social comparison 3 0 0
Circle diagram 4 0 0
Graph 1 0 0
Yesterday9s performance 1 0 0
Streak 0 0 0
Performance in rela}on to last hour 1 1 0
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Table 14: Explicit men}oned aspects of the smartwatch regarding their usefulness. Green = explicitly men}oned useful aspects of the smartwatch, yellow = explicitly men}oned aspects that are 
limited in usefulness, red = useless and white = not speci昀椀cally men}oned.

* Par}cipant 1 had a di昀昀erent interview method see the <Results & assessment

= sec}on in the methods.
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Analysis 

Public display of energy use via LEDs

It can be concluded that most par}cipants raised some issues about the aspect of the interven}on 

that other people can see your energy consump}on data through the LEDs on the wristband. While 

the visibility of LEDs on the wristband can be mo}va}ng for par}cipant 2 by fostering a sense of 

compe}}on and awareness, most par}cipants are concerned about privacy, poten}al nega}ve social 

interac}ons and assump}ons about work habits (e.g. worked a too much or too li琀琀le) based on their 

energy consump}on.

Another thing that is good to note is that even though par}cipant 3 thought that the visibility of the 

LEDs raises privacy issues and could ini}ate bullying or harassment, he s}ll thinks the thing that 

mo}vates him most are the bar lights which showcase his personal usage over }me. These 

statements seem to contradict each other since the bar light are the most visible LEDs to others.

Bar lights

The most visible LEDs on the wristband are the bar lights. This was the only feature that had mostly 

nega}ve responses regarding its usefulness. With one par}cipant saying it was useful, two 

par}cipants sta}ng that it was limited in usefulness, one par}cipant men}oning that it was useless 

and two others not explicitly men}oning the usefulness of this speci昀椀c aspect.

Visibility of LEDs to others vs bar lights

Due to the rela}on of the visibility to the lights to others and the bar lights (which are the most 

visible LEDs), it might seem that there is correla}on between the perceived usefulness of the bar 

lights and the opinion of the par}cipants regarding the visibility of the LEDs to others. This 

sugges}on arises because both par}cipants 5 and 6 dislike the LEDs being visible to others and also 

feel that the bar light is either useless or not very useful. This can be seen in Table 13 and Table 14. 

However, when looking at their underlying arguments regarding the usefulness of the bar lights, a 

correla}on between the two doesn9t necessarily seem the case.

Firstly, the main reason par}cipant 5 thinks the bar light is useless is because he believes that the bar 

lights in the social comparison state could display skewed informa}on. When certain employees have 

extremely high energy usage, it could result in almost everyone classi昀椀ed in that employee type 

falling below the past seven-day average for the group. Therefore, he does not think that the 

averaging in the bar lights are very useful as this causes data to be hidden to the users. Addi}onally, 

he thinks it is rather di昀케cult to understand what these averages, shown by the bar light, mean and 

how they are calculated.
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Secondly, par}cipant 6 reason for why he thinks the bar light is limited in usefulness  does not think 

that the bar light is a necessity. He does think it is unmo}va}ng when the interven}on is too 

intrusive. He states that should not be too distrac}ng from his work and that is has to func}on in the 

background. This descrip}on could poten}ally 昀椀t a correla}on scenario. Nevertheless, he only 

men}oned the interven}on to be intrusive and distrac}ng by the fact that he has to carry it around 

and by the vibra}onal feedback. Therefore, he never speci昀椀cally men}oned that it was because of 

the visibility of the LEDs to others.

Lastly, par}cipant 1 also thinks that the bar light is not as useful. However, speci昀椀c informa}on on 

whether this par}cipant liked the aspect of others seeing your performance through the LEDs is 

unclear. 

Energy lights

The other LEDs that are visible to others are the energy lights. This was generally posi}vely received 

with half of the par}cipants explicitly men}oning it was useful and one out of six sugges}ng it was 

limited in usefulness. Par}cipants generally view the energy lights posi}vely for their intui}veness, 

their insights in your energy consump}on in the short term and their mo}va}onal impact on energy 

consump}on behaviours.

Personal and social comparison vs light bar and energy light

Even though the bar lights are generally poorly received in regard to usefulness, both personal and 

social comparison within the interven}on are generally well received. Half of the par}cipants 

explicitly men}oned these comparisons to be useful. This is noteworthy as the bar lights and the 

energy light both showcase the informa}on of comparison states. Therefore, there seems to be a 

contradic}on in how this informa}on is displayed that impacts its perceived usefulness. Addi}onally, 

this implies that the informa}on of the comparison states itself is perceived as useful. 

Within the interven}on there are two ways the comparisons are displayed. Either via the LEDs or via 

the screen. This informa}on might suggest that users would prefer the comparisons for the bar light 

on the screen instead of via the lights. On the other hand, the energy light is generally posi}vely 

received. Therefore, this might indicate that the users in this case would like the comparisons to be 

visible via the energy lights. The possible di昀昀erence in display preference with regard to the 

comparisons is another noteworthy thing to men}on.

Another thing to be mindful about is the opinion from par}cipant 5 that the averaging in the bar 

light (mostly regarding the social comparison) can showcase skewed informa}on. Nevertheless, he 

also explicitly men}oned comparison to peers (social comparison) to be useful. This seems rather 
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contradictory. However, he also men}ons that the smartwatch invites the friendly compe}}on. 

Meaning that the devices invites its users to share their energy data by removing or lowering the 

social barrier to do so. He men}ons that he would show his energy consump}on data to certain 

people in conversa}on and that this friendly compe}}on part would be his main driving factor to 

mo}vate him to change his behaviour. Therefore, his descrip}on of comparisons to peers might 

actually be a di昀昀erent aspect of the interven}on than the social comparison referred to above. 

However, this might also mean that the par}cipant 5 has a more nega}ve view towards the social 

comparison which is referred to above, because of the rela}on between his reason towards the 

dislike of bar light and the social comparison state.

U琀椀liza琀椀on of the smartwatch 

All par}cipants with available data men}oned that the they thought other people would be 

interested in u}lizing the smartwatch. Addi}onally, all par}cipants stated that they would use the 

smartwatch, with an excep}on for par}cipant 4, who is unsure if she would use it because she 

believes she already has very low energy consump}on. This might suggest that university employees 

would generally like to use the smartwatch. However, that employees with an already responsible/ 

low energy consump}on might be less interested in trying it out.

Intended PEB change

The intent to use the smartwatch could possibly also be related to the intent to change their energy 

consump}on to be more responsible. All the same par}cipants men}oned again that they would 

intent to change their energy consump}on behaviour to be more responsible when the smartwatch 

would get implemented. Par}cipant 1 never men}oned anything about (not) wan}ng to use the 

smartwatch. He also never speci昀椀cally got asked the ques}on about his intent to change his 

behaviour. However, he did state that he would not be mo}vated to change his energy consump}on 

whenever he already consumed a lot of energy. Therefore his box was coloured yellow in Table 13. 

Therefore, there might be a rela}on between wan}ng to use the smartwatch and intending change 

their energy consump}on to be more responsible.

Analysing design choices with BHM

Addi}onally, the intent to change behaviour could be correlated with the opinion on how useful or 

mo}va}ng the smartwatch is. When looking at the last statement in Table 13 or to the colours in 

Table 14, one can see that the interven}on is mostly perceived as useful with an excep}on of the bar 

light aspect. The  model in Figure 3 was used to design the interven}on to facilitate pro-

environmental behaviour among university employees and support them in crea}ng more 

responsible energy usage habits. When analysing the underlying reasons of the perceived usefulness 
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or encouragement of the di昀昀erent aspects of the smartwatch with this model many design decisions 

seem to be backed up by the results. 

Suppor琀椀ve interven琀椀on type

Constant feedback

The aspects of the smartwatch related to the suppor}ve interven}on type was the constant 

feedback of the LEDs. This feedback was meant to be indirect and nondisrup}ve. However, this the 

feedback type was not perceived by everyone as nondisrup}ve. Par}cipant 4 stated that the bar 

lights are too no}ceable and par}cipant 2 men}ons that she can imagine that when all bar LEDs are 

on all the }me it can become a bit annoying. The par}cipants did not perceive the same problem 

with the energy lights. This suggests that the bar lights might need to be improved to be less 

no}ceable.

It is however important to note that these are not the same par}cipants that stated in table 8 that 

the bar lights were limited in usefulness or useless. Therefore, the no}ceability of the LEDs does not 

seem to be the determining factor which makes the bar lights seem less useful. 

The "Personal and social comparison vs light bar and energy light

= sec}on stated that the constant feedback in the form of the energy light was very posi}vely 

received. Par}cipants 2 and 3 speci昀椀cally men}oned liking the aspect of constant feedback, no}ng 

that it allowed them to gain insight into their energy consump}on with just one glance at the LEDs. 

This supports the ini}al design decision regarding the constant feedback for the energy lights. 

However, the constant feedback regarding the bar lights should be revised.

Vibra琀椀onal feedback

Table 13 shows that the vibra}onal feedback is mostly posi}vely received. The reminder aspect was 

posi}vely received by four out of the six par}cipants. With par}cipant 2 only responding to it 

neutrally because the vibra}onal feedback was perceived to make a too loud of a sound. 

Addi}onally, the table shows that four out of the six par}cipants are encouraged to u}lize their 

energy consump}on more responsibly through the use of vibra}onal feedback. The vibra}onal 

no}昀椀ca}on is also explicitly men}oned to be useful by two of the six par}cipants in Table 14. Only 

par}cipant 4 was not sure if the vibra}onal feedback would encourage her to use her energy more 

responsibly, as she already believed she had a very low and responsible energy consump}on. The 

only par}cipant that responded to the vibra}onal no}昀椀ca}on rela}vely nega}ve was par}cipant 6. 

He stated that he 昀椀nds it unmo}va}ng if the interven}on is too intrusive. He thinks the vibra}ons are 

intrusive and will distract him too much from his work. Addi}onally, Table 14 showed that the 
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vibra}onal feedback was explicitly men}oned by two par}cipants to be useful, because of the fact 

that it could serve as reminders when reaching certain thresholds. 

The fact that most par}cipants thought the vibra}onal feedback was useful and would encourage 

them to use their energy more responsibly could suggest that it would be an e昀昀ec}ve suppor}ve 

interven}on type aspect. However, if it actually would support the users in altering their habits 

remains unclear.

Emo琀椀onal interven琀椀on type

The peer pressure and social comparison aspect was posi}vely received by sta}ng that the social 
comparison and compe}}ve aspect were useful and mo}va}ng. The design decision to make the 
interven}on visible to everyone as talked about in <Public display of energy use via LEDs

= sec}on raised some issues and might need to be revised. Par}cipant 4 stated that she missed 

posi}ve reinforcement since she already thinks she does very well and feels like the current feedback 

of the smartwatch would demo}vate her. Lastly, the streak the par}cipants thought that aspect of 

the interven}on was very mo}va}ng. All of the par}cipants, except for par}cipant 1 who lacks this 

speci昀椀c data, thought that the streak aspect was mo}va}ng. However, it is never speci昀椀cally 

men}oned to be useful in Table 14. That the streak would cause mo}va}on as an emo}onal 

interven}on type also corresponds to the BHM model.

Instruc琀椀onal interven琀椀on type

Circle diagram

The circle diagram which showcased the users energy consump}on per device was explicitly 

men}oned by four out of the six par}cipants to be useful. This might suggest that this is the most 

useful aspect of the whole interven}on. Reasons for its seemingly success could be that it can show 

the user why they might have had a higher energy consump}on during the day. This way they can 

look for reasons to jus}fy their energy consump}on. Addi}onally, it is men}oned a few }mes that 

the diagram can provides insights into the causes of your energy consump}on and that it is intui}ve.

Graph

The graph was generally well received. However, only par}cipant 4 explicitly men}oned it to be 

useful. Addi}onally, par}cipant 6 men}oned it to be a valuable addi}on to the smartwatch. Mul}ple 

par}cipants stated that it could help provide insights into their energy consump}on. Nevertheless, 

opinions about whether the graph could ac}vely change their behaviour were dispersed. Half of the 

par}cipants stated that they would like to see the sugges}ons or informa}on on what they can do to 

can change their energy consump}on. Addi}onally, par}cipants men}oned that they would like to 

see an indica}on of which devices were used each hour.
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Many par}cipants suggested improvements for the graph like the two improvements men}oned 

above. This could imply that they might not see the graph currently as a explicitly useful aspect of 

the interven}on now, but that they do see its poten}al. 

Yesterday’s performance and the performance in rela琀椀on to the last hour. 

Both yesterday9s performance and the performance in rela}on to the last hour are generally not 

perceived as useful as the other pages. They are only speci昀椀cally men}oned to be useful by 

par}cipant 5 who thinks the things that are most useful to him are the aspects that improve your 

insights in your energy consump}on in the short term. Par}cipants men}on that the yesterday9s 

performance page9s e昀昀ec}veness may be limited if the user was not ac}vely trying to improve their 

consump}on. The page may only trigger ac}on if it shows a signi昀椀cantly high percentage. 

Addi}onally, par}cipant 3 thinks that while you are doing something that you already are quite 

aware of what is happening. E.g. if the light bar 昀椀rst only shows 5% of energy consump}on and then 

at 30% of energy consump}on he understands that he already used a lot of energy. Therefore, he 

does not really believe that the page is necessary. Nevertheless, it generally seems that the users 

would like to keep these pages in the interven}on. The pages seem to be speci昀椀cally targe}ng an 

audience who want to work on their short }me improvements. Therefore, they might be less useful 

to an audience who is not focussed that much on this ma琀琀er.

General opinion

In general the visual aids of the instruc}onal interven}on type were seen to be insighvul and 

intui}ve with one page being perceived as more useful than another. However, the par}cipants did 

seem to miss sugges}ons on how they could improve their energy consump}on. Not being aware of 

which ac}ons had the most e昀昀ec}ve consequences. Therefore, the decision to not incorporate this 

within the design during the brainstorming session should be revised. Another educa}onal aspect 

that was le昀琀 out of the smartwatch was the educa}on on why they should save energy. However, 

this was never once men}oned in the user tests. This suggests that this might have been a good 

decision. Addi}onally, it is men}oned that insights in one9s energy consump}on can be mo}va}ng. 

This corresponds with the BHM.

Conclusion 

In conclusion, the design decisions for the constant feedback with regards to the energy lights, the 

vibra}onal feedback, the peer pressure and social comparison, circle diagram, graph and 

encouragement pages (e.g. streak, yesterday9s performance and performance in rela}on to the last 

hour) seem to be posi}vely supported by the results. Indica}ng that they e昀昀ec}vely tackle their part 

of the interven}on type. Design decisions about the prototype that could be revised are the constant 
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feedback with regards to the bar lights, the visibility of the LEDs (speci昀椀cally the bar lights), the 

incorpora}on of posi}ve reinforcement and the incorpora}on of sugges}ons on how to save energy.  

Overall, par}cipants state that they would intent to change their energy consump}on behaviour to 

be more responsibly. This together with the fact that they would like to use the interven}on seems 

like a posi}ve indica}on that the smartwatch9s design would succeed in facilita}ng pro-

environmental behavior among university employees.

Mee琀椀ng stakeholder requirements

Table 15 provides an overview of the stakeholder requirements, color-coded to indicate whether 

each requirement has been met. The prototype was able to meet all the requirements classi昀椀ed as 

8must have9. Only the requirement to save more energy than being used has not been tested and 

cannot be answered. Addi}onally, this version of a prototype does not allow the user to put the 

smartwatch around their wrist. Therefore, the requirement that it should be able to be taken o昀昀 has 

not been realized. However, design decisions have been made in the speci昀椀ca}on phase that would 

realize this requirement.

Mul}ple requirements from the 8should have9 categoriza}on have also been (par}ally) met. However, 

on some requirements some opinions were varied. Addi}onally, the requirement to show an 

overview of what type of devices are currently in use is not met however, the interven}on does 

contain this informa}on indirectly with other types of feedback e.g. energy light, cumula}ve energy 

consump}on per device in a percentage of a whole. So, the ques}on is if this is really needed. 

Not many requirements from the 8could have9 categoriza}on have been realized. These aspects could 

provide examples for future improvements for the interven}on in the future.

Lastly, the requirements for the 8won9t have9 categoriza}on received varied opinions. Therefore they 

are only par}ally met. Furthermore, addi}onal infrastructure was used, however it also uses already 

exis}ng infrastructure in the form of a smartphone. Nevertheless, this is only a small part of the 

interven}on.
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Must have Should have Could have Won’t have
Must not require more energy to be 
build and func}on than what can be 
saved

Should be as small as possible Comparison of energy consump}on in rela}on 
to other employees

An addi}onal device (only 
use the exis}ng 
infrastructure and ar}facts)

Must not sacri昀椀ce comfort for a 
reduc}on in energy usage

History reports Top down inten}on to sustainable transi}on Won9t have very <loud= 
no}昀椀ca}ons

Must secure privacy Overview of what type of devices are 
currently in use

Comparison with the university energy usage Something that causes a 
hassle

Op}on to turn smartwatch on and 
o昀昀 

A lot informa}on visible to the user Comparison of users energy use of a speci昀椀c 
type of device and the average energy usage 
of that device

Won9t be something that you 
have to ac}vely think about

Op}on to turn lights o昀昀 and on to 
provide op}on to share informa}on 
instead of obliga}on

A clear unit to express energy savings Compa}ble with other devices (e.g. smart 
watches)

Won9t be something that you 
can forget

The op}on to not receive feedback An intui}ve interface/ easy to use Own energy source Won9t be annoying. 
Op}on to take the smartwatch o昀昀 A big enough screen for people to read Precau}ons for colour blind people.
Op}on to delete informa}on on a 
certain }me frame (e.g. once per 
month)

Should be able to monitor all of your 
energy consump}on as a precau}on 
against a skewed representa}on of the 
users energy consump}on

Op}on to form social bubble to share 
performance informa}on. Also the addi}onal 
op}on to choose who to share your bubble 
with.

The op}on to personalized feedback 
se琀�ngs

Precau}ons for unfair energy 
consump}on comparisons (e.g. o昀케ce 
employee vs. lab employee

Contextual data shown alongside energy 
usage for a more complete picture when doing 
social comparisons

Subtle feedback No}昀椀ca}ons when having an extreme high 
energy consump}on for a period of }me.

Provide feedback when reducing energy 
consump}on

Table 15: Requirements of the core users (university employees) priori}zed with the MoSCoW method colour coded in whether the prototype met the corresponding stakeholder requirements. 
Green = requirement met, yellow = requirement par}ally met, red = requirement not met and grey = requirement not applicable to current prototype.
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Chapter 8 – Discussion & Future Work

The main objec}ve of this study was to design an e昀昀ec}ve behavior interven}on to facilitate responsible 

energy consump}on among university employees. The results of this study suggest that that the 

smartwatch9s design would succeed in facilita}ng pro-environmental behavior among university 

employees as the results showcase a clear intent to change their behaviour. 

However, not everything described in the speci昀椀ca}on chapter has been realized within the prototype. 

This poses a limita}on. Not the whole idea can be evaluated, only the part that has been realized can be 

evaluated. Two important aspects that worth to men}on and are le昀琀 out are the data gathering part of 

the product and the reminder for when the user le昀琀 on certain electrical appliances and walked away. 

Future work should focus on implemen}ng every aspect of the idea. This way it can be evaluated if the 

data gathering part is feasible and if it poses any imprac}cali}es such as accuracy issues, data latency, 

user privacy concerns and the integra}on of data from mul}ple sources. Addi}onally, the e昀昀ec}veness 

and user-friendliness of the reminder feature to change behaviour can be assessed since this addi}on 

could play a major role in the suppor}ve interven}on type aspect of the interven}on.

To the best of the available knowledge, this is the 昀椀rst (research) project for the University of Twente to 

create more responsible energy consump}on habits through behaviour change. It is however di昀케cult to 

compare this project to other research project aiming to facilitate the pro environmental behaviour of 

building occupants with the regard to energy consump}on. This is the case because of that fact that only 

inten}on to change behaviour has been measured. This is not the same as performing the actual ac}on of 

behaviour change or the change of behaviour (habits) in the long term which is the thing that has been 

measured in the other studies. Therefore, there this presents a limita}on in making direct comparisons.

Another limita}on of the study regarding the fact that inten}on was the measured variable is that this 

research could only suggest that the smartwatch would poten}ally succeed to facilitate responsible 

energy consump}on among university employees. It is not able to evaluate impacts about the 

e昀昀ec}veness of the suppor}ve interven}on type elements of the smartwatch. Even though these might 

be considered to be the most important elements. 

The suppor}ve interven}on type elements where however generally posi}vely received and it was o昀琀en 

men}oned in a posi}ve light that they could serve as reminders. Gravert [41] states that reminders are an 

e昀昀ec}ve tool to change behaviour. Addi}onally, Cole-Lewis and Kershaw [42] conducted a review of 

behaviour change interven}ons in disease management and preven}on using text messaging. Their 

昀椀ndings indicated that 8 out of 9 studies demonstrated evidence suppor}ng the e昀昀ec}veness of text 

messaging as a method for promo}ng behaviour change. This could be similar to the vibra}onal feedback 

and its corresponding pop up which contains a text message. The text messages were o昀琀en sent via SMS 

which could poten}ally also cause a similar buzz no}昀椀ca}on on one9s phone. This similarity and the fact 
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that the vibra}onal feedback was generally well received may suggest that this is an e昀昀ec}ve tool to 

change behaviour. Nevertheless, the actual behaviour change has not been measured and the studies 

men}oned primarily discuss reminders related to topics other than energy consump}on.

Furthermore, Pirolli et al [43]  and Prestwich et al [44] found that reminders of implementa}on inten}ons 

sent via SMS messages increase the e昀昀ec}veness of behaviour change goals. Since the users of the 

smartwatch should set their energy consump}on goals for themselves, they also set their behavioural 

inten}on themselves. Reminders of implementa}on inten}ons (or behavioural inten}ons) are the 

constant feedback types e.g. the LEDs which include the light bar and the energy lights. These constant 

reminders give users insight into their energy consump}on, allowing them to assess whether they are 

mee}ng their personal goals or inten}ons. If Pirolli et al [43] found that reminders in the form of text 

messages increased the e昀昀ec}veness of the transla}on from implementa}on inten}ons to behaviour 

change it could poten}ally be true for other feedback types, like constant feedback as well. However, this 

is a pre琀琀y bold claim and would require further tes}ng.

Casal et al [45], conducted a study that asked par}cipants to allocate points to di昀昀erent items which 

provide a monetary payo昀昀. The extend of this payo昀昀 is dependent on the amount of point allocated to 

speci昀椀c items. The par}cipants did the task 21 }mes and received feedback about their performance. The 

result of this study showed that the con}nues provision of feedback (feedback a昀琀er every round) did not 

lead to be琀琀er performances than providing feedback every three rounds. The result of this study might 

explain why some users stated that the bar lights were unnecessary or not useful in prac}ce. 

Nevertheless, the study also suggests that the similar performance outcomes might be due to the design 

of the feedback mechanism and the rela}vely short dura}on of the experiment, which might not have 

allowed for the di昀昀erences to become apparent. Addi}onally, the consistent and non-consistent feedback 

might have helped par}cipants adjust their strategies almost as e昀昀ec}vely as in the con}nuous feedback 

condi}on.

Therefore a reason between the di昀昀erence of the perceived usefulness between the energy light and the 

bar light might be due to the di昀昀erence in cogni}ve e昀昀ort and }me. These are two main roadblocks that 

block inten}on to translate into behaviours. There are two reasons why the bar light might require more 

cogni}ve e昀昀ort.

Firstly, is the di昀昀erence in informa}onal insight it provides. The energy light provides insight in the current 

energy consump}on in the moment which allows the user to focus on short term improvements. In 

contrast, the bar light is the cumula}ve energy consump}on over the whole day. This di昀昀erence means 

that users need to mentally integrate and analyse informa}on over a longer }meframe to strategize 

e昀昀ec}vely for responsible energy consump}on throughout the day which requires more cogni}ve e昀昀ort 

and }me from the user.
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Secondly, Gravert [41] and Froehlich et al [12] emphasizes that all forms of reminders need to be closely 

}ed to the speci昀椀c context and moment when an ac}on or desired behaviour occurs. For example, when 

the energy light is coloured red the user can directly undertake ac}on if the context of the situa}on 

prompts it. They can for instance turn of the oven in the lab o昀昀. However, when the bar light is red their 

energy consump}on in the moment might be low. E.g. the energy light might be coloured green. Then the 

feedback of the bar light is not closely related to the speci昀椀c context and moment when the desired 

behaviour should occur. The fact that the feedback is not closely related to the context and moment of 

the behaviour could require some extra cogni}ve e昀昀ort.

Since the bar light requires more cogni}ve e昀昀ort and }me from the users, the informa}on of the bar light 

might be less useful, as indicated by the 昀椀ndings. Even though long term plans might be required to 

further reduce ones energy consump}on, it might not be necessary to have the bar light as a constant 

feedback type. As the results stated, it might be su昀케cient to only have the bar light visible on the screen 

rather than also be visible through the LEDs.

Another reason to support the sugges}on to leave out the bar light LEDs and only have the bar light 

visible on the screen has to do with the issues raised regarding the visibility of the LEDs. The results 

men}on that the bar light LEDs could be seen as annoying when all of the bar light LEDs are on and as too 

no}ceable and disrup}ve. A men}oned sugges}on was to reduce the amount of LEDs on the light bar or 

to reduce them in size. However, if the bar lights don9t require a constant feedback than this might not be 

necessary. Furthermore, people were concerned about privacy, poten}al nega}ve social interac}ons 

when the LEDs were visible to others. The most visible LEDs are the bar lights. Therefore it is suggested to 

leave the bar light LEDs out of the next itera}on for the prototype. This approach will also contribute to 

energy savings by minimizing the need for electronics in construc}ng the interven}on, thereby reducing 

its overall energy consump}on. Furthermore, it eliminates the need to power LEDs, which further 

reduces energy consump}on. 

Nevertheless, it could be decided to leave the bar light LEDs in as par}cipants did men}on to 昀椀nd it fun 

aspect of the smartwatch. Furthermore, when having the op}on to turn o昀昀 the bar lights (and leaving the 

energy lights on) this would presumably also not have any nega}ve e昀昀ects on their behaviour. However, 

in this case it would be smart to look if the amount of bar light LEDs can be reduced and/ or to reduce 

them in size. Nevertheless, future work could possibly focus on why people thought the energy bar light 

was not prac}cal or unnecessary in order to make an educated decision on whether to leave the bar 

lights LEDs in or not. It would also be good to check whether the energy bar lights on the screen are seen 

as a more useful addi}on.

This also brings up a ques}on for future research in how big the LEDs of the bar light or energy light 

should be in order to not be annoying, distrac}ng or disrup}ve while s}ll present enough to provide the 
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necessary informa}on to the user. In this study the size and amount of the energy lights were not seen as 

annoying, distrac}ng or disrup}ve. In fact the two out of the six par}cipants in the user tes}ng 

men}oned liking the aspect of constant feedback, no}ng that it allowed them to gain insight into their 

energy consump}on with just one glance at the LEDs. This supports the ini}al design decision regarding 

the con}nuous feedback for the energy lights. Therefore, considering that three out of the six par}cipants 

found the energy lights useful, they should be retained in the next itera}on of the prototype.

Another issue that was raised with regards to the energy bar lights was that averaging could showcase 

skewed informa}on. This was speci昀椀cally men}oned for the social comparison state. In which it was 

feared that if one employee had an extreme high energy consump}on other employees classi昀椀ed in the 

same category could poten}ally all be below the average energy consump}on of this speci昀椀c employee 

type. 

The par}cipant in ques}on (par}cipant 5 in the user tes}ng) suggested replacing the averaging of social 

comparison on the bar light with a bar scale that displays informa}on about the percentage of peers he is 

outperforming. However, this could result in an unintui}ve interface as the personal comparison state 

would s}ll showcase an average. Furthermore, the informa}on about the percentage of peers he is 

outperforming is very sta}c informa}on. Meaning, it is not necessary for the informa}on to be visible all 

the }me on the screen. Par}cipant 5 did however men}on that it would be a clearer indica}on for their 

performance regarding the compe}}ve element of the interven}on. Therefore, an extra screen page 

which showcases the users rank of the current day could be added for extra mo}va}on. However, it 

should be carefully considered on how to realise this rank. For instance, when people are on holiday they 

won9t have any energy consump}on at their workplace. Meaning that they will always be in the top. 

Therefore, it is suggested that only people that are working on the UT that day are included. Addi}onally, 

it is proposed to have the rank be based on the energy consump}on per hour to prevent working hours 

from discrimina}ng rank performances.

To solve the poten}ally skewed informa}on shown in the comparison state one could do the following:

1. Eliminate outliers from the average data

1. Make new employee categories based on new insights into required energy consump}on per job 

type.

2. Split exis}ng employee categories up into di昀昀erent ranks. The users can move up and down the 

ranks and will compare their energy consump}on to people in the same rank. Some sugges}ons 

for possible ranks:

o Energy master: Your energy e昀케ciency is outstanding compared to others.

o Energy expert: You're doing be琀琀er than most in conserving energy.

o Intermediate: You're on track with your energy e昀케ciency e昀昀orts.



197

o Energy explorer: There's room to improve your energy conserva}on prac}ces.

o Energy novice: You have a lot to learn about energy conserva}on prac}ces.

There could however be a few downsides to these solu}ons. The 昀椀rst solu}on delete valuable data since 

the outliers could some}mes represent legi}mate varia}ons or anomalies that provide insights into 

energy consump}on pa琀琀erns. Moreover, determining what counts as an outlier can be subjec}ve and 

might vary depending on the context. 

The second solu}on requires data of employees energy consump}on per job type and perhaps even per 

building which can in昀氀uence the amount of control over their energy consump}on. This might not always 

be available or reliable.

The last proposed solu}on could foster compe}}veness. This might mo}vate some employees but could 

also undermine teamwork and collabora}on e昀昀orts as employees solely focus on their individual 

performance. Moreover, it can create feelings of pressure or s}gma among those in lower-ranked 

categories. This begs the ques}on if the categories borders are sta}onary or that if they are dependent 

on the people within the ranks. The last op}on would mean there would always be employees that would 

be categorized as <energy novice=. This would probably be very demo}va}ng. However, when having 

sta}onary borders people can improve. Therefore, this would presumably be the most e昀昀ec}ve op}on 

within this solu}on. 

When trying to apply this solu}on within the smartwatch in the speci昀椀ca}on phase it was decided to 

leave this aspect out, because of the complexity and di昀케culty of implementa}on. The borders of the 

di昀昀erent ranks can only e昀昀ec}vely determined with suppor}ng data. However, this data was not available 

then. Furthermore, the aim of the interven}on is to facilitate responsible energy consump}on. Not to 

reduce the energy consump}on to zero. This aspect mo}vates the users to reduce their energy 

consump}on towards zero instead of thinking about what is responsible. Another thing to keep in mind 

when implemen}ng is over which }me span the ranks are determined (e.g. per week, per month etc.). 

Lastly, environments and context can in昀氀uence the ranks. Think about weather, amount of mee}ngs etc. 

How does the smartwatch make sure that the ranks are fair and don9t discriminate? Nevertheless, it could 

s}ll be a very encouraging aspect to be added to the interven}on when executed correctly. However, it 

might is probably too complex to implement.

The last concern raised about the bar lights were the intui}veness of the rese琀�ng of the lights. The fact 
that the rese琀�ng of the bar was not seen as intui}ve is contradictory to the 昀椀ndings in the <Interface 
design for a bar or gauge

 sec}on in the state of the art. This implies that the experience bars that were analysed were not a good 

example to base design decisions on. This could either be because the informa}on that was shown in the 

experience bars and the energy light is too di昀昀erent or that the physical representa}on of the energy bar 

light is too di昀昀erent from the experience bars in the games. Even though the par}cipants said that the 
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energy bar lights were unintui}ve they did state that they thought the visual representa}on of the bar 

lights were clear once they understood how it worked. 

Sugges}ons that the par}cipants men}oned to make the energy bar light more intui}ve was that when 

you reached your average (100%) you don9t turn the LEDs o昀昀. Instead you let a new colour creep in the 

old colour. For example, when 100% is reached all lights are green. Then when it is bigger than 100% the 

green of the 昀椀rst LEDs on the right of the smartwatch would change to yellow while the rest of the LEDs 

stay green. This could be a good improvement. However, when the RECT percentage is over 160% the 

lights turn red. Meaning that when the bar light does its second round (e.g. RECT > 200%) no indica}on of 

the percentage is shown anymore. This was the ini}al reason for rese琀�ng and turning of the light bar. 

Nevertheless, this sugges}on could poten}ally make the bar light more intui}ve if the bar 8lights9 on the 

screen have a symbol or indicator for the last 8light9 that was on. Think for example of an arrow or a dot. 

Another op}on is to alter the outline of the bar lights on the screen. For instance making the outlines of 

the bar 8lights9 on the screen thicker up to the last 8light9 that is on. A solu}on for the bar light LEDs is not 

needed since it is proposed to leave the light bar LEDs out of the next design. Therefore, this is only 

applicable to the light bar on the screen.

Having discussed con}nuous feedback it's now crucial to explore other poten}al enhancements for more 

e昀昀ec}ve behaviour change. Results show that the e昀昀ec}veness of the graph to ac}vely change behaviour 

are varied. This could be because par}cipants need to invest more cogni}ve e昀昀ort to gain relevant 

insights into their energy consump}on compared to other visual aids, such as the circle diagram. When 

analysing the graph, users themselves have to think about the context of their energy consump}on each 

hour and determine what it means. In the circle diagram the context is less abstract. To reveal more of 

the context to the user in the graph the following suggested improvements could be made:

1. When clicking on a speci昀椀c device in the circle diagram, a graph should be shown indica}ng how 

much the device has been used each hour. This graph will feature double bars: one bar will 

represent the device's energy consump}on as a percentage of the total energy usage for that 

hour, and the other bar will indicate the distribu}on of the device's energy consump}on per hour 

rela}ve to its total energy usage. To enhance clarity, colour code the graph to match the device's 

colour in the circle diagram. (This might make the current graph page unnecessary.)

2. Instead of showing the energy consump}on per hour in wa琀琀, showcase the energy consump}on 

per hour in percentages rela}ve to the average energy consump}on per hour. Colour code the 

percentages with green, yellow, orange and red so the users can immediately see which hours 

they went over their energy consump}on.

3. When clicking on a bar in the bar graph, show a circle diagram of the di昀昀erent device9s 

contribu}on of the energy consump}on in that speci昀椀c hour.
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4. Only display the working hours and give no}昀椀ca}ons if the energy consump}on a昀琀er work hours 

is s}ll high (this no}昀椀ca}on could serve as a reminder to turn o昀昀 le昀琀 on electrical equipment)

For a next prototype itera}on it is proposed to make all four of the adjustments. The reason why the 

graph from sugges}on 1 should showcase two bars is because the 昀椀rst bar showcasing the device's 

energy consump}on as a percentage of the total energy usage for that hour will provide the user with 

insights in whether the device was a main driving factor in that hours energy usage. However, it would 

also be necessary to showcase to the user when the total energy consump}on was high and low. This is 

necessary for the following reason: Imagine if you have a work light on the whole day, but you are also 

u}lizing many high powered energy devices in your lab. Than during all the hours your work light will 

have a low percentage in the graph since it did only contributed a li琀琀le bit to the total energy 

consump}on of the hour. However, when you 昀椀nish the work with the lab equipment and turn it o昀昀 

suddenly it is only the work light that is all of your energy consump}on. Therefore, this is now 100% in 

the graph. This might mislead the user to think she used the work light way more than in the hour that 

she 昀椀nished with her lab equipment which is not the case. This is where the second bar comes in. This 

will indicate the distribu}on of the device's energy consump}on per hour rela}ve to its total energy 

usage. With this informa}on the user should be able to get a be琀琀er understanding about the context of 

their energy consump}on per device and per hour.

The reason the sugges}ons visualize their data in percentages it was men}oned that wa琀琀 was not a clear 

unit. If all par}cipants in this study shared the same opinion is unclear. However, the par}cipants that 

men}oned it explained that they did not really know what it meant or when something was a lot. 

Providing comparisons through percentages instead may address this issue.

Sugges}on 2 will provide a more intui}ve overview to the user to see which hours their energy 

consump}on was high compared to others than the current graph in the prototype. sugges}on 3 provides 

insights in the context of the energy consump}on that hour. It gives the users insight into which devices 

were the main contributors for the energy consump}on that hour. Something that was lacking in the 

current graph.

An important thing to consider when implemen}ng sugges}on 2 is that exceeding the average hourly 

energy consump}on does not necessarily indicate a problem. For example, university employees are 

likely to use less energy during breaks, this means their energy consump}on during work periods may 

naturally be higher than the average. To assess whether this is an issue, further tes}ng would be needed. 

Alterna}vely, excluding break hours from the calcula}on of the average hourly energy consump}on could 

be a viable solu}on.

By implemen}ng all these solu}ons the graph and circle diagram will be more closely correlated. Making 

it supposedly easier for the users to grasp the context of their energy consump}on. This would improve 
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the educa}onal aspect of the interven}on and the reduce the required cogni}ve e昀昀ort and }me to make 

sense of the provided informa}on. Therefore the implementa}on of these sugges}ons would likely more 

e昀昀ec}vely facilitate the behaviour change among university employees.

An alterna}ve sugges}on could have been to show in the graph in the current prototype which hour 

which devices were used. With the devices being colour coded the same way as in the circle diagram. 

However, this sugges}ons was discarded as it might make the screen a bit too crowded, overwhelming or 

busy.

Some other things to men}on are that the interven}on might not be mo}va}ng for university sta昀昀 

members that already u}lize their energy in a more responsible manner like par}cipant 4 in the users 

tes}ng. This is not per se a big issue as they already poses the desired behaviours. However, one can 

always improve and it is these employees that should set an example and share their best prac}ces with 

other employees. This sharing of best prac}ces could be encouraged if they were also wearing the 

interven}on. Then other employees can also see that they are doing very well. To engage employees that 

already poses responsible behaviours par}cipant 4 suggests to add more posi}ve no}昀椀ca}ons. This 

par}cipant men}ons that she would mostly receive reminders about her energy consump}on while she 

knows she is doing very good which demo}vates her.

Then there are s}ll a few screen pages that have not been discussed. It is suggested to keep the 

yesterday9s performance and the performance in rela}on to the last hour pages in the interven}on. They 

were not seen as the most useful aspect of the interven}on. However, it was never men}oned that they 

would have liked for the pages to be le昀琀 out. Except for par}cipant 1. However, this par}cipant 

experienced the learning curve of the interven}on which made him think the interven}on contained to 

much informa}on. However, none of the other par}cipants men}oned this. Therefore, this opinion is 

probably related to the learning curve aspect of the interven}on. Addi}onally, these pages where found 

especially useful by one par}cular par}cipant. This par}cipant thought the short term insights into his 

energy consump}on was most useful. Therefore, the yesterday9s performance and the performance in 

rela}on to the last hour pages can be le昀琀 in the interven}on for this type of user.

An improvement for the performance in rela}on to the last hour page is to add colours to indicate 

improvement, decline or stabilisa}on. Par}cipants thought it was unintui}ve that the percentage 

some}mes showed an improvement and other }mes a decline. Even though it was visible in the text 

above, they suggested to add the colours red for decline, yellow for stable and green for improvement to 

make this directly clear from one glance.

The last page to be discussed is the streak page. The reason that the streak is probably not speci昀椀cally 

men}oned to be useful is because it is an emo}onal interven}on type with only causes mo}va}on, but 

no insights. All par}cipants men}oned to 昀椀nd the streak mo}va}ng, but none men}oned it to be 
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especially useful. Therefore, this page can also be included into the next prototype to increase the 

engagement and mo}va}onal aspects of the interven}on.

Other improvements that have not been men}oned yet:

• Circle diagram: Delete the category 8other9 in the circle diagram

• Switch between comparisons on the screen: Switch on the screen between social and personal 

comparison for the energy bar light and energy light by clicking on the energy light.

• Similar legends: Make the legend of energy light and energy bar light the same. This way the 

users knows that when you have the same color on the energy light the whole day you will also 

end up having this color for the energy bar light at the end of the day.

• Sugges琀椀ons for ac琀椀ons: An important improvement to men}on is to add sugges}ons for ac}ons. 

Half of the par}cipants stated that they would like to see the sugges}ons or informa}on on what 

they can do to can change their energy consump}on.

• Add other users: Allow the users to add friends. Add a page or an op}on where users can 

compare themselves with friends. Addi}onally add that users can 昀椀ll in that they share an o昀케ce 

together and the op}on to compare to other rooms as well.

• Incorpora琀椀on into a smartwatch: Include this interven}on into an exis}ng smartwatch. The 

pages on the screen can be part of an applica}on. It should be made sure that all pages 昀椀t into 

this smaller screen. The wristband with the lights can be a separate product that the user can buy 

to switch out with his or her exis}ng smartwatch wristband. If it is not possible for pages to 昀椀t 

onto the smaller screen one could consider to include the applica}on on the phone to show 

speci昀椀c detailed informa}on.

Other future work that has not been men}oned yet:

- Reminder types: Which reminder types work best and how to e昀昀ec}vely implement them for 

behaviour change?

- Life Cycle Assessment: Do an LCA to check if the interven}on saves more energy than it uses.

- Data gathering method with less infrastructure: Look into di昀昀erent data measuring techniques 
that would meet the requirements of the data gathering men}oned in the <Data gathering

- = sec}on and which requires less infrastructure.

- Improving comparisons among employees: This could, for instance, entail that employees 

provide the number of hours they spend as o昀케ce employees, lab workers, or professors. The 

hours per func}on type can then be analysed to es}mate an average for similar employee types.

- Other average 琀椀me frame: Comparing university employees with their energy consump}on over 

the last 7 days is expected to be a relevant }me frame for comparison due to weather and season 

changes. However, other variables like whether the employee was in the o昀케ce are not taken into 
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account. The employees are not in the o昀케ces during the weekend. Therefore, maybe a 5 day 

comparison might also already su昀케ce. It is advised to only let the days count for which the 

employee was in the o昀케ce. Meaning if an employee has a 5 day work week and it is Wednesday 

he or she is only compared to last Wednesday, Thursday, Friday, Monday and Tuesday. Measuring 

if an employee has been near the o昀케ce can be realized through the measuring of a Bluetooth 

connec}on with the smart plugs in the o昀케ce. Nevertheless, the }me frame of the averaging was 

not tested within this study. Therefore, real conclusions about this aspect and the necessity of 

these men}oned adjustments can9t be made.

Things that can be done di昀昀erently next }me inten}on is measured, is to measure the change in inten}on 

instead of inten}on itself. From the 昀椀ndings now it is unclear whether the users would already have an 

inten}on to save energy without the interven}on. The statement was phrased:

<They intent to change their energy consump}on to be more responsible when the smartwatch would be 

implemented.= 

To improve future measurements, it would be bene昀椀cial to assess the ini}al inten}on levels before 

introducing the interven}on and then measure the change in inten}on a昀琀erward. This approach would 

provide a clearer understanding of the interven}on's impact on users' inten}on to save energy. The same 

counts for measuring responsible behaviour. To improve future measurements the change in responsible 

behaviour should be measured with a measurement before the implementa}on of the interven}on and a 

measurement a昀琀er the implementa}on of the interven}on.
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Chapter 9 – Conclusion

While the role of changing universi}es employees energy consump}on behaviour to be more responsible 

is s}ll a untouched energy saving topic within the Campus & Facility Management (CFM), it can play a 

vital role in signi昀椀cantly advancing the CFM's mission with limited funding while reducing energy costs. 

This study demonstrates through user tests that the interven}on design supports both the inten}on to 

adopt more responsible energy consump}on behaviours and the willingness to use the interven}on 

among university employees.

The Behavioural Habits Model (BHM), which integrates elements from the Theory of Planned Behaviour 

(TPB), Geller's model, and Stern's theory, emerges as an e昀昀ec}ve framework for designing pro-

environmental behaviour interven}ons aimed at promo}ng responsible energy usage.

Key techniques iden}昀椀ed to facilitate responsible energy consump}on behaviour changes include:

• 

• 

• 

• 

Smart plugs allow for individual data collec}on per device and facilitate easy linkage of sta昀昀 to the 

speci昀椀c energy usage of these individual devices.
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Appendix A: Informed consent form

Informa琀椀on sheet for reducing energy consump琀椀on among university employees 

through behaviour change

Dear prospec}ve par}cipant,

Thank you for considering taking part in this interview. This research project aims to create an e昀昀ec}ve 

behaviour interven}on to facilitate pro-environmental behavior among university employees, speci昀椀cally 

targe}ng the responsible energy usage. Responsible pro-environmental behaviour include simple ac}ons 

to reduce energy consump}on e.g. turning o昀昀 the lights, turning down the thermostat, only turning on 

the dishwasher when it is completely 昀椀lled etc. The purpose of this speci昀椀c interview is to get insights in 

the opinions of the poten}al end users (university employees) of this interven}on. These opinions are 

used to further develop ideas and prototypes. Therefore, it is encouraged to answer all the ques}ons 

honestly. All feedback is appreciated! 

Par}cipa}ng in this interview is voluntary; there are no speci昀椀c bene昀椀ts to be gained by par}cipa}on. It is 

possible to remove yourself from the study at any }me. All gathered data about your par}cipa}on will 

then be destroyed. No personal data will be collected apart from your demographics. When you have a 

very speci昀椀c employee func}on within the UT that could poten}ally iden}fy you as par}cipant this will 

func}on will be generalized. Therefore your contribu}on will remain anonymous. The interview will be 

audio recorded. This will be saved in the personal 昀椀les of the researcher secured with passwords. The 

data will be used and transcribed in the bachelor thesis report. A昀琀er comple}on of the bachelor thesis 

the audio 昀椀les will be destroyed. There are no known risks related to this study. 

Contact details: Nienke Dik, N.e.dik@student.utwente.nl, 06 81252163

Contact informa琀椀on for ques琀椀ons about your rights as a research par琀椀cipant can be found in the 

consent form.

mailto:N.e.dik@student.utwente.nl
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Consent Form for reducing energy consump琀椀on among university employees 

through behaviour change
YOU WILL BE GIVEN A COPY OF THIS INFORMED CONSENT FORM

 

Please 琀椀ck the appropriate boxes Yes No

Taking part in the study

I have read and understood the study informa}on dated 04/05/2024, or it has been read to 

me. I have been able to ask ques}ons about the study and my ques}ons have been answered 

to my sa}sfac}on.

□ □

I consent voluntarily to be a par}cipant in this study and understand that I can refuse to 

answer ques}ons and I can withdraw from the study at any }me, without having to give a 

reason. 

□ □

I understand that taking part in the study involves a audio-recorded interview and data 

recording via wri琀琀en notes. The audio will be transcribed. The audio will be destroyed a昀琀er the 

gradua}on project has been completed.

□ □

Use of the informa琀椀on in the study

I understand that informa}on I provide will be used for reports and possible knowledge 

sharing for future research studies.

□ □

I understand that personal informa}on collected about me that can iden}fy me, such as my 

name, will not be shared beyond the study team. 

□ □

I agree that my informa}on can be quoted in research outputs □ □

Future use and reuse of the informa琀椀on by others

I give permission for the recorded audio 昀椀les and informa}on that I provide to be archived in 

anonymized transcripts in a report. I give consent that this report will be visible at the UT site 

along with all the other student theses so it can be used for future research and learning. No 

names will be men}oned and speci昀椀c employee func}ons will be generalized.

□ □

Signatures

_____________________                       _____________________ ________
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Name of par}cipant [printed]

                                                                                 Signature                Date

I have accurately read out the informa}on sheet to the poten}al par}cipant and, to the best of 

my ability, ensured that the par}cipant understands to what they are freely consen}ng.

________________________ __________________        ________

Researcher name [printed] Signature               Date

Study contact details for further informa琀椀on:  Nienke Dik, N.e.Dik@gmail.com

Contact Informa琀椀on for Ques琀椀ons about Your Rights as a Research Par琀椀cipant

If you have ques}ons about your rights as a research par}cipant, or wish to obtain 

informa}on, ask ques}ons, or discuss any concerns about this study with someone other than 

the researcher(s), please contact the Secretary of the Ethics Commi琀琀ee/domain Humani}es & 

Social Sciences of the Faculty of Behavioural, Management and Social Sciences at the 

University of Twente by ethicscommi琀琀ee-hss@utwente.nl 

mailto:N.e.Dik@gmail.com
mailto:ethicscommittee-hss@utwente.nl
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Appendix B: Stakeholder interview ques琀椀ons

1. Explana琀椀on of the Gradua琀椀on Project

My gradua}on project focuses on sustainability, speci昀椀cally on energy conserva}on. I inves}gate how 

users can be engaged in the process of energy conserva}on. (20%) The scenarios for energy conserva}on 

are shown in the image. To change these scenarios and save energy, people's behaviour needs to be 

adjusted.

2. Demographics

Explain that when the par}cipant's demographics refer to the par}cipant as a person, this is adjusted so 

that this is no longer the case. 

Age: 

Gender: 

Na}onality: 

Occupa}on: 

A. How much control do you have over your personal energy consump}on? 

B. What is your opinion on sustainability or energy conserva}on?

C. Do you feel that you have a good understanding of why it is important to save energy?

D. What are personal points of improvement regarding your energy usage?

E. What do you consider important for an interven}on that enables you to save energy? When would you 

use such a product? Show Figure 28.

3. Show and explain BHM

Men}on that inten}on does not automa}cally lead to pro-environmental behavioural habits; suppor}ve 

interven}on is needed for this.

(Unconscious) incompetence entails importance, knowledge and skill. 

Policy support is the willingness to make economic sacri昀椀ces to protect the environment (e.g., by paying 

much higher taxes or prices, suppor}ng modes of transporta}on other than a car, giving people control 

over energy-consuming devices) 

Subjec}ve norms are the perceived social pressure or expecta}on of an individual to engage in a 

par}cular behaviour. 

A. Which interven}on type do you think you would personally bene昀椀t from the most? (and others?) 

Why? Which one is least applicable to you? Why? 

B. What do you consider important for these interven}on types to have?

4. Show Figure 37 & explain the 昀椀gure
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A. What is your ini}al impression of this idea in general? (What is good, what is bad. Any comments?) 

Would you do things di昀昀erently and why?

B. I want to create a wearable device because then you always carry the interven}on with you and it can 

help you in any environment. (most impact) A wearable could be, for example, a bracelet, badge, glasses, 

etc. (just something you carry with you) Would you be willing to wear a wearable device to save energy? 

Why (not)? When would you (not) agree to wear it? What does it depend on?

C. Are there scenarios in which you would not want to receive feedback? e.g., mee}ngs, sleeping, etc.? Is 

unobtrusive feedback desired in these scenarios? e.g., light, etc. And are these also su昀케cient in other 

scenarios? What should the feedback meet? Do you have preferences for certain types of feedback? 

Visual, audio, etc.

5. Show the ini琀椀al idea of Figure 38

A. What is your ini}al impression of this idea in general? (What is good, what is bad. Any comments?) 

Would you do things di昀昀erently and why?

B. Which aspects of the idea are most important to you? Are there aspects that are not necessarily 

needed? Why?

C. Do you think certain aspects are missing? Or can you think of any improvements?

D. How do you want high and low energy consump}on to be displayed? Do you want this on a 昀椀xed scale 

of what high and low energy consump}on is compared to other users or compared to your average 

energy consump}on from the previous day? Or something else?

E. Are there other things you would like to display di昀昀erently? For example, compared to others instead 

of your total energy consump}on? Would it be be琀琀er if you also receive feedback when an energy-saving 

scenario is detected?

F. Do you see any poten}al problems that you could encounter when implemen}ng this idea?

G. Do you have any further comments?
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Appendix C: Personas

Figure 87: : Persona for the suppor}ve interven}on type.
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Figure 88: Persona for the emo}onal interven}on type. This persona also addi}onally takes into account the rewards interven}on 
type.
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Figure 89: : Persona for the instruc}onal interven}on type. This persona also addi}onally takes into account the rewards 
interven}on type.
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Appendix D: Toggle bu琀琀on pop ups

Figure 90: Overview of the second state when toggling with the light bu琀琀on. Apart from turning on the light bar, the energy light 
and showing the corresponding feedback to the user the screen also turns on. This is to display extra informa}on regarding the 

meaning of the lights. A昀琀er two ten of displaying the <Compare ϟ to personal ϟ (over the last 7 days)= on the screen the text 
disappears and another page is displayed. Now the informa}on is shown with what the comparison is made. The user can click on 

the grey bu琀琀ons to get more informa}on about how this feedback is visualized. An illustra}on regarding the interac}on with 
these bu琀琀ons can be found in Figure 91. A昀琀er ten seconds of displaying the page with the bu琀琀ons the home page is shown. 

Within these delays it is s}ll possible for the user to interact with the bu琀琀ons or tab somewhere (NOT ON THE BUTTONS) to skip 
the delay }me.



217



218

Figure 91: The user can click on the grey bu琀琀ons to get more informa}on. This will show how the feedback comparison with the 
current energy consump}on or the todays energy consump}on is visualized. Regarding the current energy consump}on 

comparison: when your current energy consump}on is exactly 100% during the whole day, then it matches the 7-day average 
energy consump}on. When blinking the lights turn white.
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Figure 92: Overview of the third state when toggling with the light bu琀琀on. Apart from turning on the light bar, the energy light 
and showing the corresponding feedback to the user the screen also turns on. This is to display extra informa}on regarding the 
meaning of the lights. A昀琀er ten seconds of displaying the <Compare ϟ to similar UT employees ϟ (over the last 7 days)= on the 

screen the text disappears and another page is displayed. Now the informa}on is shown with what the comparison is made. The 
user can click on the grey bu琀琀ons to get more informa}on about how this feedback is visualized. An illustra}on regarding the 

interac}on with these bu琀琀ons can be found in Figure 93. A昀琀er ten seconds of displaying the page with the bu琀琀ons the home page 
is shown. Within these delays it is s}ll possible for the user to interact with the bu琀琀ons or tab somewhere (NOT ON THE 

BUTTONS) to skip the delay }me.
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Figure 93: The user can click on the grey bu琀琀ons to get more informa}on. This will show how the feedback comparison with the 
current energy consump}on or the todays energy consump}on is visualized. Regarding the current energy consump}on 

comparison: when your current energy consump}on is exactly 100% during the whole day, then it matches the 7-day average 
energy consump}on. When blinking the lights turn white.
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Figure 94: Overview of the fourth state when toggling with the light bu琀琀on. Apart from turning on the light bar, the energy light 
and showing the corresponding feedback to the user the screen also turns on. This is to display extra informa}on regarding the 
meaning of the lights. A昀琀er ten seconds of displaying the <Compare ϟ to personal and similar UT employees ϟ (over the last 7 

days)= on the screen the text disappears and another page is displayed. Now the informa}on is shown with what the comparison 
is made. The user can click on the grey bu琀琀ons to get more informa}on about how this feedback is visualized. An illustra}on 

regarding the interac}on with these bu琀琀ons can be found in Figure 95. A昀琀er ten seconds of displaying the page with the bu琀琀ons 
the home page is shown. Within these delays it is s}ll possible for the user to interact with the bu琀琀ons or tab somewhere (NOT 

ON THE BUTTONS) to skip the delay }me. 
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Figure 95: The user can click on the grey bu琀琀ons to get more informa}on. In this example 昀椀rst the <Personal comparison= is 
selected. This will route the user to the personal comparison page on the screen. While doing this the bo琀琀om row of the lights on 

the wristband (the energy light and the lights bar) blink or pulse with white light. The interac}ons in the personal comparison 
screen page can be seen in Figure 91. Had the user selected the <Social comparison= instead, then the user would have been 

routed to the social comparison page. An overview of this page can be found in Figure 93. When clicking this op}on the top light 
bar and energy light of the wristband would blink with white light instead.
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Appendix E: Screen bu琀琀on interac琀椀ons

Figure 96: Pu琀�ng the screen and lights into sleep mode and waking them by clicking the bu琀琀on.
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Figure 97: Shu琀�ng the smartwatch down is done by holding the screen bu琀琀on. When it is completely turned o昀昀 the smartwatch 
no longer communicates with the phone to measure and calculate the energy consump}on.

Figure 98: To go immediately back to the home screen the screen bu琀琀on on the smartwatch can be pressed twice.
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Appendix F: User tes琀椀ng method and ques琀椀ons

The informed consent form used in the ini}al and improved method can be seen in <Appendix A: 
Informed consent form

. However, the consent form for the ini}al method addi}onally states that the user test also includes a 

survey.

Appendix F1: Ini琀椀al method

This method uses the think out loud method. The ini}al method consists of the following four phases:

8. Unguided familiariza}on: User gets }me to familiarize him- or herself with the interven}on.

9. Structured Familiariza}on: In this phase, the researcher asks the par}cipant to perform speci昀椀c 

tasks using the smartwatch. If something is unclear, the researcher can ask unstructured 

interview ques}ons. This phase includes an unstructured interview and captures the par}cipants' 

immediate reac}ons and thought pa琀琀erns as they interact with the smartwatch though the think 

out loud method

10. Unstructured interview: a昀琀er the familiariza}on phase the user is asked a set of ques}ons. In 

order to get as much informa}on as possible the interview is unstructured. This way other 

interes}ng or important topics that arise can also be discussed.

11. Survey: The user is asked to 昀椀ll in a survey.

1. Unguided familiariza琀椀on

A. Familiarize yourself with the smartwatch screen, the 2 bu琀琀ons and the 2 poten}ometers and look 

around.

2. Structured familiariza琀椀on

A. Turn some appliances on }ll you have a just above average current energy consump}on.

B. Put the smartwatch in the personal comparison state: 2.

C. Find out what this state does.

D. Find out what the di昀昀erence is between the single LEDs and the LED bar.

E. Let9s say you already used some electricity today. Slowly increase the energy consump}on of today }ll 

50% of your past 7 day average.

F. Put the smartwatch in the personal comparison state: 3. And 昀椀nd out what this state does. 

G. You turn on the air condi}oning. Increase the current energy consump}on }ll its high.
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H. By how much are you currently exceeding your average energy consump}on of the last hour?

I. How well was your performance yesterday? By how much did it exceed or improve upon your average 

energy consump}on?

J. How long is your improvement streak?

K. The day goes by& Turn todays energy consump}on up to 75%. 

L. You release you le昀琀 some appliances on. Turn some appliances o昀昀 }ll you are in the range of your 

average energy consump}on.

M. The day goes further by slowly increase todays energy consump}on to 135%.

O. It is the end of the day. Look up what todays energy consump}on is per device. Where would you 

reduce your energy consump}on in the future?

P. Look up when you consumed most energy during the day.

Q. Put the smartwatch in the personal comparison state: 4. And 昀椀nd out what this state does. 

3. Unstructured interview

A. Would you intent to change your energy consump}on to be more responsible when this smartwatch is 

implemented? Why?

B. What do you think encourages and discourages you to change your energy consump}on to be more 

responsible regarding the smartwatch?

4. survey

Prototype testing 

Dear participant,

This research project aims to create an effective behavior

intervention to facilitate pro-environmental behavior among university employees, 

speci昀椀cally targeting the responsible energy usage. Responsible

pro-environmental behavior include simple actions to reduce energy consumption
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e.g. turning off the lights, turning down the thermostat, only turning on the 

dishwasher when it is completely 昀椀lled etc. The purpose of this speci昀椀c 

interview is to get insights in the opinions of the potential end users (university 

employees) of this intervention. These opinions are used to further develop 

ideas and prototypes. Therefore, it is encouraged to answer all the questions 

honestly. All feedback is appreciated!

Participating in this survey is voluntary; there

are no speci昀椀c bene昀椀ts to be gained by participation. It is possible to remove yourself from 

the study at any time. All

gathered data about your participation will then be destroyed. No personal data 

will be collected apart from your demographics. When you have a very speci昀椀c 

employee function within the UT that could potentially identify you as 

participant this will function will be generalized. Therefore your contribution will 

remain anonymous. There are no known risks related

to this study.

Demographics 

 

 

68. What is your Gender?

 

Markeer slechts één ovaal.

 Man 

 Woman

 Non-binary

 Prefer not to say
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at all

at all

69. What is your age? 

 

Markeer slechts één ovaal.

 18-24

 25-34

 35-44

 45-54

 55+

70. What is your job at the UT? 

 

 

 

71. I want to improve my energy saving at work

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

72. I feel like I have control over my energy consump}on at work. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

73. I believe my colleagues expect me to save energy at work. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

LED lights 

 

 

74. I think it is clear what the di昀昀erent light states mean.

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

75. I think the LEDs are intui}ve to interpret. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

76. I think it is clear what the di昀昀erence is between the two single LEDs and the LED 

strips/bars. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

77. The two single LEDs showcase useful insights in my energy consumption. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

78. The insights of the two single LEDs help me to make more responsible energy 

consump}on ac}ons in the future. 

Imagine you are actually using the prototype in real life.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

79. The LED strips/bars showcase useful insights in my energy consumption. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

80. The insights of the LED strips/bars help me to maintain or improve upon 

responsible energy consump}on ac}ons in the future. 

Imagine you are actually using the prototype in real life.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

81. I think it is useful to see the di昀昀erence in current energy consump}on in the 

moment and the energy consump}on over the whole day. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

82. I think it is useful to compare my energy consump}on with averages. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

83. I think the di昀昀erent comparisons in the light states are useful. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

84. I think one of the following light states are unnecessary: 

 

Markeer slechts één ovaal.

 State 1: Lights off

 State 2: Personal comparison 

 State 3: Social comparison

 State 4: Personal & social comparison 

 All of the states seem useful to me

85. I think the bu琀琀on to toggle through the light states is intuitive. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

86. I think it is intui}ve when LED strips/bars reset when the rela}ve percentage is over a 

mul}ple of 100%. (Turn today's energy consump}on up and down to see this e昀昀ect) 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

87. I think the color of the lights is intuitive 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

88. Do you have any more remarks about the LED lights or the toggle button? 
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at all

at all

at all

Vibrational feedback 

 

89. I experience the no}昀椀ca}on in the form of vibra}onal feedback as "loud".

 

Markeer slechts één ovaal.

1 2 3 4 5

much

90. I experience the no}昀椀ca}on in the form of vibra}onal feedback as annoying. 

 

Markeer slechts één ovaal.

1 2 3 4 5

much

91. I think the no}昀椀ca}on in the form of vibra}onal feedback helps me to undertake 

ac}on for more responsible energy usage. 

Markeer slechts één ovaal.

1 2 3 4 5

much

not very

not very

not very
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at all

at all

92. I think the no}昀椀ca}on in the form of vibra}onal feedback catches my a琀琀en}on 

when doing day-to-day tasks. 

Markeer slechts één ovaal.

1 2 3 4 5

much

93. I think the no}昀椀ca}on in the form of vibra}onal feedback is a good feedback type to 

warn me about my energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

much

 

94. Do you have any remarks about the vibra}onal feedback? 

 

 

 

 

 

 

not very

not very
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at all

at all

at all

Touch screen pages 

 

 

95. The current energy consump}on unit on the home page screen is intui}ve and clear 

to understand.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

96. It is intui}ve that the bar surrounding the screen pages represent the LED 

strips/bars. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

97. It is clear that the bar surrounding the screen pages represent the LED 

strips/bars. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

98. It is intui}ve that the colored box on top of the screen pages represent the two single 

LEDs? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

99. It is clear that the colored box on top of the screen pages represent the two single 

LEDs? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

100. It is intui}ve that the symbol of ONE person in colored box on top of the screen pages 

represent the personal comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

101. It is clear that the symbol of ONE person in colored box on top of the screen pages 

represent the personal comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

102. It is intui}ve that the symbol of TWO person in colored box on top of the screen pages 

represent the social comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

103. It is clear that the symbol of TWO person in colored box on top of the screen pages 

represent the social comparison state? 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

104. The three pages about 'Yesterdays performance', the 'improvement streak' and 

'current performance compared to the last hour' encourage me to u}lize my energy 

consump}on more responsibly? 

Imagine the three pages would be based on your actual energy consumption data.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

105. The two pages about 'Yesterdays performance' and 'current performance compared to 

the last hour' showcase useful insights in my energy consump}on. 

Imagine the two pages would be based on your actual energy consumption data.

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

106. I think the 'Todays energy consump}on per device' page gives me relevant 

insights in my energy consump}on 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

107. I think the insights from the 'Todays energy consump}on per device' will improve my 

responsible energy consump}on pa琀琀erns. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

108. I think the page which showcases a graph of my energy consump}on over a period 

of }me gives me relevant insights in my energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

109. I think the insights from the page which showcases a graph of my energy 

consump}on over a period of }me will improve my responsible energy 

consump}on pa琀琀erns. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

110. I think the interface is intuitive. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

111. Do you have any remarks about the touch screen of the smartwatch? 
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at all

at all

at all

 

Control, privacy and personalization 

 

 

112. I feel in control when using the smartwatch.

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

113. I feel like I can protect my privacy. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

114. I am sa}s昀椀ed with the amount of personaliza}on the prototype offers. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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115. What aspects do you think are missing regarding the personaliza}on of the 

smartwatch? 

 

 

 

 

 

116. Do you have any more remarks about how you experience your control, privacy or 

personaliza}on when using the smartwatch?
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at all

at all

at all

Implementation of the prototype 

 

 

117. I think the prototype would be a hassle when it would be implemented.

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

118. When the prototype would be implemented I would ac}vely have to think about it in 

order to use it. Meaning that it is always present in the current task I am doing when I 

am doing my job. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

119. I feel like peer pressure and social comparison during implementa}on (e.g. seeing 

how others are performing through the LEDs on their smartwatches) would 

encourage me to u}lize my energy consump}on more responsibly. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

120. I feel like the personal comparison (LEDs, and touch screen pages) would 

encourage me to u}lize my energy consump}on more responsibly. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

121. I think the prototype encourages me to u}lize my energy consump}on more 

responsibly. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

122. I think if the prototype got implemented I would change my energy consump}on to 

use it more responsibly. 

(This is about your intention to change your energy consumption.)

Markeer slechts één ovaal.

1 2 3 4 5

Not Definitely
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at all

at all

123. I think the implementa}on of the smartwatch will support me into a transi}on of 

changing habits to more responsible energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

124. I feel rewarded when I improved or maintained my personal average energy 

consump}on pa琀琀ern. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

125. I feel unmo}vated when I exceeded my personal energy average energy 

consump}on pa琀琀erns. 

Markeer slechts één ovaal.

1 2 3 4 5
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at all

at all

at all

126. I feel rewarded when I consumed less energy than the average energy 

consump}on of similar employee types. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

127. I feel unmo}vated when I consumed more energy than the average energy 

consump}on of similar employee types. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

128. I feel like the interven}on mo}vates me towards a more responsible energy 

consumption. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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at all

at all

at all

at all

129. I feel like the interven}on teaches me about how I can work towards a more 

responsible energy consump}on. 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

 

130. I feel like the interven}on educates me on my energy consumption. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

131. When the smartwatch would get implemented I would be emo}onally invested. 

 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much

132. The smartwatch makes me feel like have control over my energy consump}on at work 

Markeer slechts één ovaal.

1 2 3 4 5

Not Very much
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133. Do you have any remarks about the implementa}on of the smartwatch 

 

 

 

134. Do you have any more remarks about the smartwatch in general that you would like to 

add?
 

 

 

 

 

 

 

 

 

 

 

 

 

Deze content is niet gemaakt of goedgekeurd door Google.

 Formulieren

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
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Appendix F2: Improved method

The user tes}ng method was altered to exclude the learning curve of the interven}on from the 

par}cipants tests. This was accomplished by explaining the interven}on through scenarios while the 

researcher interacted with the smartwatch, rather than having the users 昀椀gure out how to use it on their 

own. This approach allowed the users to focus on answering the ques}ons that ma琀琀ered. Addi}onally, 

the survey element of the method was removed, because the 昀椀rst user test took up too much }me. The 

improved method consists of the following three phases:

12. Introduc}on: Shortly explains what the smartwatch does.

13. Familiariza}on: this is the phase in which the researcher interacts with the smartwatch while 

discussing mul}ple scenarios with the par}cipants. This phase includes an unstructured interview 

and captures the par}cipants' immediate reac}ons and thought pa琀琀erns as the researcher 

interacts with the smartwatch.

14. Unstructured interview: a昀琀er the familiariza}on phase the user is asked a set of ques}ons. In 

order to get as much informa}on as possible the interview is unstructured. This way other 

interes}ng or important topics that arise can also be discussed.

Unstructured interview && Quasi experiment >> not random experiment

1. Introduc琀椀on

Explain what the interven}ons does: it shows your energy consump}on compared to the personal average 

or social average depending on the state. Explain what these states are.

With the poten}ometers the researcher does the wizard of oz. Explain which poten}ometer does what.

2. Familiariza琀椀on

We will compare the energy consump}on to the personal energy consump}on. We can look at the energy 

consump}on in the moment and of today. Go to the pop up for the explana}on in the moment. 

A. Look at it and tell me what you see. And is it clear what the colors mean

Let9s you turn on some appliances like lights and laptops. 

B. What do you see?

We can also go to explana}on of the pop up of today.

C. Look at it and tell me what you see

D. Is it clear what the colors mean
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Let9s imagine the }me 昀氀ies by and you are consuming energy throughout the day. The energy you have 

consumed today in total increases. (<50%)

E. Tell me what you see

Increase to >50%

F. How do you feel now you are ge琀�ng hap}c feedback?

Increase to 135%

G. Tell me what you see

We can also go to another state. Let9s compare your energy consump}on to that of similar employees. Go 

to state 3. I will go to the explana}on page for today.

H. Tell me what you see (di昀昀erence symbol)

Then it is the end of the day. I have not really performed well compared to my personal goals cuz that was 

135% but I have performed well in rela}on to similar employees.

I. How does this make you feel

I want to see what I can do be琀琀er. I look at the energy consump}on per device page.

J. Tell me what you see. What can you do to improve your energy consump}on.

Can also see which }mes you consumed most of your energy.

K. Tell me what you see and think

Showcase the encouragement pages

L. What is your opinion about these pages?

3. Unstructured interview

A. Do you think you would use the smartwatch? Do you think other people?

B. Would you intent to change your energy consump}on to be more responsible when this smartwatch is 

implemented? Why?

C. What do you think encourages and discourages you to change your energy consump}on to be more 

responsible regarding the smartwatch?

D. What do you think was intui}ve & what was not intui}ve?
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E. Which parts of the smartwatch were useful and which ones were not?

F. What would you change?

G. Do you have any remarks about the smartwatch?
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Appendix G: Realisa琀椀on

Appendix G1: General overview

The images below showcase the prototype in more detail.

Figure 99: Illustra}on of the smartwatch prototype when in sleep mode. Consis}ng of a display, the energy lights, the energy bar 
lights, poten}ometers to Wizard of Oz the data and a power bank to power the prototype.

Figure 100: A close up of the display in sleep mode. The bu琀琀on on top of the display is the on/o昀昀 bu琀琀on. With one press the user 
can switch between the sleep and wake state. With two fast presses the user can immediately go back to the home page. The 
bu琀琀on on the PCB board to the right of the display is the bu琀琀on the user can use to toggle through the di昀昀erent states of the 

smartwatch. The LED above and under the bu琀琀on on the PCB board are the energy lights.
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Figure 101: The poten}ometers can be a琀琀ached to the smartwatch by the wires. These poten}ometers are used to simulate the 
energy consump}on data of the user. One simulates the cumula}ve energy consump}on of today and the other the energy 

consump}on in the moment from all the electrical appliances that are on at the moment.
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Figure 102: A close up of the wiring of the poten}ometers on the breadboard.

Figure 103: Both the energy light and energy bar light can change colour. The smartwatch is now in state four. (Personal and 
social comparison state). The amount of LEDs that are on of the energy bar light can change depending on the simulated data.
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Appendix G2: Screen pages

All screen pages have an energy light and energy bar light visible on the screen. For all the examples 

below the energy consump}on in the moment and the cumula}ve energy consump}on of today is zero. 

The smartwatch is in these examples in state 1 meaning that the lights of the wristband are all o昀昀 and 

that the energy light and energy bar light on the screen switch between the personal comparison and 

social comparison every 10 seconds. The comparison is indicated through the symbols in the energy light. 

Two people indicates a social comparison and one a personal comparison. On the bo琀琀om of each screen 

page the user can orient him- or herself with the dots. The rectangle is an indica}on for the home page. 

The user can click the arrows on the le昀琀 and right side of the screen to move through the di昀昀erent screen 

pages. 

Figure 104: A illustra}on of the home page of the prototype. Users can click the 8Se琀�ngs9 bu琀琀on to go directly to the se琀�ngs 
bu琀琀on or click the 8History9 bu琀琀on to go directly to the history pages (Circle diagram).

Figure 105: The se琀�ngs page was included in the layout of the prototype but not realized. Instead it only displayed a text of what 
would be in the se琀�ngs page would it have been realized.
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Figure 106: An illustra}on of yesterday9s performance page. The 4% was calculated with sta}c set global variables in the code. 
The encouraging text in the blue box on the bo琀琀om is randomized. Meaning that it showcases a di昀昀erent text each }me this page 

is opened. The yesterday9s performance page is the 昀椀rst of the three 8encouragement9 pages.

Figure 107: An illustra}on of the streak page. The 15 day long streak was a random number that was chosen. Again, the 
encouraging text in the blue box on the bo琀琀om is randomized. Meaning that it showcases a di昀昀erent text each }me this page is 

opened. The streak page is the second of the three 8encouragement9 pages.
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Figure 108: An illustra}on of the current performance compared to last hour page. The percentage is calculated from a sta}c set 
global variable in the code that was based on the data from the energy consump}on of a one person household during a random 
day like in Figure 54 and the simulated current energy consump}on in the moment. Again, the encouraging text in the blue box on 
the bo琀琀om is randomized. Meaning that it showcases a di昀昀erent text each }me this page is opened. The streak page is the last of 

the three 8encouragement9 pages.

Figure 109: An illustra}on of the circle diagram page which showcases how much each device contributed to the cumula}ve 
energy consump}on of the current day. The di昀昀erent devices were set in advance within the code and cannot change. The 
amount that they contributed to the whole is random. Meaning that each }me the circle diagram is displayed it showcases 

di昀昀erent informa}on. The circle diagram is the 昀椀rst page of the two history pages.
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Figure 110: An illustra}on of the graph page which showcases the users energy consump}on over a speci昀椀c period of }me. The 
showcased data is random. Meaning that each }me the graph is displayed it showcases di昀昀erent informa}on. In the speci昀椀ca}on 
chapter it was men}oned that the graph would have some interac}ons with the bu琀琀ons below the }tle to alter the period of }me 
in which the energy consump}on data is displayed. These bu琀琀ons are displayed in the prototype, but they are not func}onal. This 
page only shows an indica}on of what it would look like when correctly realized. The graph is the second page of the two history 

pages.

Appendix G3: Changing states pop ups

To toggle trough the di昀昀erent states the user pressed the toggle bu琀琀on. When it is pressed the 昀椀rst }me 

a pop up of the current state appears. The state is then not yet changed. Only when the toggle bu琀琀on is 

pressed another }me it changes the state if there is s}ll a pop up visible. Every individual pop up which 

indicates the smartwatch state is visible for 10 seconds. A昀琀er 10 seconds the next pop up appears or if 

there is no next pop up the pop up disappears and the last visible screen page gets displayed again. When 

you are on one of the explana}on pages for the states you have to click a bu琀琀on on the bo琀琀om of the 

screen to close the pop up. These pages don9t automa}cally disappear a昀琀er 10 seconds. Also it is good to 

note that when making pictures of the display the photos, became very dark. Meaning that only the 

display and the energy lights are visible.

Appendix G3.1: State 1

For all illustra}ons in the pop ups below the energy consump}on in the moment is simulated to be zero 

and the cumula}ve energy consump}on simulated to be 22% when compared to the users personal 

energy consump}on over the last 7 days and 15% when compared to similar employee types energy 

consump}on over the last 7 days.
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Figure 111: Illustra}on of the state 1 pop up. This page gets displayed when it the state is changed to state 1 or if the current 
state is state 1, but no pop up is being displayed yet. In state 1 the lights on the wristband of the smartwatch are o昀昀 like in Figure 

99. However it can s}ll display the energy light and energy bar light on the screen. It switches every 10 seconds between the 
personal and social comparison as indicated by the 昀椀gures on top of the pop up display. A昀琀er 10 seconds it automa}cally displays 

the previous visible screen page again.

Appendix G3.2: State 2

Figure 112: Illustra}on of the state 2 pop up. This page gets displayed when it the state is changed to state 2 or if the current 
state is state 2, but no pop up is being displayed yet. In state 2 the lights on the wristband of the smartwatch are turned on in the 

personal comparison state. A昀琀er 10 seconds or when the screen is touched it displays the pop up in Figure 113.
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Figure 113: Pop up that is being displayed a昀琀er the pop up in Figure 112 has been displayed. A昀琀er 10 seconds or when the screen 
is touched, but not the bu琀琀ons, then it automa}cally displays the previous visible screen page again. If the bu琀琀on 8energy 

consump}on in the moment9 is pressed the pop up in Figure 114 is displayed. When the 8energy consump}on of today9 is pressed 
the pop up in Figure 115 is displayed.

Figure 114: Illustra}on of the explana}on page of the energy lights for the personal comparison state. This is the pop up that is 
being displayed a昀琀er the bu琀琀on 8energy consump}on in the moment9 in the pop up in Figure 113 has been pressed. When the 

user presses the 8close pop up9 bu琀琀on then the previous visible screen page is displayed again.
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Figure 115: Illustra}on of the explana}on page of the energy bar lights for the personal comparison state. This is the pop up that 
is being displayed a昀琀er the bu琀琀on 8energy consump}on of today9 in the pop up in Figure 113 has been pressed. When the user 

presses the 8close pop up9 bu琀琀on then the previous visible screen page is displayed again. The 100% and 0% indicate the scale of 
the bar lights on the screen. When the rela}ve percentage would display 134% then this scale would be adjusted to 200% and 

100% respec}vely. 

Figure 116: A general overview of what the lights in the wristband look like when in the personal comparison state.
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Appendix G3.3: State 3

Figure 117: Illustra}on of the state 3 pop up. This page gets displayed when it the state is changed to state 3 or if the current 
state is state 3, but no pop up is being displayed yet. In state 3 the lights on the wristband of the smartwatch are turned on in the 

social comparison state. A昀琀er 10 seconds or when the screen is touched it displays the pop up in Figure 118.

Figure 118: Pop up that is being displayed a昀琀er the pop up in Figure 117 has been displayed. A昀琀er 10 seconds or when the screen 
is touched, but not the bu琀琀ons, then it automa}cally displays the previous visible screen page again. If the bu琀琀on 8energy 

consump}on in the moment9 is pressed the pop up in Figure 119 is displayed. When the 8energy consump}on of today9 is pressed 
the pop up in Figure 120 is displayed.
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Figure 119: Illustra}on of the explana}on page of the energy lights for the social comparison state. This is the pop up that is being 
displayed a昀琀er the bu琀琀on 8energy consump}on in the moment9 in the pop up in Figure 118 has been pressed. When the user 

presses the 8close pop up9 bu琀琀on then the previous visible screen page is displayed again.

Figure 120: Illustra}on of the explana}on page of the energy bar lights for the social comparison state. This is the pop up that is 
being displayed a昀琀er the bu琀琀on 8energy consump}on of today9 in the pop up in Figure 118 has been pressed. When the user 

presses the 8close pop up9 bu琀琀on then the previous visible screen page is displayed again. The 100% and 0% indicate the scale of 
the bar lights on the screen. When the rela}ve percentage would display 134% then this scale would be adjusted to 200% and 

100% respec}vely.
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Figure 121: A general overview of what the lights in the wristband look like when in the social comparison state.

Appendix G3.4: State 4

Figure 122: Illustra}on of the state 4 pop up. This page gets displayed when it the state is changed to state 4 or if the current 
state is state 4, but no pop up is being displayed yet. In state43 the lights on the wristband of the smartwatch are turned on in the 

personal and social comparison state. A昀琀er 10 seconds or when the screen is touched it displays the pop up in Figure 123.
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Figure 123: Pop up that is being displayed a昀琀er the pop up in Figure 122 has been displayed. A昀琀er 10 seconds or when the screen 
is touched, but not the bu琀琀ons, then it automa}cally displays the previous visible screen page again. If the bu琀琀on 8Personal 

comparison9 is pressed the pop up in Figure 113 is displayed. When the 8Social comparison9 is pressed the pop up in Figure 118 is 
displayed.

Appendix G4: Buzz pop ups

The buzz pop ups have also been incorporated within the design for all di昀昀erent percentages speci昀椀ed in 

chapter 5. The 昀椀gures below show examples of what these pop ups look like in the prototype.

Figure 124: Example illustra}on of a buzz no}昀椀ca}on pop up when the user reached 90% of their energy consump}on rela}ve the 
their personal average energy consump}on over the last 7 days.
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Figure 125: Example illustra}on of a buzz no}昀椀ca}on pop up when the user reached 75% of their energy consump}on rela}ve the 
average energy consump}on of similar employees types over the last 7 days.

Figure 126: Example illustra}on of a buzz no}昀椀ca}on pop up when the user reached 75% of their energy consump}on rela}ve the 
their personal average energy consump}on over the last 7 days at the same }me they reached 50% of their energy consump}on 

rela}ve to their average energy consump}on of similar employee types over the last 7 days.
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Figure 127: A general overview of what the energy bar lights in the wristband look like when both 75% and 50% is reached at the 
same }me in the personal and social comparison state. (E.g. state 4).


