
Behavioral decision making 

on residential energy options: 
a path analysis with conditional  

preference distributions 

AUTHORS: 

Elisabetta Strazzera 

Giuseppe Deroma 

Marina Mura 

Ferdinando Fornara 



Introduction 

Individual choices about renewable and efficiency energy options    

decision making process behind the choice 

consumer’s and citizen’s domain 

Choice Experiments 

 

Analysis: 

Random Parameter Logit Model 

Posterior Analysis 

SEM Analysis 

 

 

 

Behavioral decision making on residential energy options:                                                                                               
a path analysis with conditional  preference distributions 



Presentation’s structure 

1) Literature Review 

2) Case study 

3) Model’s description 

4) Results 

5) Posterior Analysis 

6) Structural Equations Model 

7) Conclusions 

 

Behavioral decision making on residential energy options:                                                                                               
a path analysis with conditional  preference distributions 



Adoption of energy efficient technologies in the household  

 

• Faiers, Cook and Neame (2007) identify the cost of installation (as also in Scarpa and 

Willis, 2010) and the pay-back period as main factors in the decision process.  

• Fredericks et al. (2015): “even where energy-saving measures are demonstrably cost-

effective (e.g., insulation, low-carbon technology) – making uptake of the technology or 

behavior economically rational for the consumer – many people remain reluctant to 

introduce these things into their lives and homes” 

• Sauter and Watson (2007) “many people report that they are concerned about climate 

change and understand the importance of saving energy, yet this concern does not 

reliably translate into taking ongoing, practical steps to reduce household energy 

consumption 

 

1) Literature Review 
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Choice Theories 
 

 Rational Choice Theory 

 Individuals choose in order to maximize their utility function. 

 The homo economicus is rational and is able to elaborate complete information 

and choose the optimal alternative.  
Simon, H.A., 1978. Rationality as process and as product of thought.  

Frank, R.H., 1987. If homo-economicus could choose his own utility function, would he want one with a conscience.  

Monroe, K.R., 2001. Paradigm shift: from rational choice to perspective. 

 

 Theory of Planned Behaviour (TPB) 

 Behavior is a result of a reasoned process of weighing costs and benefits of the 

relevant behavior (in terms of time, money, effort, social approval).  

 Behavior is determined by an individual’s intention to perform it. In turn, behavioral 

intentions are assumed to be determined by attitude, perceived behavioral control, 

and subjective norm.  

 Attitudes refer to the degree to which a person has a favorable or an unfavorable 

evaluation of a behavior, and depends on the weighing of various costs and benefits 

such as financial costs, effort, or time  
Ajzen, I. 1991. The theory of planned behavior.  

1) Literature Review 
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Choice Theories 
 

 Value-Belief-Norm theory (VBN) (Stern et al., 1999)  

Behavior is driven by moral norms, i.e. feelings of moral obligation to act in a way that 

reduces adverse consequences to things of value, which in turn are activated by beliefs 

about the consequences and responsibilities of particular actions (see Wilson and 

Dowlatabadi, 2007).  

The theory is based on the norm activation model (Schwartz, 1977; Schwartz & 

Howard, 1981), which considers pro-environmental behavior as a form of altruistic 

behavior, determined by (activated) personal norms, which are experienced as feelings 

of moral obligation (see Abrahamse and Steg, 2009):  

“people who believe energy use has negative environmental consequences and people 

who feel personally responsible for these problems, will feel a stronger obligation to 

help solve these problems by reducing their energy use”.  
 

Stern PC, Dietz T, Abel T, Guagnano GA, Kalof L. 1999.  

A value-belief-norm theory of support for social movements: the case of environmental concern  

1) Literature Review 
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Consumer vs Citizen 

Sauter and Watson (2007) argue that micro-generation requires households’ acceptance in 

terms of both positive public and private attitudes to achieve market up-take of renewable 

energy technologies in the residential sector 

 

Are public preferences on energy efficiency measures generated by a                                             

different process than private preferences?  

 

 Anderson (1993): individuals may hold and express different preferences according to 

the setting (market or politics) and the role they play, as consumer or as citizen.  

 

 Nyborg (2000): every individual may have two distinct and possibly conflicting 

preference orderings over social states, one associated with each role.  

 

 Sagoff (1988): “As a citizen, I am concerned with the public interest, rather than my own 

interest; with the good of the community, rather than simply the well-being of my own 

family. In my role as a consumer, I pursue the goals I have as an individual” 

 

1) Literature Review 
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Consumer vs Citizen 

 Arrow (1951), Harsanyi (1955), Sen (1977), Margolis (1982), Hausman and McPherson 

(1996): individuals may have multiple preference orderings, applying different 

preferences in different contexts, which would imply that choices made in one context 

may not be replicated in another.  

 

 Kahneman, Ritov, and Schkade (1999) argue that the conflict consumer/citizen can lead 

to preference anomalies and biases in contexts like environmental valuation and legal 

compensation claims because those goods concern public or moral issues which evoke 

attitudes. 

 

 Mouter et al. (2016) test individual preferences as consumer and citizen when trading off 

travel time and safety, finding that as citizen people assign relatively more value to safety 

compared to travel time than in their role of consumer.  

 

 Berglund and Matti (2006) compare official environmental policy-discourse in Sweden 

with the results of a mail-out survey: their results underline the importance of providing 

adequate incentives for motivating individuals in both the consumer and citizen roles 

1) Literature Review 
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2) Case Study 

Aim 

Analysis of individual preferences in both roles of consumer and 

citizen in choices regarding renewable and efficiency energy 

options 

 

Choice Experiment 

 

Survey face to face 

2012 

Cagliari (about 150,000 inhabitants) and Quartu Sant’Elena (about 

70,000 inhabitants) 

Sample: 426 individuals 
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2) Case Study 

First part of the interview  

Informative questions to collect data on individuals’ characteristics: 

• conventional socio-demographics 

• intention to choose green energy devices 

• universal values 

• general pro-environmental beliefs 

• attitude toward the use of green energies 

• awareness of consequences of using green energy sources 

• ascription of responsibility for using green energy sources 

• strength of moral obligations/constraints in investing in green energy 

• influence of relevant peers, as relatives and neighbours, in investing in 

household energy efficiency 
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Second part of the interview  

2) Case Study 

Attributes Levels 

Energy 

Technology 

Option 

Photovoltaic 

Thermal solar & Gas 

Insulation  

Payback 

period 
5 years, 7 years, 10 years 

Bureaucracy 

Processed in 12 months for certain 

Process may take between 3 and 

21 months 

Emissions 
40%, 80% reduction in household 

emissions 

Electric bill 

reduction 
20%, 40%, 60%, 80% 

Table 1: 
Consumer’s choice experiments – Attributes and levels 
of two different private investments in energy savings 
technologies   

Attributes Levels 

Energy 

Technology 

Option 

Photovoltaic 

Thermal solar & Gas 

Insulation  

Garbage 

collection 

Street bins, door to door, 

underground bins 

Public 

transport 
Waiting time: up to 5, 10, 15 min 

Emissions 
40%, 80% reduction in household 

emissions 

Tax 

reduction 
0, 100, 200, 300 Euros 

Table 2: 
Citizen’s choice experiments – Attributes and levels of 
two different public policies that involve energy savings 
technologies   
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3) Model’s description 

The Random Parameters (Mixed ) Logit Model 

The Mixed Logit extension allows the parameters to vary across individuals and the error 

components to be correlated.  

The vector of parameters β and the stochastic component are expanded as 

βki = βk + σkvik 

where βk is the population mean, vik represents the heterogeneity across individuals, with 

zero mean and standard deviation equal 1, and σk is the standard deviation of the βki 
distribution around βk. 

Thus we can formulate utility as 

Ujti = βi
′xjti + ηji + εji 

where ηji is a random term with  zero mean, which can be correlated across the alternatives 

and depends on parameters and observed data related to alternatives j and individuals i, 

while εji is a random term with zero mean, IID and independent from parameter or data. 
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3) Model’s description 

The Random Parameters (Mixed ) Logit Model 

We define the conditional density g(β|yi) as 

𝑔 𝛽 𝑦𝑖 =
𝐿 𝑦𝑖 𝛽 𝑓(𝛽|𝜃)

 𝐿 𝑦𝑖 𝛽 𝑓 𝛽 𝜃 𝑑𝛽𝜔

 

where 𝐿 𝑦𝑖 𝜃  represents the likelihood of observing this sequence of choices for a given 

𝜔.  

Maximum likelihood estimation is not possible as the denominator of the equation does 

not have a closed form solution. The alternative option is to simulate conditional 

distributions using a discrete approximation: for example, we can write the conditional 

mean for consumer 𝑖 as   

𝐸𝑖 𝛽 = 
 𝐿(𝑦𝑖|𝛽𝑟)𝛽𝑟
𝑅
𝑟=1

 𝐿(𝑦𝑖|𝛽𝑟)
𝑅
𝑟=1

 

where 𝛽𝑟 are independent multi-dimensional draws from 𝑓(𝛽|𝜃) at the estimated values 

for 𝜃. 
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3) Model’s description 

INDIVIDUAL 
PARAMETERS 

Mean 

Conditional  

(between)  

Standard Deviation 

Conditional  

MODEL 

Estimated 
Population Means 

Unconditional  

Estimated 
Standard 
Deviation 

Unconditional 

The posterior standard deviations of the conditional means  

(i.e. the variation of the conditional mean valuations between individuals)  

are smaller than the estimated standard deviations 𝝈   
as the latter also includes the variation around the individual conditional means. 
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3) Model’s description 
Posterior Analysis on individuals’ parameters  

Existing literature: Descriptive statistics, Correlation Analysis and Cluster Analysis  

Hess (2007), Richter and Weeks (2016), Richter and Pollitt (2016) 

 
STRUCTURAL EQUATION MODELS (SEM)                                                                

FOR A NEW POSTERIOR ANALYSIS APPROACH 

widely used in the behavioral sciences 

combine factor analysis and regression or path analysis 

largely confirmatory, rather than exploratory, technique, which helps 

researchers determining whether a certain model is valid 

theoretical constructs, represented by latent factors, are connected by 

regression or path coefficients between the factors 

these relations can be represented in a graphical path diagram which 

provides a clear idea of measurement equations and structural equations 
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4) Results 

Multinomial Logit Model  

Citizen 

Coefficient St. Err. P. val 

Photovoltaic 0.003 0.060 0.956 

Thermal solar & Gas -0.179*** 0.062 0.004 

Door to Door 

collection 
-0.475*** 0.063 0.000 

Street bins collection -0.340*** 0.065 0.000 

Emission (reduction) 0.346*** 0.042 0.000 

Tax (reduction) 0.193*** 0.022 0.000 

Transports  

(waiting time) 
-0.129** 0.031 0.000 

Consumer 

Coefficient St. Err. P. val 

Photovoltaic 0.089 0.086 0.301 

Thermal solar & 

Gas 
-0.045 0.074 0.541 

ROI -0.130*** 0.271 0.000 

Bureaucracy -0.337*** 0.687 0.000 

Emission 

(reduction) 
0.578*** 0.132 0.000 

Bill (reduction) 0.389*** 0.090 0.000 
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4) Results 

Random Parameter Logit Model  

Consumer 

Coefficient St. Err. P. val 

Random 

Parameter 

normal 

distribution 

 

Photovoltaic 0.058 0.135 0.668 

St. Dev. 0.952*** 0.141 0.000 

Thermal solar  -0.161 0.118 0.172 

St. Dev. 1.011*** 0.14 0.000 

ROI -0.164*** 0.04 0.000 

St. Dev. 0.18*** 0.14 0.000 

Bureaucracy -0.455*** 0.112 0.000 

St. Dev. 0.835*** 0.11 0.000 

Emission 

(reduction) 
0.726*** 0.197 0.000 

St. Dev. 0.780*** 0.109 0.000 

Fixed 

Parameter 

Bill 

(reduction) 
0.511*** 0.131 0.000 

Citizen 

Coefficient St. Err. P. val 

Random 

Parameter  

normal 

distribution 

Photovoltaic 0.127 0.109 0.244 

St. Dev. 0.987*** 0.175 0.000 

Thermal solar  -0.214** 0.1 0.032 

St. Dev. 0.730*** 0.187 0.000 

Door to Door -0.771*** 0.14 0.000 

St. Dev. 1.535*** 0.174 0.000 

Street Bins -0.515*** 0.114 0.000 

St. Dev. 0.998*** 0.172 0.000 

Emissions 0.577*** 0.079 0.000 

St. Dev. 0.767*** 0.127 0.000 

Tax 0.298*** 0.043 0.000 

St. Dev. 0.386*** 0.061 0.000 

Fixed 

Parameter 

Transports’ 

waiting time 
-0.170*** 0.048 0.000 

Behavioral decision making on residential energy options:                                                                                               
a path analysis with conditional  preference distributions 



4) Results 

Individual parameters’ distributions 
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PHOTOVOLTAIC THERMAL SOLAR EMISSIONS 
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4) Results 

RPLM’s Output: 

 Individual parameters means  𝛽𝑖 

 Individual standard deviations  𝜎𝑖 

  

Keep only significant parameters 

• Define confidence intervals 

𝐿𝑖𝑚𝑖𝑛𝑓 = 𝛽𝑖 − 1,96 × 𝜎𝑖 

𝐿𝑖𝑚𝑠𝑢𝑝 = 𝛽𝑖 + 1,96 × 𝜎𝑖 

• If the confidence interval is completely positive or completely negative, the 

mean parameter is significantly different from zero 

• Non significant parameters are excluded from the analysis 

Behavioral decision making on residential energy options:                                                                                               
a path analysis with conditional  preference distributions 



5) Posterior Analysis 
    Photovoltaic Thermal Solar ROI Bureaucracy Emissions 

C
O

N
S

U
M

E
R

 

Photovoltaic 1 

Thermal Solar 
-0.293 

(0.000) 
1 

ROI 
-0.001 

(0.984) 

-0.105 

(0.030) 
1 

Bureaucracy 
0.053 

(0.271) 

-0.010 

(0.835) 

-0.020 

(0.683) 
1 

Emissions 
-0.034 

(0.490) 

-0.075 

(0.123) 

0.064 

(0.191) 

-0.008 

(0.878) 
1 

C
IT

IZ
E

N
 

Photovoltaic 
0.142 

(0.003) 

-0.060 

(0.219) 

-0.156 

(0.001) 

-0.008 

(0.867) 

-0.046 

(0.340) 

Thermal Solar 
-0.054 

(0.267) 

0.208 

(0.000) 

0.023 

(0.640) 

0.004 

(0.928) 

-0.054 

(0.268) 

Emissions 
0.025 

(0.612) 

0.086 

(0.075) 

0.050 

(0.303) 

-0.007 

(0.885) 

0.164 

(0.001) 

Tax 
-0.062 

(0.205) 

0.131 

(0.007) 

0.050 

(0.305) 

-0.064 

(0.185) 

-0.103 

(0.034) 

Pairwise correlations in distributions of conditional means (P-values in parenthesis) 
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Mean 
(between) 

St. Dev 
Min Max 𝝁  𝝈  SD/𝝈  

CONSUMER 

Photovoltaic 0.059 0.504 -1.134 1.561 0.058 0.952 0.529 

Thermal Solar -0.151 0.579 -1.411 1.280 -0.161 1.011 0.572 

ROI -0.165 0.087 -0.401 0.044 -0.164 0.180 0.485 

Burocracy -0.453 0.475 -1.576 0.727 -0.455 0.835 0.569 

Emission (reduction) 0.724 0.436 -0.440 1.887 -0.726 0.780 0.558 

CITIZEN 

Photovoltaic 0.123 0.503 -1.324 1.270 0.127 0.987 0.510 

Thermal Solar -0.219 0.307 -1.174 0.783 -0.214 0.730 0.421 

Door to Door Garbage 

Collection -0.769 1.030 -2.816 1.777 -0.771 1.535 0.671 

Road Garbage Collection -0.519 0.519 -2.056 0.937 -0.515 0.999 0.519 

Emission (reduction) 0.571 0.404 -0.608 1.551 0.577 0.670 0.604 

Tax (reduction) 0.300 0.209 -0.279 0.806 0.298 0.386 0.542 

5) Posterior Analysis 

  Summary statistics of individual posterior distributions 

Conditional Unconditional 
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6) Structural Equations Model 
SEM output 

Photovoltaic 

 

 

 

 Bio_Value
1

Health

1 .76

MNorm
2 .81

PVAtt

3 .69

PVbeh 4 .75

env protection
8.9

5 .66

env integration
5.6

6 .46

health risk
4.1

7 .72

health improvements
6.4

8 .56

obl_inv
2.8

9 .59

guilt_inv
1.9

10 .58

feel_inv
3.8

11 .61

photovol_imp
4.1

12 .35

photov_adv
4

13 .26

cons_photov
.47

14 .81cit_photov
.55

15 .86

condominium
1

1.9

air conditioning
1

.98

.49

.43

.37

.28

.29

-.28

-.3

.58
.73

.53

.67

.64 .65
.62

.81 .86

.43
.38

GOODNESS OF FIT MEASURES R-SQUARED 

LR test    Latent   

chi2(59)  =  71.716 Health 0.281 

Prob > chi2 = 0.124 Mnorm 0.653 

RMSEA 0.025 PVAtt 0.609 

CFI 0.98 PV_Behavior 0.053 

    Overall 0.696 

 It is possible to 
create a behavioral 

construct based on 
the Consumer’s 
and Citizen’s 
preference 

parameters 

 The decision 

process is in part 

driven by Values, 

Beliefs, Norms 

and Attitudes, as 

in the VBN theory 

 Condominium as 

a technical 

constraint 

 Air conditioning 

may interact better 

with insulation 
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Bio_Value
1

Health

1 .8

env protection
9

2 .65

env integration
5.4

3 .5

health risk
4.1

4 .68

health improvement
6.2

5 .67

Em_Behaviour

6 .76

cons emiss
1.8

7 .89

cit emiss
1.7

8 .68

age
1

4.6

secondary education
1

1.4

high local tax
1

1.5

.45

.59
.71

.57 .57

.36

-.2
.2

.21

.33

.56

6) Structural Equations Model 

SEM output 

Emissions 

GOODNESS OF FIT MEASURES R-SQUARED 

LR test    Latent   

chi2(47)  =  18.1 Health 0.205 

Prob > chi2 = 0.5161 Em_Behavior 0.243 

RMSEA 0 Overall 0.696 

CFI 1     

 It is possible to create a 
behavioral construct based 

on the Consumer’s and 
Citizen’s preference 

parameters 

 The path analysis confirms 

the Biospheric Value as an 

antecedent of the Health 

belief, which influences the 

preference for (and choice 

of)scenarios characterized 

by higher emission 

reductions. 

 Other exogenous variables 

are education, wealth and 

age, the latter with a 

negative sign implying that 

older people are less 

interested in this attribute 
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Bio_Value
1

env protection
8.6

1 .63

env integration
5.3

2 .51

Health

3 .82

health risk
4.4

4 .68

health improvement
5.9

5 .57

Moral Norm

6 .71

obl_inv
3

7 .48

guilt_inv
1.9

8 .61

feel_inv
3.6

9 .6

TS Att

10 .66

ST_imp
3.4

11 .25

ST_adv
3.4

12 .3

TS_Behavior

13 .86

cons th_solar
-.2

14 .87

cit th_solar
-.66

15 .52

air conditioning
1

1

.61
.7

.43

.56

.65
.54

.72 .62
.63

.29 .37

.87
.84

-.34

.16
-.17

.37
.69

6) Structural Equations Model 

SEM output 

Thermal Solar 

GOODNESS OF FIT MEASURES R-SQUARED 

LR test    Latent   

chi2(47)  =  47.519 Health 0.182 

Prob > chi2 = 0.451 Mnorm 0.291 

RMSEA 0.006 TS Att 0.337 

CFI 0.999 PV_Behavior 0.137 

    Overall 0.664 

 The chain Biospheric 
Value, Health Belief, 

Moral Norm and 
Attitude seen in the PV 

decision process is 
partially confirmed.  

 People with low 
Biospheric values 

(negative correlation) go 
for this option through a 

different decision 
process, which does not 

account for values, 
beliefs, norms and 

attitudes. 

 People preferring the 
Thermal Solar option 
are probably driven by 
economic 

considerations rather 
than ethical 

considerations, and the 
VBN theory in this case 
explains the process 
only in a partial way 
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7) Conclusions 

• We investigate individual preferences on energy saving option in 

both private and public settings.  

• A correlation analysis on individual parameters resulting from a 

Random Parameters Logit Model provides evidence that 

preferences towards technologies (photovoltaic and thermal 

solar) and the attribute of emissions’ reduction are coherent in 

private and public choice situations. 

• The SEM approach we use as new posterior analysis 

methodology confirms this coherence and also provides 

evidence that decision process in environmental settings can be 

in part driven by Values, Beliefs, Norms and Attitudes, as 

suggested by the VBN theory. 
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Thank you for  your attention 
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