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This paper intends to examine the key drivers of household environmental attitudes and energy-saving behavior using both observed and stated attitudinal factors. Beginning with an assessment of energy-saving behaviors Item Response Theory (IRT), we associate hierarchical multivariate regression with an innovative variable selection approach via Elastic Net Selection (ENS). Our empirical study is based on data from the 2012 ENERGIHAB 1 project survey. Empirical evidence in this article contributes with new insights about the main explanatory factors of household energy-saving behavior. The main results further suggest that energy-saving behavior tends to fluctuate throughout time in households. Our findings and approach generate broader methodological insights into energy efficiency analysis through behavioral aspects.

Introduction

To mitigate climate change, preserve resources, and improve environmental quality, crucial changes in household, industry and producer behavior will be of great interest [START_REF] Nauges | The Complex Relationship Between Households' Climate Change Concerns and Their Water and Energy Mitigation Behavior[END_REF]. In this article, we contribute to environmental literature on energy demand and energy-saving behavior by investigating the determinants of household observed and stated energy-saving behavior in France.

A substantially growing body of environmental economics literature has emerged investigating the main variables that affect energy demand and household energysaving behaviors [START_REF] Wicker | Conscientious vs. ambivalent consumers: Do concerns about energy availability and climate change influence consumer behavior?[END_REF]Bélaïd and Garcia, 2016;[START_REF] Andor | Behavioral Economics and Energy Conservation-A Systematic Review of Non-price Interventions and Their Causal Effects[END_REF][START_REF] Oberst | Are Prosumer Households that much different? Evidence from stated residential energy consumption in Germany[END_REF]. The findings from these recent studies support the argument that behavioral interventions may be a potent energy policy instrument.

The residential sector has been a fundamental target for energy efficiency policy, given its huge potential for energy saving. According to several studies, the residential sector has the largest potential for delivering long-term, significant, and cost-effective energy consumption reduction and related greenhouse gas emissions [START_REF] Pelletier | Financements de la rénovation énergétique des logements privés et déploiement du tiers-financement : état des lieux et perspectives[END_REF][START_REF] Bpie | Renovation strategies of UE selected countries Buildings. A status report on compliance with article 4 of the energy efficiency directive[END_REF].

Direct policy interventions, in recent decades, in the form of mandatory energy labelling, dwelling certification and standards, and investments in energy-efficiency remain insufficient to achieve the energy efficiency targets in most countries. The International Energy Agency (IEA, 2018), claims that about 80% of the economic potential for energy efficiency in buildings remains untapped, largely due to nontechnical barriers. Moreover, despite growing emphasis on energy-saving behavior as an energy efficiency instrument, our understanding of its drivers and its effects on household energy demand remains thin. In addition, among these studies, the findings are quite mixed. Starting from this point, our article contributes new insights about the drivers of household energy-saving behavior. This alludes to the importance of empirically examining the relationship between household socio-economic characteristics and dwelling characteristics in explaining household energy-saving behavior.

The European residential building stock is largely composed of buildings with poor energy performance, accounting for the largest share of total primary energy consumption in the majority of the region's countries. This sector is not only a large consumer of energy, but also a major emitter of greenhouse gas emissions. In France, about 30% of the total energy consumed and 20% of CO2 emissions are attributed to the residential sector [START_REF] Cgdd | Bilan énergétique de la France pour[END_REF]. Consequently, improving energy efficiency in the existing housing stock is one of the most effective ways of enhancing the reduction of greenhouse gas and pollutant emissions. Therefore, a clear understanding of the factors resulting in higher energy efficiency as a result of reducing domestic energy consumption will bring a multitude of benefits to both the economy and to society.

After hosting COP21 in the wake of the global adoption of the Paris Climate Agreement, the French government adopted a new policy called the Energy Transition for Green Growth bill [START_REF] Mees | Energy transition for green growth act in action regions-citizens-business[END_REF], which suggested an ambitious goal for improving energy efficiency in the housing sector and achieving the necessary greenhouse gas emissions reductions. The cornerstone of this policy relies on accelerating a deep renovation of the existing housing stock. In fact, the entire stock should reach the level of low energy buildings i.e. 80 kWh per year and m², by 2050 [START_REF] Pelletier | Financements de la rénovation énergétique des logements privés et déploiement du tiers-financement : état des lieux et perspectives[END_REF]. To foster this energy transition and achieve significant energy use reduction in the housing sector, the French Ministry for an Ecological and Solidary Transition has introduced various financial incentives and regulatory tools intended to fulfill the following goals:

(i) simplify zero interest loans ("Eco-PTZ"); (ii) enhance energy efficiency in new dwellings (all dwellings will be built to the low-energy building (LEB) standard by 2050); (iii) and reinforce training in the construction industry to provide a boost to construction skills [START_REF] Mees | Energy transition for green growth act in action regions-citizens-business[END_REF].

Various factors influence the ways in which energy is used in homes, such as energy prices, household and dwelling characteristics, access to delivered energy, climate, home appliance types and efficiencies, energy sources and energy-related policies. As we mentioned above, occupant behavior and attitudes towards domestic energy saving have been studied heavily in a wide range of multidisciplinary studies and have captivated growing attention in various national energy policy measures [START_REF] Ohler | Does environmental concern change the tragedy of the commons? Factors affecting energy saving behaviors and electricity usage[END_REF][START_REF] Quaglione | Exploring additional determinants of energy-saving behaviour: The influence of individuals' participation in cultural activities[END_REF][START_REF] Belaid | Role of economy and income to fall in energy poverty: policy act[END_REF][START_REF] Ziegler | The Relevance of Attitudinal Factors for the Acceptance of Energy Policy Measures: A Micro-econometric Analysis[END_REF].

Currently, energy savings based on behavioral and attitudinal changes have been accepted as important blind spots in our understanding of residential energy demand.

They also hold huge potential for reducing domestic energy demand. Accordingly, behaviors and attitudes are considered as critical factors affecting the deployment and expansion of energy efficient technologies and the sustainability of energy systems (OECD, 2016). This conjecture is the foundation of the present article, aiming to answer calls in recent literature to drive more insights on the explanatory factors of household energysaving behavior (Bélaïd and Garcia, 2016;[START_REF] Lévy | Les déterminants de la consommation énergétique domestique[END_REF]Lévy et al., , 2017;;[START_REF] Quaglione | Exploring additional determinants of energy-saving behaviour: The influence of individuals' participation in cultural activities[END_REF].

While there is an increasing number of studies which focus on the determinants of domestic energy use, there is currently a lack of empirical studies that analyze occupant energy-saving attitudes and behaviors (Bélaïd, 2016;Lévy and Bélaïd, 2017;[START_REF] Levesque | Halving energy demand from buildings: The impact of low consumption practices[END_REF]. This research recognizes that achieving energy efficiency goals requires a holistic approach of integrating the complexities of household behaviors and attitudes in order to capture the underlying drivers of energy-saving behavior. In addition, standard 'traditional' studies have commonly employed linear regression methodologies to model household energy-saving behavior using a limited number of factors and, in doing so, have failed to account for its complexities. Therefore, this paper contributes to energy-saving literature by extending the analysis in three important ways. First, we incorporate a wide range of factors controlling for occupant energy-saving behavior attributes in the model. By including the different facets of energy-saving behavior, this study provides a comprehensive delineation of the factors leading to efficient energy-saving behavior. While previous studies have mainly focused on a small number of predictors, we instead suggested a holistic approach assessing simultaneously different key drivers in household energy-saving behavior. A second contribution of this study pertains to the development of an innovative empirical approach designed to untangle the complexity of the energy-saving spectrum. Our empirical approach includes an Item Response Theory (IRT) model associated to hierarchical multivariate regression with an innovative variable selection approach via Adaptive Elastic-Net regularization method. IRT score-based measurement offers significant advantages as it takes into consideration the differences in behavioral difficulty and inconsistency within behavior domains. Finally, this paper intends to enrich the ongoing empirical literature on energy-saving behavior and attitudes. Due to a lack of information and disaggregated data on household energy usages, empirical literature has been relatively silent regarding the role of energy-saving behavior in shaping residential energy consumption (Bélaïd and Garcia, 2016). Therefore, the research question, methodological framework, and empirical results of this article may pave the path for further research on this topic.

In this context, the purpose of this study is to provide a better understanding of the main drivers of household environmental attitudes and energy-saving behavior to guide energy policymaking to promote more sustainable consumption patterns. From a policy perspective, this study aims to provide further insight into improving the effectiveness and efficiency of environmental policies, which affect households' energy efficiency behavior. Our empirical approach builds on a broad and practical conceptual framework, which embraces a range of energy-saving ecological behaviors and four dimensions of influencing factors: (i) housing attributes; (ii) sociodemographic factors; (iii) ideological and situational factors; and (iv) energy control solutions and obstacles.

The remainder of this paper proceeds as follows: Section 2 provides a brief overview of the theoretical background and presents a literature review. Section 3 describes the data and the econometric methodology. We report our empirical findings in Section 4. Section 5 draws conclusions and offers some policy implications based on the empirical results of the model.

Theoretical context and research hypothesis

In recent years, researchers have sought to develop more comprehensive frameworks of residential energy consumption to provide policymakers with useful insights to promote future energy conservation policies and more energy-responsible lifestyles.

The resulting body of literature has varied in terms of: (i) the research topic, such as energy efficiency, energy demand management and reduction, the rebound effect, and/or energy conservation, fuel poverty, etc. [START_REF] Belaïd | Direct rebound effect of residential gas demand: Empirical evidence from France[END_REF][START_REF] Belaïd | Exposure and risk to fuel poverty in France: Examining the extent of the fuel precariousness and its salient determinants[END_REF][START_REF] Belaïd | Features of residential energy consumption: Evidence from France using an innovative multilevel modelling approach[END_REF]; and (ii) the research approach, such as conceptual, methodological, and/or unit of analysis, etc. [START_REF] Khazzoom | Economic implications of mandated efficiency in standards for household appliances[END_REF][START_REF] Turner | Rebound" effects from increased energy efficiency: a time to pause and reflect[END_REF]Bélaïd, 2016). Nevertheless, many of these studies have been dominated by a technical approach which neglects the important role of household behavioral and attitudinal factors in shaping residential energy demand [START_REF] Henly | Energy saving resulting from the adoption of more efficient appliances: a follow-up[END_REF][START_REF] Brounen | Residential energy use and conservation: Economics and demographics[END_REF]Bélaïd, 2017;Lévy and Bélaïd, 2017).

In this section, we briefly review different strands of the literature by examining household energy-saving drivers and the linkages between energy consumption and behavioral factors. In addition, we explore new perspectives, which highlight additional factors that are more relevant to the relationship between individual preference for energy-saving and energy demand than that which is available in the existing literature.

Many recent studies have argued that residential energy consumption is a complex socio-technical phenomenon shaped by various interrelated factors [START_REF] Labandeira | A residential energy demand system for Spain[END_REF][START_REF] Gillingham | Split incentives in residential energy consumption[END_REF][START_REF] Estiri | The indirect role of households in shaping US residential energy demand patterns[END_REF][START_REF] Belaïd | Understanding the spectrum of domestic energy consumption: Empirical evidence from France[END_REF]. Moreover, complexities of consumer lifestyles and the role of individuals' behavior in the energy demand process have contributed to ambiguities and a partial understanding of residential energy consumption features. Previous research has typically explored the antecedent of household environmental behavior using a different methodological approach. We distinguish three main theoretical perspectives [START_REF] Markle | Pro-Environmental Behavior: Does It Matter How It's Measured? Development and Validation of the Pro-Environmental Behavior Scale (PEBS)[END_REF], including: (i) the value-belief norm theory [START_REF] Stern | New Environmental Theories: Toward a Coherent Theory of Environmentally Significant Behavior[END_REF]; (ii) the theory of planned behavior [START_REF] Ajzen | From Intentions to Actions: A Theory of Planned Behavior[END_REF]; and (iii) the grid-group cultural theory [START_REF] Mamadouh | Grid-group cultural theory: an introduction[END_REF]. In addition, this stream of research has been dominated by a psychological approach; little theoretical consideration has been paid to the empirical assessment of household pro-environmental behavior and its drivers. [START_REF] Markle | Pro-Environmental Behavior: Does It Matter How It's Measured? Development and Validation of the Pro-Environmental Behavior Scale (PEBS)[END_REF] argued that empirical measurements of pro-environmental behavior would allow for comparison between studies and for the assessment of the strengths and weaknesses of different theoretical approaches. Broadly, other studies explore existing research on the influencing factors of energy-saving behavior. [START_REF] Ding | Research on differences in the factors influencing the energy-saving behavior of urban and rural residents in China-A case study of Jiangsu Province[END_REF] argued that these factors can be divided into three categories: individual, contextual or situational, and socio-demographic factors.

Individual factors are related to formed ideas, accumulated experience, and habits developed by households. These individual factors include both objective and subjective characteristics. Studies dealing with these factors mainly use questionnaires and examine the findings using environmental psychology theory [START_REF] Sun | Review of research on energy consumption behavior of residents[END_REF]. For example, [START_REF] Darnton | Habits, Routines and Sustainable Lifestyles: A summary report to the Department for Environment, Food and Rural Affairs[END_REF] highlighted that household habits play a crucial role is shaping daily energy-saving behavior.

Contextual factors refer to the influence of environmental beliefs, social norms, costs, policy regulations and incentives. Some researchers have argued that contextual factors have significant effects on household energy-saving behavior [START_REF] Ertz | Exploring pro-environmental behaviors of consumers: An analysis of contextual factors, attitude, and behaviors[END_REF][START_REF] Gadenne | The influence of consumers' environmental beliefs and attitudes on energy saving behaviors[END_REF]. Using a logistic regression model based on a randomly selected sample of 816 residents in Beijing, [START_REF] Wang | Determinants and policy implications for household electricity-saving behavior: Evidence from Beijing, China[END_REF] highlighted that contextual factors have a significant effect on electricity-saving behavior through the impact of energysaving awareness and behavioral ability.

Socio-demographic factors are mainly related to household features, including income, household structure, age, and gender, which have been the focus of many previous studies on the determinants of energy-saving behavior [START_REF] Ding | Research on differences in the factors influencing the energy-saving behavior of urban and rural residents in China-A case study of Jiangsu Province[END_REF][START_REF] Sardianou | Estimating energy conservation patterns of Greek households[END_REF]. [START_REF] Sardianou | Estimating energy conservation patterns of Greek households[END_REF] demonstrated that socioeconomic variables, such as family size or income level, can explain differences in household energy behavior.

Using French data, [START_REF] Belaïd | Understanding the spectrum of residential energy-saving behaviors: French evidence using disaggregated data[END_REF] argued that it is possible to expand the household energy consumption life-cycle theory to energy-saving behaviors.

More recently, a flurry of literature has emerged examining the promotion of household pro-environmental or pro-energy-saving behaviors (e.g. [START_REF] Sovacool | Energy and environmental attitudes in the green state of Denmark: Implications for energy democracy, low carbon transitions, and energy literacy[END_REF][START_REF] Sütterlin | Who puts the most energy into energy conservation? A segmentation of energy consumers based on energy-related behavioral characteristics[END_REF].

Drawing on the existing literature reviewed above, we argue that although this literature identifies various dimensions of influencing factors, the relationships between them have received little attention. Furthermore, previous research shows that the relationship between household behavior and domestic energy consumption is very complex, and that current research approaches used in the literature fail to incorporate the entirety of this complexity. Consequently, we know very little about the processes and determinants of residential energy-saving behavior, which has obstructed a clear understanding of what is necessary for effective policies on energy efficiency. This paper is concerned with understanding the role of energy-saving behavior in shaping residential energy consumption patterns. Unlike the proposed research, previous research on the factors influencing energy-saving behavior did not fully consider the effects of the various factors. Based on previous findings from the literature reviewed above, this study explores four categories of variables that could impact energy-saving behavior: (i) housing attributes; (ii) socio-demographic factors;

(iii) ideological and situational factors; and (iv) energy control solutions and obstacles.

More specifically, this study investigates five theoretical hypotheses.

H1:

The relationship between energy-saving behavior intensity and age follows an inverted U-shape curve.

H2. Energy-saving behaviors are negatively correlated with household income. 

H3. Households living in low energy

Modeling approach

Our methodological approach consists of two stages. 

Item response theory model

Impacted by the power of habits as well as by cultural norms and social conditions, households may display a wide variety of responses to ecological or environmental concerns [START_REF] Pickett | Is there a general conserving consumer? A public policy concerns[END_REF]. Based on Kaiser's general framework to measure ecological behavior [START_REF] Kaiser | A general measure of ecological behavior[END_REF], we argue that an accurate assessment of energy-saving behaviors must overcome two characteristics of ecological behaviors.

The first one consists of the unequal level of effort of different attitudes and behaviors, i.e. that some energy-saving behaviors and attitudes are more arduous to carry out than others. The second characteristic is the existent inconsistency from one behavior to another, owing to the fact that ecological behavior is responsive to a myriad of influences. Therefore, households would seem to be inconsistent in their energysaving attitude and behavior -that is, what they do one day, they may not do on another. In addition, cultural and social conditions could support one behavior but not another.

To consider the important features and to develop a valid conclusion of the energy-saving behavior scale, it is crucial to smooth these inconsistencies by using a synthetic indicator, grounded on a stochastic measurement approach. The IRT offers a suitable solution to avoiding methodological flaws, which accurately reflects the main features of energy-saving behavior discussed above. The IRT allow us to compare each respondent (household) according to a unique energy-saving behavior scale which takes into consideration the respective obstacle and difficulties related to each attitude and behavior.

The basic notions of IRT rely on the individual items of a test rather than upon an aggregate of the item responses, which more closely resemble a score indicator [START_REF] Baker | Item response theory: Parameter estimation techniques[END_REF]. Therefore, in this study, we employ an IRT model to estimate the score of the occupant energy-saving behavior, which considers both the difficulty of given ecological behaviors and a household's ability to achieve a certain energysaving score. IRT considers a class of latent variable models which link mainly dichotomous and polytomous response variables (i.e., manifest factors) to a single latent factor [START_REF] Baker | Item response theory: Parameter estimation techniques[END_REF]. This method consists in modeling the fundamental relationship between the IRT-measured construct of the respondent, often denoted as θ (in our case, θ is the energy-saving behavior), and his or her probability of managing an item (here to adopt such energy-saving attitude).

The energy-saving behavior score items were examined and selected using the Graded Response Model (GRM) proposed by Samejima [START_REF] Samejima | Estimation of latent ability using a response pattern of graded scores[END_REF][START_REF] Samejima | Graded response model[END_REF]).

Samejima's approach is based on the assessment of two parameters related to the item.

The first parameter , , is known as the 'threshold' parameter. It represents the difficulty parameter of the k th category of item i. The second parameter , represents the discrimination parameter of item i and depicts the extent to which an item discriminates between households at different levels of the latent trait.

The parameters are estimated using the Marginal Maximum Likelihood Estimation maximization method, assuming that the respondents represent a random sample. The trace line, or the ICC (Item Characteristic Curve), is the foundation of IRT, which is most commonly described as a logistic function that assesses the relationship between two variables: (i) a household attitude to given energy behaviors (item); and

(ii) a personal attitude on the construct computed by the scale. Considering , the energy-saving behavior level of household J, and , the ordinal manifest variable, the GRM equation below uses a logistic function and provides the probability of household j receiving score k for item i:

= = , -, = 1 1 + - -, - 1 1 + - -, (1) 
Where and , are defined above, and

( ) = ! (") ! (") ≤ $ ≤ ⋯ ≤ (2)
Table 1 provides an overview of all the variables used to construct the energysaving behavior score and the related descriptive statistics.

[Please insert Table 1]

Hierarchical linear regression model specification

After constructing a score of energy-saving behavior, the second stage of our study examines the salient driver of this score using some explanatory factors. Since our explanatory variables are divided into subgroups, the hierarchical linear regression offers the possibility to test the additional amount of variance added by each block of explanatory variables, i.e., to assess the predictors' contribution to the model, above and beyond previously introduced factors [START_REF] Pedhazur | Multiple regression in behavioral research: Explanation and prediction[END_REF].

Furthermore, hierarchical regression models are suitable for examining the moderating effects of factors [START_REF] Hox | Hierarchical regression models for interviewer and respondent effects[END_REF]. The hierarchical regression, by developing a sequence of linear regression models, is based on a sequential process involving the gradual inclusion of explanatory variables into the model. The effect of a predictor variable, after controlling for other factors, is achieved by computing the variation in the adjusted R² at each stage of the model, thereby considering for the increase in variance after each group of factors is integrated into the model [START_REF] Pedhazur | Multiple regression in behavioral research: Explanation and prediction[END_REF].

The hierarchical regression model requires choosing a best predictor group interactively between the theoretical assumption and technical consideration.

Therefore, in the first stage, we introduce the household's socio-demographic attributes, then those on the available energy control solutions and obstacles, followed by the socio-psychological variables, and, finally, the housing characteristics. The energy-saving behavior score is modelled using the following specification:

' = + ( ) + ( * + + + ( , -+ ( . / + 0 (3)
Where ' indicates the energy-saving behavior score; ) , + , -, 234 / are the model predictors; , , * , , , 234 . are the model coefficients; and 0 is the unobserved error term.

To improve the performance of the regression model and handle the curse of high dimensionality we associate the Adaptive Elastic-Net regularization method (Adwhich amalgamates some of the ridge regularization and adaptive weighted Lasso shrinkage [START_REF] Zou | On the adaptive elastic-net with a diverging number of parameters[END_REF]. To obtain the Ad-Enet estimates, we solve the following optimization problem:

6789:;< = =1 + , $ 3 > ?arg min F ‖H -) ‖ $ $ + , $ ‖ ‖ $ $ + , * ( J K L M N (4)
Where PJ K Q R M L are the adaptive data-driven weights; , and , $ denote the regularization parameters, in which if we impose , $ to be zero in Eq. 4, the Ad-Enet provides the adaptive lasso estimates. According to [START_REF] Zou | On the adaptive elastic-net with a diverging number of parameters[END_REF], in the presence of large number of predictors, the Ad-Enet enjoys the oracle property, improve the prediction accuracy, and deals with collinearity issue better than the other oracle-like method, including lasso [START_REF] Tibshirani | Regression shrinkage and selection via the lasso[END_REF] and Smoothly Clipped Absolute Deviation approach [START_REF] Fan | Variable selection via nonconcave penalized likelihood and its oracle properties[END_REF].

The socio-demographic factors allow for an understanding of the profile of people who adopt the best energy-saving behavior, as well as those, who on the contrary, have a lower score. The main hypothesis is intended to answer the following question: do the income, age, gender, and educational status of an individual have an impact on their adoption of ecological practices? Table 2 shows the socio-demographic variables used in the model.

[Please insert Table 2]

The introduction of variables on the household's available energy control solutions and the obstacles (Table 3) leads to a deeper analysis of the factors driving energy-saving It is indeed a question of studying to what extent the technical factors do or do not have an effect on the adoption of energy-saving behavior. For example, a central heating control system presents a favorable condition for people to adopt energy-saving behavior. Additionally, does this condition systematically contribute to other pro-energy conservation behavior? Furthermore, we examine the moderating effect that these new variables can have on the selected socio-demographic variables. For example, is the measured moderate effect of the socio-demographic factors on energy-saving behavior partially explained by contextual technical factors which foster the adoption of energy-saving behavior?

[Please insert Table 3]

We incorporate socio-psychological and ideological variables (Table 4) to add a cognitive dimension to our model. The main objective is to identify household values and opinions regarding their relation to the environment and energy issues, and to test the impact of these variables on energy-saving behavior. This category of factors intends to ascertain whether inhabitants' perception and attitude towards energysaving contributed significantly to energy-saving behavior. Past research has noted that beliefs and socio-psychological factors help to fill in technical gaps in the theory of energy-saving behavior [START_REF] Seligman | Predicting summer energy consumption from homeowners' attitudes[END_REF][START_REF] Sardianou | Estimating energy conservation patterns of Greek households[END_REF].

insert Table 4]

Finally, by including the environment within which households' energy-saving attitudes and behaviors are formed, the analytic approach aims to provide a comprehensive delineation of the process that leads from housing characteristics to behavior. In fact, dwelling attributes (Table 5) depict consumer's practices. For example, people may give more importance to heating when they live in large housing unit.

[Please insert Table 5]

Empirical results and discussion

Energy-saving behavior score

The purpose of the energy-saving score measurement is to define a household's position on the latent trait from a set of observed item responses. First, the IRT model provides initial and an appropriate item's factor loadings considering the item difficulties and ability levels. The estimated parameters of the variables retained in this model are displayed in Table 6. The factors allow us to build a ranking of the energysaving behavior practice by order of difficulty. The factors range from -2.32 to 5.02 (all statistically significant at the 1% level). Therefore, the three items with the highest degree of discrimination (easiest measures to adopt), in ascending order, are: (i)

switching off the light when going out of the house; (ii) switching off the light when going out of the room; and (iii) sorting domestic waste. Otherwise, the three items with the lowest discrimination degree, in ascending order, are: (i) implementing energy efficient housing refurbishment; (ii) using renewable energy; (iii) and purchasing household appliances according to their energy label.

Secondly, analysis allowed us to build an energy-saving behavior score based the item difficulties and ability levels. This score shows the distribution of the energy-saving levels of the items, with their respective aspects and indicators. We see from Fig. 2 that the standardized score ranges from -4.8 to 2.

[Please insert Table 6] [Please insert Fig.2]

Regression results and hypothesis discussion

After having built a score of energy-saving behavior for every household, we intend to explain it by using a set of factors in a hierarchical linear regression.

Estimated effects from the hierarchical linear regression are displayed in Table 7. In the first model (M1), we examined the effects of the socio-demographic characteristics on household energy-saving behavior. Most of the factors were found to be significant at the 5% level, including the gender, age, ethnicity, and marital status of the HRP.

Household size and income are not statistically significant in this model. The regression results suggest, among socio-demographic attributes, that family status was one of the most influential factors in household energy-saving behavior. The results

show that a family with children has a positive impact on energy-saving behavior.

Concerning the HRP ethnicity, in general, the model shows that a French citizen born in France is more likely to adopt energy-saving attitudes. [START_REF] Belaïd | Understanding the spectrum of domestic energy consumption: Empirical evidence from France[END_REF] has shown that the HRP ethnicity has a significant impact on domestic energy use and that foreign households consume more than French households.

Otherwise, our findings fail confirm a linear trend between the HRP's age and energy-saving attitudes. We find that households with HRPs between 37 and 50 years HRPs aged 18-34, but that the concern decreases with age. Nevertheless, the results support the hypothesis of expanding energy consumption life cycle theory to residential energy-saving behaviors and attitudes [START_REF] Fritzsche | An analysis of energy consumption patterns by stage of family life cycle[END_REF]Lévy and Bélaïd, 2017). Additionally, our findings suggest that respondents as female display more energy-saving behaviors and attitudes. This result corresponds with the conclusions of previous studies. For example, using 2016 microdata survey of the Italian National Institute of Statistics, [START_REF] Quaglione | Exploring additional determinants of energy-saving behaviour: The influence of individuals' participation in cultural activities[END_REF] conclude that the probability of energy savings decreases among male HRPs.

[Please insert Table 7]

The second model (M2), shows that all the variables introduced about the behavioral ability and knowledge have a significant effect on household energy-saving behavior. The introduction of these factors greatly increased the adjusted R² of the model from 0.07 to 0.15. The results highlight a positive relationship between the presence of home energy control solutions and energy-saving attitudes. Among the behavioral ability factors, the presence of a temperature monitor is the most influential factor, followed by the presence of a home energy management system. [START_REF] Yue | Factors influencing energy-saving behavior of urban households in Jiangsu Province[END_REF], based on a sample of 638 households in Jiangsu Province (internet survey), argued that behavioral ability factors have a positive moderating effect on household energy-saving behavior.

In addition, the second model reveals a positive and significant effect of household ownership factor. This empirical result supports the theoretical background that home ownership is an explanatory factor for different types of energy-saving behavior. This result is consistent with Walsh's (1989), [START_REF] Barr | The household energy gap: examining the divide between habitual-and purchase-related conservation behaviors[END_REF] and [START_REF] Sardianou | Estimating energy conservation patterns of Greek households[END_REF] findings.

Turning to the third model, the hierarchical regression model confirms that for energy-saving behavior, the adjusted determination coefficients of this model is significantly greater than those of M1 and M2. This result suggests that the ideological and situational factors' have a significant effect on household energy-saving behavior.

First, we notice that household ecological and political ideology is not associated with household energy-saving behavior. However, our results suggest that being integrated in a civil society organization, a union, or a political party has a positive and moderate effect on energy-saving attitudes. Therefore, active implication in citizen life makes households more sensitive to ecological and energy issues than ecological and political ideology. Households who consider that their energy bill influences their attitudes have a stronger tendency to adopt energy-reduction behaviors. This depicts a household concern about the amount of energy used, whether for economic or ecological motivations. Additionally, respondents who lived previously in a rural area are less averse to adopting energy-saving attitudes.

Finally, turning to the fourth model, the hierarchical regression results demonstrate that for the housing characteristics considered, the adjusted R² of model 4 is moderately greater than those of the previous models (1-3). Most of the control variables do not show significance in explaining household energy-saving behavior.

This supports the hypothesis that housing attributes have a weak effect on household energy-saving attitude. Results shows that living in the center of Paris has a significant and negative effect on household energy-saving behavior, all being equal, as far as the Parisians are less likely to adopt an ecological behavior compared to other inhabitants of the Ile-de-France region. This result is not in line with the conclusions of previous research. [START_REF] Druckman | Household energy consumption in the UK: A highly geographically and socio-economically disaggregated model[END_REF] and Belaid and Garcia (2016) show that urban areas could be a significant driver of energy-saving behavior and indicated that living in rural areas is usually associated with high energy use.

Conclusions and policy implications

Preoccupations regarding the reduction of residential energy use and its The IRT model suggests initial and an appropriate item's factor loadings considering the household difficulties and ability levels ranged from -2.32 to 5.02 and all statistically significant at 1% level. The factors allow us to build a ranking of energysaving behavior practices by order of difficulty. In addition, the IRT analysis allows us to build an energy-saving behavior score based on the item difficulties and ability levels. Most of the socio-demographic factors were found to be significant at the 5% level, including the gender, age, ethnicity and marital status of the HRP. In general, being in a family with or without children (as opposed to being single), being a French citizen, and being female, all have a positive impact on energy-saving behavior. Our findings support the inverted U-shape distribution of latent ability as a function of the HRP's age. The hierarchical regression model shows that all of the variables introduced about behavioral ability and knowledge have a significant effect on household energy-saving behavior. In addition, the results confirm that ideological and situational factors have a significant effect on household energy-saving behavior.

This study does not aim to be exhaustive in policy implications terms, but rather to specifically identify some factors which may be important to target through policy measures in order to improve occupant pro-energy saving behavior. This provides valuable information on different ways of reducing domestic energy use. From a policy perspective, this evidence suggests that targeting incentives to decrease energy use are vital to achieving the central policy goals of reducing domestic energy demand.

Our results highlight the importance of policies in increasing attention towards changing household habits and finding ways to foster household awareness and responsibility for energy saving.

Energy policymakers may not be able to influence objective contextual factors that consumers face; nevertheless, they can design policies to impact occupant attitudes and perceptions. Fully understanding of the factors influencing energy-saving behaviors is a prerequisite to achieve a significant reduction in residential energy consumption. This would be helpful in designing and implementing the most effective intervention strategies aiming to promote occupant energy-saving behaviors. To induce behavioral changes, occupants need the capability, the opportunity and the motivation to do so. Accordingly, various intervention strategies should be explored to encourage energy-saving behaviors among occupants, including: (i) information and education (e.g., workshops to increase knowledge or understanding); (ii) goal setting and feedback (e.g., assigning an energy reduction target, and giving feedback for households to measure the progress); (iii) persuasion (e.g., using communication to induce positive or negative feelings or stimulate action); (iv) incentives (e.g., creating expectation of reward such as monetary rewards); (v) modeling (e.g., providing example for occupants to aspire or to imitate; (vi) coercion (e.g., creating expectation of punishment or cost); (vii) restriction (e.g., using rules to reduce the opportunity to engage in the target behavior or to reduce the opportunity to engage in competing behaviors) (viii) and enablement (e.g., increasing means and reducing barriers to increase capability or opportunity). 

  -efficient buildings behave in a more energy-saving manner. H4. Consumers' energy-saving behaviors are positively affected by the availability of home energy control solutions. H5. Ideological and situational factors have a significant effect on household energy-saving behavior.

Fig. 1

 1 Fig. 1 displays the hypothesized relationship between the various factors

  First, we estimate an Item Response Model, taking into consideration the different level of difficulty associated with different behaviors, allowing the construction of a single measure of general energy-saving behavior. The survey used in this study gives us various information characterizing household energy-saving behaviors and attitudes, such as the management of heating and lighting, the use of electrical appliances, domestic waste sorting practices, etc. Secondly, we use a hierarchical linear regression model to examine the main drivers of the occupant energy-saving behavior. The model incorporates four main groups of variables, including household socio-demographic factors, available energy control systems and obstacles, ideological and situational factors, and housing characteristics. In addition, to enhance the accuracy of our model and escape the high dimensionality curse, we use Adaptive Elastic Net Regularisation method (Zou and Zhang, 2009). The conceptual framework of the different factors which can affect household energy-saving behavior is shown in Fig.1.

  old are more likely to adopt energy-saving behavior than persons between 51 and 68 years old, who themselves adopt more energy-saving behaviors than the youngest and the oldest age cohorts (below 36 years old and above 69 years old). This supports the inverted U-shape distribution of the latent ability as a function of the HRP's age. The inverted U-shape pattern of domestic energy consumption first claimed by[START_REF] Fritzsche | An analysis of energy consumption patterns by stage of family life cycle[END_REF]. Using 1972-73 US data, Firtzsche substantiated the above hypothesis by a significant difference in home energy use with respect to succeeding stages of the family life cycle. Energy consumption tends to fluctuate during the life cycle of the family. Single people tends to consume less energy than a family with children. Energy use decreases after children leave home, but it increases gradually with age, because older people need more comfort and higher temperatures.[START_REF] Belaïd | Understanding the spectrum of residential energy-saving behaviors: French evidence using disaggregated data[END_REF] suggest that individual aspirations are a key feature in explaining the inverted right-hand side of the inverted U-shape, while family size explains the left-hand side (birth of children). Domestic energy demand increases with the succeeding stages of the life cycle (until child-rearing years) up to the point when the children leave the family. After that, energy demand decreases throughout the remaining stages of the household life cycle. However, usage intensity will remain above the levels of the first stage, pre-child stage.[START_REF] Quaglione | Exploring additional determinants of energy-saving behaviour: The influence of individuals' participation in cultural activities[END_REF] have shown that concern about energy-saving issues among HRPs aged 45-54 is higher than among

  associated carbon emissions have grown significantly in the last decade. In addition, researchers and energy policymakers have begun to perceive the important role that household attitudinal and behavioral factors have on the domestic energy demand. energy-saving attitudes and behaviors are shaped by a wide range of complex factors and are difficult to understand. However, promoting energy-saving behavior changes and sustainable energy consumption, needs more information and knowledge about what drives consumption and household lifestyle. This article contributes to this knowledge by providing new evidence based on an important empirical case and innovative empirical approach. It reports valuable information on the factors that can be useful in an energy conservation campaign. In addition, this research brings to light the importance of incorporating household energy-saving attitudinal and behavioral attributes into models seeking to untangle the factors that explain residential energy demand. This research builds on a broad and practical conceptual framework that embraces a score of energy-saving behavior and four dimensions of influencing factors. These factors include socio-demographic attributes, ideological and situational factors, dwelling characteristics, and available energy control solutions and obstacles. We use recent individual data from ENERGIHAB project survey to contribute to this field of nascent research in two ways. First, we construct a single energy-saving behavior score based on an IRT model. Then, we use a hierarchical multivariate regression model to examine the effects of a wide range of factors, including subjective household perceptions on occupant energy-saving behavior. This study corroborates previous research findings suggesting that household energy-saving is driven by various factors, including socio-economic characteristics, housing attributes, ideological and situational factors, and energy control available solutions and
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 12 Fig. 1. Conceptual framework for energy-saving behavior of urban households in Ile-de-France

  and above (vs. 36 years old) French citizens born abroad (vs. French citizens born in France) in a civil society organization, a union, or a political party 0.095** 0.109** 0.101*** Has already lived in a rural area 0.149*** 0.123*** 0.123*** Housing characteristics

Table 1

 1 Definitions of the variables used to compute the energy-saving behavior score

	Variables	Yes	No	NR	Definition
	Behavior of energetic regulation			
	Temp20_2	57%	31%	21%	Heating temperature in home inferior or equal to 20°C
	Room temp19_2	48%	52%		Heating temperature in home equal to 19°C
	Heat_bathroom3	51%	49%	0,3%	Bathroom never warmed or warmed by irregularities
	Heat_ absence 3	58%	42%		Cut or reduce heating when housing is empty during several days
	heat_day3	37%	63%		Cut or reduce heating when housing is empty during the day
	Heat_aeration3	39%	60%	1%	Cut heating during the aeration of rooms
	Regulation_LA	28%	72%		Large appliance regulation
	Regulation _PC	48%	18%	34%	Turned off the computer after use
	Regulation _TV	57%	28%	15%	Turned off TV after use
	Bath _ shower	82%	18%		At most one shower or a bath per person and per day
	Lights _adapt	87%	13%		Adapt the lights according to time of day
	Light_ housing 2	98%	2%		Switch off the light when going out of the house
	Light_ room2	91%	9%		Switch off the light when going out of the room
	Control of the air and the heat			
	Windows_ hot 2	65%	35%		Closure of windows during very hot weather periods
	Shutters_ hot 3	66%	19%	15%	Closure of shutters during very hot weather periods
	Measures				

favorable to environmental protection (via energy savings or other)

  

	Energy-saving bulbs 3	68%	32%		Systematic use of the energy-saving bulbs
	Waste sorting	88%	12%		Domestic waste sorting practice
	Green attitude	60%	40%		Systematic or occasional use of ecological products
	Factor _eqpt3	79%	17%	4%	The main decisional factor of choosing large home appliances is the energy label
	Ecological_ works	4%	96%		Implementation of housing energy efficiency refurbishment
	Enrgy2	4%	96%		Renewable energy use

Table 3

 3 Household's available energy control solutions and obstacle factors

	Yes	No

Table 7

 7 Results from the hierarchical linear regression model

  Note: ***, **, and *, represent level of significance at 1%, 5%, and 10%, respectively.

	Constructed in 1949-1974 (vs. before 1948)				-0.065	
	Constructed in 1975-1998 (vs. before 1948)				-0.031	
	Constructed after 1999 (vs. before 1948)				0.012	
	Located in Paris city center (vs. rural area)				-0.130*	-0.093**
	Large city (vs. rural area)				-0.074	
	Small city (vs. rural area)				-0.043	
	Collective housing (vs. individual housing)				0.072	
	70-150 m² (vs. <70 m²)				-0.075	
	More than 150 m² (vs <70m²)				0.099	
	R²	0.0682	0.1492	0.1587	0.1901	0.2061
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