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Abstract 

This deliverable reports the activities taken to validate the GreenSoul socio-economic 

framework in the context of T6.3, while also elaborates further information regarding tasks 

included in WP4.  

Starting by presenting the comparative results from both PRE and POST pilot surveys, in terms 

of descriptive and prescriptive analysis, the overall GreenSoul sample is presented before 

starting the pilot execution and after completing it, identifying the main energy-related socio-

economic factors that seem to be the most important for the GreenSoul end-users. These results 

are also correlated with the GreenSoul Persuasion Principles, validating at first that the three 

main Principles ( Cause and Effect, Conditioning, and Self Monitoring) adopted and deployed at 

the pilots are still - even after the completion of the pilot execution - the top rated ones by the 

pilot end-users.  

Going beyond user perception, the energy consumption data are evaluated, presenting results 

from the individual and collective phases, in terms of both per pilot and per 

treatment/strategy/principle.  

Building upon these results, the two computational models that were delivered through the 

GreenSoul activities - namely the UDEUSTO model that delivers the most suitable ranking for 

the persuasion principles per user, and the CERTH model that aims to predict the best principle 

per user - are evaluated and validated using the two surveys contacted.   

This deliverable includes the full validation of the behavioural model utilized during the pilot 

phase. This will include the relation between engagement on the GreenSoul system and saving 

achieved. Also it will include the evaluation of the persuasion and reaction mechanisms based 

on the result of the piloting phase. 

Previous deliverables D6.3. Validation of the behavioural model and 
the persuasion and reaction mechanisms 

D4.1 : Energy-related human behaviour 
modelling framework 

Present the energy-related information used to 
describe human behaviour in built environments 
of public use. Details of the information used 
from the energy-related behaviour model within 
the GS DSS can been found in D3.9.  

D4.2 : Energy-aware Multi-entity Profile 
Taxonomy 

Update (or final version) of the description of the 
methodology followed to produce the 
classification and the description of  intelligent 
user multi-entity profiling and classification 
mechanism that encapsulates all factors related 
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to the eco-behaviour of occupants in public 
buildings. 

D4.3 : Energy-aware User Profile vs. 
Persuasion, Incentivisation and Reaction 
Strategies Matrix 

Update (or final version) of the description of the 
methodology used to produce the matrix that 
maps the user profiles against their 
corresponding strategies and how different 
strategies can effectively compensate any 
negative effects of socio-economic factors in 
energy saving behaviour.  

D4.4 : Holistic socio-economic model to 
increase eco-awareness of users in public 
spaces 

Update (or final version) of the methodology 
followed to build the socio-economic model to 
increase eco-awareness of users in public spaces 
and the results of its application to the pilot sites.  
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Changes History 

VERSION DATE DESCRIPTION 

0.1 2019/09/11 First version. 

0.2 2019/10/20 Second version, included results 
from the pre-pilot period 

0.3 2019/11/01 Refinement/restructure based 
on initial findings from the post-
pilot  

0.4 2019/11/10 Completion of the post-pilot 
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first results from the 
prescriptive analysis 
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and model validation 
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requires additional statistics for 
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Final Version 2019/12/13 Final conclusive remarks. 

Revision  2020/03/25 Revisions based on final review 
comments 
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Changes addressed according to reviewers’ feedback 

REVIEWERS’ FEEDBACK 
PAGES 

MODIFIED  
DESCRIPTION OF CHANGES  

Please add a glossary or describe the 

different cases (IR, GST, DSS and ALL) when 

first using them 

13-14 

The four GreenSoul strategies are explained briefly 

while a reference is provided to D5.3 which has 

more elaborated information. In addition, the full 

names have been also provided in Table 1.  

In tables 14a and b the standard deviations 

on Mean Energy Consumption per user per 

day are so comparable to the mean values. 

This means that it is not really possible to 

draw any conclusions about changes in 

these values during the pilots. This should 

be acknowledged in the text and the 

current text (section 5.1) should be deleted 

as this is misleading. 

41-42 
A comment related the standard deviation has 

been added and the results deleted. 

Please add to table 14 b the number of 

days for each phase of the pilot (baseline, 

individual, collective) for each site. Please 

distinguish between the calendar days and 

the days used for the analysis (section 5.3.1 

refers to data from holidays and other gaps 

being removed from analysis). 

44 
Rows with the final (after removing holidays and 
weekends)  number of days used to perform the 
analysis are provided in Table 14b

 

Please review the box plots (eg In fig 16) 

and add units for the y axis and please 

provide a key as to what do the values on 

the x axis mean. 

Figure 16 

and 

subsequent 

Unit for the y axis is provided as well as an 

explanation for the x axis in Figure 16 and 

subsequent.  

In the discussion of the effect size, type S 

error and type M errors (pages 45-46) 

please include the range of values that 

would be considered significant. 

49 
A note of expected type S and M error values for 

well powered studies have been provided. 

In tables 18 (and equivalent for other sites) 

please highlight which, if any, values are 

statistically significant and only discuss 

these values in the associated text. Please 

delete discussion of all other values as 

these are potentially misleading. 

Table 18 

and 

subsequent 

Significant results were highlighted with different 

colours and the discussion have been clarified to 

highlight that it was already referring  only to 

significant results..  

Please acknowledge the effect of the 

timing of the pilots (the fact that 1 of the 3 

months of the collective phase of the pilots 

was and August, when the occupancy of 

the buildings would be low) on the 

difficulty in getting a robust result. 

48 

A note clarifying that data from August were 

removed in all but 2 piltots due to their low 

occupancy were included.   

On page 80 the study is described as 

“underpowered”. Please explain what this 

means. 

83 A note explaining this point have been added. 



                                                                              

Dissemination Level: PU          D6.3 Validation of the behavioural Model    7 

In section 6.1 please explain what all the 

user features mean in particular ‘Profile 

PST’ and ‘Organization energy’ 

86-88 

A reference has been included pointing to 

Deliverable 4.2 that has extended information 

regarding these features/aspects. A short 

description was also added in Table 33. 

The survey conclusions (section 7.1) should 

be shortened it is almost a complete re-

statement of the findings and the 

conclusions drawn out more clearly eg 

what does figure 45 mean for this project 

and for future projects? 

100-104 

Section 7.1 was reduced according to the reviews 

received. Besides, an extra paragraph was added 

to highlight the overall notion identified for future 

reference. Thus, we explained how future 

campaigns promoting EE in workplaces can draw 

over the conclusions from this study. 

Please highlight the energy savings which 

are statistically significant in table 40. 
104-105 A new table were introduced that is more clear. 
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Executive Summary  

Socio-economic energy-related behavior has been identified as a significant challenge for 

buildings, especially those of public use. Within GreenSoul various aspects have been identified 

as Factors that may influence occupant performance, both energy-related and socioeconomic 

based. These findings, translated into Persuasion Principles and/or Persuasion Strategies have 

been shared initially with the end-users of the GreenSoul pilots towards evaluating their 

importance for influencing daily energy-related performance.  

To optimally assess not only the end-users perspective but also the deployment of the GreenSoul 

solutions, there were two surveys delivered to the end-users: The PRE-pilot survey, according to 

which the deployed strategies were also based on, and the POST-pilot survey, where the main 

findings from both the initial survey and findings during the pilot execution have been integrated.  

Presenting both a descriptive and prescriptive analysis, both surveys presented some interesting 

findings, such as the fact that only 10 principles were identified as interesting enough to explore, 

out of which only three had quite high rankings (in both surveys), namely Conditioning, Cause 

and Effect and Self-Monitoring. These three were also the ones deployed at the GreenSoul pilots, 

justifying their selection.  

In overall the pilots’ sample, even though significantly reduced in the POST survey, didn’t change 

much either in terms of factors, whereas barriers, intentions, and profiles mainly presented slight 

differences when exploring per Pilot and not in total.  

To further support these findings, the actual energy data from the pilots where also evaluated, 

revealing that even though overall the reduction wasn’t as much as expected, certain treatments 

paid-off (i.e. ALL in the individual period reached an overall daily energy reduction of 21.7%) and 

some pilots performed quite well (i.e. MPH in the individual period reach an overall daily energy 

reduction around 25%).   

Finally, the two computational models that were implemented by the technical partners in 

GreenSoul presented very interesting results, either when ranking the persuasion principles per 

user or when trying to identify the best principle per user, always using the user profile as this 

has been extracted by the two surveys deployed.  

As this deliverable engulfs context from both WP4 and WP6, it contains information that aim to 

present holistically the processes followed to create the final energy-related socio-economic 

behaviour model, to introduce the algorithms employed to implement a software 

representation, and subsequently to validate their performance compared with end-users 

perspective as well as known evaluation metrics for computational models. 
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1. Introduction  

As already presented in Deliverable D4.4 [1], deconstructing and rationalizing energy-related 

occupant behavior is not a trivial task. For several years, scientists have tried to tackle the 

challenge by introducing various behavioral models and adapting previous ones from other 

scientific fields into the energy sector [2],[3]. These models typically consider users as reactive 

agents and not just passive preceptors; however, they do not always succeed in the study of 

energy-specific related behavior, especially when considering it in a working environment, in 

which occupants have been acknowledged to operate different for almost two decades now [4]. 

Even in recent reviews [5], where the high energy saving potential of occupant behavior is 

identified (up to 25% for residential and 30% for commercial buildings), there are still aspects 

that elude from the scientific community, such as, but not limited to, a systematic framework for 

understanding socioeconomic energy-related occupant behavior, more global surveys beyond 

individual buildings, as well as more elaborate links to socioeconomic and policy variables. In this 

regard, this deliverable will provide a triangulation approach [6] to continue shedding light on 

the impact that human everyday practices and their awareness have to energy efficiency. Such 

triangulation consists on comparing the socio-economic modelling results with the impact on 

behaviour (energy savings) and with some qualitative insights from focus group sessions carried 

on in the context of the experimental phase. Please note that for doing that, the results here 

presented have to be interweaving with D6.4 [7].  

For creating the GreenSoul (GS) energy-related socioeconomic behavioural model, various 

computational approaches have been explored towards delivering a recommendation system 

that can materialize persuasive feedback through ICT (digital survey) into a persuasive strategy 

or strategies that can have the most effective impact on office-based employees of tertiary 

buildings, in terms of energy awareness, focusing entirely on buildings of public use.  

As the GS questionnaires were designed and delivered towards both creating the user profile 

that the models would be based upon, but also to validate their performance - an approach 

widely used in such systems [8], an effort was made to provide a more holistic result in terms of 

energy-related and socio-economic factors covering technical focus, essential issues in social 

science and other human behaviour drivers have been taken into account, on the contrary of 

other relevant surveys [9]. Nevertheless, through thorough analysis of the survey results, not all 

these factors were found having significant importance, leading to the adoption of a more limited 

survey for the POST pilot version. 

The use of that type of digital surveys addresses also the Cold Start Problem (CSP), a quite well 

known and severe challenge in recommendation systems, especially in the case of new users 

[10]. Hence, with a simple set of questions, a model could be executed to infer which is the best 

item of a set for that particular user and which will be the rating he/she will give to it (i.e. 
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satisfaction evidence).  This becomes even more challenging when the user isn’t provided with 

the item she/he is waiting for, but it elucidates which would be the best persuasive strategy to 

use when suggesting a new item for them irrespective of the item nature. The latter, is one of 

the basic goals of the GS behavioural model. Previous works have also emphasised the relevance 

of having systems that elicit profiles to provide right persuasive [11]-[13]. However, these papers 

are more focused on knowing which attributes of the users have an impact on their susceptibility 

to being persuaded, rather than creating a  system itself. 

There are several models/recommendation systems which aim to predict the preferences of a 

user without taking into account the impact of those preferences in the user. These systems aim 

to create a ranking of the existing items taking into account which are the user preferences and 

offering them the whole ranking to choose [14]-[16]. Building upon this notion, while exploring 

different algorithmic approaches, GS has delivered two behavioural models, one for ranking the 

best identified strategies and one trying to only find one. Both models are evaluated and 

validated through the data collected from the pilot surveys, whereas the principles adopted to 

the GS pilots are also evaluated through not only the users’ responses but also their actual energy 

consumption data. 

For consistency reasons, the correlation between the Persuasion Principles and the GS 

Persuasion Strategies/Treatments deployed in the GS pilots are elaborated in the following table: 

Table 1: Mapping between the GS Treatments and the Persuasion Principles. 

GS Treatment Persuasion Principle Persuasion Strategy 

Post-Its (PI)/ 
Reminders (R) 

Cause and Effect Provide  means  to  visualize  the future 
outcomes  if  the  desired action  was  achieved  

(e.g.,  you  can  be  green  at  work  if  you 
do this or that!) 

GreenSoul-ed 
Things (GST) 

Self-monitoring Provide  energy data  to  the  users  to  track  
their  performance  throughout  the 

time either quantitatively or using visual 
metaphors 

Decision Support 
System (DSS) 

Conditioning Provide incentives when certain sustainable 
actions are done (e.g., badges) 

ALL ALL ALL 

 

In brief the GS Treatments are described as follows:  
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● PI/R:  Physical signage (e.g. post-its, roll-ons, or posters) with reminders about energy 

efficient actions, 

● GST: The hardware components created within the project’s activities. These devices are 

essentially tangible interfaces which provide visual information about the energy 

consumption and the energy performance of the employees,  

● DSS: An algorithm that analyzes the energy consumption and provides context-rich 

gamified information through a mobile  app to the employees, assessing their overall 

performance, and   

● ALL: All the previous treatments together. 

A more detailed explanation of both the persuasion principles and the treatments is included in 

Deliverable D5.3 [].   
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2. Data Framework for the GreenSoul Energy-related Socio-Economic 

Model 

Based on literature findings, validated instruments and previous experience from similar 

endeavors, within GreenSoul, a set of questionnaires/surveys were designed towards assessing 

energy related socio-economic behaviour of end-users in buildings of public use. The main 

surveys were provided in two distinct timeframes, before (pre-pilot) and after (post-pilot) the 

pilot execution. The primary objective of the former questionnaire was to analyse and to cluster 

/ classify end-user profiles according to their socio-economic profiles and the factors affecting 

energy-related behaviour. The latter is intended to assess the potential effect of the GreenSoul 

behaviour change techniques on these end-users according to only those factors and 

characteristics which were identified as statistically relevant on the analysis of the first 

questionnaire. Thus, given the responses received from the first survey contacted, and also the 

deployment of the GreenSoul solutions, the second version was updated, reducing the size of the 

questionnaire, since a lot of questions were not found of significant importance during the first 

analysis, even though new questions have been introduced to evaluate the GreenSoul systems.  

2.1. Pre-pilot Questionnaire 

The first questionnaire, that was designed and delivered to the pilot end-users throughout June, 

2017, prior to the pilot execution, included a variety of questions that aimed to identify and 

analyse information to create an energy related  socio-economic and demographic profile from 

respondents as well as their self-reported understanding of which persuasive strategies or 

principles of persuasion can be more suitable for them. The questionnaire has been included in 

Annex A and has also been made available along its results in Zenodo [17]. 

2.1.1. Socio-economic and Demographic Profile 

Questions related to the personal information of the users are essential towards being able to 

identify general groups and profiles that may be more keen to change based on the suggestions 

provided. We subdivide such information into those factors related to the workplace and those 

which are independent.  

1) Non-Dependent on Work: These are the most common questions found in such questionnaires 

and cover information such as age, gender, education, country, and city. We consider these 

above factors as static. Furthermore, we asked about the users’ confidence in technology [18] 

their susceptibility to persuasion [19] and the pro-environmental twosome: attitudinal profile 

[20] and intentional profile [21]. These latter factors should be underpinned to the user 

irrespective of the context, albeit these can be dynamic and changeable. Static factors provide a 

glimpse of the inherent exploratory factors that may determine which persuasion may work 

better depending on personal characteristics. Dynamic factors also count as predictors to 

ascertain the most suitable pro-environmental cues or persuasive nudges to be provided; 
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however, these factors should be treated with extra care because of their volatile nature. Thus, 

researchers should periodically measure implicitly or explicitly these factors to change the 

persuasive strategy accordingly. 

2) Dependent on work: The second group of factors can be influenced by the organization where 

the user is employed. We subdivide them into two groups as we did above. On the one side, 

some factors mainly deal with non-energy related information but instead working conditions 

and are rather static factors (e.g. type of employment, position, work culture [22], the floor in 

which users work or the number of people with whom they share the daily routine). On the other 

side, we have factors tightly coupled to the energy efficiency that can be considered as dynamic: 

1. attitudes in relation to Energy Efficiency in the Workplace [23];  

2. main barriers to be energy efficient in the workplace;  

3. the degree in which we try to influence energy efficiency behavior at work [24];  

4. the willingness to join an initiative to reduce energy consumption in the workplace;  

5. our response to posters or signage about energy efficient actions; and  

6. the frequency that we would like to receive messages or cues about sustainable actions. 

Such data aim is to explore the users’ behavior from their work perspective as well as to find if 

any of these variables influence the type of persuasive principle/strategy to be employed as a 

trigger for adopting an energy efficient behavior. 

2.1.2. Ancillary Profile - Energy-related actions at work 

Some questions of the questionnaire covered social characteristics in the end-user’s workplace 

according to habits in terms of energy-related aspects (e.g. the use of the HVAC, the set-point 

established in summer and winter, the use of natural and artificial lighting, printing habits or the 

power mode set in users’ equipment). The aim of collecting these variables was mainly to 

understand which energy practices apply to different buildings and to what extent these are 

carried on by employees. These questions are also inline with aspects introduced by the energy-

related behaviour model identified and introduced within the activities of T4.1.  

2.1.3. Ranking of Persuasion Strategies 

Apart from the socio-economic, demographics and ancillary attributes collected in the 

questionnaire and which are curated and cleaned in the dataset, users were asked to self-rate 21 

persuasive strategies related to enhancing energy efficiency practices in shared spaces at work. 

Users had to rate the strategies from 1 to 5 depending on the effect those strategies they think 

would have on them to reduce the energy they use in their workplaces (they also could provide 

a 0 rating if the strategy did not apply to them). The strategies were designed based on 32 

persuasion principles developed by experts in the field [25], [26], [27]. In Table 2, the 15 basic 

persuasion principles are explained, in Table 3 the 21 persuasion strategies identified are 
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described, whereas in Table 4 the persuasive strategies are mapped to these principles of 

persuasion. 

Table 2. Explanation and Rationale of 15 principles of persuasion. 

Persuasive 

Principle  

Description 

Authority (P1) People will tend to obey authority figures (legitimate, recognized 

authorities), even if they are asked to perform objectionable acts. People 

want to follow the lead of real experts 

Cause and effect 

(P2)  

 

Simulations can effectively persuade people to change their attitudes or 

behaviors by enabling them to observe a direct link between cause and 

effects 

Conditioning 

(P3) 

 

 

A behavioral process whereby a response becomes more frequent or more 

predictable in a given environment as a result of reinforcement, with 

reinforcement typically being a stimulus or reward for a desired response. 

Computerized systems that use principles of operant conditioning to 

change behaviors. To use operant conditioning is basically to provide 

reinforcement (positive or negative) to the user 

Cooperation & 

Liking (P4) 

A system can motivate users to adopt a target attitude or behavior by 

leveraging human beings’ natural drive to co-operate. Further, People 

prefer to say ‘yes’ to those they know and like. People are also more 

likely to favor those who are physically attractive, similar to themselves, 

or who give them compliments. Even something as ‘random’ as having 

the same name as your prospects can increase your chances of making a 

sale (Coke) 

Personalization 

& Tailoring (P5) 

A system that offers personalized content or services has a greater 

capability for persuasion. Further, information provided by the system 

will be more persuasive if it is tailored to the potential needs, interests, 

personality, usage context, or other factors relevant to a user group. It 

provides information that is specific to the individual to better enable a 

certain behavior 

Physical 

attractiveness 

(P6) 

It plays an essential role in making the application easy to understand and 

more likable. 

Praise (P7)  By offering praise, a system can make users more open to persuasion. 

Real-world feel 

& Verifiability 

(P8) 

A system that highlights people or organization behind its content or 

services will have more credibility. System should provide information of 

the organization and/or actual people behind its content and services. 

Besides, credibility perceptions will be enhanced if a system makes it 

easy to verify the accuracy of site content via outside sources. 
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Reciprocity (P9) Reciprocation recognizes that people feel indebted to those who do 

something for them or give them a gift. People tend to return a favor. 

Reduction (P10) A system that reduces complex behavior into simple tasks helps users 

perform the target behavior, and it may increase the benefit/cost ratio of a 

behavior 

Self-monitoring 

(P11) 

A system that keeps track of one’s own performance or status supports the 

user in achieving goals. The goal is to allow people to monitor themselves 

to modify their behavior to achieve a predetermined objective or outcome. 

Similarity (P12)  People are more readily persuaded through systems that remind them of 

themselves in some meaningful way. We are more persuaded by people 

we think are similar to us (personality, interests, etc) 

Social proof 

(P13) 

Is a psychological phenomenon where people assume the actions of others 

in an attempt to reflect correct behavior for a given situation. It is the 

concept that people will conform to the actions of others under the 

assumption that those actions are reflective of the correct behavior. 

Social 

Recognition 

(P14) 

By offering public recognition for an individual or group, a system can 

increase the likelihood that a person/group will adopt a target behavior. 

Suggestion (P15) Systems offering fitting suggestions will have greater persuasive powers. 

People are more likely to engage in an activity when it is closely related 

to what they are currently doing. 

 

Table 3. Description of the 21 Persuasion Strategies Identified. 

# Title 

v2 Public (social) recognition of your contribution to energy savings is 

provided 

v3 

 

Receive personal praise (privately) for your contribution to energy 

savings 

v4 The support of the majority of your peers to improve energy efficient 

behaviour. 

v5 Receive energy related information in a simple and aesthetically 

appealing way 

v6 Receiving perks such as flexible working hours, skipping certain tasks, 

etc, as a reward for improving your energy performance. 

v7 You and your team receive recognition for collectively achieving energy 

savings 
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v8 You receive information about the people behind energy-related data 

collection. 

v9 You are assisted in setting, meeting and reviewing your own personal 

energy saving goals 

v10 Your (top) managers are also committed to save energy. 

v11 You can monitor & track your own energy performance in real-time. 

v12 The overall energy saving goals are broken down into smaller easily 

achievable 

v13 The feasibility of the proposed energy savings have been verified in other 

buildings similar to your workplace  

v14 Energy related information is tailored to you and you are able to self-

configure some parameters (e.g. data provided, frequency, etc.) according 

to your preferences. 

v15 Information on the actual effect that your (potential) actions may have 

upon the energy consumption 

v16 Comparative assessment of your actual energy performance compared to 

benchmarks/ good practices 

v17 Comparative assessment of your energy saving performance with the 

respective performance of your peers (e.g. colleagues, other visitors, etc.) 

v18 Historical comparison of your energy performance and/or consumption 

v19 Tips or suggestions on the energy saving practice of the day/ week 

v20 Progress, tips and lessons learned on specific energy saving actions 

performed by other users that are similar to me 

v21 Advice and quotes from energy experts (including external energy 

consultants, energy researchers, energy agencies, etc.) 

v22 Links to data about how energy consumption is monitored and (potential) 

energy savings assessed 

 

 

Table 4. Mapping of Persuasive Strategies to the Persuasion Principles. 

Persuasive Principle  Persuasion Strategy 

Authority (P1)  v10,v21 
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Cause and effect (P2)  v15 

Conditioning (P3)  v6 

Cooperation & Liking (P4)  v4 

Tailoring & Personalization (P5)  v9,v14 

Physical attractiveness (P6)  v5 

Praise (P7)  v3 

Verifiability & Real-world feel (P8)  v8,v13,v22 

Reciprocity (P9)  v7 

Reduction (P10) v12 

Self-monitoring (P11)  v11,v16,v18 

Similarity (P12) v20 

Social proof (P13) v20, v10 

Social Recognition (P14)  v2,v7 

Suggestion (P15) v19 

 

Please, note that the persuasive strategies are encoded from v2 to v22 in the dataset. 

2.2. Post-pilot Questionnaire 
In order to evaluate and validate the models introduced within the GreenSoul project, a second 

survey was designed and delivered to the GreenSoul pilot end-users after the completion of the 

pilot execution period.  

Given the findings originating from the analysis of the first survey, a lot of questions were omitted 

in the second version, whereas others were added to evaluate the deployed solutions. In particular, 

in the following table both categories are presented: 

 

 

Table 5. Differences between the two surveys 

Question Action 

Country Removed  

Children Removed  
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Current employment status Removed 

In what floor do you work? Removed 

Number of colleagues with whom you share your office, work-desk area, or 

co-working space (your near colleagues & neighbours not the whole office 

building) 

Removed 

In a typical day, what percentage of your working time do you spend in your 

office/ work-desk space?  

Removed 

Are you satisfied with your thermal comfort at workplace Removed 

How often do you set the heating/cooling system at your workplace? Removed 

How often do you set the heating/cooling system at your workplace? Removed 

For you, what would be the ideal temperature? Removed 

Lighting habits at workplace. Removed 

When you share a space with other people in the workplace, how easy is to 

find consensus for the following ? 

Removed 

When do you use the stairs instead of the elevator? Removed 

Printing habits: Removed 

Habits in your own desk space with monitors, laptop or PC. Do you ...? Removed 

In the workplace: To what extent would you sacrifice your personal 

convenience and/or comfort to enhance energy efficiency in order to lower 

your environmental impact? 

Removed 

Would you change your ‘dress code’/ clothing instead to use the HVAC to 

adapt your body to the indoor temperature and hence lowering 

environmental impact ?  

Removed 

It is warm inside the office: Would you agree on opening windows instead 

of using the air conditioning when possible? 

Removed 

Please order the following strategies from 1 to 3 as incentives that could 

engage you to save energy based on your experience through the GreenSoul 

project. 1 refers to the most preferable and 3 to the least preferable option 

for you. 

Added  
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Please order the following strategies from 1 to 10 as incentives that could 

engage you to save energy based on your experience through the GreenSoul 

project. 1 refers to the most preferable and 10 to the least preferable option 

for you. 

Added 

What GreenSoul elements do you have in your desktop? Added 

Can you estimate how many times per day do you have a look at the 

GreenSoul feedback? 

Added 

Please, evaluate the statements that applies to you according to the feedback 

received in GreenSoul  

Added 

 

Please, evaluate the effectiveness of the GreenSoul Intervention according to 

your self-experience. 

Added 

Please, provide qualitative information we should take into account for 

evaluating the feedback you received (checklist of strengths and 

weaknesses)? 

Added 

Experiential qualities Added 

 

The last five questions that were added in the post-pilot survey aiming to identify the perspective 

of end-users regarding the project and its effect. As the results of the projects have not been 

announced yet, this will provide an objective overview of how the pilot occupants perceived the 

GreenSoul services.    

The post-pilot questionnaire is provided in Annex B and can also be found in [28].  
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3. Evaluation Instruments: Triangulation Approach 

Towards evaluating the GS socio-economic model that was designed, developed and assessed 

through the GS pilots, a set of different tools have been employed before and after the 

completion of the pilot execution period, as evaluation instruments. These are:  

3.1. End-users Direct evaluation 

Through the above mentioned questionnaires/surveys, end-users were given the capability of 

directly assessing the GS solutions. Either through general questions regarding meanings close to 

the GS models, or through direct questions for the technologies provided, end-users were asked 

to provide feedback for the GS as a projects and as individual components. Furthermore, through 

a specific set of questions, it was possible to assess either manually or through computational 

methods their preferences.  

3.2. Pilot Energy-related Results  

By linking the responses from the questionnaires with the strategies deployed and the 

consumption measurements, it is possible to extract the correlation between the persuasion 

strategies, hence the persuasion principles, and the effect they have to specific end-user profiles. 

Thus, energy consumption over a period of time can be used towards evaluating the validity of 

the GreenSoul behaviour model.  

Finally, a comprehensive set of metrics have been used in Section 5 to validate the results’ 

goodness of fit of the models used to assess the energy consumption of the different treatments. 

The definition of the errors are as follows (in all cases, ri denotes the real value at day i; pi, the 

predicted by the model and n, the number of days): 

● MAPE (Mean Absolute Percentage Error):  

∑

𝑛

𝑖=1

|𝑟𝑖 − 𝑝𝑖|

|𝑟𝑖|
 

● RMSE (Root Mean Square Error):  

√
1

𝑛
∑

𝑛

𝑖=1

(𝑟𝑖 − 𝑝𝑖)² 

● CV (Coefficient of Variation):  

𝑅𝑀𝑆𝐸

𝑟
  

where 𝑟denotes the mean value of the real energy consumed.  
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● R2  (Coefficient of Determination):  

1 −
∑𝑛
𝑖=1 (𝑟𝑖 − 𝑝𝑖)

2

∑𝑛
𝑖=1 (𝑟𝑖 − 𝑟)2

 

where 𝑟 denotes the mean value of the real energy consumed as before.  

3.3. Metrics for Computational models  

To determine if the approaches proposed are effective a set of different metrics have been used, 

either by directly aligning the result with the ground truth collected or by representing how 

relevant is the recommendation done to a user and how our system creates ranks of the 

proposed strategies. For the first part, commonly used false/true positive/negative metrics are 

used along the calculation of the Root Mean Square Error (RMSE). For the latter, a variation of 

the popular metric F-score was employed, which is a normalisation metric of precision and recall. 

In the variation [29], there are relevant and irrelevant items for the user instead of the normal 

true-positive (TP), false-positive (FP). Relevant items are the ones that the user has rated with a 

rating higher than X and irrelevant the ones with less rating. We have decided to evaluate the 

precision and recall at 5 in order to get the five best strategies for each user. 

As we have explained before, our system generates a rank of the strategies for each user in which 

the most effective strategy is the first of the rank and the last the least effective. With the 

purpose of evaluating the precision of our approach Normalised Distance based Performance 

Measure (NDPM) is used as explained in [30]. In line with the previous approach, we do 

comparisons and evaluation with the TOP 5 strategies self-evaluated by respondents from all 7 

cities. 

Specifically, NDPM measures the distance between two rankings or orders, usually the one given 

by the user and the one proposed by the system. The distance is calculated by comparing the 

position of each item in both of the rankings. This metric follows three rules to determine if the 

orders are agree, disagree or are compatible regarding two items: 

● Τhe orders >1 and >2 agree on items i1 and i2  

○ if i1 >1 i2 and i1 >2 i2. 

● The orders >1 and >2 disagree on items i1 and i2  

○ if i1 >1 i2 and i2 >2 i1. 

● The orders >1 and >2 are compatible on items i1 and i2  

○ if i1 >1 i2 and neither i1 >2 i2 or i2 >2 i1.  

That is, when the items are tied or incomparable because one of them is not in the other order. 

Following these rules, if the orders agree on the distance between the orders won't increase but 

if they disagree or are compatible the distance will increase, the increase being greater in the 



                                                                              

Dissemination Level: PU          D6.3 Validation of the behavioural Model    25 

first option. As this metric calculates distances the lower the distance the better the prediction 

is. 

These metrics are used towards evaluating the different results obtained from the surveys’ 

analysis and the computational models, as presented in Section 6. 

3.4. Focus groups with some of the employees and participants 
In order to evaluate the follow up of some of the treatments, a series of focus groups were carried 

on in UDEUSTO pilot. Specifically, on December 2018, on March 2019 and at the end of the post-

pilot phase on November 2019. 

The participants were recruited voluntarily. We first created with them a private Slack channel 

where we asked some questions to participants (N=10) and we sparked the discussion in the 

collective channel. The majority of the questions were related to the following dimensions: 

“Interaction”, “Attachment/confidence”, “Mediator/Emotion"”, “Context”, and “Behavior”.  

Those dimensions were extracted from a previous study of some of the GS participants [30]. 

Then, in the physical meeting we tried to deepen over the actual facts that make them change 

an everyday behaviour or address which kind of strategy would work better for them. These 

sessions are well described in D6.4 [7].  
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4.   Instrument Results Analysis 

4.1. Survey results - PRE/POST-pilot sample Description 

As presented in the previous section two surveys were created, taking into account both socio-

economic factors and energy-related aspects to better understand the human drivers that could 

deliver a persuasion engine for improving occupant behavior at her/his working environment. 

The surveys’ responses help identify which profiles and principles are more likely to instill 

behavioral change towards a more energy efficient behavior at work by building a socio-

economic profile for each of the occupants of the workspace. One of the main particularities of 

the survey is that it was conducted in 7 different buildings across 4 EU countries, namely: Bilbao 

(UDEUSTO), Seville (SEVILLE), Weiz (WEIZ), Pilea-Panorama (MPH), Thessaloniki (ITI), Cambridge 

(ALLIA), and Sussex (ECOLUTION). Therefore, the analysis of the dependencies between factors 

and principles takes a broader perspective considering the application of the questionnaire to 

people with a very different background and a heterogeneous socio-demographic profile. 

Both surveys were contacted using a web-based approach (i.e. Google Forms), and were 

distributed by email to each pilot responsible, who was in charge of contacting the survey on site, 

in the pilot’s national language (spanish, english, german, and greek). As the participation was 

voluntary, the pilot responsible provided reminders during the survey period to ensure an 

adequate participation rate per site. 

4.1.1. Pre-processing   

A twofold analysis of both surveys was contacted, consisting of a descriptive and a prescriptive 

part. In the former, the analysis aims to provide some basic descriptive statistics and conclusions 

over the data. Regarding the socio-economic and demographics, it is possible to evaluate which 

are the prominent profiles among different pilots, gender or technical divide in the population or 

if our sample is willing to join energy initiatives at work or is reluctant. In relation to the 

persuasive part, we can conclude which are the most and least rated persuasive strategies, as 

well as the persuasion principles behind them. The latter analysis is devoted to identifying socio-

economic factors that are potentially important in determining certain persuasion strategies to 

be used or which profiles would be more prone to elicit changes in pro-environmental behavior 

according to the strategies. 

In addition, per each user in the dataset, for the pre-pilot survey the sub-set of the 15 encoded 

Persuasive Principles (Table 1) which were rated with the highest rank was identified, and one 

score among them was distributed accordingly. In particular, if an employee rated three 

principles of persuasion with the highest rank, 0.33 points was assigned to each principle. 

However, if another user only ranked one principle with the highest rank, 1 point was assigned 

to it. Hence, after finalizing the process, a dataset of principles of persuasion with a score in only 

those which were voted with the top rank, had remained. For the post-pilot survey, the same 
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procedure was followed but only for 10 out of the 15 persuasive principles (the ones which were 

rated higher in the first questionnaire), namely: Social Authority (P1), Cause and effect (P2), 

Conditioning (P3), Physical attractiveness (P6), Reciprocity (P9), Self-monitoring (P11), Similarity 

(P12), Social Proof (P13), Recognition (P14), and Suggestion (P15).  

4.1.2. PRE-pilot survey  

In total, 323 questionnaires were collected. After conducting a data cleaning process (i.e., remove 

uncompleted questionnaires and outliers) we came up with 303 samples ready to be analyzed. 

Of these responses, 84 correspond to people working in the Greek sites, 83 were those working 

in Spain sites, only 18 were those working in Austria and most of the answers, 118 respondents 

working in the UK. Table 6 summarizes the number of completed questionnaires collected per 

pilot site:  

Table 6. PRE-pilot Survey - Number of responses per GreenSoul pilot city 

Bilbao 
(UDEUSTO) 

Cambridge 
(ALLIA) 

Sussex 
(ECOLUTION) 

Pilea 
(MPH) 

Seville 
(SEVILLE) 

Weiz 
(WEIZ) 

Thessaloniki 
(ITI) 

TOTAL 

53 58 60 26 30 18 58 303 

 

4.1.2.1. Descriptive Analysis of the PRE-pilot 

By observing the questionnaires’ answers, it appears that the gender of participants was 

balanced, i.e. women (48.1%) vs. men (51.9%). The principal age group is 21-40 years old (59.6%). 

In addition, among the respondents, 31.7% hold a master’s degree and a small percentage (5.1%) 

has finished only high school. We also noticed that respondents work as an employee (88.5%) 

full-time work program (85.6%) and mainly in groups of more than three people. According to 

Lockton’s user models [20], the leading profile is Thoughtful (54.3%) followed by Shortcut (14.3%) 

and Pinball (11%). The intentions to behave in favor of the environment according to Tribble [21] 

showed that end-users where in between the Contemplation (48.17%) and Action (47.84%) 

which means that almost half of these people were hesitating to behave pro-environmentally 

(see Figure 1 to understand the stages of change according to the transtheoretical model).  
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Figure 1. The stages of change according to the transtheoretical model. 

In general, respondents were confident in technology as a means to solve environmental issues 

[18]. We measured the employees’ attitudes towards energy efficiency at the workplace according 

to Kortelainen’s work [23] finding that among the three potential levels (i.e. low, average and high 

attitudes), 91.2% of the employees presented average attitudes in favour of energy efficiency at 

their work environment.  

 

Figure 2. PRE-pilot Survey - the ranking of the 15 initial persuasion principles as voted by the 

end-users as a top principle. 

The main barriers for behaving in an energy efficient way were Absentmindedness, followed by 

Lack of Awareness and in the last position Discouraged from Peers. The susceptibility to being 

persuaded [19] is overall high whilst their disposal to try to influence peers for behaving in a pro-

environmental manner [24] is average (46.5%). Finally, 59.7% of employees voiced that they 
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would join an environmental campaign immediately followed by a 19% who prefer to discuss with 

peers before to join or that 16.7% who prefer taking a decision once the campaign started.  

As can be observed in Figure 2, Conditioning (P3) with a stimulus, observing the direct link 

between Cause and Effect (P2) and Self-monitoring (P11) the energy was the top-rated 

persuasive principles among respondents. On the opposite side, Praising (P7), providing Tailored 

cues (P5) or Reducing (P10) pro-environmental goals into simple tasks seem to be counter 

effective. Please recall that the table that relate Persuasive Principles (P) with their definition is 

above in Table 1. 

4.1.2.2. Prescriptive Analysis of the PRE-pilot Survey 

The prescriptive analysis of the survey results aims at identifying and quantifying interactions 

between socioeconomic data and persuasion strategies or other important behavioral constructs 

such as  Pre-contemplation (Pre), Contemplation (Cont), Action (Act), Intentions, Barriers and 

Confidence in technology. To this aim, it was decided to use contingency tables which are popular 

in surveys’ evaluation [32], also known as cross tabulation, as a means to understand whether 

the top rankings provided to persuasive principles could be dependent on the variability of each 

socio-economic factor under study.  

PERSUASION  

We evaluated if any of the 15 Persuasive Principles are dependent on variables (e.g., 

male/female) within each factor (e.g., Gender). A Pearson’s chi-squared test was applied to 

evaluate how likely it is that any observed difference between the variables within each factor 

arose by chance. To be even more rigorous and conservative because of multiple hypotheses 

were tested, a Bonferroni correction was applied on the significance levels for validating the 

hypotheses. 

The results obtained (see Table 7) show that the only factors which show dependencies on some 

principles of persuasion are: City, Education, and Initiative_to_join. This latter factor as well as 

City are the ones which present more significant interactions with different Principles of 

Persuasion. Specifically: P2, P7, P12 and P15.  
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Table 7. Significant P-values (and the associated power) that ascertain the dependencies 

between Factors and Persuasive Principles for the PRE survey. 

Persuasive 
Principles 

Factors 

City Education Initiative_to_join 

P2 
p = 0.0004997501  

β = 0.9944237 
 

p = 0.0009995002  
β = 0.9339491 

P7  
p = 0.001999  

β = 0.9188609 
p = 0.001999 

β = 0.9659801 

P12 
p = 0.0009995002  

β = 0.9764619 
  

P15 
p = 0.0004997501  

β = 0.9996468 
  

 

BEHAVIORAL CONSTRUCTS 

Furthermore, we investigated if there were dependencies among the city of origin and certain 

important Factors such as: Pre-contemplation, Contemplation, Action, Intentions, Barriers and 

Confidence in technology. This is important because the proposed analysis allows us to 

understand if there are differences or not over how different employees respond to some factors 

taking into account the country of origin or city where they live. 

 

Regarding Pre-contemplation, Contemplation, and Action, a Kruskal Wallis test [35] between the 

city and these three factors revealed a significant effect of (χ2(1)=462.69, p < 0.01), (χ2(1)=285.7, 

p < 0.01), and (χ2(1)=303.3, p < 0.01). However, when we provided a Post-hoc analysis using 

Dunn’s tests [36] with Bonferroni correction we only observed the following intersections with 

significant differences (effect sizes are calculated with epsilon square - ε2): 

 

Table 8. PRE-pilot: Post-hoc analysis to identify where the differences are in the effect that we 

observed after running Kruskal Wallis test. 

 Pre-Contemplation Contemplation Action 

City 

Weiz-Bilbao 
Weiz-Seville 

Weiz-Thessaloniki 
Weiz-Cambridge 

Weiz-Sussex 

Bilbao - Sussex  
(p <0.025; r = 0.058) 

- 
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(p< 0.002; r = 0.0875) 

 

According to Rea and Parker [37], the following Table summarizes how to interpret the effect 

sizes obtained from ε2. 

Table 9. Effect Sizes Interpretation. 

ε2 Size of effect 

0.00 < 0.01   Negligible 

0.01 < 0.04 Weak 

0.04 < 0.16 Moderate 

0.16 < 0.36  Relatively strong 

0.36 < 0.64 Strong 

0.64 < 1.00 Very strong 

 

Regarding Intentions, Barriers and Confidence in Technology, a contingency analysis using 

GTest’s test [38] showed that Confidence in Technology and Barriers depends on the city 

significantly. The GTest statistic is also approximately chi-squared distributed, but for small 

samples as we had, this approximation is closer than one that chi-squared test uses. In the case 

of Confidence: χ2(14)=25.763, p-value=0.02774. And Barriers, χ2(21)=54.117, p-value=9.497e-05.  

 

 
Figure 3. PRE-pilot: Comparison of the distribution of confidence in technology among different 

pilots (0 is neutral, 1 is not confidence and 2 is confidence). 
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Figure 4. PRE-pilot: Comparison of the distribution of barriers in each pilot (1 is 

Absentmindedness, 2 is Lack of Awareness, 3 is Discouragement from Peers, and 4 another 

reason. 

4.1.3. POST-pilot survey  

The post-pilot survey was contacted after the pilot execution. A total of 105 responses were 

retrieved from the pilots. The survey and its results can be consulted in Zenodo [13]. This 

questionnaire is much shorter than the former as we reduced the number of features/Factors to 

be obtained from participants. The selection of the features to keep was done by only asking for 

those that were conclusive in the pre-pilot models we issued (See Table 5 in Section 2.2). Of these 

responses, 37 correspond to people working in the Greek sites, 43 were those working in Spanish 

sites, only 12 were those working in Austria and 13 respondents working in the UK. Table 10 

summarizes the number of completed questionnaires collected per pilot site: 

Table 10. POST-pilot Survey - Number of responses per GreenSoul pilot city 

Bilbao 
(UDEUSTO) 

Cambridge 
(ALLIA) 

Sussex 
(ECOLUTION) 

Pilea 
(MPH) 

Seville 
(SEVILLE) 

Weiz 
(WEIZ) 

Thessaloniki 
(ITI) 

TOTAL 

28 8 5 19 15 12 18 105 

 

4.1.3.1. Descriptive Analysis of the POST-pilot and Comparison with PRE-Pilot 

In the POST-pilot survey analysis a slight shift is observed towards male (61.9%) over female 

(37.1%) responders, and even an “Other” response was given from one of the pilots. The principal 

age group remained at the range of 21-40 (49.5%), whereas the percentage of responders holding 
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a master’s degree has elevated by 10% (41.0% over 31.7% in the PRE-pilot) while the responders 

that have only finished high school has slightly diminished (4.8% over 5.1% in the PRE-pilot). The 

position has been divided in more groups with 73.33% working as employees, 8.57% as higher 

positions (principal researchers, head of unit, boss), and 16.19% as administrative staff. Following 

the same analysis as the PRE-pilot questionnaire, the profiles identified were in the following 

order: Thoughtful (44.21%), followed by Pinball (15.79%) and Shortcut (14.74%). It is also 

interesting to point out that there were quite a few end-users that were identified somewhere 

in between these profiles: 9,47% between Pinball and Thoughtful, 7,37% between Pinball and 

Shortcut, and with 4,21% both Shortcut-Thoughtful and the overall mix of Paintball-Shortcut-

Thoughtful. However, even if this is the general trend it varies among the pilots (see Figure 5). 

For example, in WEIZ “Shortcut” seems to be more representative than “Thoughtful” which is in 

line with the culture identified in that specific pilot.  

 

Figure 5. Post-pilot Survey - Behavioural profile per pilot as identified following Lockton’s user 

models. 

From the PRE-pilot survey, the persuasion principles to evaluate were reduced, as some were 

found not so important in the context of the preliminary pilot results (see Figure 6). Thus, the 

POST-pilot survey included only the top 10 of the Principles that were highly rated in the PRE-

pilot questionnaire. For validation purposes, the Top 3 (that were also employed in the pilot 

trials) were also asked to be ranked separately. When asked to rank the top 10 persuasion 

principles in the POST-pilot survey, in a more direct way than the PRE-pilot survey, the most 

acknowledged principles were Cause and Effect (P2) and Conditioning (P3) with 20,0% preference 

as the top principle, followed by Self-monitoring (P11) with 18,46%. This clearly demonstrates 

that the initial findings, and thus the treatments applied, are the most suitable for the GS end-

users. 
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Figure 6. POST-pilot Survey vs PRE-pilot Survey: Ranking of the 10 persuasion principles as 

voted by the end-users as a top principle. 

To further evaluate the three (3) main persuasion principles that were used in the GS pilots, the 

users were requested to also rank them separately. As can be seen in the following figure, the 

order of these is quite different than when ranking all the strategies. Hence, the assumption that 

the GS project has made regarding the persuasion principles applied has been proven to be 

accurate. The fact that self-monitoring has been ranked as the highest persuasion principle also 

validates the decision of presenting the end-users with various visualisation means to assess 

their consumption habits. 

 

Figure 7. Post-pilot Survey - the ranking of the top 3 persuasion principles as voted by the end-

users. 

From the answers received about employees’ intentions to behave in favor of the environment 

an interesting increase has been observed in the POST-pilot survey in the Action stage (PRE: 
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47.84% vs POST: 56.38%) in the Action state, followed by a reduction in the Contemplation (PRE: 

48.17% vs POST: 38.30%) and a slight increase in the Pre-contemplation  (PRE: 3.99% vs POST: 

5.32%) stages. In overall this indicates that through the GS intervention, end-users have shifted 

from hesitation to actual determination to actively act in a more energy efficient manner.  

The end-users are quite confident to ICT solutions for handling and improving energy efficiency 

in their working environment. In line with PRE results,  the main barriers that prevent energy 

efficient behaviour were identified as Absentmindedness (36.19%), Lack of Awareness (17.14%), 

and Discouraged from Peers (4.76%).  

Statistically speaking, we found an important  difference in Pre-contemplation stage between the 

responses of PRE and POST pilots questionnaires when treating the dataset as a whole. According 

to the results (W = 1, Z = 4.5399, p < 0.05, r = 0.2225), the average mean of people in Pre-

contemplation stage before the treatments is greater than the computed average at the end of 

the interventions. Thus, the overall employees participating in GreenSoul project seem to have 

reduced their stage of Pre-contemplation in favour to higher stages where the willingness to 

do action in favour of the environment increased. 

According to Cohen’s criteria [40], the following Table summarizes how to interpret the effect 

sizes obtained from r. 

Table 11. Effect Sizes Interpretation. 

r Size of effect 

0.1   Small 

0.3 Medium 

0.5 Large 

 

Furthermore, we also looked at the referred analysis pilot by pilot (i.e. comparing PRE-pilot and 

POST-pilot responses to the questionnaire in different cities) to understand in which pilots the 

differences between the studied constructs were more noticeable. In these cases we found 

interesting changes which are described hereafter per pilot: 

SEVILLE 

A contingency analysis for the barriers using Fisher’s test [41] showed that people in this pilot 

increased their overall intentions in favour of the environment significantly (p<0.02). Specifically, 

we can observe in the following figure (Figure 8) that the percentage of people in Contemplation 

stage (2) was reduced in POST and increased in Action stage (3).  
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Figure 8. Seville Pre vs. Post overall Intentions. x-axis: phase of the piloting. y-axis: different 

stages of change →  Pre-contemplation (1), Contemplation (2), Action (3).  

BILBAO (UDEUSTO) 

We did find an important  difference in Pre-contemplation stage between the responses of PRE 

and POST pilot questionnaires in this Spanish pilot (W = 1, Z = 5.1428, p < 0.05, r = 0.5749). The 

results might suggest that this pilot contributed importantly to the effect we observed in the pre-

post analysis with the whole dataset, overall because of the large effect size of this statistical 

finding [40]. Furthermore, the tests in Contemplation and Action stages confirmed that not only 

people in this pilot scored lower on Pre-contemplation, but they also increased their stages of 

change towards more conscient eco-behaviour. Contemplation (W = 1, Z = -2.0434, p < 0.05, r = 

0.228) and Action (W = 1, Z = -2.4688, p < 0.05, r = 0.5749). 

WEIZ 

According to the results, the medians of PRE and POST regarding Pre-contemplation stage in  

Weiz were 0.2 and -1.47, respectively. A Wilcoxon Signed-rank test [39] shows that there is a 

significant effect of Group WEIZ with the Pre-contemplation stage of the transtheoretical model 

(W = 1, Z = 1.9598, p < 0.05, r = 0.3464). That means that the respondents change their Pre-

contemplation stage towards higher stages of consciousness. Interestingly, Contemplation did 

also differ statistically (W = 1, Z = 2.226, p < 0.05, r =0.3934) but in the opposite direction. Thus, 

less people self-assessed their stage of change in Contemplation. As we did not observe a 

significant change in Action stage nor in the overall intentions, we concluded that the 

interventions helped WEIZ’s employees to be aware of the energy concerns, but no more.  

ALLIA 

Similar observations occurred  in Cambridge, UK (ALLIA). The medians of PRE and POST regarding 

Pre-contemplation stage were -1.25 and -2.75, respectively. A Wilcoxon Signed-rank test shows 
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that there was a significant effect as well (W = 1, Z = 2.360, p < 0.05, r = 0.2905).  That means that 

ALLIA’s employees change their Pre-contemplation stage towards higher stages of 

consciousness as well. 

PILEA-HORTIATIS (MPH) 

According to the questionnaires, MPH reported statistical evidence that the mean of the 

Contemplation stage was different between PRE (μ = 1.074) and POST (μ = -0.55) (W = 1, Z =  

2.1388, p < 0.05, r = 0.356)  However, as not conclusive data for predecessor or subsequent stages 

were found, we can not conclude that PILEA’s employees improved or worsen their willingness 

to do actions in favour of energy efficiency.   

A contingency analysis for the barriers using Fisher’s test [41] showed that significantly (p<0.01) 

none of MPH’s participants in POST reported that their hurdles to behave energy efficiently was 

due to lack of knowledge (“I am not sure about what is a good energy practice so I do little or 

nothing”) nor people were found to be discouraged about peers at work (“I am discouraged by 

the attitude of my colleagues and/or of the management, so I do little or nothing”). The following 

figure provides an overview of these findings. 

 
Figure 9. MPH Barriers. We can see that in PRE people had different barriers and that now in 

POST all are concentrated in absentmindedness.  x-axis: phase of the piloting. y-axis: different 

barriers: 1 - Absentmindedness; 2 - Lack of Awareness; 3 - Discouragement from Peers; and 4 - 

Another reason.  

 

4.1.3.2. Prescriptive Analysis of the POST-pilot 

As in Section 4.1.2.2, the prescriptive analysis of the questionnaire results aims at identifying and 

quantifying interactions between socioeconomic data persuasion strategies and other behavioral 

constructs. Again, contingency tables have been used. 
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PERSUASION 

An assessment was performed to examine if the top rankings provided to Persuasive Principles 

could be dependent on the variability of each socio-economic factor under study. In this case, 

only the Similarity (P12), Conditioning (P3), Social Recognition (P14) and Reciprocity (P9) 

persuasive principles assessed in the POST-pilot phase have been found to dependent on socio-

economic variables. Given the severe loss of individuals on the POST survey (we pass from 303 

answers to 105 and then to 65 as we have to clean those entries with bad ratings) we have not 

gotten any significant result on the  Pearson’s chi-squared test assuming the very restrictive 

Bonferroni correction. Removing this correction threshold, Table 12 shows the significant p-

values and the associated power for this particular analysis1. There are several results, still 

Confidence in Technology appears in several occasions. In fact, it is related to one of the 

Persuasion Principles used in the treatments; Conditioning (P3). This result has not arisen in the 

PRE analysis (see Table 7) but it is related to a previous finding of the researchers [42]. That is, 

interventions that try to condition the behaviour on Energy Efficiency based on ICT has an impact 

on the Confidence in Technology. It seems like Confidence in Technology is also a mediator [43] 

between the treatments and the selection of the Persuasive Principle. 

Table 12. Significant p-values (and the associated power) that ascertain the dependencies 

between Factors and Persuasive Principles for the POST survey. 

Persuasive 

Principles 

Factors 

City Organisation energy  Confidence 

P3   
p = 0.008995502  

β = 0.6829225 

P9   
p = 0.04047976  

β = 0.5013527 

P12 
p = 0.0149925 

β = 0.9154948 
 

p = 0.03548226  

β = 0.6605258 

P14  
p = 0.04097951  

β = 0.6637232 
 

 

BEHAVIORAL CONSTRUCTS 

As was done in the PRE-pilot, we investigated if there were dependencies among the different 

pilots (i.e. the cities) and some important factors such as: Pre-contemplation, Contemplation, 

Action, Intentions, Barriers and Confidence in Technology. We continued finding differences in 

                                                 
1
 Please note that the Bonferroni threshold correction for this assessment is 0.005. 
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Pre-contemplation, Contemplation, and Action. A Kruskal Wallis test between the city in the POST 

dataset and these three factors revealed a significant effect of Group on Values (χ2(1)=141.81, p 

< 0.01), (χ2(1)=58.559, p < 0.01), and (χ2(1)=46.227 p < 0.01). However, when we provided a post-

hoc test using Dunn’s tests with Bonferroni correction we only saw the following significant 

differences (effect sizes are calculated with epsilon square - ε2).  

Table 13. POST-pilot: Post-hoc analysis to identify where the differences are in the effect that 

we observed after running Kruskal Wallis test. 

 Pre-Contemplation Contemplation Action 

City 
Thessaloniki-Bilbao 

Pilea-Bilbao 
(p< 0.008; r = 0.254) 

Seville - Bilbao 
Thessaloniki-Bilbao 
Cambridge -Bilbao  
(p <0.01; r = 0.261) 

None 

 

Regarding Intentions, Barriers and Confidence in Technology, a contingency analysis for the using 

GTest’s test showed that all of them depend on the city significantly (whereas in PRE intentions 

did not). The GTest statistic is also approximately chi-squared distributed, but for small samples 

as we had, this approximation is closer than one that chi-squared test uses. In the case of 

Intentions: χ2(12)=23.735, p-value=0.021; Confidence: χ2(12)=38.48, p-value=0.00012. And 

Barriers, χ2(18)=40.35, p-value=0.00187.  

 

 
Figure 10. POST-pilot: Comparison of the distribution of barriers in each pilot. In the y-axis: (1 

means Absentmindedness, 2 is Lack of Awareness, 3 is Discouragement from Peers, and 4 

another reason). 
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Figure 11. POST-pilot: Comparison of the distribution of Confidence in Technology among 

different pilots (0 is Neutral, 1 is Non Confidence and 2 is Confidence). 

 
Figure 12. POST-pilot: Comparison of the distribution of Intentions among different pilots (1 is 

Pre-Contemplation, 2 is Contemplation and 3 is Action).  
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5. Pilot Energy-related Analysis 

To complement the end-user perception findings from the PRE/POST-pilot surveys, the actual 

energy consumption data from the pilots have been analysed and compared with the treatments 

deployed. Not only the data coming from the Smart Plugs have been analyzed but also the data 

coming from the UMDs deployed2. To this end, the next section presents a descriptive summary 

of the energy consumption of the pilots during the treatments (Section 5.1), the methodology 

followed to assess the energy consumption (Section 5.2), the results of the statistical analysis 

carried out (Section 5.3) and finally an assessment of the reliability of the results (Section 5.4). 

5.1. Descriptive analysis of the energy consumption 

Smart Plugs  

Tables 14 a) and b) contain a summary of the energy consumption measured by the Smart Plugs 

carried out at the pilot with different aggregations. First it is provided the total amount of energy 

consumed in every phase in every pilot (overall), in every treatment (IR, GST, DSS and ALL) and 

in every pilot site. Please note that as this KPI is the overall energy consumed during the 

treatment, it is dominated by both the length in days of the phase and the number of individual 

participants.  

Around 10 MWh of energy has been consumed through the Smart Plugs during the pilot. In fact, 

around 70% of it has been devoted to the individual phase. Distributions per treatment were 

almost fair: IR has the lowest energy consumption with less participants (13.6%), GST that has 

more consumption but also more participants (36.6%), whereas DSS and ALL are pretty balanced 

(24.3% and 25.5%). The next rows shows the overall energy consumption per day. Finally, the 

last rows of data shows the mean energy consumption per person per day. This value is 

comparable between the pilots and phases. Pilots have a quite similar mean energy consumption 

except MPH that present almost two times the energy consumption. Nevertheless, the data have 

a lot of variability (the standard deviation is the same magnitude as the mean value) so it is not 

possible to extract any meaningful comparison among the pilots but also in general.  

UMDs  

Tables 14 c) and d) contain a summary of the energy consumption measured by the UMDs carried 

out at the pilot with the same aggregation as before. First it is provided the total amount of 

energy consumed in every phase in every pilot (overall), in every treatment (IR, GST, DSS and ALL) 

and in every pilot site. Please note that, as before, this KPI is dominated by both the length in 

days of the phase and the number of individual participants. Please note that even as different 

                                                 
2
 In some pilots (WEIZ and ALLIA) instead of UMDs we have integrated the measurements from the BMS already 

deployed. For simplicity, we consider all these measurements as they come from UMDs. 
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amount of equipment or space could be measured in the UMDs, we have already shared 

proportionally their energy consumption to the treatments. Please see Deliverable D3.9 for 

details.  

Around 100 MWh of energy has been consumed by the pilots during the experimental phase (this 

includes the energy drawn by the workstations). As before, around 70% of it has been devoted 

to the individual phase. Distributions per treatment follow almost the same distribution as 

measured with the smart plugs with the exception that IR seems to have consumed more energy 

(21.21%) than ALL (20.79%) as measured by the UMDs (GST and DSS have consumed 34.2% and 

23.81% respectively). The next rows shows the overall energy consumption per day. Now the 

numbers are consistent between periods as before but in this case it is not seen any reduction 

in energy consumption except in ALLIA in both phases.  

Finally it is worth noting that even as the calculation of the KPIs “per users” should be taken with 

care as the values are not be directly comparables between treatments or pilots. Please note that 

as every pilot have a complex mapping between UMDs and treatments and in several cases the 

measurements have been split among them by surface or similar metrics that would not reflect 

reality. In any case, as before, no improvement is observed by treatments, and observing the 

pilots, only ALLIA shows a reduction in both experimental phases. 
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Table 14 a) Descriptive statistics of the energy consumption during the project by the Smart 

Plugs  (mean ± one standard deviation) 

KPI Period Overall IR GST DSS ALL 

Overall Energy 
Consumption 

[Wh] 

Baseline 690659 100894.2 254421.8 187061.8 148281.1 

Individual 6686761 888792.2 3049287 1392445 1356236 

Collective 2586362 391252 1039054 574583.8 581472.4 

Overall Energy 
Consumption 
per day [Wh] 

Baseline 41016.51 5745.885 16296.17 9612.429 9362.022 

Individual 37814.05 5384.568 16778.96 8338.804 7311.725 

Collective 40547.91 6303.778 17503.23 8606.191 8134.704 

Overall Energy 
Consumption 
per user [Wh] 

Baseline 
5154.171 ± 
4560.429 

3736.821 ± 
3077.002 

5916.787 ± 
5020.038 

5668.539 ± 
4948.785 

4783.261 ± 
4417.885 

Individual 
49901.2 ± 
48613.29 

32918.23 ± 
25816.92 

70913.64 ± 
66896.3 

42195.32 ± 
37190.43 

43749.56 ± 
34089.47 

Collective 
19301.21 ± 
18302.83 

14490.81 ± 
10574.79 

24164.03 ± 
21152.44 

17411.63 ± 
14981.73 

18757.17 ± 
21528.04 

Mean Energy 
Consumption 
per user per 

day [Wh] 

Baseline 
306.0934 ± 
273.2493 

212.8106 ± 
195.4167 

378.9808 ± 
344.0686 

291.2857 ± 
208.2966 

302.0007 ± 
264.95 

Individual 
282.1944 ± 
236.4246 

199.4284 ± 
101.4953 

390.2083 ± 
321.2453 

252.691 ± 
173.5537 

235.8621 ± 
190.2888 

Collective 
302.5963 ± 
276.9493 

233.4733 ± 
127.0791 

407.052 ± 
375.9849 

260.7937 ± 
181.7921 

262.4098 ± 
263.3484 
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Table 14 b) Descriptive statistics of the energy consumption during the project by the Smart 
Plugs (mean ± one standard deviation) 

KPI Period ALLIA UDEUSTO MPH WEIZ SEVILLE 

Number of 
days 

Baseline 27 20 15 12 21 

Individual 255 198 178 220 78 

Collective 122 46 76 69 47 

Overall Energy 
Consumption 

[Wh] 

Baseline 130098.1 186450 189408.5 19036.71 165665.5 

Individual 1024785 3085999 1579325 385503.7 611147.8 

Collective 504425.7 721061.4 814981.4 130092.2 415800.9 

Overall Energy 
Consumption 
per day [Wh] 

Baseline 4646.36 15537.5 11838.03 1464.362 7530.251 

Individual 4003.066 15507.53 8823.047 1744.361 7736.048 

Collective 4101.022 15341.73 10584.17 1858.46 8662.519 

Overall Energy 
Consumption 
per user [Wh] 

Baseline 
8131.13 ± 
5064.344 

3517.925 ± 
3602.587 

9019.453 ± 
4400.029 

1903.671 ± 
1402.002 

4872.515 ± 
4248.974 

Individual 
64049.06 ± 
35403.13 

58226.39 ± 
62516.49 

75205.97 ± 
37890.09 

38550.37 ± 
23418.73 

17974.93 ± 
8462.861 

Collective 
31526.61 ± 
17563.03 

13604.93 ± 
16774.54 

38808.64 ± 
21681.62 

13009.22 ± 
8767.379 

12229.44 ± 
5512.747 

Mean Energy 
Consumption 
per user per 

day [Wh] 

Baseline 
290.3975 ± 
180.8694 

293.1605 ± 
300.2156 

563.7158 ± 
275.0018 

146.4362 ± 
107.8463 

221.478 ± 
193.1352 

Individual 
250.1916 ± 
138.2935 

292.5949 ± 
314.1532 

420.1451 ± 
211.6765 

174.4361 ± 
105.9671 

227.5308 ± 
107.1248 

Collective 
256.3139 ± 
142.7889 

289.4667 ± 
356.9052 

504.0083 ± 
281.5795 

185.846 ± 
125.2483 

254.78 ± 
114.8489 

  



                                                                              

Dissemination Level: PU          D6.3 Validation of the behavioural Model    45 

Table 14 c) Descriptive statistics of the energy consumption during the project by the UMDs3 

KPI Period Overall IR GST DSS ALL 

Overall Energy 
Consumption 

[kWh] 

Baseline 10225.44 2153.781 3398.239 2433.357 2240.057 

Individual 64370.83 13479.44 22843.02 15047.97 13000.4 

Collective 20880.25 4615.197 6409.041 5250.458 4605.552 

Overall Energy 
Consumption 
per day [kWh] 

Baseline 402.447 81.96953 140.6972 93.7035 86.07683 

Individual 420.859 88.57306 142.2967 98.2761 91.71303 

Collective 407.823 81.42309 134.1777 97.6599 94.56264 

Overall Energy 
Consumption 

per user [kWh] 

Baseline 76.30922 79.76967 79.02882 73.7381 72.25992 

Individual 480.3793 499.2383 531.2331 455.9992 419.3676 

Collective 155.8227 170.9332 149.0475 159.1048 148.5662 

Mean Energy 
Consumption 
per user per 
day [kWh] 

Baseline 3.003336 3.035908 3.272029 2.839498 2.776672 

Individual 3.140738 3.280484 3.309226 2.978064 2.958485 

Collective 3.043458 3.015670 3.120412 2.959392 3.050408 

        
 

Table 14 d) Descriptive statistics of the energy consumption during the project by the UMDs 

KPI Period ALLIA UDEUSTO MPH WEIZ4 SEVILLE 

Overall Energy 
Consumption 

[kWh] 

Baseline 1905.633 4014.421 1003.079 71.83345 3284.14 

Individual 16676.56 38398.91 4028.289 447.1814 4884.5 

Collective 7905.621 9051.916 3023.829 447.1814 768.79 

Overall Energy 
Consumption 
per day [kWh] 

Baseline 68.05832 191.1629 32.35738 11.97224 109.4713 

Individual 65.14283 192.9594 32.4862 19.44267 128.5395 

Collective 64.27334 192.5939 39.27051 19.44267 109.8271 

Overall Energy 
Consumption 

per user [kWh] 

Baseline 119.1021 75.74379 47.76566 7.183345 96.59235 

Individual 1042.285 724.5078 191.8233 44.71814 143.6618 

Collective 494.1013 170.7909 143.9919 44.71814 22.61147 

Mean Energy 
Consumption 
per user per 
day [kWh] 

Baseline 4.253645 3.606847 1.540828 1.197224 3.219745 

Individual 4.071427 3.640743 1.546962 1.944267 3.780573 

Collective 4.017084 3.633848 1.870024 1.944267 3.230210 

 

            

                                                 
3
 Does not include WEIZ due to a catastrophic hard disk failure.  

4
 Data coming from December 2019 
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5.2. Assessment of the treatment effect 

In Deliverable D5.1 [44] a methodology was described. It consisted of four steps: 

● First a business as usual model of every treatment (including the two controls) will be 

created. To this end, a linear model following the advice given in Deliverable D6.2 [45] 

(low resolution baseline) will be fit to the data of the baseline period. 

● Then, this model is used to predict the behaviour of the energy consumption assuming 

that no treatment have been carried out.  Namely, we are computing a contrafactual.  

● Next, this prediction is compared (subtracted) with the actual data to estimate the 

empirical effect side of every treatment. Type M and Type S errors will also be provided. 

The process will be repeated for the individual and collective phases. 

● Finally, a pairwise multiple comparison test will be carried out with its post hoc to assess 

the differences between the treatments. As before, the process will be repeated for the 

individual and collective phases. 

Unfortunately, this methodology cannot be followed. The methodology assumes that the model 

structure used to build the low resolution baseline will continue to be valid when aggregating the 

information at treatment level (instead of at building level). Unfortunately these models have 

not adjusted the data collected as expected. Table 15 presents a summary of the errors of the 

baseline models adjusted to the data collected at the different pilots (see Section 3.3 to a detailed 

definition of these errors). Even as the models seem to correctly capture the behaviour of the 

time series (in general, the R2 is quite good) its MAPE and RMSE are quite poor in almost all cases. 

A notable exception is MPH where the errors are around 15 %, much lower than the rest of the 

pilots, a fact that suggests that the profile of use of the energy in MPH is more regular than in the 

rest of the pilots.  Please note that, in mean terms for both Smart Plugs or UMDs, any of the 

standard criteria (CV < 15 % and R2 > 75 %) used to consider these models accurate are met [46]. 
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Table 15. Errors of the baseline models. 

PILOT TREATMENT 

Smart Plugs UMD 

MAPE 
(%) 

RMSE 
(Wh) 

CV (%) 
R2 
(%) 

MAPE 
(%) 

RMSE 
(Wh) 

CV (%) R2 (%) 

UDEUSTO 

R 12.80 35.80091 11.99237 83.67 17.28643 5.123725 17.7334 83.34269 

GST 27.05 74.95208 18.35694 77.01 16.36473 15.7798 17.60686 80.72957 

DSS 43.40 42.69546 18.08883 83.53 23.44877 7.848687 21.01779 81.65974 

ALL 104.87 38.70606 23.79761 78.78 27.86645 8.015515 22.70445 80.75735 

WEIZ 

R 28.86 40.1937 30.47454 80.39 6.023855 1.256291 5.519602 97.36983 

GST 86.85 29.99316 58.75783 44.24 9.435908 1.044826 8.4731 96.75595 

DSS 37.46 81.59352 42.08964 60.77 12.05686 1.730568 8.388556 96.04251 

ALL 37.69 65.89945 37.08607 73.24 11.54543 1.048465 8.498821 97.05033 

ALLIA 

R 41.52 75.07031 37.54814 70.19 100.9001 4.51748 17.84601 92.87332 

GST 21.75 70.12343 23.62541 83.32 28.24849 7.909033 27.93362 78.26256 

DSS 60.12 100.2751 23.5951 75.23 16.67299 4.810587 16.50306 92.60725 

ALL 86.38 104.8446 58.84982 46.63 11.47572 4.453756 16.68427 77.78572 

MPH 

R 17.47 137.6747 23.45915 84.29 44.23448 0.693531 14.6362 96.12914 

GST 15.66 112.6735 19.27229 85.88 12.91959 1.369557 13.26146 95.57316 

DSS 18.21 64.09193 19.9555 86.47 15.24877 0.746036 12.04664 96.94615 

ALL 13.58 106.8922 16.17399 90.30 13.28071 1.646073 14.83125 93.87451 

SEVILLE 

R 91.59 57.65717 48.76139 54.82 28.86293 0.080387 30.47454 80.38638 

GST 24.81 68.38845 26.30363 63.21 86.84878 0.059986 58.75783 44.23787 

DSS 21.27 65.03654 22.22606 56.52 37.45695 0.163187 42.08964 60.76567 

ALL 21.98 64.62126 23.38765 61.63 23.99626 0.203742 31.66126 79.30874 

 AVERAGE 40.67 71.85918 29.1901 72.00 27.2087 3.425062 20.33342 85.12292 

     

Please note that we have been planned to measure differences of 20% in energy consumption 

but the models have (in mean) around 40% of MAPE (Mean Absolute Percentage Error). Thus, 

it will not be able to capture any differences. Therefore, a different methodology have to be 

used. To overcome this problem, and taken into consideration the particularities of the 

experimental setting a new assessment methodology is followed. 

First, the dataset is cleaned substituting outliers with the median value and removing smart plugs 

without valid values. To detect outliers, visual inspection have been made. Outliers were quite 

simple to spot as they produce huge spikes in the daily energy consumption. They typically were 

present after long periods of inactivity and come in bursts of several smart plugs or UMDs lines. 

Table 16 contains a summary of the actions taken: 
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Table 16: Number of curation actions taken per pilot. 

 ALLIA DEUSTO MPH WEIZ SEVILLE TOTAL 

Removed SP (#) 4 18 0 3 7 32 

Outliers (days corrected) 19 74 17 20 75 222 

 

Next, we normalized the data. In the case of the smart plug data, the mean consumption per day 

was calculated and aggregated by treatment for the three periods: Baseline, Individual and 

Collective Treatments. In the case of the data coming from the UMDs, the data have been 

aggregated by zones taking into consideration that the components measured by a UMD could 

belong to more than one treatment. In that case, proportional sharing of the measurements have 

been followed. For a detailed explanation please see Deliverable D5.3 as before. The dates taken 

for the three periods do not exactly coincide with the official periods as it has been trying to avoid 

the presence of holidays (especially August) and errors bursts in the data that contaminate the 

results. The final dates selected can be seen in Table 17. Please note that ALLIA and WEIZ pilots 

contain data from August inside their collective phase. A careful look to the energy profile of 

these buildings shows that the electrical behaviour is not modified significantly on this month, so 

it can be included in the assessment. 

Table 17: Dates taken for the assessment. 

 
Baseline 

Start 
Baseline 

Ends 
Individual 

phase starts 
Individual 

phase ends 
Collective 

phase starts 
Collective 

phase ends 

ALLIA 2019-01-21 2019-02-17 2019-02-18 2019-10-31 2019-07-01 2019-10-31 

DEUSTO 2018-12-01 2018-12-21 2019-01-07 2019-07-24 2019-09-02 2019-10-18 

MPH 2019-01-21 2019-02-05 2019-02-05 2019-08-02 2019-08-26 2019-11-10 

WEIZ 2019-02-05 2019-02-17 2019-02-18 2019-09-26 2019-07-19 2019-09-26 

SEVILLE 2019-07-29 2019-08-19 2019-08-20 2019-11-06 2019-09-20 2019-11-06 

  

A Wilcoxon signed rank test is finally performed to assess if the difference between the baseline 

and both treatments phases are significant or not. The following information is provided: 

● the P-value for both comparisons baseline vs individual treatment and baseline vs 

collective treatment: the value will be highlighted in green if the p-value is significant 

taking into consideration the Bonferroni correction (to control the family-wise error rate 

due to multiple hypotheses tests) and orange if it is less than the uncorrected significance 

level (α ≤ 0.05) 
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● the Effect Size: computed as the differences of the means energy consumption of the 

smart plugs divided by the overall variance of their measurements (of the entire time 

series covering all three periods). Please note that positive values means that energy 

savings have been carried out while negative values indicate that they do not. Moreover 

this is a unitless variable but it could be interpreted as a mean percentage of reduction 

on energy consumption. Sawilowsky [60] define the following classification of effect sizes: 

Effect size d 

Very small 0.01 
Small 0.20 

Medium 0.50 
Large 0.80 

Very large 1.20 
Huge 2.0 

Please note also that the project is seeking to find an effect size of at least 0.15, so 

accordingly to the previous classification we are expecting to have (at least) a small effect 

size. Values above the expected effect size have been indicated in blue and smaller and 

bigger effect sizes have been indicated in green. Finally, small (or bigger) negative effect 

size have been reported in red.  

● the Type S error: computed following Gelman, A., & Carlin, J. (2014) [47]. This indicator 

measures the probability that the effect size has the wrong sign. Namely, that it is wrongly 

concluded that the energy consumption has been reduced or not. Accordingly to Lu et al 

(2019) [61] this value is expected to be below 0.01 for a well powered study. These values, 

where the error was found below that threshold, have been indicated in green. 

● the Type M error: computed following again Gelman, A., & Carlin, J. (2014). This indicator 

measures the amount of times that the effect size is probably being exaggerated. Namely, 

this measures the confidence that we have on the magnitude of the reduction in energy 

consumption reported. As before, accordingly to Lu et al (2019) [61], this value is 

expected to be between 0.9 and 1.1 for a well powered study. These values, where the 

error has been found within the expected range, have been indicated in green. 

This methodology does not allow us to compare the results from one pilot to another as the data 

is not normalized. Moreover, the comparison between time periods could be made as the 

potential bias should affect in the same way to all treatments, so the effect is cancelled out. 

5.3. Results 

The following sections present the results per pilot, followed by a cross-pilot overall analysis. 

5.3.1. ALLIA 

Figures 12 to 15 shows the aggregated load profile of all treatments for both the Smart Plugs (a) 

and UMDs (b). In all cases, the upper panel shows the aggregation of smart plugs that belongs to 
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that treatment during the baseline, the middle one during the individual phase and the lower 

one during the collective phase. Please note that holidays and other gaps have been tried to be 

removed in order to be as fair as possible when assessing the comparisons between the different 

periods. In these figures, it is clear the weekly seasonality but no particular trend is observed. 

 
Figure 12 a): Aggregated energy consumption by the Smart Plugs of the IR treatment at ALLIA 

pilot 

 
Figure 12 b): Aggregated energy consumption by the UMDs of the IR treatment at ALLIA pilot 
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Figure 13 a): Aggregated energy consumption by the Smart Plugs of the GST treatment at ALLIA 

pilot 

 

 
Figure 13 b): Aggregated energy consumption by the UMDs of the GST treatment at ALLIA pilot 
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Figure 14 a): Aggregated energy consumption by the Smart Plugs of the DSS treatment at ALLIA 

pilot 

 
Figure 14 b): Aggregated energy consumption by the UMDs of the DSS treatment at ALLIA  
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Figure 15 a): Aggregated energy consumption by the Smart Plugs of the ALL treatment at  ALLIA 

pilot 

 
Figure 15 b): Aggregated energy consumption by the UMDs of the ALL treatment at Aggregated 

energy consumption for the ALL treatment at ALLIA pilot 

Figure 16 presents several box plots with the mean power requested for both the Smart Plugs (a) 

and the UMDs (b) on the treatments in the 3 experimental phases. In a box plot, the edges of the 

box plot indicate the first and third quartile of the measurements, while the thick line indicates 

the mean value. Finally the whiskers indicate the minimum and maximum values of the 

distribution. In all these figures, the y axis shows kWh per day while the x axis shows four groups 

of box plots containing the results for distribution of results in the three phases (baseline, 

individual and collective phases) per treatment. Namely, IR_B denotes the distribution of 

measurements of the smart plugs (or UMD circuits) assigned to the (I)ndividual (R)eminder 

treatment during the (B)aseline.  
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Analyzing the figure, it seems like the IR, GST and DSS treatments have slightly improved their 

mean behaviour as the boxes for the individual and collective phases are lower than the one 

for the baseline. On the other hand, the people assigned to ALL treatment seems to have 

worsened its behaviour. In order to confirm this behavior we need to perform the statistical 

analysis. 

 
Figure 16 a): Box plot of the mean energy consumed by the Smart Plugs per treatment and 

experimental phase at ALLIA pilot. 

 
Figure 16 b): Box plot of the mean energy consumed by the UMDs per treatment and 

experimental phase at ALLIA pilot. 

 

Tables 18 and 19 contains the results of this statistical assessment for the Smart Plugs (a) and the 

UMDs (b), and for the individual and collective phases respectively. According to this analysis, 

the only significant result would be GST measured by the UMDs for the collective phase. Please 
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note that even as the p-value for the readings by Smart Plugs for the DSS treatment in the 

collective phase and GST for the individual phase for the readings by UMDs are below the 

traditional significant level (0.05) it should be applying a multiple comparison corrections as 

Bonferroni. In this case, the safe p-value should be 0.0125. In any case, the effect size of these 

cases are small according to Cohen 1988 [48] but their Type S and Type M give more insight on 

these results. In particular: : 

● the low type S error means that the chances that the effect size has the wrong sign is 

almost 0 for these treatments, and  

● the slightly high type M error means that the effect sizes could be slightly over estimated  

from the reported information  

Finally, it is worth noting even as it seems like the ALL treatment in both collective and individual 

phases has worsened the energy consumption, both the p-values (not conclusive) nor the Type S 

or M are suggesting that this could be just a statistical fluctuations of the data and not a valid 

result. So, in general, the initial hypotheses are not supported by the data. 

 

Table 18 a): Statistical assessment of the Smart Plug’s data for the individual phase at ALLIA 
Pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size 0.3027568 0.1402787 0.2906037 -0.0000174 

Type S Error 6.2512 · 10-12 2.42 · 10-5 1.49 · 10-11 0.4996779 

Type M Error 1.002474 1.288361 1.00695 8505.163 

p-value 0.07266936 0.3057784 0.1246426 0.6617314 

 

 

Table 18 b): Statistical assessment of the UMD’s data for the individual phase at ALLIA Pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size 0.05604968 0.173461 0.08577017 0.1092307 

Type S Error 0.01466 7.63 · 10-7 0.0014 0.0002 

Type M Error 2.766825 1.106645 1.854182 1.512013 

p-value 0.5502212 0.03723994 0.2491388 0.2571914 
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Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 
red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 
rate correction. 

 

Table 19 a): Statistical assessment of the Smart Plug’s data for the collective phase at ALLIA 
Pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size 0.2476284 0.07652923 0.3224164 -0.1371589 

Type S Error 1.26 · 10-6 0.01678783 1.09 · 10-8 0.0006244 

Type M Error 1.122713 2.848005 1.023162 1.690242 

p-value 0.2910994 0.4711766 0.04510201 0.4726504 

 

Table 19 b): Statistical assessment of the UMD’s data for the collective phase at ALLIA Pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size 0.066795 0.2021205 0.1371546 0.1337237 

Type S Error 0.03143263 1.57 · 10-5 0.00078 0.000851 

Type M Error 3.345449 1.249241 1.728902 1.759689 

p-value 0.456571 0.005609928 0.08784889 0.08012764 
 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 
red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 
rate correction. 

5.3.2. UDEUSTO 

As before, Figures 17 to 20 show the aggregated load profile of the treatments for the Smart 

Plugs (a) and UMDs (b). As before, the upper panel shows the aggregation of measurements 

devices that belongs to that treatment during the baseline, the middle one during the individual 

phase and the lower one during the collective phase. Please note that holidays and other gaps 

have been removed in order to have as fair as possible comparisons between the different 

periods. As before, no particular trend is observed in any of the graphs but the weakly seasonal 

pattern in clear.  
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Figure 17 a): Aggregated energy consumption by the Smart Plugs of the IR treatment at 

UDEUSTO pilot 

 
Figure 17 b): Aggregated energy consumption by the UMDs of the IR treatment at UDEUSTO 

pilot 
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Figure 18 a): Aggregated energy consumption by the Smart Plugs of the GST treatment at 

UDEUSTO pilot 

 
Figure 18 b): Aggregated energy consumption by the UMDs of the GST treatment at UDEUSTO 

pilot 
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Figure 19 a): Aggregated energy consumption by the Smart Plugs of the DSS treatment at 

UDEUSTO pilot 

 
Figure 19 b): Aggregated energy consumption by the UMDs of the DSS treatment at UDEUSTO 

pilot 
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Figure 20 a): Aggregated energy consumption by the Smart Plugs of the ALL treatment at 

UDEUSTO pilot 

 
Figure 20 b): Aggregated energy consumption by the UMDs of the ALL treatment at UDEUSTO 

pilot 

Figure 21 presents several box plots with the mean power requested for both the Smart Plugs (a) 

and the UMDs (b) on the treatments in the three experimental phases. These graphs follows the 

same notation as Figure 16. From the data recorded by the Smart Plugs (Figure 21 a) it seems like 

the IR and ALL treatments have slightly improved their mean behaviour in both the individual 

and collective phases (the boxes for IR I and IR C are lower than the IR B, respectively ALL I and 

ALL C with ALL B). In the other treatments the relation is not clear.  Seen the data from the UMDs 

(Figure 21 b), the R treatment have the same trend but the ALL not. In fact, the trent by the GST 

treatment seems more clear in this case. 
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Figure 21 a): Box plot of the mean energy consumed by the Smart Plugs per treatment and 

experimental phase at UDEUSTO pilot. 

 
Figure 21 b): Box plot of the mean energy consumed by the UMDs per treatment and 

experimental phase at UDEUSTO pilot. 

Tables 20 and 21 contain the results of the statistical assessment performed to this data. 

According to this analysis, any results will be significant. Please note that even as the p-value for 

the ALL treatment in the collective phase for the Smart Plugs is below the traditional significant 

level (0.05) we should apply a multiple comparison corrections as Bonferroni. In this case, the 

safe p-value should be 0.0125. Other similar case is IR and GST in the collective phase for the 

UMDs . In both cases: 

● small effect sizes are observed (near 0.2)  

● the probability of having an error in the sign of the effect is almost 0 and 
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● the true effect size is near the reported value for the ALL treatment in the collective phase 

for the smart plugs and between a 50 and 100 % overestimated for the rests of 

treatments.  

In the end, there is not a clear pattern and most probably we are seen an statistical fluctuation. 

In fact, it is worth noting that there are several treatments were they has worsened their energy 

consumption but, as in the previous discussion, both the p-values (not conclusive) and the Type 

S or M (not particularly low) suggest that this could be just another statistical fluctuations of the 

data and not a valid result.  

 

Table 20 a): Statistical assessment of the Smart Plug’s data for the individual phase at UDEUSTO 
Pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size 0.4914855 -0.2329675 0.06299136 0.2740522 

Type S Error 1.74 · 10-21 2.58 · 10-7 0.02322885 2.99 · 10-8 

Type M Error 0.9988978 1.084031 3.055992 1.04363 

p-value 0.05061266 0.3077401 0.858955 0.2535821 

 

Table 20 b): Statistical assessment of the UMD’s data for the individual phase at UDEUSTO Pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size -0.02586062 0.06998995 -0.1249219 -0.1025331 

Type S Error 0.1556 0.01001 0.000271 0.001179 

Type M Error 6.566221 2.553875 1.54676 1.810552 

p-value 0.9425285 0.2349439 0.4194172 0.6367812 

 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 
red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 
rate correction. 
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Table 21 a): Statistical assessment of the Smart Plug’s data for the collective phase at UDEUSTO 
Pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size 0.206616 -0.2085853 0.1731339 0.3972763 

Type S Error 0.001409 0.001369 0.004696 1.61· 10-8 

Type M Error 1.856603 1.846515 2.191561 1.033087 

p-value 0.622062 0.5830922 0.3657631 0.03129444 

            

Table 21 b): Statistical assessment of the UMD’s data for the collective phase at UDEUSTO Pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size 0.1931941 0.2248413 -0.3246148 -0.3500925 

Type S Error 0.001931 0.0006334 1.96 ·10-5 1.03 · 10-5 

Type M Error 1.927932 1.692076 1.272993 1.233111 

p-value 0.02080641 0.01933312 0.1489572 0.1057206 
 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 
red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 
rate correction. 

5.3.3. MPH 

As in previous cases, Figures 22 to 25 show the aggregated load profile of the treatments for the 

Smart Plugs (a) and UMDs (b). As before, the upper panel shows the aggregation of data that 

belongs to that treatment during the baseline, the middle one during the individual phase and 

the lower one during the collective phase. As in previous cases, the weakly seasonal pattern is 

present but no particular trend is observed in any of the graphs.  
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Figure 22 a): Aggregated energy consumption by the Smart Plugs of the IR treatment at MPH 

pilot. 

 
Figure 22 b): Aggregated energy consumption by the UMDs of the IR treatment at MPH  
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Figure 23 a): Aggregated energy consumption by the Smart Plugs for the GST treatment at MPH 

pilot 

 
Figure 23 b): Aggregated energy consumption by the UMDs for the GST treatment at MPH pilot 
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Figure 24 a): Aggregated energy consumption by the Smart Plugs for the DSS treatment at MPH 

pilot 

 
Figure 24 b): Aggregated energy consumption by the UMDs for the DSS treatment at MPH pilot 
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Figure 25 a): Aggregated energy consumption by the Smart Plugs for the ALL treatment at MPH 

pilot. 

 
Figure 25 b): Aggregated energy consumption by the UMDs for the ALL treatment at MPH pilot. 

Figure 26 presents several boxplots with the mean power requested by the treatments in the 

three experimental phases for both the Smart Plugs (a) and the UMDs (b). As before, they follow 

the same notation as Figure 16. It seems like all treatments have worked quite well (the mean 

values of the individual and collective phases are in almost all cases way below the one from the 

baseline) but the variance of the measurements is quite high to conclude anything from this 

figure. A comprehensive statistical analysis is needed.  
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Figure 26 a): Box plot of the mean energy consumed  by the Smart Plugs per treatment and 

experimental phase at MPH pilot. 

 
Figure 26 b): Box plot of the mean energy consumed  by the UMDs per treatment and 

experimental phase at MPH pilot. 

Tables 22 and 23 contains the results of the statistical assessment performed to this data. 

According to this analysis, two treatments from the smart plug and UMD perspective seem 

significant. On the one hand, the DSS and ALL in the individual phase (DSS without taking into 

consideration the Bonferroni correction) are significant from the smart plug perspective. In both 

cases, medium to large effect sizes are observed (bigger than 0.5 in the DSS and ALL cases). 

Moreover, both Type S and Type M errors are very low so it can be concluded that, most 

probably, a genuine effect has been observed bigger than expected. On the other hand, the GST 

and DSS treatments from the collective phase are significant from the UMD perspective but in 

this case the effect is in the opposite direction, namely the energy consumption has worsened. 

As both Type S and Type M errors are quite low, we could be quite confident on this results. 
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Table 22 a): Statistical assessment of the Smart Plug’s data of the individual phase for MPH 
Pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size 0.5642095 0.3507748 0.5405307 0.5377312 

Type S Error 1.25 · 10 -17 1.84 · 10 -11 1.08 · 10 -20 2.69 · 10 -22 

Type M Error 1.000076 1.00239 0.9991926 0.9989434 

p-value 0.1131439 0.1214071 0.02496859 0.01251048 

 

Table 22 b): Statistical assessment of the UMD’s data of the individual phase for MPH Pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size -0.1151907 0.01668199 -0.09283547 0.08070332 

Type S Error 0.002860745 0.2871787 0.007279822 0.0137933 

Type M Error 2.051721 12.1321 2.373528 2.706342 

p-value 0.8282399 0.2128236 0.6465772 0.1299645 
 

 

Table 23 a): Statistical assessment of the Smart Plug’s data of the collective phase for MPH Pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size 0.3405317 0.06443934 0.3359982 0.22741 

Type S Error 1.32 · 10 -6 0.06864318 2.41 · 10 -7 3.46 · 10 -5 

Type M Error 1.127472 4.308791 1.082781 1.311589 

p-value 0.717658 0.7639461 0.1001685 0.2396899 

 

Table 23 b): Statistical assessment of the UMD’s data of the collective phase for MPH Pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size -0.1692813 -0.3764206 -0.4730818 -0.3012728 

Type S Error 0.0007260275 7.45 · 10-8 3.35 · 10 -10 3.10 · 10-6 

Type M Error 1.712371 1.054651 1.006439 1.165919 

p-value 0.6105093 0.003574523 0.000131578 0.09213614 
 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 

red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 

rate correction. 



                                                                              

Dissemination Level: PU          D6.3 Validation of the behavioural Model    70 

5.3.4. WEIZ 

As in previous cases, Figures 27 to 30 show the aggregated load profile of the treatments for the 

Smart Plugs. Please note that the information from the BMS collected during the experimental 

phases in the GIM was lost due to a catastrophic hard disk failure (smart plug data were kept due 

to frequent data exploration). As before, the upper panel shows the aggregation of data that 

belongs to that treatment during the baseline, the middle one during the individual phase and 

the lower one during the collective phase. As before, no particular trend is observed in any of the 

graphs but the clear weakly seasonal pattern is present.  

 
Figure 27: Aggregated energy consumption by the Smart Plugs for the IR treatment at WEIZ 

pilot 

 
Figure 28: Aggregated energy consumption by the Smart Plugs for the GST treatment at WEIZ 

pilot 
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Figure 29: Aggregated energy consumption by the Smart Plugs for the DSS treatment at WEIZ 

pilot 

 
Figure 30: Aggregated energy consumption by the Smart Plugs for the ALL treatment at WEIZ 

pilot 

As in the rest of pilots, Figure 31 presents several boxplots with the mean power requested by 

the treatments in the three experimental phases for both the Smart Plugs. As before, this figure 

follows the notation from Figure 16. It seems like the participant at the IR and GST treatments 

has worsened quite heavily their energy consumption while the ones at DSS and ALL treatment 

have slightly improved their mean behaviour in both the individual and collective phases as the 

boxes for DSS I and DSS C are lower than the DSS B (respectively ALL I and ALL C with ALL B). In 

the other treatments the relation is not clear.  
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Figure 31: Box plot of the mean energy consumed by the Smart Plugs per treatment and 

experimental phase at WEIZ pilot 

Tables 24 and 25 contains the results of the statistical assessment performed to this data. IR and 

GST present significant results even after the Bonferroni correction in both treatments. 

Moreover, in both cases they present a large effect size of the wrong sign (namely, in both 

treatments an increase in energy consumption has happened). In fact, the results are quite 

significant for the GST treatment. Finally, the Type S and Type M errors are almost zero (0) 

confirming the significance of the result. The results on the rest of the cases, even as they present 

big effect sizes but these results should be taken with extra care as the p-values are not 

significant. 

Table 24: Statistical assessment of the Smart Plug’s data of the individual phase for WEIZ pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size -0.8099635 -0.8965144 0.6056648 0.4969651 

Type S Error 0 0 1.39 · 10 -26 5.23 · 10-21 

Type M Error 1.00041 1.000454 1.00092 0.9966838 

p-value 0.003208141 0.00862338 0.1572177 0.2823271 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 
red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 
rate correction. 

Table 25: Statistical assessment of the Smart Plug’s data of the collective phase for WEIZ pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size -0.8227553 -1.155187 0.6307895 0.3696341 

Type S Error 0 0 9.34 · 10-16 4.43 · 10-9 

Type M Error 1.000025 0.9988363 0.9997422 1.024234 

p-value 0.000556720 0.00192829 0.1278163 0.5434003 
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5.3.5. SEVILLE 

Finally, Figures 32 to 35 show the aggregated load profile of the treatments for SEVILLE for the 

Smart Plugs (a) and UMDs (b). As before, the upper panel shows the aggregation of data that 

belongs to that treatment during the baseline, the middle one during the individual phase and 

the lower one during the collective phase. In this case, the seasonality is clear in both, the graph 

from the UMD and from Smart Plugs as in the rest of the pilots, but it seems like there is an 

increasing trend in the energy consumption of the Smart Plugs.  

 
Figure 32 a): Aggregated energy consumption by the Smart Plugs for the IR treatment at 

SEVILLE pilot 

 
Figure 32 b): Aggregated energy consumption by the UMDs for the IR treatment at SEVILLE 

pilot 
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Figure 33 a): Aggregated energy consumption by the Smart Plugs for the GST treatment at 

SEVILLE pilot 

 
Figure 33 b): Aggregated energy consumption by the UMDs for the GST treatment at SEVILLE 

pilot 
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Figure 34 a): Aggregated energy consumption by the Smart Plugs for the DSS treatment at 

SEVILLE pilot 

 
Figure 34 b): Aggregated energy consumption by the Smart Plugs for the DSS treatment at 

SEVILLE pilot 
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Figure 35 a): Aggregated energy consumption by the Smart Plugs for the ALL treatment at 

SEVILLE pilot 

 
Figure 35 b): Aggregated energy consumption by the UMDs for the ALL treatment at SEVILLE 

pilot 

Figure 36 presents several boxplots with the mean power requested by the treatments in the 

three experimental phases for both the Smart Plugs (a) and the UMDs (b). As usual, these figures 

follow the same notation as Figure 16. The trend hinted in the time series graphs clearer in these 

graphs. On the one hand, the mean values for several treatments have increased significantly on 

the collective phase (see for example IR C and DDS C) but also the variance is quite bigger (the 

boxes for all treatments phases are wider). 
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Figure 36 a): Box plot of the mean energy consumed by the Smart Plugs per treatment and 

experimental phase at SEVILLE pilot 

 
Figure 36 b): Box plot of the mean energy consumed by the UMDs per treatment and 

experimental phase at SEVILLE pilot 

Tables 26 and 27 contain the results of the statistical assessment performed to this data. 

According to this analysis, the trend hinted in the previous graph is confirmed. First, almost all 

treatments have (large) negative effect size (namely, they have increased their energy 

consumption). Even more, four of them are statistically significant: Collective IR for the Smart 

Plug data and IR and ALL for the individual phase for the UMD data. In fact, the IR treatment for 

the Smart Plugs has a quite short Type S and M error in both phases suggesting that this is indeed 

an actual result. Finally, it is worth pointing out that even DSS and ALL treatments in the collective 

phase have shown large effect sizes on the Smart Plugs, these measures are not only non 

significant but also their Type M and S error are quite large suggesting that these are just noise. 

The same applies to the rest of the results from the UMDs.  
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Table 26 a): Statistical assessment of the Smart Plug’s data of the individual phase for SEVILLE 
pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size -0.2752153 -0.04802955 0.1248665 0.03777752 

Type S Error 8.63 · 10-6 0.1330132 0.007661034 0.192469 

Type M Error 1.218955 5.940396 2.40563 7.714154 

p-value 0.1227853 0.9049137 0.6592937 0.9770192 

 

Table 26 b): Statistical assessment of the UMD’s data of the individual phase for SEVILLE pilot 

Individual vs baseline IR GST DSS ALL 

Effect Size -0.3166057 -0.26299 -0.1522054 -0.4990554 

Type S Error 0.0002902 0.001033 0.01652 4.25 · 10-7 

Type M Error 1.567427 1.784825 2.831812 1.09319 

p-value 0.01259177 0.3838623 0.1271585 0.005462156 

 

Table 27 a): Statistical assessment of the Smart Plug’s data of the collective phase for SEVILLE 
pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size -0.5609658 -0.1086402 -0.04335734 -0.08188615 

Type S Error 1.26 · 10-8 0.04188576 0.2314351 0.08895199 

Type M Error 1.028239 3.639039 9.309509 4.798339 

p-value 0.0045053 0.9343932 0.4514661 0.5311274 

 

Table 27 b): Statistical assessment of the UMD’s data of the collective phase for SEVILLE pilot 

Collective vs baseline IR GST DSS ALL 

Effect Size -0.07642297 -0.00455581 0.1332635 -0.1255621 

Type S Error 0.2822545 0.4863717 0.1529296 0.1725227 

Type M Error 11.82785 198.7667 6.563473 7.078105 

p-value 0.2861838 0.8009838 0.6278481 0.4128269 
Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 
red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 
rate correction. 
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5.3.6. ECOLUTION 

ECOLUTION is one of the control pilots as they have only deployed the Collective IR treatment 

(consult Deliverables D5.1 and D5.3 for details). For this reason, only results for this treatment 

using information from UMDs are provided in this section. Figure 37 show the aggregated load 

profile for this treatment for ECOLUTION. As before, the upper panel shows the aggregation of 

data smart plugs that belongs to that treatment during the baseline, but now the middle and the 

lower one shows the same information, namely the results from the collective phase. As can be 

seen, the seasonality is clear and does not seem to be any trend in the energy consumption. 

 
Figure 37: Aggregated energy consumption by the UMDs for the IR treatment at ECOL pilot 

Figure 38 presents several boxplots with the mean power requested by the only treatment 

deployed. As in previous cases, this figure follows the notation from Figure 16. In this figure it is 

hinted that a potential reduction between the baseline period and the experimental phase could 

have been taken place but a comprehensive statistical analysis should be made. 
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Figure 38: Box plot of the mean energy consumed by the UMD for the Collective IR treatment 

at all experimental phases at ECOL pilot. 

Finally, Table 28 contains the results of the statistical assessment performed to this data. 

According to this analysis, the trend hinted in the previous graph cannot be confirmed. First, 

the effect size is almost nonexistent but the p-value is no significant. Even more, both Type S and 

M errors are quite high, so anything could be concluded from this pilot.   

 

Table 28: Statistical assessment of the UMD’s data of the collective IR treatment for ECOL pilot 

Collective vs baseline IR 

Effect Size 0.00279479 

Type S Error 0.456284 

Type M Error 63.127 

p-value 0.1511945 

 

5.3.7. Overall 

In this section we show the results of joining all the data from the different pilots. Extra care 

should be taken when analyzing this data as we are joining measurements not only from different 

socio-cultural background but also of different timeframes. Due to this, it is not possible to group 

the data in a Time Series fashion as before but instead a box plot is shown in the following figures. 

Figure 37 presents several box plots with the mean power requested for both the Smart Plugs (a) 

and the UMDs (b) by the treatments in the three experimental phases following the notation 

presented in Figure 16. At first glance, little differences can be seen but there seems to be 

potential improvement in DSS and ALL treatments on the individual phase in both pieces of 

information.  
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Figure 37 a): Box plot of the mean energy consumed by the Smart Plugs per treatment and 

experimental phase for ALL the pilots 

 
Figure 37 b): Box plot of the mean energy consumed by the UMDs per treatment and 

experimental phase for ALL the pilots 

Tables 29 and 30 contain the results of the statistical assessment performed to this data. For the 

Smart Plugs, it seems like only individual ALL treatment has a significant p-value. Moreover, 

individual DSS is significant but without applying the Bonferroni correction. Nevertheless, even 

as the effect sizes are small (below 0.2), the Type S and Type M errors are relatively large 

suggesting the invalidity of the result. Please note that the negative effect of the GST treatment 

is completely non significant; not only the p-value is high but also the Type S and M are. Finally, 

given the results of the collective phase, no significant results could be extracted. 
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For the UMDs, no significant results were found. In fact, not only all p-values are quite far from 

the limit but also the Type S and M errors are quite huge. In the end, nothing can be concluded 

from this dataset.   

Table 29 a): Statistical assessment of the Smart Plug’s data of the individual phase for the 
aggregation of all Pilots 

Individual vs baseline IR GST DSS ALL 

Effect Size 0.100033 -0.0113069 0.1079028 0.1956435 

Type S Error 0.1793486 0.3330542 0.03477407 0.002979093 

Type M Error 7.266623 15.67563 3.404405 2.052583 

p-value 0.2872293 0.1883136 0.04136332 0.00047875 

Table 29 b): Statistical assessment of the UMD’s data of the individual phase for the 

aggregation of all Pilots 

Individual vs baseline IR GST DSS ALL 

Effect Size -0.09236769 -0.00854602 -0.05036975 -0.06834808 

Type S Error 0.2897875 0.4773373 0.3769092 0.3394129 

Type M Error 12.17746 120.3446 21.74987 16.72905 

p-value 0.4375 1 0.4375 0.8125 

 

Table 30 a): Statistical assessment  of the Smart Plug’s data of the collective phase for the 
aggregation of all Pilots 

Collective vs baseline IR GST DSS ALL 

Effect Size -0.03065153 -0.0517976 0.07630092 0.08741315 

Type S Error 0.0655366 0.1224426 0.08618162 0.09818221 

Type M Error 4.255446 5.704404 4.769026 5.054882 

p-value 0.5601715 0.7582978 0.2810647 0.1056261 

 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 

red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 

rate correction.  
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Table 30 b): Statistical assessment of the UMD’s data of the collective phase for the 

aggregation of all Pilots 

Collective vs baseline IR GST DSS ALL 

Effect Size 0.007643358 0.03483347 -0.04358262 -0.1029043 

Type S Error 0.4792396 0.4054764 0.391311 0.269359 

Type M Error 131.7422 28.67554 24.49939 11.02616 

p-value 1 1 1 0.3125 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 

red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 

rate correction.  

5.4. Reliability assessment 

In general, the number of significant results is lower than expected providing evidence that our 

power calculation was not accurate. The hypothesis used for the power estimation made on 

Deliverable D5.1 were: 

● Sample: Table 31 contains the planned number of SP to be deployed at the different pilot 

sizes and the final number that can be used. As can be seen, 36 individuals (170 vs. 134) 

have not completed the treatment or their data cannot be used for different reasons. So 

we have an attrition rate of 21.18% which is quite near to the planned one (20%). This 

number is apparently high but if we compared it with other longitudinal studies we can 

even state that the drop-out rate was quite low [49]. Usually, in studies involving 

information and communication technology usage of the intervention is mostly at the 

discretion of the participant and the participant has the option to discontinue usage very 

easily. In any longitudinal study where the intervention is neither mandatory nor critical 

to the participants (well-being or in this case, sustainability), trial participants will be lost 

well below of the 60-70%. The main problem was that it was planned to start with 200 

subjects but it were only managed to get 170 (a 15% reduction of recruitment). 

● Effect Size: The effect size was assumed to be around 0.2 (remember that the effect size 

is measured as the relative reduction on energy consumption so it is in the same “unit” 

as our objective) but in general, it seems to be lower (see the OVERALL results section). 

Per pilot, this variable have behaved quite erratically with pilots where all effect sizes are 

quite large (MPH) and others with very low values (SEVILLE). This is in line with the results 

of other experiments in general [50]. 

● Standard Error: Finally, the standard error for the Effect Size was the parameter with the 

highest uncertainty during the pilot phase. It was assumed to vary between 0.015 and 0.3 

with an expected value of 0.1. Table 32 shows the summary of the of the standard error 

of the effect size. As can be seen the hypothesis taken seems to have been quite accurate 

as measured by both the smart plugs and UMDs for every treatment and pilot.  
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Wrapping all of these points, the study was most probably slightly underpowered. Namely, given 

the final number of subjects and the standard error measured, the probability of wrongly failing 

to reject the null hypothesis was bigger than planned on the experimental plan.  

As lessons learned, the following could be concluded: 

● The drop-out is not a big problem but the quality of the information is. Extra care should 

be put to ensure that the information collected is not lost due measurements errors or 

other ICT related errors (hard disk failures, accidental deletes, etc.).  

● Assume that the effect size is going to be lower and the standard error higher than 

expected. Consider executing a pre-pilot to assess these values before hand, even without 

the final prototypes. 

● Use the biggest sample that you can afford. 

 

Table 31: Planned versus final number of persons involved in the treatments 

 SP Installed SP Used IR GST DSS ALL 

MPH 21 21 2 7 4 8 

DEUSTO 75 53 7 21 11 14 

ALLIA 21 16 4 4 5 3 

WEIZ 12 10 2 2 2 4 

SEVILLE 41 34 12 9 11 2 

 170 134 27 43 33 31 
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Table 32: Measured standard error for the Effect Size  

  Smart Plug UMD 

  Individual Collective Individual Collective 

ALLIA 

R 0.06447182 0.08654062 0.07254723 0.1496751 

GST 0.06225159 0.08679508 0.0702029 0.1457034 

DSS 0.06290392 0.09211974 0.0740767 0.1465033 

ALL 0.06207283 0.09139688 0.07527132 0.1468492 

DEUSTO 

R 0.06970278 0.1447045 0.06249411 0.09449138 

GST 0.07359658 0.143831 0.05882599 0.09051229 

DSS 0.07123346 0.1474861 0.06181724 0.08938146 

ALL 0.07727455 0.1140311 0.06322228 0.09321457 

MPH 

R 0.08731637 0.1288443 0.1842643 0.3829244 

GST 0.07132457 0.1128777 0.1806059 0.3906571 

DSS 0.0754838 0.1097158 0.1747357 0.3642069 

ALL 0.06808735 0.1007596 0.1666203 0.3746311 

WEIZ 

R 0.06780446 0.1064176 0.09264792 0.1106936 

GST 0.07279623 0.128362 0.08580902 0.1136919 

DSS 0.07365844 0.1079996 0.08873896 0.1122383 

ALL 0.06432705 0.0960807 0.08870029 0.1149331 

SEVILLE 

R 0.1183009 0.1619129 0.06634794 0.1231725 

GST 0.1225063 0.1710144 0.07301894 0.119365 

DSS 0.124694 0.1698599 0.06621754 0.1177098 

ALL 0.1192404 0.1630285 0.06158758 0.1161647 

 MEAN 0.0804523 0.1231889 0.09338761 0.1698360 
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6. Relation of Socio-economic Profile and predictive impact  

Two algorithmic approaches were followed towards independently evaluate and validate the 

framework proposed by two GreenSoul technical partners (DEUSTO and CERTH). This was 

organised towards avoiding biased results and explore in depth its evaluation and validation. The 

two computational models described below aim towards presenting the GreenSoul behavioural 

model, a model that can accurate results based on the questions asked in the surveys designed. 

To avoid performing the exact same approach, the two models had a slightly different objective. 

The first model implemented aims to rank the top persuasion principles for the examined user 

based on the survey results, where as the second model focuses on delivering the top persuasion 

principle for the same user.  

6.1. First Computational model - UDEUSTO approach 

Dataset Transformation 

The first interaction of a user with a system which provides recommendations/suggestions of any 

nature is usually to answer some questions in order to give to the system prior information for it 

to create a profile and alleviate as much as possible the cold-start-problem. If the pre-pilot 

dataset was used as is, then for the socio-economic model proposed a newcomer would have to 

answer 37 questions at the start so the system would be able to create his/her profile. Taking 

into account that this number of questions could be challenging in the completion of the initial 

questionnaires, several transformations to the dataset had to be performed to ascertain the 

subset of potential questions that could give to the system the most of the information about 

his/her profile for it to give effective persuasive results. Besides, 37 features are too many in 

relation to the number of samples in the pre-pilot dataset (N = 303). 

The first transformation was performed towards ensuring inter-rater reliability [51]. The features 

in the dataset that reported less information about the user and the ones that would be costly 

for the user to answer or from the system to collect were selected and removed. With this initial 

transformation, the dimensionality of the user feature vector was reduced from thirty-seven 

features to twenty one: Age, Gender, Education, Country, City, Employment, Position, Work 

culture, Sharing, Work activity, Profile PST, Intentions, Confidence, Organization energy, Barriers, 

Consensus, Influences, Susceptibility, Initiative join, Frequency and Response signs. The 

description of all these variables can be found in D4.2  Energy-aware Multi-entity Profile 

Taxonomy [62]. Nonetheless, we recall the rationale of the outstanding variables in Table 33. 

Specifically, we took apart all the factors related to habits in the workplace (i.e., Ancillary profile). 

The reason why we exclude these variables is that they are tightly dependent on the workplace 

where employees were at the moment of answering the questionnaire. For example, an 

employee in a new work environment could not be able to control HVAC or manipulate lighting. 

Hence, we finally analyzed the socio-economic profile with the following variables (however, as 
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we will see in the following sections, not all these features contribute equally to explain how 

people self-evaluate persuasive strategies. 

The second transformation performed was the application of feature selection algorithms to 

reduce, even more, the dimensionality of the dataset. In essence, the aim was to identify the 

smallest subset of information that should be obtained from the users to generate the best 

persuasive strategy for them taking into account a balance between information loss and 

appropriate recommendations. 

To apply feature selection to the dataset we have used decision trees [52]. This technique offers 

the possibility to extract the importance of every feature for a set of inputs and outputs. In this 

case, two classifiers (Extra trees classifier and Random forest classifier) were used following 

promising results from the literature [53]. By employing both of them, a comparison can be made 

of the relevance they give to each user-input-feature in order to make a selection of the most 

important ones.  

Table 33: Importance per feature and ranking in Extra Trees Classifier and Random Forest 

Classifier. 

Feature Name Description Extra 
Trees 

Random 
Forest 

Frequency How often  do the users’ want to receive 
messages/cues to adopt energy saving 

behaviour 

0.12 (1) 0.12 (1) 

Education The education level of end-users, such as 
high school, bachelor, master, PhD, etc.  

0.11 (2) 0.11 (2) 

PST Profile The users’ profile which emerge from User 
eXperience (UX) designers’ about users 

while focused on designing for sustainable 
behaviour change(Pinball, Shortcut, 
Thoughtful, and combinations) were 
extracted from online questionnaires  

0.11 (3) 0.11 (3) 

Work culture The overall culture in the working 
environment such as teamwork, 

competitive, entrepreneurial, 
bureaucratic.  

0.09 (4) 0.09 (4) 

Barriers This factor studies the main barriers to 
behave in an EE manner at work. 

0.09 (5) 0.08 (6) 

Age A typical demographic factor about the 0.07 (6) 0.07 (7) 
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age of respondents 

City A typical demographic  factor related to 
the city where the pilot sites are there 

0.07 (7) 0.09 (5) 

Intentions Pre-contemplation, Contemplation or 
Action were evaluated to understand the 

willingness to do EE actions at work 

0.07 (8) 0.06 (8) 

Genre A typical demographic factor about the 
genre of respondents 

0.06 (9) 0.06 (9) 

Confidence This factor describes the overall 
confidence in technology the end-users 

have in terms of achieving energy 
efficiency in their working environment 

0.05 (10) 0.05 (12) 

Country A typical demographic factor about the 
country of respondents 

0.05 (11) 0.05 (11) 

Influenceness  This factor measured how individuals can 
influence each other to engage in 

environmental behaviours at work. 
Psychologically, Influencing Others is 

associated with spreading knowledge and 
helping others change their behaviours. 

0.05 (12) 0.05 (10) 

Susceptibility It provides the respondent’s compliance to 
specific persuasive cues. The level of 
persuadability is different for each 

individual and this was measured through 
a validated questionnaire. 

0.03 (13) 0.03 (13) 

Organisation energy This factor measures the perception that  
employees have on the responsibility of 

their buildings/companies/enterprises to 
engage in EE practices. 

0.03 (14) 0.03 (14) 

 

As can be seen in the above table, both of the trees produced different importance-ratings to the 

features in the dataset, but the order of  the  features  was  rather  similar.  Hence,  according  to  

[54] it was decided to retain the features that provide 80% of the information regarding the users  

in the dataset. Starting from the feature which provides the most information in relation  to  the  

persuasive  strategies  (Frequency),  the first nine features (bold & italic), representing the above 

mentioned 80% of the relevance in both classifiers. From the two classifiers, the Random Forest 
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approach was preferred, as the most commonly accepted in the literature, after the application 

of which, the dataset was ready to be used in the socio-economic model proposed. 

Model Architecture 

The initial research for the development of this model was based on techniques or models that 

are capable of introducing features from users or items in the calculation for the 

recommendations / persuasive strategies. Within that context, it was decided to use a model 

that includes Matrix Factorization (MF) technique [55] for its popularity in similar systems and its 

flexibility for modelling real-life situations.   

In its most basic approach, MF is characterised for representing ratings users have given to items 

in a matrix. To predict the strengths of those interactions, that is, the ratings, a dot product is 

carried out between the user and the item matrices. Item matrix, for example, is composed of 

the names of those in an axis, the features of them in the other axis and the relationship factor 

of the specific item with a feature in the cells. User matrix is developed following the same 

method by referencing user features so the preferences for the different objects can be inferred. 

The proposed model is developed using the LightFM library [56] that allows us to create a hybrid 

latent representation model [57]. Through this library, a model that enhances the MF method 

can be created by adding metadata to either users or items vectors. Users and items are 

represented by a vector that contains the desired metadata, this structure is called latent vector 

or embedding. Each feature for users and items is also represented by a scalar bias, adding all 

the biases we can create the total bias for an item or user. To infer the ratings a user will give to 

a specific item we use the bias and the latent vectors for that user and item. 

Furthermore, the generated embeddings can be represented in an high-dimensional space so the 

items represented near in the space have similar attributes and the ones far have different 

attributes. Users can be as well represented so users that are near in the space should have 

similar features and thus they may have similar preferences for items. 

In Figure 38 we can see a Principal Component Analysis (PCA) conducted to the embeddings 

generated from the users. As we can see there are three different clusters. In the right part of 

the figure, there is a group with very similar features so the points are piled up, however, in the 

groups at the left, the points are more scattered so the user attributes may be more diverse. 



                                                                              

Dissemination Level: PU          D6.3 Validation of the behavioural Model    90 

 

Figure 38: Representation of PCA conducted on the embeddings generated from user profiles 

(PRE-pilot survey). 

As we have stated before, for this model, we want to generate rankings of items (persuasive 

strategies) for each user in the dataset. To do so we make the model learn the embeddings 

generated from both users and items. With this information, the system will be able to encode 

the preferences that users have over items. When the embeddings are multiplied together they 

produce scores for the set of items and a specific user, the highest scores represent the items 

that will be more interesting for the user. 

Evaluation  

For this approach, and taking into account that there hasn’t been any state-of-the-art findings 

trying to achieve similar objectives, a benchmark with three different baselines to evaluate the 

performance of the persuasive strategy recommendation system, has been designed. The first 

one is defined as 'random' in which the proposed ranking is randomly selected among the 

possible twenty-one strategies. The second one is 'Top 5' which always proposes the average top 

5 strategies for all the users in the dataset. The last benchmark is exactly the same as the 

proposed model however no user data if feed to the model from the user profiles. To evaluate 

the performance of these systems we conducted several experiments following k-cross-

validation methodology. 

PRE-pilot survey results 

The results obtained from the experiments conducted for the validation of the model are 

presented in Table 34. As we have explained before, we have used these baselines due to the 

origin of the data and the lack of similar systems. In these experiments, our model outperforms 

the benchmarks in both of the metrics that we have used for the validation. 
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Table 34: F-score and NDPM for 5 elements ranking evaluation. 

 F-Score NDPM 

Random 0.32354 ± 0.005 0.49853 ± 0.003 

Top 5 0.43919 ± 0.000 0.44433 ± 0.000 

Model without user data 0.34729 ± 0.007 0.11652 ± 0.000 

Model with user data 0.46083 ± 0.023 0.08635 ± 0.020 

 

Addressing the F-score, the Model with user data performs better than the benchmarks. 

However, the Top 5 is only slightly worse than the proposed model. We have analysed this 

outcome checking the ratings in the dataset realising that there are 5 strategies in which most 

people agree that they are useful (rate them with 4 or 5 score). In this case, the precision of this 

baseline will be high because of the large percentage of people rating these strategies with 4 or 

more. Furthermore, we also realised that there are people that rated these strategies with high 

ratings and the other with very low rates. This phenomenon contributes to the fact that the recall 

of this baseline can rise the F-score making the metric to be closer to the proposed model. 

NDPM  calculates the distance between two rankings. Hence, the smaller the distance the better 

the metric. As we can see in the table our model outperforms all the benchmarks by far except 

the model without user data. In this case, we can appreciate that adding the information about 

the users allow us to improve the ranking skills of our model and reducing the cold start problem 

which is one of the main outcomes of this work. 

POST-pilot survey results 

At the end of the study, we introduced the POST data into the ranking model. To this purpose we 

compared two approaches. On the one side, we trained the model with the 303 samples from 

the PRE questionnaire and we tested it with the 65 samples of the POST questionnaire. As we 

can observe in Table 35, the Model proposed outperforms the rest. However, we can observe 

than the difference between providing the Top 5 strategies from the PRE or training the model 

without user data gave good results as well (not as good as in the first iteration if the model just 

with PRE data). 

 

 

 

Table 35: NDPM for 5 elements ranking evaluation when comparing PRE and POST. 
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 NDPM 

Random 0.497681 

Top 5 0.166667 

Model without user data 0.159903 

Model with user data 0.153913 

 

In order to better understand how  we could ameliorate the model performance, we tried a 

different approach. We append the POST data to the PRE dataset. We applied 10-fold cross 

validation over the whole data set to observe whether mixing PRE and POST data in the training 

gave us similar results as the initial model. In the table below we can observe that we reduced a 

bit the performance of the NDPM metric but it was far from the initial trial. It is important though 

that the differences of the model with the model without user data an the Top 5 increases as 

well. In Figure 39 we can observe how the new observed samples variated over the former 

questionnaire results. 

Table 36: NDPM for 5 elements ranking evaluation when comparing Using PRE and POST as 

whole dataset and run cross-validation with 80%-20% with 100 epochs. 

 NDPM 

Random 0.500334 

Top 5 0.297413  

Model without user data 0.174648 

Model with user data  0.150691 
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Figure 39: Representation of PCA conducted on the embeddings generated from user profiles. 

Orange new observations (POST), Blue, previous observations (PRE). Red points, K-mean 

agroupations. 

 

6.2. Second Computational model - CERTH approach 

Dataset Transformation 

In this approach, a regression model is built to predict the appropriateness of each persuasion 

strategy based on the user demographics and on their answers to the questionnaire. The 

attributes of the datasets described in Section 5 are split into the predictor and the target 

variables. The predictor variables are the user demographics and their answers to the 

questionnaire, based on which the prediction will be made. The target variables are the 

appropriateness scores for the persuasion principles considered. The following principles are 

considered in this study: 

● Social recognition 

● Self monitoring 

● Suggestion 

● Similarity 

● Conditioning 

● Cause and effect 

● Physical attractiveness 

● Reciprocity 

● Authority 

● Social proof 
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For each user, a score for each of the above strategies has been pre-computed and included in 

the input data. This score is an integer from 1 to 6, which denotes the appropriateness of each 

persuasion principle for the specific user (with 6 meaning more appropriate and 1 meaning less 

appropriate). These scores are the target variables of the models described below. The purpose 

of this analysis is to train models that can predict the target variables given the predictor 

attributes for a specific user. 

There are two datasets considered, the pre-pilot dataset and the post-pilot dataset. The post-

pilot dataset contains fewer questions than the pre-pilot dataset, so fewer attributes will be 

available for modeling. The post-pilot questionnaire was answered by fewer people than the pre-

pilot dataset. The number of records (people) and attributes of each dataset are shown in the 

following table, after removing any records with missing values. We have also removed records 

with values in the target attributes that appear only once in the dataset, since such records 

cannot be used to deduce a model. 

Table 37: Total number of answers and attributes used per survey for the CERTH model 

Dataset Pre-pilot Pre-pilot (limited) - see below Post-pilot 

Number of records 169 273 64 

Number of attributes 47 22 22 

 

From the 312 records of the pre-pilot dataset, only 169 are complete (no missing values) with 

respect to the 47 attributes (37 predictors (demographics, questionnaire answers) + 10 targets 

(principle scores)) considered. The post-pilot contains 64 complete records, with a more limited 

number of 22 attributes (12 predictors + 10 targets) each. 

A third dataset (Pre-pilot (limited)) is also added in the table above. This is generated by the pre-

pilot dataset, but keeping the 15 attributes of the post-pilot dataset. This limits the number of 

attributes for the pre-pilot dataset, but increases the number of complete records to 273, since 

some of the original attributes containing missing values are discarded, increasing the chance of 

a complete record. This dataset will be used in the evaluation below, in order to make predictions 

for the post-pilot dataset using a model trained from the pre-pilot data. 

Model Architecture - Random Forest Regression 

Random Forest regression [58], as any supervised regression method, takes as input a set of 

training features (predictor variables) and labels (target variables). These are used to train the 

model and then the model is tested on test data with known labels. 
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The training features are the values of the predictor variables. They are organized in an integer 

matrix 𝑋𝑡𝑟𝑎𝑖𝑛 ∈ 𝑅𝑁×𝑀𝑝, where 𝑁 is the number of records and 𝑀𝑝 the number of predictor 

variables used. The training features are scaled using a standard z-score scaling procedure, so 

that each column has zero mean and unit variance. 

The training labels are organized in a matrix 𝑌𝑡𝑟𝑎𝑖𝑛 ∈ 𝑅𝑁×𝑀𝑡 , where 𝑁 is the number of records 

and 𝑀𝑡 the number of target variables used. The target variables are discrete, taking values in 

the integer range {1, . . . , 𝑀𝑡}. However, they are ordinal in nature, i.e. they have a sense of 

ordering, with a value of “1” being less than the value of “2”. In this manner, the problem can 

indeed be considered as a regression problem, where we use the predictor variables to train a 

model that computes the target variables in a continuous manner. The output of such a model 

would be a continuous number, which can be rounded to the nearest integer to get the output 

in the format of the original target values. 

We consider each of the 𝑀𝑡 target variables separately in turn, and actually build 𝑀𝑡 regression 

models. We consider the number of trees as the hyperparameter and use 5-fold cross-validation 

to select the best model, using a range of tree number from 100 to 600. The root mean square 

error (RMSE) is used as the model selection metric. 

Evaluation 

We have considered the following evaluation scenarios: 

1. Train and test using data from the pre-pilot dataset 

2. Train and test using data from the post-pilot dataset 

3. Train using data from the pre-pilot dataset and test using data from the post-pilot dataset 

4. Concatenate the two datasets and train and test from the concatenated dataset. 

5. With the concatenated dataset, test using the data from ITI and ECOLUTION (cities 6 and 

8), with a model trained using the rest of the data 

PRE-pilot survey results 

In the first scenario (training and testing using the pre-pilot dataset), the input data are split into 

a training and a testing set, 𝑋𝑡𝑟𝑎𝑖𝑛, 𝑋𝑡𝑒𝑠𝑡, 𝑌𝑡𝑟𝑎𝑖𝑛, 𝑌𝑡𝑒𝑠𝑡, where the size of the test set is 1/4 the size 

of the whole dataset. The features of both the training and the testing sets are scaled using the 

values of the training subset as reference. Using these training and testing sets, and taking each 

target variable in turn, we trained Random Forest models, selecting the optimal model for each 

case, as described above. We examined using both the original features and the reduced features 

after performing PCA. The results are shown in the chart below. 
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Figure 40: RMSE per persuasion principle for the PRE-pilot trial. 

The RMSE error of most strategies falls in the range from about 0.4 to 0.8, with the exception of 

the Conditioning principle, which reaches an error of about 0.95. In other words, the model is 

able to predict the appropriateness of a strategy with an average error of about 0.6 on a scale 

from 1 to 6. The smallest error is achieved for the Cause and Effect principle, meaning that the 

appropriateness of this principle can be predicted more accurately. 

POST-pilot survey results 

In the second scenario (training and testing using the post-pilot dataset), we performed a similar 

evaluation (train-test split etc.) as above, but using the post-pilot dataset. The results can be seen 

in the chart below. 

 
Figure 41: RMSE per persuasion principle for the POST-pilot trial. 
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The error now is larger on average, ranging from about 1.0 up to 1.6. This is probably due to the 

reduced size of the post-pilot dataset. The Suggestion, Physical attractiveness and Reciprocity 

principles achieve an error of about 1.0 or lower, while the error of the other principles is around 

1.3 - 1.6. 

PRE-pilot Training - Post-pilot Survey results 

In the third scenario, we trained the model using the pre-pilot dataset and tested it on the post-

pilot dataset. In this scenario, we used the pre-pilot dataset with the limited set of attributes, in 

order for the two datasets (training and testing) to have the same number of attributes. The 

results are shown in the chart below. 

 
Figure 42: RMSE per persuasion principle for the PRE-pilot training/POST-pilot testing trial. 

The errors are generally larger than the other two scenaria, ranging from about 1.4 to 1.7 for 

most principles, with the exception of the Social recognition, Conditioning and Cause and effect 

principles, which reach errors above 2.0. The fact that e.g. the Cause and effect principle was 

rather accurately predicted when the pre-pilot dataset was used individually, but is poorly 

predicted when one dataset is used to predict the other, shows that there is a diversity in the 

Cause and Effect results between the two datasets. 

Pre/Post-pilot survey results 

In the fourth scenario, we concatenated the pre-pilot and the post-pilot datasets, and then used 

the concatenated dataset to train and test a Random Forest regression model. The results are 

shown in the chart below. 
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Figure 43: RMSE per persuasion principle for the PRE/POST-pilot trial. 

The error across most principles ranges from about 0.5 to 0.8, with the exception of Conditioning 

and Reciprocity, which have an error of 1.0 or higher. The error is in general lower than the overall 

error when using only the post-pilot dataset (second scenario) or when using the pre-pilot 

dataset for training and the post-pilot dataset for testing (third scenario). This is probably due to 

the fact that values from both datasets are mixed in the concatenated dataset, making it more 

robust for predictions in both datasets. 

PRE/POST-pilot survey results on control Pilots 

Finally, in the fifth scenario, the concatenated dataset has been split into a training and a testing 

set using the users’ city as the criterion. The test set contains all records from ITI and ECOLUTION 

(cities 6 and 8), i.e. 107 records, while the training set contains the rest of the records, i.e. 230 

records. The results can be seen at the following chart. 
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Figure 44: RMSE per persuasion principle for the PRE/POST-pilot trial on control pilots. 

The average error across the principles ranges between 0.5, for social proof, and 0.9 for 

reciprocity, with the exception of conditioning, which reaches an error of 1.1. The results are 

comparable to those when using the concatenated dataset, with slightly worse results for the 

Cause and Effect principle. 

In general, the above results show that, when using both datasets concatenated, we can produce 

a regression model that can predict the effectiveness of each persuasion principles with an RMSE 

error of no more than 1, which can be quite effective for a scale from 1 to 6. Using more input 

attributes can provide more information to the model and thus produce more accurate 

predictions, as evidenced by the first scenario, where the more complete pre-pilot dataset was 

used. 
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7. Conclusions 

This report presents the steps that were followed not only for delivering in overall the energy-

related socioeconomic aspects that influence occupant behaviour in working environments, but 

also to evaluate and validate the persuasion principles deployed at the GreenSoul pilots as well 

to present the behavioural model and it’s capability to predict the most effective Persuasion 

Principle/Strategy or Principles/Strategies based on a specific user profile, as retrieved from the 

GreenSoul surveys. Following a similar structure as the manuscript the most interesting findings 

are presented below:  

7.1. Surveys 
Starting from the surveys, both the PRE and POST pilot questionnaires have been analysed, in a 

descriptive and prescriptive manner. One of the main outcomes of the first survey that was 

applied in the second had to do with the total number of  Persuasion Principles assessed (it was 

reduced to 10 in the POST) as well as the fact that in the latter, the end-users were asked directly 

to rank these 10 Principles, along with a separate ranking for the 3 applied in the GreenSoul 

pilots. By comparing the results of the two surveys, even though the final sample was reduced to 

approximately one third of the initial sample, the overall sample description remained more or 

less the same. One of the most interesting findings of this analysis was that when the users 

were asked to rank the top 10 strategies, the results pointed out to the top 3 strategies (Cause 

and effect, Conditioning, Self-Monitoring), indicating that the initial assumption for the 

treatments deployed at the GS pilots was correct. This clearly demonstrates that the initial 

findings, and thus the treatments applied, are the most suitable for the GreenSoul end-users. 

Furthermore, Self-monitoring has been ranked as the highest persuasion principle which also 

validates the decision of presenting to the end-users with various visualisation means to assess 

their consumption habits.  

Other interesting findings are briefly summarised asw follows:  

 PRE-pilot survey 

● City, Education and “Initiative to Join” were identified as dependent factors over some 

Persuasion Principles, namely P2, P7, P12 and P15. However, not all of them were rated 

high enough by the users to be included in our survey.  

● Pre-contemplation, Contemplation and Action presented differences when compared 

among all the pilots. Thus, the city is a dependent factor to understand how people rate 

their stage of change.  

● People with technical background (UDEUSTO and CERTH/ΙΤΙ) presented higher trust in 

technology than those with non technical background (i.e. SEVILLE and ECOLUTION).  
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● Within people with no technical background at civil servants level, there are still large 

differences (i.e. MPH is by large the one with the highest confidence in technology 

compared to SEVILLE and ECOLUTION). 

● Interestingly, the majority of the interviewees reported not to have barriers to act pro-

environmentally.  

● The discouragement about peers as a barrier for doing pro-environmental actions was 

quite low which demystified the idea that external factors play one of the key roles on 

demotivating people at workplace [59]. 

 

POST-pilot survey 

● Confidence in technology seems to be a dependent and causal factor of selecting one of 

the Top ten Persuasive Principles (mediator for P3, P9 and P12). As this finding did not 

appear in the PRE questionnaire, the treatment may have had an effect on respondents.  

● City and Organisational factors were found to be dependent on P12 and P14. 

● What was observed in PRE was rather maintained in POST questionnaire regarding Pre-

contemplation, Contemplation and Action stages. 

● Maintaining the finding from the PRE, the discouragement about peers was reported low 

again.  

● Findings regarding trust in technology were similar to the PRE, Whereas is not significant, 

we can see an increment of reliability in technology at pilot level (e.g. WEIZ and MPH). 

● By observing the results, the majority of pilots after the intervention are between 

Contemplation and Action stage of change. 

PRE vs POST 

Besides the fact that both in the PRE and POST questionnaire revealed that the most 

acknowledged principles were Cause and Effect (P2), Conditioning (P3),  and Self-monitoring 

(P11), it is also interesting that the end-users intentions have shifted towards more active 

participation (Action) to energy efficient habits than before the pilot by 8.5%.   

Statistically speaking, we only found a  difference between the responses of PRE and POST pilots 

questionnaires when treating the dataset as a whole in the Pre-contemplation stage. Thus, in 

general, at the end of the interventions of any nature (IR, GST, DSS, ALL),  employees were more 

aware about the potential actions to be done towards energy efficiency.  

Another interesting observation was that City was the only factor that was repeated in PRE and 

POST to be dependent on any of the persuasive treatments. This is why we carried on a specific 

evaluation of some factors city by city. Specifically in both analyses, we found that it was 

dependent on Similarity principle (P12): “People are more readily persuaded through systems 

that remind them of themselves in some meaningful way”. Thus, with these two results we can 



                                                                              

Dissemination Level: PU          D6.3 Validation of the behavioural Model    102 

say that if an intervention based on Similarity principle wants to be employed, its success or 

failure will depend on the city where it will be provided. 

Furthermore, based on the above finding we looked at the analysis of all the behavioral 

constructs by pilot (i.e. comparing previous and post responses to the questionnaire in different 

cities). In the following bullets, we outline the most interesting changes: 

● SEVILLE: people in this pilot increased their overall intentions in favor of the environment 

maybe due to the GreenSoul effect. 

● UDEUSTO:   the GS overall effect was effective towards the purpose of making people 

aware about the environment and to actively contribute to mitigate this  issue in the 

workplace. 

● WEIZ and ALLIA: the respondents change their Pre-contemplation stage towards higher 

stages of consciousness. 

● In MPH, we observed a very interesting finding in MPH related to the barriers construct: 

None of participants in POST reported that one of them hurdles to behave energy 

efficiently were due to lack of knowledge nor people were found to be discouraged about 

peers. The main barrier they encounter after the end of the project was occasional 

absentmindedness. This means, that after applying the GS effect, we need frequent subtle 

feedback for employees to not forget the pro-environmental action. 

 

GREENSOUL EFFECT: TREATMENTS 

We investigated if there were dependencies among the different treatments (persuasive 

strategies) and some important Factors such as: Pre-contemplation , Contemplation , Action , 

Intentions, Barriers and Confidence in technology. We continued finding differences in Pre-

contemplation, Contemplation, Action. Starting with Pre-contemplation, we found that people 

assigned to No treatment reported to be in lower stages of the change than the people in DSS, 

PI and ALL. Regarding Action, similar results were found that give hints that DSS, PI and ALL 

worked in the right direction. All the people assigned to the referred conditions reported higher 

rates of Action stage and the Post-hoc analysis reported significant differences when compared 

with “No treatment”. 
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Table 38: POST-pilot: Post-hoc analysis to identify where the differences are in the effect that 

we observed after running Kruskal Wallis test. 

 Pre-Contemplation Contemplation Action 

Treatment 

No treatment - PI 
No treatment - DSS 
No treatment - ALL 
(p< 0.05; r = 0.081) 

None 

No treatment - PI 
No treatment - DSS 
No treatment - ALL 

(p< 0.05; r = 0.0957) 

 

Regarding Intentions, Barriers and Confidence in technology, a contingency analysis using GTest 

showed that Confidence in Technology depends on the treatment that we applied significantly. 

The GTest statistic is also approximately chi-squared distributed, but for small samples as we had, 

this approximation is closer than one that chi-squared test uses. In the case of Confidence (Figure 

45) we observed that the more ICT-based interaction is provided, the higher the confidence in 

technology. On the opposite direction (low ICT, less reliance in technology) the statement does 

hold. 

 
Figure 45: Treatments assigned vs. Confidence in technology as a means to solve all 

environmental issues in the future. y-axis: (0) Neutral; (1) Not rely on ICT; (2) Do relyon ICT. 

The results shed light on the importance of understanding user-profiles both in socio-economic 

and behavioural terms to inform ICT-based campaigns to promote sustainable practices among 

employees.  Beyond monetary incentives, that usually work in households, other engaging 

mechanisms need to be considered at tertiary buildings where employees are not aware of the 

impact of their everyday actions. This analysis has found that a representative sample from the 
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pan-European landscape agrees on selecting Self-monitoring, Cause and effect and Conditioning 

as the most promising principles to engage people into energy-efficiency.  These principles, upon 

their application not only raise awareness, but also promote energy efficient behaviour in 

working environments, which has changed after the GS project positively. Finally, from our 

findings it seems that the building type with the most promising results, and thus the most one 

with the most room for improvement, is the building of public use with public servants, such as 

MPH. On the contrary, already energy efficient buildings (i.e. WEIZ, ALLIA) haven’t presented too 

noteworthy results.  

7.2. Energy Data 

Tables 39 and 40 present the overall result per pilot.  There are an small number of significant 

results. On the one hand MPH seems like has perform well during the individual phase but not 

during the collective (results during collective phase do not agree between smart plugs and UMDs 

data and moreover, are non significant). The only other significant result is the worsened energy 

consumption on SEVILLE during the individual phase. The rest of the pilots show non-significant 

results.  

Table 39 a): Overall statistical assessment of the Smart Plug’s data for the individual phase 

Individual vs baseline TOTAL ALLIA UDEUSTO MPH WEIZ SEVILLE 

Effect Size 0.0646 0.2232 -0.0705 0.6465 -0.1593 -0.1703 

Type S Error 0.0189 0.0064 0.0752 6.07 · 10-10 0.0701 0.0013 

Type M Error 2.8948 2.3348 4.4934 1.0088 4.3076 1.8342 

p-value 0.0559 0.0934 0.8248 2.38 · 10-5 1.0000 0.2087 

 

Table 39 b): Overall statistical assessment of the UMD’s data for the individual phase 

Individual vs baseline TOTAL ALLIA UDEUSTO MPH WEIZ SEVILLE 

Effect Size -0.055 0.157 -0.032 0.187 -0.739 -1.224 

Type S Error 0.236 0.198 0.423 0.117 0.001 1.91 · 10-12 

Type M Error 9.306 7.892 34.868 5.518 1.689 0.998 

p-value 0.083 0.125 0.375 0.125 0.125 0.125 

 

Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and 
in red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise 
error rate correction.        
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Table 40 a): Overall statistical assessment of the Smart Plug’s data for the collective phase 

Collective vs baseline TOTAL ALLIA UDEUSTO MPH WEIZ SEVILLE 

Effect Size -0.0150 0.2048 -0.0212 0.2464 -0.2293 -0.3947 

Type S Error 0.2926 0.0114 0.3286 0.0053 0.0307 3.82 · 10-8 

Type M Error 12.3218 2.6151 15.2692 2.2627 3.3117 1.0441 

p-value 0.5894 0.1297 0.3856 0.0127 0.8457 0.0069 

                 

Table 40 b): Overall statistical assessment of the UMD’s data for the collective phase 

Collective vs baseline TOTAL ALLIA UDEUSTO MPH WEIZ SEVILLE 

Effect Size -0.069 0.199 -0.004 -0.449 -0.739 -1.224 

Type S Error 0.185 0.139 0.489 0.019 5.00 · 10-4 3.53 · 10-12 

Type M Error 7.455 6.124 246.862 2.920 1.635 1.004 

p-value 0.036 0.125 1.000 0.125 0.125 0.125 

 
Numbers highlighted in green are significative. Effect Sizes highlighted in blue are those bigger than expected and in 
red negative effect sizes of small size. Orange p-values are significant results if not considered the family-wise error 
rate correction.    
 
From a perspective approach though, besides MPH, where the general notion that all treatments 

have presented results in terms of energy reduction - a notion that has been proven genuine - all 

other pilots present statistical margins that do not allow to extract any statistical results. This is 

most probably due to the fact that MPH starts with the biggest energy consumption per capita 

of the pilots and thus they have the biggest amount of room for improvements. In fact, in ALLIA 

and WEIZ, two highly efficient buildings, the amount of potential improvements were low and 

this has been reflected in lack of conclusive results on these pilots. 

Table 41 contains a summary of the pilot energy-related analysis results. Bold values shows 

significant results (see Section 5) and red values shows negative effect sizes (namely, treatments 

were the energy consumption have been increased). Three main conclusions can be reached:  

● There are a lot of negative effect sizes across the results. The only visible patterns on 

these results suggest that we have had a bias in the selection of the individuals that were 

assigned to IR and GST on both, SEVILLE and WEIZ.  



                                                                              

Dissemination Level: PU          D6.3 Validation of the behavioural Model    106 

● It does not seem to be a distribution of significant results as they look to be random. For 

example: there are large differences between the results recorded by the Smart Plugs (SP) 

and UMDs, the treatments works quite different depending on the pilot and, finally, there 

is significance not only on positive but also negative results.  

● There are large differences between the mean effect size achieved from the different 

treatments. A Friedman test was carried out to detect if these differences are significant 

or not but it shows that even as they are large in mean values, there is not possible to 

assess if there are differences among them (Friedman chi-squared=4.35, df=3, p-value= 

0.2261). This results is in line with the previous discussion.  

 

Table 41: Summary of effect sizes (%) for all pilots, metering device, experimental phase and 

treatment. Red values denotes negative 

Effect Size IR GST DSS ALL 

ALLIA 

SP 
col 24,76% 7,65% 32,24% -13,72% 

ind 30,28% 14,03% 29,06% -0,00% 

UMD 
col 6,68% 20,21% 13,72% 13,37% 

ind 5,60% 17,35% 8,58% 10,92% 

DEUSTO 

SP 
col 20,66% -20,86% 17,31% 39,73% 

ind 49,15% -23,30% 6,30% 27,41% 

UMD 
col 19,32% 22,48% -32,46% -35,01% 

ind -2,59% 7,00% -12,49% -10,25% 

MPH 

SP 
col 34,05% 6,44% 33,60% 22,74% 

ind 56,42% 35,08% 54,05% 53,77% 

UMD 
col -16,93% -37,64% -47,31% -30,13% 

ind -11,52% 1,67% -9,28% 8,07% 

SEVILLE 

SP 
col -56,10% -10,86% -4,34% -8,19% 

ind -27,52% -4,80% 12,49% 3,78% 

UMD 
col -7,64% -0,46% 13,33% -12,56% 

ind -31,66% -26,30% -15,22% -49,91% 

WEIZ SP 
col -82,28% -115,52% 63,08% 36,96% 

ind -81,00% -89,65% 60,57% 49,70% 
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UMD 
col -- -- -- -- 

ind -- -- -- -- 

   -12,17% -20,53% 17,47% 8,79% 
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7.3. Computational Models  

As part of this deliverable was to deliver also results from the design and implementation of the 

GS models, two different approaches have been demonstrated. For both approaches, when using 

both PRE and POST datasets to train the models, their performance is better than when trying 

any other combination. Although this was expected, the overall difference in results was not.  

From the first model, where the top ranking was predicted for several strategies, quite interesting 

results have present themselves. When testing the model for the PRE-pilot user profiles, the 

model presented outperformed all the benchmarks by far except the model without user data. 

In this case, we can appreciate that adding the information about the users allow us to improve 

the ranking skills of our model and reducing the cold start problem which is one of the main 

outcomes of this work. This results was improved even further when testing the model to the 

POST-pilot user profiles, where the distance measured was again the least out of the 

benchmarks.  According to the model results and observing the new PCA with PRE and POST data, 

it is obvious that user features change a bit (See Figure 39), as well as their preferences over the 

self-reported Persuasion techniques. The easiest approach would be to always provide to 

newcomers the best TOP5 strategies. However, if we use the model proposed the success tax to 

engage the people into energy efficiency can increase significantly. We need more research in 

this direction to observe if the subset of features should remain as it is or whether we have to 

change them. This concern is based on the small difference between the model without taking 

into account the user data and the model with user data. 

For the second model, where the goal is to find the optimal persuasion principle per user profile, 

the average RMSE did not exceed 1 on a scale from 1 to 6, which entails that we can predict quite 

accurately the best persuasion principle, and hence strategy, per user based on a very simple 

user profile, overcoming the cold start problem. Again, in most of the presented tests the 

principles that had Finally, using more input attributes can provide more information to the 

model and thus produce more accurate predictions, as evidenced by the first scenario, where the 

more complete pre-pilot dataset was used. 

As a final remark from the evaluation and validation methodology followed in this deliverable is 

that in similar research endeavours for future projects a bigger and wider sample is required in 

order to be able to more accurately evaluate the results, but also for these to have more clear 

outcomes, mainly in terms of prescriptive statistical analysis. 
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Annex A: Pre-pilot Questionnaire 

Introductory message for the questionnaires - interviews 

By participating in our survey you will help us better understand how human behaviour in public 

buildings can affect energy consumption. If you are a user of a public building (visitor or employee) 

please fill in the present questionnaire.   

This study will focus on energy-behaviour of public building users (employees & visitors). It is 

known that individual energy-consumption behaviour patterns in public buildings are different 

from individual behaviour patterns in residential buildings.) 

All questionnaires are anonymised and will be used for the sole purpose of research within the 

GreenSoul project. If there are any questions that you do not feel comfortable answering or you 

do not find an appropriate option for your answers, please leave it blank. 

Section 2 - Profile: General information - socio-demographics 

● City: 

○ Seville 

○ Bilbao 

○ Weiz 

○ Pilea-Hortiatis 

○ Thessaloniki 

○ Cambridge  

○ Haywards Heath 

○ Other 

● Country: 

○ Spain 

○ Greece 

○ Austria 

○ UK 

○ Other 

● Smart Plug ID 

Please, provide the ID of your smartplug. Each smartplug deployed in the workstations should 

have a sticker label with its ID. Please, find it in and write it down. Otherwise, write your name 

and surname so the person responsible from your pilot can help you. 

● Age Group: 

○ < 21 

○ 22-40 
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○ 41-52 

○ 53-71 

○ > 72 

● Children: 

○ Yes 

○ No 

● Gender:  

○ Female  

○ Male 

○ Other 

● Education: 

○ None 

○ High-school / secondary  

○ Post-secondary (non-university)  

○ University Degree (bachelor or equivalent)  

○ Post-graduate (master or equivalent)  

○ Doctoral Degree (PhD or equivalent)  

Section 3 - Profile: Employment profile and building use 

● Current employment status: 

○ Full time employee 

○ Part time employee 

●  Position: 

○ Employee 

○ Tenant / self-employed ( a space within the building is rented by you for self-

working) 

○ Principal Research / head of unit / boss  

○ Administrative staff ( including Secretaries or receptionists) 

○ Cleaning staff 

○ Caretaker/ concierge 

○ Visitor 

○ Student 

○ Other 

● Which of the following best describes your office/ team/ department culture?  

○ Teamwork, participation, sharing 

○ Get the job done and goal-oriented 

○ Encourage creativity, experimentation and risk taking 

○ Formal and hierarchical (I work on my own) 
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○ None of them 

●  In what floor do you work? 

○ Ground floor 

○ 1st floor 

○ 2nd floor 

○ 3rd floor 

○ 4th floor +  

● Number of colleagues with whom you share your office, work-desk area, or co-working 

space (your near colleagues & neighbours not the whole office building):  

○ 0 (Alone) 

○ 1-2 

○ 3-5 

○ 6-10 

○ 11-15 

○ 16+ 

● In a typical day, what percentage of your working time do you spend in your office/ 

work-desk space?  

○ 0-20% 

○ 21-40% 

○ 41-50% 

○ 51-70% 

○ 71%+ 

● Are you satisfied with your thermal comfort at workplace (Very dissatisfied, dissatisfied, 

Neutral, Satisfied, Very satisfied)?  

○ Winter Season  

○ Summer Season 

Section 4 - Self-perception on decision making about energy 

● Please, read the following statements regarding decision making on energy-related 

issues in your work space and choose how often you think you apply each of them at 

workplace (Never, Very rarely, Rarely, Often, Very often)?  

○ I make ‘good enough’ choices rather than expending effort in trying to ‘optimise’ 

my energy-related choices. 

○ I do the same thing each time and the same stimulus is applied to me in relation 

to energy consumption. I do not think too much about any decisions related to 

energy. I focus on doing my work and no more. 
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○ In relation to energy consumption I think about what I do and I try to provide the 

‘why’ analytically.  I set and modify my own goals. I learn from mistakes (mine and 

those of others) and I change my behaviour accordingly. 

● Please, evaluate the next statements related to energy management at work (Strongly 

disagree, Disagree, Neither agree or disagree, Agree, Strongly agree)?  

○ I hardly pay attention to physical changes or notifications at workplace that are 

not directly related to my work 

○ I prefer following my peers to take decisions 

○ I look for data to take my everyday decisions 

○ I prefer full system automation than taking decisions 

○ Prompts is what work for me to take action 

○ I don’t see myself following an advice from others without self-reflecting in 

advance 

Section 5 - Energy-related knowledge and perception of energy management in your 

organisation 

● Based on your knowledge, please mark from the list below the top 3 systems that use 

the most energy in the building where you work?  

○ Lights 

○ Heating, ventilation and air conditioning systems (HVAC) 

○ Elevators 

○ Personal devices (Laptops, PCs and monitors) 

○ Shared devices (e.g. printers, copiers, projectors, etc.) 

○ Small appliances (e.g. coffee makers, kettles, etc.) 

○ Data servers 

● Please evaluate the following statements in relation to your organisation (Strongly 

disagree, Disagree, Neither agree or disagree, Agree, Strongly agree)?  

○ Every individual and organisation must do their share in improving energy 

efficiency 

○ Our organisation cannot do much for better energy efficiency 

○ Energy efficiency has several advantages for our  organisation 

○ It is important to approach energy efficiency systematically in the workplace 

● I wish to further contribute to energy efficiency in the building; However, in practice 

(Please, select the statement which is most applicable to you)?  

○ I often neglect or do not remember it, as I am preoccupied with other work 

activities. 
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○ I am not sure about what is a good energy practice so I do little or nothing. 

○ I am discouraged by the attitude of my colleagues and/or of the management, so 

I do little or nothing. 

○ None of the answers above apply to me. 

Section 6 - Self-assessment of energy related intentions 

● Please, evaluate these statements (Strongly  disagree, Disagree, Neutral, Agree,  Strongly 

Agree):  

○ I am actually changing my energy intensive habits and saving energy right now. 

○ My behavioural choices sometimes have a negative impact on energy efficiency. 

○ Modern science will solve our energy-related problems. 

○ It is a waste of time thinking about energy savings.     

○ I enjoy living as I please, but sometimes my behaviours are harmful to the energy 

efficiency. 

○ Sometimes I think I should cut down on my wasteful behaviour. 

○ I am at the stage where I should think about being more active in reducing energy 

consumption. 

○ I have just recently changed my environmentally energy related harmful habits. 

○ I don't think I behave in ways that cause too much harm to the energy efficiency. 

○ Trying to live in a more energy sustainable manner would be pointless for me. 

○ I am trying to engage in less environmentally energy-related harmful behaviours 

than I used to. 

○ Modern science will NOT be able to solve our energy-related problems. 

○ With respect to the energy efficiency, there is no need for me to think about 

changing my daily behaviours. 

○ Anyone can talk about wanting to do something about the energy efficiency, but I 

am actually doing something about it. 

Section 7 - Energy-specific behaviour at workplace 

● How often do you set the heating/cooling system at your workplace? (Please choose the 

answer that is most applicable to you) 

○ Every time I need it 

○ Once a week 

○ Once a month 

○ Once a year 

○ Never 

● How often do you set the heating/cooling system at your workplace? (Please choose the 

answer that is most applicable to you) 
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○ Every time I need it 

● For you, what would be the ideal temperature? 

○ Heating (winter time)… °C  

○ Automation should care about that   

○ I don’t know 

○ Air conditioning (summer time): … °C   

○ Automation should care about that  

○ I don’t know 

● Lighting habits at workplace:  (Please choose the answer that is most applicable to you) 

○ I switch off or dim lights when appropriate 

○ I ensure that daylight helps keep adequate indoor illuminance by adjusting the 

blinds, curtains, etc. 

○ I am too busy/ preoccupied with other things to be concerned with adjusting lights, 

blinds, etc. 

○ I do not adjust the lights: automation technology can be used for this purpose 

● When you share a space with other people in the workplace, how easy is to find 

consensus for the following (Very difficult, Difficult, Neutral, Easy, Very easy)? 

○ Heating temperature (winter) 

○ Cooling temperature (summer) 

○ Illuminance 

● When do you use the stairs instead of the elevator? 

○ Only to go downstairs 

○ To climb one floor 

○ To climb 2 floors or more 

○ I always use the stairs 

○ I always use the elevator 

● Printing habits: 

○ I avoid printing when not necessary (Never, Rarely, Sometimes, Often, Always) 

○ I would accept a delay in the printing time for non-urgent documents if that 

enhances energy-efficiency (Strongly  disagree, Disagree, Neutral, Agree, Strongly 

Agree) 

● Habits in your own desk space with monitors, laptop or PC. Do you….(Never, Rarely, 

Sometimes, Often, Always)? 

○ Turn-on energy-efficient mode 

○ Switch-off the device when stop working 

○ Switch-off the device during (lunch) breaks 

Section 8 - Dilemmas related to energy efficiency 
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● In the workplace: To what extent would you sacrifice your personal convenience and/or 

comfort to enhance energy efficiency in order to lower your environmental impact? 

○ Winter Time - Would you accept a decrease in internal temperature setting?  

■ No, I would not compromise my comfort     

■ Yes, a slight decrease      

■ Yes, a moderate decrease     

■ Yes, a significant decrease 

○ Summer Time - Would you accept a decrease in internal temperature setting?  

■ No, I would not compromise my comfort     

■ Yes, a slight increase      

■ Yes, a moderate increase     

■ Yes, a significant increase  

● Would you change your ‘dress code’/ clothing instead to use the HVAC to adapt your 

body to the indoor temperature and hence lowering environmental impact (Strongly 

disagree, Disagree, Neutral, Agree, Strongly agree)? 

○ Wear lighter/ warmer clothes indoors 

○ Wear more casual clothing 

●  It is warm inside the office: Would you agree on opening windows instead of using the 

air conditioning when possible?  

○ Strongly disagree 

○ Disagree  

○ Neutral  

○ Agree   

○ Strongly Agree 

Section 9 - Self-evaluation about our disposal to influence peers or be influenced by them 

● Please evaluate these statements (Strongly disagree, Disagree, Neutral, Agree, Strongly 

agree)? 

○ Suggest ways to my colleagues & co-workers to act in a more energy efficient 

manner. 

○ Discussing energy-related topics with my colleagues. 

○ Provide energy-related information (e.g. grey literature, scientific papers, web 

pages, etc.) to my colleagues. 

○ Give praise to my colleagues for their energy efficient behaviour. 

○ What others say makes me to rethink my attitude towards it 

○ I do not want to be influenced by others 

○ Even my friends have difficulties trying to influence me 

○ No one can tell me what to do 
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Section 10 - Persuasion 

● Assume that the organisation you work for has just launched an initiative to reduce 

energy consumption. You can join on a voluntary basis and save energy by changing 

your behaviour in line with the simple tips and instructions you receive. What would you 

do? 

○ Join immediately 

○  Discuss first with colleagues and then decide 

○  Join after a while 

○  Do not participate 

● Would personally motivate you to improve your energy-related behaviour in the following 
cases (Strongly motivated, Motivated, Neutral, Demotivated, Strongly demotivated, Not 
applicable)? 

○ Public (social) recognition of your contribution to energy savings is provided 

○ Receive personal praise (privately) for your contribution to energy savings 

○ The support of the majority of your peers to improve energy efficient behaviour. 

○ Receive energy related information in a simple and aesthetically appealing way 

○ Receiving perks such as flexible working hours, skipping certain tasks, etc, as a 

reward for improving your energy performance. 

○ You and your team receive recognition for collectively achieving energy savings 

○ You receive information about the people behind energy-related data collection. 

○ You are assisted in setting, meeting and reviewing your own personal energy 

saving goals 

○ Your (top) managers are also committed to save energy. 

○ You can monitor & track your own energy performance in real-time. 

○ The overall energy saving goals are broken down into smaller easily achievable 

○ The feasibility of the proposed energy savings have been verified in other buildings 

similar to your workplace   

○ Energy related information is tailored to you and you are able to self-configure 

some parameters (e.g. data provided, frequency, etc.) according to your 

preferences. 

● In case you wanted to receive messages/cues to adopt energy saving behaviour: what 

would be the desired frequency of them (Strongly desirable, Desirable, Neutral, 

Undesirable, Strongly undesirable, Not applicable)? 

○ 2-3 daily 

○ daily 

○ 2-3 weekly 

○ weekly 

○ monthly 
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● When is the right time for you to receive these messages/cues? In which order you 

would prioritize the following? (1 for first choice, 2 for second choice, etc.) 

○ When I enter the building  
○ When I switch on my computer   
○ When I return from the lunch break  
○ When I’m about to leave the office 
○ Every time an inefficient energy behaviour was detected 
○ Please, specify. 

● What would be your response to signs in your workplace / building regarding to energy saving 
best practices? (Strongly agree, Agree, Neutral, Disagree, Strongly Disagree) 
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Annex B: Post-pilot Questionnaire 

The questionnaire was developed once more using Google Forms and was made available after 

the 31st of October. The context of the questionnaire is provided below:  

Introductory message for the questionnaires - interviews 

By participating in our survey you will help us to better understand how human behaviour in public 

buildings can be affected by energy consumption and what incentives may help to reduce it. If 

you are a user of a public building (visitor or employee), please fill in the present post-

questionnaire.   

All questionnaires will be used for the sole purpose of research within the GreenSoul project. If 

there are any questions that you do not feel comfortable answering or you do not find an 

appropriate option for your answers, please leave them blank. your answers will not be recorded 

until you press the button submit at the end of the form. Please, try to end it to get all your 

feedback. Thanks in advance for you precious support! 

If you have questions, please ask your GS pilot manager or write an email to: 

greensoul@deusto.es 

Section 2 - Profile: General information - socio-demographics 

● City: 

○ Seville 

○ Bilbao 

○ Weiz 

○ Pilea-Hortiatis 

○ Thessaloniki 

○ Cambridge  

○ Haywards Heath 

○ Other 

● Smart Plug ID. 

Please, provide the ID of your smartplug. Each smartplug deployed in the workstations should 

have a sticker label with its ID. Please, find it in and write it down. Otherwise, write your name 

and surname so the person responsible from your pilot can help you. 

● Age Group: 

○ < 21 

○ 22-40 

○ 41-52 

https://docs.google.com/forms/d/e/1FAIpQLSeUZwwGn7KIpLy_S33x0gvOBKUtqVQMNVN8U7zbq5Y3KnKNNg/viewform
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○ 53-71 

○ > 72 

● Gender:  

○ Female  

○ Male 

○ Other 

● Education: 

○ None 

○ High-school / secondary  

○ Post-secondary (non-university)  

○ University Degree (bachelor or equivalent)  

○ Post-graduate (master or equivalent)  

○ Doctoral Degree (PhD or equivalent)  

Employment Profile:  

● Position: 

○ Employee 

○ Tenant / self-employed ( a space within the building is rented by you for self-

working) 

○ Principal Research / head of unit / boss  

○ Administrative staff ( including Secretaries or receptionists) 

○ Cleaning staff 

○ Caretaker/ concierge 

○ Visitor 

○ Student 

○ Other 

● Which of the following best describes your office/ team/ department culture  

○ Teamwork, participation, sharing 

○ Get the job done and goal-oriented 

○ Encourage creativity, experimentation and risk taking 

○ Formal and hierarchical (I work on my own) 

○ None of them 

Section 3 - Energy efficiency at work 

● Assume that the organisation you work for has just launched an initiative to reduce 

energy consumption. You can join on a voluntary basis and save energy by changing 

your behaviour in line with the simple tips and instructions you receive. What would you 

do? 
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○ Join immediately 

○ Discuss first with colleagues and then decide 

○ Join after a while 

○ Do not participate 

● I wish to further contribute to energy efficiency in the building; However, in practice 

(Please, select the statement which is most applicable to you): 

○ I often neglect or do not remember it, as I am preoccupied with other work 

activities. 

○ I am not sure about what is a good energy practice so I do little or nothing. 

○ I am discouraged by the attitude of my colleagues and/or of the management, so 

I do little or nothing. 

○ None of the answers above apply to me. 

● Do you remember to have replied to an online form about Pinball, Shortcut or 

Thoughtful profiles? (The online form we are refering to: 

https://greensoul.morelab.deusto.es/login/ ) 

○ Yes (Go to Section 5) 

○ No 

Section 4 - Statements related to energy management at work 

● Choose how often you think you apply each of the following statements (Strongly 

Disagree, Disagree, Neither Agree or Disagree, Agree, Strongly Agree)  

○ I make ‘good enough’ choices rather than expending effort in trying to ‘optimise’ 

my energy-related choices. 

○ I do the same thing each time and the same stimulus is applied to me in relation 

to energy consumption. I do not think too much about any decisions related to 

energy. I focus on doing my work and no more. 

○ In relation to energy consumption I think about what I do and I try to provide the 

‘why’ analytically.  I set and modify my own goals. I learn from mistakes (mine and 

those of others) and I change my behaviour accordingly. 

○ I hardly pay attention to physical changes or notifications at my workplace that 

are not directly related to my work 

○ I prefer following my peers to take decisions 

○ I look for data to take my everyday decisions 

○ I prefer full system automation than taking decisions 

○ Prompts are what work for me to take action 

○ I don’t see myself following an advice from others without self-reflecting in 

advance 

Section 5 - Self-assessment of energy related intentions 

https://greensoul.morelab.deusto.es/login/
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● Please, evaluate these statements in relation to energy efficiency (Strongly Disagree, 

Disagree, Neither Agree or Disagree, Agree, Strongly Agree)  

○ I am actually changing my energy intensive habits and saving energy right now 

○ My behavioural choices sometimes have a negative impact on energy efficiency 

○ Modern science will solve our energy-related problems 

○ It is a waste of time thinking about energy savings 

○ I enjoy living as I please, but sometimes my behaviours are harmful to the energy 

efficiency 

○ I enjoy living as I please, but sometimes my behaviours are harmful to the energy 

efficiency 

○ Sometimes I think I should cut down on my wasteful behaviour 

○ I am at the stage where I should think about being more active in reducing energy 

consumption 

○ I have just recently changed my environmentally energy related harmful habits 

○ I don't think I behave in ways that cause too much harm to the energy efficiency. 

○ Trying to live in a more energy sustainable manner would be pointless for me 

○ I am trying to engage in less environmentally energy-related harmful behaviours 

than I used to 

○ With respect to the energy efficiency, there is no need for me to think about 

changing my daily behaviours 

○ Anyone can talk about wanting to do something about the energy efficiency, but I 

am actually doing something about it. 

Section 6 - Strategies 

Top3 

● Please order the following strategies from 1 to 3 as incentives that could engage you to 

save energy based on your experience through the GreenSoul project. 1 refers to the 

most preferable and 3 to the least preferable option for you. 

○ You can monitor & track your own energy performance in real-time. Historical 

comparison of your energy performance and/or consumption is provided. 

○ Information on the actual effect that your actions have upon the energy 

consumption. 

○ Receiving perks such as flexible working hours, skipping certain tasks, etc, as a 

reward for improving your energy performance. 

Top 10 
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● Please order the following strategies from 1 to 10 as incentives that could engage you 

to save energy based on your experience through the GreenSoul project. 1 refers to the 

most preferable and 10 to the least preferable option for you. 

○ Public (social) recognition of your contribution to energy savings is provided. 

○ Receive energy related information in a simple and aesthetically appealing way. 

○ Receiving perks such as flexible working hours, skipping certain tasks, etc, as a 

reward for improving your energy performance. 

○ You and your team find out ways to collectively achieving energy savings. 

○ Your (top) managers are also committed to save energy. 

○ You can monitor & track your own energy performance in real-time. Historical 

comparison of your energy performance and/or consumption is provided. 

○ Information on the actual effect that your (potential) actions may have upon the 

energy consumption 

○ Tips or suggestions on the energy saving practice of the day/ week 

○ Progress, tips and lessons learned on specific energy saving actions performed by 

other users that are similar to me 

○ Knowing that most of your fellow community colleagues do try to conserve energy 

at workplace. 

Section 7 - Evaluation of the conditions assigned to you during the project 

● What GreenSoul elements do you have in your desktop? 

○ Interactive Coaster (concentric light rings) 

○ Mobile app (installed in your phone or webapp) 

○ Post-its 

○ Everything (coaster, app and post-its) 

○ None of them / I do not know. 

● Can you estimate how many times per day do you have a look at the GreenSoul 

feedback? 

○ More than 3 times 

○ Between 1 and 3 times 

○ Once a day 

○ Almost never 

○ Never 

● Please, evaluate the statements that applies to you according to the feedback received 

in GreenSoul (Strongly Disagree, Disagree, Neither Agree or Disagree, Agree, Strongly 

Agree) 

○ Awards in a gamified manner can help me be more energy efficient at work 
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○ Visualisation of my energy performance either directly (through an app) or 

indirectly (through the Interactive Coasters) makes me more aware and active in 

terms of energy efficiency. 

○ I prefer smart equipment and ICT solutions that make me more energy efficient  

than analog strategies (e.g. posters or post-its) 

● Please, evaluate the effectiveness of the GreenSoul Intervention according to your self-

experience (Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree) 

○ Do you think that energy reduction has been achieved thanks to the GreenSoul 

feedback you received? 

○ Do you think that the energy-awareness has been enhanced thanks to the 

GreenSoul feedback you received? 

○ Do you think that the GreenSoul project has been effective to the purpose of 

reducing your energy consumption? 

● In case you wanted to receive messages/cues to adopt energy saving behaviour: what 

would be the desired frequency of them (Strongly undesirable, Undesirable, Neutral, 

Desirable, Strongly Desirable) 

○ 2-3 daily 

○ daily 

○ 2-3 weekly  

○ weekly  

○ monthly  

Section 8 - Final Remarks  

Please, provide qualitative information we should take into account for evaluating the feedback 

you received (checklist of strengths and weaknesses)? 

Strengths 

● Please, select the strengths that you assign to the personal feedback received:  

○ Clear 

○ Easy 

○ Understandable  

○ Just in time  

○ Enabler 

○ Creative 

○ Meaningful  

○ Inspiring 

○ Useful 

○ Productive 
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Weaknesses 

● Please, select the weaknesses that you assign to the personal feedback received:  

○ Unclear 

○ Difficult 

○ Repetitive 

○ Delayed 

○ Obtrusive 

○ Boring  

○ Meaningless 

○ Unproductive 

○ Unstable 

 

Section 8 - Bonus track - Experiential qualities 

● Please, select one option from one to four below. A new form will appear depending of 

your selection. It is an optional (non-mandatory) form that we have created to 

understand the experiences with the interactive GreenSoul channels. If you are not 

willing to give us your feedback, please, select None. 

○ 1 (VBN) 

○ 2 (TPB) 

○ 3 (TTM) 

○ 4 (PST) 

○ None 

 

 

https://docs.google.com/forms/d/e/1FAIpQLScBJkHtKTXNgEs9RRIK341uosJrptHEhwNVk5Zs-g5KNqvweg/viewform?usp=sf_link
https://docs.google.com/forms/d/e/1FAIpQLSdWV3RRHUcU7HE9l2ctsQhmtcNAGW1G0amoED0bE8r6-M6AOg/viewform?usp=sf_link
https://docs.google.com/forms/d/e/1FAIpQLSdWV3RRHUcU7HE9l2ctsQhmtcNAGW1G0amoED0bE8r6-M6AOg/viewform?usp=sf_link
https://docs.google.com/forms/d/e/1FAIpQLSfkosxRd8TGb-6OsUMrv3Sy8n_97DSf8z_-nT7mNL4hUf1z-g/viewform?usp=sf_link

