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Summary 
This report presents the research activities within WP3 during the second year of the MOBISTYLE 

project. The structure of the report follows the definition of various monitoring periods and evaluation 

steps that were individuated in order to test the effectiveness of the combined feedback campaigns 

and the economic performance of MOBISTYLE solutions.  

 

The first section of the report highlights that planning for an evaluation and the development of ad-

hoc evaluation methodologies in advance can help to overcome unexpected evaluation challenges at 

the different MOBISTYLE case studies, lead to more useful results, and improve the optimization 

process of the project. Furthermore, the importance of taking into account non-market and external 

benefits of MOBISTYLE solutions application on key impact areas (e.g. indoor environmental quality, 

health, etc.) is underlined by the introduction of the Cost-Benefit Analysis methodology in the 

MOBISTYLE evaluation strategy.   

 

The second section of the report provides a detailed description of the MOBISTYLE monitoring periods 

and evaluation steps that should be tailored for each MOBISTYLE testbed. This part describes the aim 

and durations of the monitoring periods and an overview of “what” should be evaluated, or rather 

which parameters should be analysed, in order to get a deeper insight on the outcomes of the 

MOBISTYLE project during (intermediate evaluation) and at the final stage (final evaluation) targeting 

energy use, health, indoor environmental conditions and behavioural change. On the other hand, this 

first section also provides information on which parameters should be investigated in order to evaluate 

the process of the proposed MOBISTYLE methodology itself. Two alternative strategies are 

investigated addressing the testing of behavioural persistence (impact evaluation) and the testing of 

feedback in selected target groups.  

 

The third section is aimed at showing “how” the parameters defined in section 2 can be quantitatively 

and qualitatively evaluated by providing recommendations for case study holders to evaluate the 

MOBISTYLE outcomes in the individual testbeds. In particular, this section provides general guidelines 

for three essential monitoring phases (M0, M1, M2) and follow-up evaluation steps (E1, E2, E3) that 

have to be tailored to the needs and peculiarities of the individual MOBISTYLE testbeds.  

 

The fourth section is focused on cost benefit analysis as a tool to measure the economic performance 

of MOBISTYLE project, by assessing its positive (benefits) and negative outcomes (costs). The section 

is structured in sub-sections according to the main steps of the Cost-Benefit Analysis method. Each 

sub-section starts with the main theoretical issues and then provide some suggestions about its 

application to MOBISTYLE demo cases. The main topic related to this part of the evaluation strategy 

lays in the opportunity to include all the possible direct and indirect effects that the digitalization of a 

building with concurrent provision for personalized ICT-based knowledge services can bring, assuming 

the perspective of the occupants and, more in general, of the society. In this sense the Cost-Benefit 

Analysis is a proper economic tool, allowing to include in the appraisal both market and non-market 

benefits of MOBISTYLE applications.  
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1 Introduction 
 

Extended literature in the field of project management has highlighted that the evaluation process 

should not be an afterthought [1][2]. Planning for an evaluation and developing ad-hoc evaluation 

methodologies beforehand can help to overcome unexpected evaluation challenges by mitigating risks 

in advance (e.g. definition of parameters that have to be evaluated to answer certain research 

questions or to verify if the project goals were achieved, timing of the project), lead to more useful 

results, and improve the optimization process of the project. Indeed, planning the evaluation helps 

articulating research goals and identifying areas for improvement. Evaluation can also be a beneficial 

tool for communicating project results and demonstrating the effectiveness of deployed strategies. An 

evaluation should be driven by a specific set of questions, which are the foundation of all evaluation 

efforts, and that can focus on any stage of a project and generally fall into one of the following 

categories: Outcome evaluation, impact evaluation, and process evaluation.  

 

The outcome evaluation determines how well the desired outcomes and associated objectives for a 

project are met. In the MOBISTYLE project, this refers to achieving pre-set goals in terms of energy 

savings, improved indoor environmental quality and well-being of the occupants (Figure 1). These goals 

are meant to be achieved by a pro-active change of the occupants’ behaviour, which therefore has to 

be tackled as a key parameter during the evaluation process. The impact evaluation assesses longer-

term changes in social, economic, and environmental conditions, as well as long-term maintenance of 

desired behaviours [3]. This type of evaluation addresses if the occupants adopt the new behaviour in 

their daily routines in a long-term perspective and if pre-set goals can be maintained during time. The 

process evaluation analyses the development and implementation of a project in different stages by 

assessing whether strategies were implemented as planned, and whether expected outputs were 

produced [4][5]. This type of evaluation allows for identifying possible optimization and improvements 

of the implemented MOBISTYLE strategies. 

 

 
Figure 1: Overview of the overall evaluation process.  
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The MOBISTYLE evaluation strategy is hence designed to evaluate the project’s effectiveness 

(estimating the extent to which the project’s outcomes meet its objectives) and the project’s relevance 

(identifying if the project’s goal are responding to the identified users’ needs). 

 

A key objective of the proposed evaluation strategy is to define methods that allow for assessing the 

amount of energy saved during and at the final stage of the MOBISTYLE project. Particularly, energy 

savings refer to the reduction in energy use in the case studies resulting from the implemented 

MOBISTYLE solutions. This means that variations due to other boundary conditions that impact the 

variation of energy uses should be excluded from the evaluation, such as strong seasonal variations, 

changes in occupancy, or other contextual factors (e.g. investments in energy efficiency or 

conservation strategies that are not related to MOBISTYLE) (Figure 2). The outcomes of MOBISTYLE 

energy savings should hence be described as the observed change in energy use by participants and 

exclude any change that is not caused by the project [2]. 

 

 
Figure 2: Change in users’ energy use.  

The MOBISTYLE evaluation strategy also provides a framework to develop a Cost-Benefit Analysis, in 

order to assess the economic performance of the application of MOBISTYLE solutions in buildings 

where a central role is attributed to the users as active components of the system In particular, 

outcomes of MOBISTYLE applications have to be evaluated against a counterfactual scenario to define 

if they include some additional costs and benefits to be quantified, monetized and discounted in order 

to calculate some economic indicators that enable the evaluator to judge the project from the point 

of view of its social performance. To do this, the methodology reported asks for the computation of 

initial and running costs and running financial benefits (namely the energy billed saving) of MOBISTYLE 

applications on the demo cases, to which non-market and external benefits should be added. In 

particular, thanks to this economic evaluation tool, benefits related to very important issues for 

MOBISTYLE project like indoor environmental quality and health can be included in the appraisal. 

 

1.1 Aim of the report  

 

The final aim of this report – in a broader perspective – is to provide a uniform and replicable evaluation 

strategy that allows for assessing the outcomes and impacts of a multidisciplinary engagement 

campaign aimed at enhancing the state of the art of information, knowledge, and insights on satisfied, 

healthy, and energy-efficient occupant behaviour in the building sector. This report also focuses on the 
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Figure 4: Behavioural change objective.  

The main purpose of this alternative evaluation strategy is hence to test the behavioural persistence 

of the engaged occupants, or rather to verify if there is a long-term change in users’ habits and the 

internalization of new behaviour as part of daily living and routines, also without active input from the 

MOBISTYLE team. In this case, the proposed evaluation process described in the previous sections 

should be extended by introducing a new monitoring period (M3) and another intermediate evaluation 

step (E3). In this circumstance, the final evaluation (E4) will occur after the M3. The schedule will then 

be changed as follows (Figure 5): 

0 - Initial monitoring (M0) 

1 - Benchmark definition (E1) 

2 - Feedback provision (M1) 

3 - First Intermediate evaluation (E2) 

4 - Optimized feedback provision (M2) 

5 - Second Intermediate evaluation (E3) 

6 - Behavioural persistence (M3) 

7 - Final evaluation (E4) 

 

 

Figure 5: Alternative evaluation strategy: Behavioural persistence.   
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Figure 6: Alternative evaluation strategy: Testing feedback in selected target groups.   

The following lines and figures present four potential scenarios in which feedback is tested in selected 

target groups. In the first scenario, after the monitoring period M0, people will be divided in two 

homogenous groups in stage M1 (Figure 7). One of these groups (group 1 in the figure) will be provided 

with feedback, while group 2 will continue not receiving feedback. In this scenario, the evaluation time 

E2 will select the most efficient feedback that will be provided in stage M2 to group 2. In M2 group 1 

will not receive feedback, testing a short-term behavioural persistence. After the evaluation time E3, 

aimed at verifying the efficacy of optimized feedback on group 2 short-term behavioural persistence 

in group 1, both group 1 and group 2 will not receive any kind of feedback. The purpose in this case is 

to test long-term behavioural change on group 1 and the short-term efficacy of optimized feedback on 

behavioural change (evaluation E4). 

In the second scenario, both group 1 and group 2 will receive feedback during the stage M1, while 

after the evaluation E1, in stage M2 optimized feedback will be provided only to group 1. Group 2 will 

be tested for short-term behavioural persistence. In stage M3 both the groups will be tested for 

behavioural persistence: long-term behavioural change on group 1 and the short-term efficacy of 

optimized feedback on behavioural change (evaluation E4).  

The third scenario differs from the second scenario since during stage M2, both groups will be provided 

with feedback (optimized feedback to group 1 and “initial” feedback to group 2). In monitoring stage 

M3, behavioural persistence will be tested: in this case the purpose is to check if a longer period of 

initial feedback provision will produce the same behavioural persistence (and energy savings) of 

optimized feedback (E4). 

The last scenario differs from scenario 3 during the monitoring stage M3, where only group 1 will be 

tested for behavioural persistence while group 2 will be still provided with optimized feedback. The 

evaluation in this case will the final energy savings due to a longer period of optimized feedback 

provision. 
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Figure 7: Testing feedback in selected target groups: Scenario 1.    

 

Figure 8: Testing feedback in selected target groups: Scenario 2.    

 

 

Figure 9: Testing feedback in selected target groups: Scenario 3.    
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Figure 10: Testing feedback in selected target groups: Scenario 4.    

3 Identification of the methods for each monitoring period and 

evaluation step 
 

3.1 Guidelines for monitoring periods (M0 - M1 - M2)  

Reliable monitoring campaigns are the key to an effective evaluation of the project outcomes [10]. The 

field monitoring must always be continuous in time, with suitable sampling rates and time span. This 

is essential for capturing even short-time and “pulsed” events and gathering data with a satisfactory 

statistical relevance. Moreover, the procedure must be freely configurable for enabling the 

interoperability with most monitoring systems (e.g. BMS, BEMS, BACS) and adapting the analysis to 

different requirements (e.g. number/type of monitored parameter, tolerance ranges). The monitoring 

system must be designed with caution, especially when considering the placement of indoor 

environment quality (IEQ) sensors [11]. It is important that the sensors yield a representative indication 

of the IEQ for each monitored space. For example, the impact of local heat sources on indoor air 

temperature measurements as well as the impact of air distribution on indoor air quality need to be 

thoroughly considered. 

The monitoring procedure must be also consistent and reliable. Occasional failure in the measurement 

systems or in the analysis must not affect past and future elaborations. Careful attention must be given 

to the data check and “filtering” for achieving maximum representativeness of the surveys and 

minimising the loss of data. Data verification procedure must, also, be able to manage actual sets of 

data that are, frequently, discontinuous in time, not contiguous, with, possibly, unreliable and 

meaningless values during certain periods. 

A reliable monitoring campaign ideally should reduce the amount of missing data. However, missing 

data can be a common occurrence and have an important impact on the conclusions that can be drawn 

from the data [12], and therefore from the outcomes of the MOBISTYLE project. Since the treatment 

of mixed data is very case-specific, we recommend that issues related to missing data shall be 

evaluated carefully from case to case. However, this section provides a few general guidelines.  

The decision of ignoring or treating mixed data is strongly dependent on: 
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Figure 11: Example: Verifying energy savings for different final end uses at different stages of the projects. The 
outcomes should be related to different feedback typologies (see process evaluation).  

For the calculation of percentage variations please refer to formulas provided in section 3.4. For 

evaluating solely the effects of the MOBISTYLE strategy on energy savings, it is necessary to 

consider the following constraints that might bias or artificially reduce/increase energy 

consumptions:  

- Unoccupancy (no occupants in the building) 

A cause of irregular energy consumption profiles or a sudden reduction of the latter can be 

due to the short term absence of the building occupants (3-5 days) or long term unoccupancy 

during vacation periods or holidays (> 5 days). To avoid biasing the outcome evaluation, data 

collected in these periods should be excluded from the data analysis. Unoccupancy can be 

detected through missing interaction between occupants and the building services, long term 

reduced levels of CO2 concentration, and occupancy sensors themselves. Furthermore, in 

some of the MOBISTYLE testbeds, unoccupancy might also be predicted in advance thanks to 

specific holiday periods (e.g. university) or bookings (e.g. hotel).  

 

- Seasonal effects or large variation of the outdoor air temperature: In buildings that provide 

for space heating and cooling, energy consumption heavily depends on the climatic outdoor 

conditions. The colder the outside temperature in winter, the more energy it takes to provide 

space heating for a comfortable indoor environment. On the other hand, the warmer the 

outdoor air temperature in summer, the more energy is required to provide for adequate 

space cooling [21]. This means that, if during the monitoring period there is a change of season 

or a significant variation outdoor air temperature trends (to be verified through a comparative 

analysis), energy consumption related to space heating and cooling need to be normalized 

according to Heating Degree Days (HDD) or Cooling Degree Days (CDD). In particular, HDDs 

are a measure to quantify the number of degrees that a daily average temperature is lower 

than a specific reference temperature, while CDDs are a measure to quantify the number of 

degrees that a daily average temperature is higher than a specific reference temperature. For 

the choice of the reference temperature and a simple ratio-based weather normalization of 

energy consumption (with examples) please refer to [22].  

 
















































































