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Abstract 
Evidence suggests that rental properties are often associated with lower levels of 

energy efficiency than owner-occupied buildings. Policy makers are increasingly 

concerned about this energy efficiency gap. In this paper, we investigate the energy 

investments made and the market efficiency gains associated with different policy 

interventions at the point of lease. We introduce key features of the housing rental 

market in the laboratory and examine four policy options: mandatory information on 

energy efficiency, voluntary information, mandatory minimum standards, and a ‘costshare’ 

treatment (i.e. landlords pay a share of the tenants’ energy bill). We find that 

enabling landlords to post the energy efficiency of their properties increases 

investment in energy efficiency. Voluntary information achieves efficiency levels 

comparable to those under a mandatory program but may lead to lower levels of 

tenant participation. Mandatory minimum standards lead to higher investments in 

energy efficiency, but also reduce the number of properties available for lease. Costsharing 

leads to low market efficiency levels, perhaps due to the uncertainty landlords 

face regarding the energy bill of their tenants. 
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1   Introduction 

Residential energy use contributes significantly to climate change.1 While 

certifications in the form of “energy efficiency stars” and “energy efficiency 

standards” have been introduced by industry or governments for household 

appliances, these ratings schemes and standards have not been widely adopted for 

residential homes. This is despite the large amount of energy consumed in homes by 

heating, cooling and lighting. Increasing concern about climate change is prompting 

governments around the world to encourage energy efficiency at the residential level. 

Household energy consumption is a function of infrastructure and behaviour. 

For rented properties, landlords determine investments in key infrastructure items, 

while the tenant has control over their use of this infrastructure. If information on 

energy efficiency is available and there is an efficient rental market, the cost of energy 

efficiency upgrades will be reflected in rental prices. Tenants will consider their 

anticipated energy use pattern, along with the energy efficiency of the house and its 

rental price. Tenants’ willingness to pay higher rents for more energy efficient houses 

creates incentives for landlords to invest in energy-efficient infrastructure and to 

disclose this information. However, if landlords cannot advertise verified energy 

efficiency information, or if the market does not facilitate efficient transactions, then 

we might expect lower levels of investment in energy efficiency. A well functioning 

market is therefore important in order to encourage investment, such that landlords 

who are readily able to supply energy efficient housing can transact with tenants who 

value this housing characteristic. In this paper, we use economic experiments to 

                                                 
1 For example, the Environmental Protection Agency in the United States estimates that average home 
energy consumption (for a house heated with natural gas) results in about 27,300 pounds of CO2 
emissions annually – compared to 12,100 pounds CO2 produced by the average automobile. Residential 
buildings were estimated to account for about 60% of global buildings energy use in 2010. (IPCC, 
1996)  Between 1987 and 2007 Australian residential energy consumption grew by 49% (ABS, 2009).  
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examine different policies designed to achieve optimal levels of investment in energy 

efficiency in rental markets. 

Household energy efficiency, in most cases, can be thought of as either an 

experience good or a credence good. An experience good has characteristics that are 

difficult to observe; these characteristics can only be ascertained upon consumption 

(Nelson, 1970). The characteristics of a credence good are difficult to observe even 

after purchase – for example, vitamin supplements (Darby and Karni, 1973). Potential 

renters are unable to accurately gauge the energy intensity of a dwelling because at 

least some of the information required is unobservable (e.g. floor, wall and ceiling 

insulation). Sometimes sellers use reputation to signal the quality of experience 

goods; however reputation building can be difficult in the rental market. Asymmetric 

information about quality can erode market efficiency and can lead to a ‘lemons’ 

market outcome (Akerlof, 1970). Third-party information – such as an energy 

efficiency certification scheme – may therefore improve market outcomes. 

A recent survey in Victoria, Australia, identifies the investment gap in rental 

accommodation and also highlights tenants’ lack of knowledge about energy 

efficiency (DSE, 2010). Rental housing differs little from owner occupied housing in 

age and construction type. However, rental homes do differ from owner occupied 

housing in their energy efficiency characteristics. For example, 28% of rental 

properties have no ceiling insulation (as compared to 6% of owner-occupied houses), 

while 40% of renters do not know whether their ceiling is insulated (in contrast to 5% 

of owner-occupiers). A greater proportion of rental homes use electric heating 

systems and hot water services, which are more greenhouse-gas intensive than those 

found in owner-occupied homes. Research from the U.S. rental market provides 

additional information about this investment gap. Davis (2010) compares the energy 
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efficiency of four major household appliances for owner-occupiers and renters while 

controlling for household income and other variables. He concludes that renters are 

significantly less likely to have energy efficient refrigerators, washing machines and 

dishwashers than owner-occupiers, when landlords supply these appliances. Based on 

this, the author estimates that the landlord-tenant problem increases carbon emissions 

by 127,000 tons per annum and argues that this figure likely is an understatement.  

Much of the policy literature attributes the investment gap in rental markets to 

landlords’ and tenants’ ‘split incentives’ (IEA 2009). This framework argues that 

because landlords’ and tenants’ interests are not aligned, landlords do not have an 

incentive to invest in energy efficient infrastructure. Others have focused on a 

behavioural analysis of the investment gap, arguing that people underestimate the 

savings from energy efficiency measures due to bounded rationality (Garnaut, 2008; 

Sorrell et al, 2004). This literature suggests that information policies will be 

insufficient to achieve an efficient outcome, and favours regulatory measures to 

improve energy efficiency in rented accommodation. 

Our research uses laboratory experiments to compare the impact of policies 

designed to overcome split incentives between landlords and tenants. We focus on 

landlords that own a single property; small-scale ‘non-professional’ landlords provide 

nearly 70 percent of the rental stock in Australia (Berry, 2000), and approximately 55 

percent in the United States (JCHS, 2011).2 We examine four policy treatments, 

‘mandatory’ and ‘voluntary’ energy efficiency ratings (similar to energy-efficiency 

                                                 
2 Australia has limited amount of large-scale institutional investment in residential rental properties. 
The social housing sector only accounts for less than 4% of housing overall (see Berry, 2000). In most 
countries in Europe, home ownership is the norm (about two-thirds of all housing is owner occupied). 
Rental accommodation is either publicly supplied or supplied by small-scale investors. In countries 
where majority of the houses are rental houses, for example in Switzerland (where over 65% of 
housing is rented), nearly all of this is through small-scale investors (see O’Sullivan and De Decker, 
2007 and Werczberger, 1997). While some small-scale landlords own more than one property, we 
focus on the single-unit case to reduce the number of strategic considerations in the market, and to 
facilitate a clear interpretation of our results. 
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stars for appliances), a regulatory ‘minimum upgrade’ treatment (similar to energy-

efficiency standards for appliances), and a ‘cost-share’ arrangement designed to 

increase the landlord’s incentive to invest in energy efficiency.3 ‘Cost-share’ involves 

landlords paying a fixed percent of their tenant’s energy bill, and is motivated by the 

literature on share-cropping.4 We also include two baseline treatments: a ‘status quo’ 

treatment, in which, similar to the current situation in many places across the world, 

energy ratings are not available at the point of lease; and an ‘owner-occupier’ 

treatment in which incentives are completely aligned. 

While theoretical and empirical approaches have been used to evaluate various 

policy questions associated with energy efficiency, these approaches often make 

strong assumptions about behaviour or utilize the results of relatively scarce 

examples. Experiments provide useful complements to field studies by illuminating 

features of behaviour which would be difficult or costly to achieve otherwise. Our 

experiment replicates the key features of a rental market, including posted prices, 

forward production (landlords make investments in their house prior to the house 

going on the market), tenants’ heterogeneous preferences for energy consumption and 

landlords’ heterogeneous costs of investments into energy efficiency. We assume pro 

forma contracts, such that contracts between landlords and tenants are set 

exogenously and cannot be modified in the short run. Landlords cannot perfectly 
                                                 
3 Some of these policies are either under consideration or have been introduced in different parts of the 
world. For example, mandatory information disclosure has already been introduced in the European 
Union, which requires energy performance certificates to be available at the point of sale or lease. 
Mandatory information disclosure at the point of sale has been in place in Australia’s Capital Territory 
(ACT) since 1999. Analysis suggests that increasing the energy efficiency rating of a median priced 
home by half a star adds, on average, $4,489 to its price (DEWHA, 2007). If an energy assessment has 
been completed, it is also mandatory to disclose this information at the point of lease in ACT. This 
mandatory information disclosure policy is now being considered across Australia. Some state 
governments in Australia are also considering the introduction of a regulatory ‘minimum upgrade’ for 
rental homes.  
4 Share-cropping is a rental contract in which a tenant pays an agricultural landlord an agreed 
percentage of the crop produced on the landlord’s allotment (Singh, 1989). This practice evolved to 
align the interest of workers and owners: workers have an incentive to exert discretionary effort; 
landlords have an incentive to make fixed-cost investments that enhance productivity when tenants 
cannot afford to. Also see Stiglitz, 1974. 
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anticipate tenants’ willingness to pay for energy efficiency, and therefore face risk 

and uncertainty when investing in the energy efficiency aspects of their properties. 

The existing experimental literature provides a valuable guide to the efficiency 

implications of features present in the rental market. Early research on markets 

typically considered a context with homogeneous buyers and sellers, a single unit of 

production, production-to-demand and prices posted by the sellers. This research 

found that posted price markets reach efficiency levels that eventually approximate 

the levels achieved in a double-sided auction (Plott and Smith, 1978; Davis and Holt, 

1993; Plott, 2001). Allowing for sunk costs and forward production, however, 

introduces some risk in the posted offer market. Mestleman et al (1987) find that in 

early periods, forward investments offset sellers’ ability to extract surplus in the 

posted offer context, and only when information aggregates over time does the 

difference between markets with forward production and markets with production-to-

demand dissipate. 

Holt and Sherman (1990) examine the efficiency levels when sellers are able to 

advertise price but not quality in a posted-offer market. They find that the average 

quality level is lowest when sellers are not able to advertise quality but only price, and 

observe substantial increases in average quality and efficiency when sellers are able to 

advertise both quality and price. Cason and Gangadharan (2002) study a posted price 

market for experience goods. Goods may be low or high quality, and they compare a 

lemons market (with no information) to three treatments, which allow for reputation 

building, unverified claims (i.e. ‘cheap talk’), and voluntary but costly quality 

certification. They find that while seller reputation and unverified claims can 

sometimes increase the provision of high quality goods, the only reliable way to 

significantly improve product quality is to use certification. 
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While these studies help us in understanding the impact of different market 

features, none of them capture the interplay of features in the rental market. We build 

on existing research by introducing heterogeneity on both sides of the market and 

introducing forward production. Consistent with most landlords in the rental market, 

sellers can only make single units (properties) available. Cason and Gangadharan 

(2002) highlighted that reputation building and unverified claims can only partially 

address the information problem; we therefore focus on verified certification schemes, 

but in a much richer context. Unlike Cason and Gangadharan (2002), in all policy 

scenarios the certification scheme is freely available at the point of lease. This can be 

thought to be analogous to a government-administered scheme paid for through 

general taxation such that the decision to certify a house does not increase the cost 

burden on individual landlords. This enables more effective comparisons by keeping 

cost of certification constant. We extend the existing literature by including treatments 

motivated by policies currently under consideration, hence improving the external 

relevance of our research.5 Taking key features of the residential rental market as 

given, we are interested in isolating the scope for constructive government 

intervention.  

2      Methodology 

2.1    Experimental design 

Subjects were drawn from the student population at the University of 

Melbourne. The experiment was programmed and conducted with z-Tree software 

(Fischbacher, 2007). The experiment involved 1 control treatment and 6 alternative 

                                                 
5 Mandatory and voluntary policies have been examined in other contexts, for example, Bauernschuster 
et al (2009) investigate the effects of the introduction of mandatory versus voluntary sick pay provision 
in the labour market. They find that mandated sick pay leads to an overall increase in the number of 
sick days being offered by firms. Falk et al (2006) observe similar “anchoring” effects in the context of 
minimum wages.  Friesen and Gangadharan (2011) study compulsory and voluntary self-reporting of 
accidents in a compliance experiment and find that more frequent reporting of accidents occurs when 
reporting is compulsory than with voluntary reporting.  
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treatments (2 baselines and 4 policy treatments).  Twelve subjects participated in each 

session (6 landlords and 6 tenants) and each subject participated only once (between 

subjects design). Each session included the control treatment, and one of the 

alternative treatments. The control treatment was employed to attribute variation in 

outcomes to treatment effects. The control treatment ran for 10 periods, while the 

alternative treatments ran for 20 periods each. The control treatment is identical to 

Treatment 1 (explained below) except for the parameters and the number of periods. 

The control treatment helped the subjects gain experience interacting with the 

software. We used different parameters in the control treatment and the alternative 

treatments so that decisions in the control treatment did not create a focal point for 

later decisions.    

At the beginning of each session participants completed two sets of lottery 

choice tasks, with one designed to measure risk aversion and the other designed to 

measure uncertainty aversion. The lottery choice tasks were included due to the 

prevalence of both risk and uncertainty in the rental market. In the spirit of Knight 

(1921), we distinguish between uncertainty (unknown probabilities) and risk (known 

probabilities) in the discussion that follows. Risk comes from the unknown order in 

which types of tenants come to the market, and also from any mixed strategy that 

might be played by other landlords or tenants.6 Uncertainty is present because 

landlords do not know tenants’ pattern of energy use and hence their energy costs. 

Tenants face uncertainty if energy efficiency upgrade levels are not displayed: tenants 

                                                 
6 In order to account for risk aversion (known probabilities), subjects participated in a hand run lottery 
task similar to the one described in Brown and Stewart (1999) and Holt and Laury (2002). Risk attitude 
is measured by decision makers’ preferences over a lottery and receiving its expected value. Subjects 
were presented with ten simple decisions. In each decision subjects had to choose between a sure 
payment of $7 (Option A) and a lottery with a payoff of $2 or $12 (Option B). Each game allocated 
progressively higher probabilities to the lottery payoff of $12. As the probability of the high payoff 
outcome increases, individuals generally switch their preference to Option B. Later switches indicate 
higher levels of risk aversion.  
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may not be able to assign known probabilities to the potential upgrade levels of rental 

properties.7 

Participants were informed that one of the decisions from each of the tasks 

would be selected at random at the end of the session and played to determine 

payoffs. These lottery choice tasks allow us to measure and separate the effects of risk 

and uncertainty aversion from other systematic effects on upgrade and rental 

decisions. Participants’ total payments depended on payoffs from the risk and 

uncertainty games and the profits accumulated during the treatments. The instructions 

for all the treatments and the lottery choice tasks can be accessed at the Journal’s 

repository of online material available from http://www.aere.org/journals/.  

Participants completed a quiz based on the instructions before they participated in the 

treatments. 

At the end of the session a demographic questionnaire was filled out by the 

participants. Subjects interacted anonymously in 12 person fixed groups, and two 

groups under the same treatment conditions were conducted simultaneously in each 

session with 24 subjects. We collect data from 4 groups for each kind of treatment, 

except for the owner-occupier treatment where 2 groups participated. A total of 22 

groups participated in the experiment.   

Throughout this paper, we refer to the participants as owner-occupiers, 

landlords or tenants, though neutral language was used in the experiment, as is 

standard practice in experimental economics. There was not a market for rental 

                                                 
7 In order to elicit preferences for uncertainty (unknown probabilities), participants were presented with 
11 decisions and asked to choose between Option A and B. Option A is always a random draw from a 
bin with 10 balls: 5 red and 5 blue. Drawing a red ball pays $7 and drawing a blue ball pays $0. Option 
B is also a random draw from a bin with 10 balls, however the distribution of red and blue balls is 
unknown to the participant. In each game, drawing a blue ball pays $0 (as in option A) but drawing a 
red ball pays an amount that increases progressively from $2 to $12. As the payoff of drawing a red 
ball increases, participants will generally switch from Option A to Option B. Later switches suggest 
higher levels of uncertainty aversion. 
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properties but for ‘assets’. Landlords were referred to as ‘Type A’ participants, and 

tenants as ‘Type B’ participants. Owner-occupiers or landlords had an opportunity to 

choose an ‘investment level’ rather than an investment in an energy efficiency rating. 

If Type B participants leased an asset they incurred the associated ‘running costs,’ 

rather than an energy bill.  

2.2    Treatment description 

In each period landlords (or owners) decide whether to make an energy 

efficiency investment in their property. The cost of the investment is given by 

( , )f    where   represents the percentage reduction in the property’s energy use 

and   denotes the type of the landlord/owner. Landlords/owners may be high- or low-

cost types  HCLC xx , . Table 1 summarizes the investment cost for high- and low-

cost landlords (owners), and the associated energy efficiency gains for each upgrade 

level. The five upgrade levels represent the energy efficiency ratings (or stars) that 

could be obtained in the field. For example, to attain a 2 star rating, which is 

equivalent to a 10% reduction in energy use, a high-cost landlord/owner would need 

to spend 25 experimental dollars (E$) and a low-cost landlord/owner would spend 

E$12.5. 

The cost of investment is increasing in the level of energy efficiency, such that 

( , )f    is increasing at an increasing rate. For example, it costs E$5, E$25, E$50, 

E$85, and, E$140 for high-cost landlords to increase the level of energy efficiency to 

levels 1, 2, 3, 4 and 5, respectively.  

Improved energy efficiency reduces the energy bill of the occupant (tenant or 

owner). Tenants (or owners) can be high-use or low-use types and their energy use is 

denoted by θ such that  HULU yy , . The energy bill is a function of the price per 

unit of energy (which is held constant at p ), the type of occupant ( )θ  and the level of 
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energy efficiency of the house    such that      ppc  1,, .  This framework 

is consistent with the intuition that higher levels of energy efficiency investments will 

be preferred by low-cost landlords and high-use tenants. 

In Treatment 1 all participants are owner-occupiers. They all face the energy 

efficiency decisions described above and they all pay the energy bill. In each period 

all owner-occupiers are randomly assigned an investment cost type (low/high) and an 

energy-use type (low/high). In each period there are 3 subjects with low and 3 with 

high investment costs, and 3 subjects with low and 3 with high energy use (i.e. four 

different pair-wise combinations of types). In each period each participant chooses an 

energy efficiency level based on their costs of investment, their energy-use type, and 

the savings associated with each level of investment. There is no interaction between 

participants in this treatment and it is used as a benchmark to gauge efficiency losses 

associated with rental rather than owner occupier housing. We refer to this as the 

owner-occupier baseline.  

In treatments 2-6, participants are either tenants or landlords and stay in their 

respective roles for the length of the session. In each period landlords are randomly 

assigned an investment cost type (low/high) and tenants are randomly assigned an 

energy use type (low/high). In each period there are 3 high- and 3 low-cost landlords, 

and 3 high- and 3 low-use tenants. Landlords choose whether or not to make their 

property available for rent. If they make the property available, they can choose to 

make an investment in its energy efficiency. Landlords then post a price for their 

property in a posted offer market. Landlords can only change the energy efficiency 

aspect of their properties so the price they post represents the ‘premium’ they charge 

to recover the cost of energy efficiency investments when they compete with other 

landlords in the rental market. We refer to the posted prices as ‘upgrade prices’. After 
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landlords have made their decisions, tenants, in random order, are shown the 

properties and their upgrade prices. Tenants make a decision to accept one of the 

properties or to reject all properties. Once a house is accepted by a tenant, it is no 

longer available for rent by other tenants in that period.8 Tenants are assumed to have 

a constant marginal utility of energy use.9 Treatments differ in the information that is 

posted in the rental market. 

In Treatment 2 (the ‘no information’ treatment) there is no information available 

on the upgrade level (energy efficiency) of the property. This treatment mimics the 

characteristics of the current rental market: there is no standard for certifying or 

advertising the energy efficiency of a dwelling. This is the ‘status quo’ baseline and is 

expected to lead to outcomes similar to the lemons market. 

In Treatment 3 (‘mandatory information’ treatment), if a landlord decides to 

post a property, the upgrade level is always displayed alongside the upgrade price. In 

Treatment 4 (‘voluntary information’ treatment), if a landlord decides to post a 

property, the landlord can decide whether or not to display the upgrade level of the 

property. When a landlord wishes to display an investment level of zero, a blank 

caption is displayed on-screen. When a landlord does not wish to display an 

investment level, this is distinguished by the use of a ‘N/A’ caption (information ‘not 

available’). We expect that landlords who invest in their properties in treatment 4 

have an incentive to advertise this quality and recoup costs, and that tenants will 

therefore assume that landlords who withhold information have not invested in their 

                                                 
8 As in standard posted offer markets, we assume that the sellers trade with the first buyer who accepts 
their offer (i.e., landlords accept the first tenant who is willing to rent their property at the asking 
price). This means that landlords are unable to express preferences over tenants.  
9 For example, if a tenant consumes 100 units of electricity, and rents a house with an investment that 
achieves a 20% reduction in energy use, then the subsequent use of 80 units of electricity will hold the 
tenant’s utility constant (i.e., the tenant enjoys the same level of light and heat but only incurs 80% of 
the cost). An implication of this assumption is that we disregard the wealth or substitution effects 
associated with savings in energy expenditure – we do not account for a ‘rebound effect’.  
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property. In both treatments 3 and 4 we expect landlords to invest in energy 

efficiency: certification allows them to recoup the cost of investment. The optimal 

upgrade level depends on the landlord’s investment cost type as detailed in Section 

2.3. 

In Treatment 5 (‘minimum upgrade’ treatment), landlords must invest to a 

minimum upgrade level of 3. All upgrade levels, together with upgrade prices, are 

displayed. In this treatment we expect an increase in the average upgrade level, but 

also anticipate that the random ordering process may lead to losses for some high-cost 

landlords if they are unable to make transactions with high-use tenants. This may lead 

to market exits, foregone transactions and lower levels of efficiency. 

In Treatment 6 (‘cost-share’ treatment), landlords are liable for 20% of their 

tenant’s energy bill. All upgrade levels are again displayed alongside upgrade prices. 

In this treatment, the equilibrium upgrade levels are unchanged. The cost-share 

arrangement may improve incentives to upgrade. However, we hypothesize that 

uncertainty – together with the complexity of heterogeneous types and endogenous 

quality – may also lead to market exits and higher upgrade prices. We are therefore 

interested in observing the interplay of these forces on upgrade levels and prices.   

Table 2 summarises the key features of the treatments, and Figures 1A and 1B 

contain the landlords’ and tenants’ decision trees for treatments 2-6, respectively. At 

the end of each period, subjects were shown their profits for the period and their 

cumulative profit. Participants were also given a summary of market activity in the 

period, including information on the number of properties rented, the associated 

upgrade prices and, according to the treatment, the upgrade levels for each property 

rented. This information was provided to generate a level of market familiarity, 
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consistent with individuals’ real-world association of upgrade prices with different 

types of accommodation. 

2.3     Research questions 

In our experimental framework, there are two game-theoretic optima: a 

separating equilibrium and a pooling equilibrium. In the separating equilibrium, low-

cost landlords invest in upgrade level 5 and sell to high-use tenants at an upgrade 

price of E$110 (or E$210 in the cost-share treatment). High-cost landlords invest in 

upgrade level 1 and sell to low-use tenants at an upgrade price of E$10 (or E$60 in 

the cost-share treatment). The separating equilibrium is optimal and achieves a 

surplus of E$270.10 In the pooling equilibrium, both types of landlords invest up to 

level 3 and sell at E$60. The maximum surplus possible under the pooling equilibrium 

is E$210. The theoretically optimal number of transactions is 6 for each period. The 

separating and the pooling equilibria are the same for all treatments except for the 

minimum upgrade treatment. Minimum upgrade policies preclude the possibility of 

one-star investments and shrink the maximum possible surplus in these markets to 

E$255. As this loss of efficiency is due to a policy intervention we continue to 

measure efficiency against the E$270 benchmark. 

We designed our experiment to evaluate the comparative benefits of different 

policies with respect to the following research questions: What is the associated 

welfare impact (efficiency) of the policies? Does the distribution of wealth vary 

between different segments of society (high/low investment cost landlords and 

                                                 
10 Maximum surplus is thus achieved when low-cost landlords rent properties with an upgrade level of 
5 to high-use tenants, and high-cost landlords rent properties with an upgrade level of 1 to low-use 
tenants. The surplus of this solution is calculated as: 270)515(3)70150(3  . That is, the 

difference between the benefit of level 5 energy efficiency to the high-use tenant and the cost to the 
low-cost landlord (times three as there are 3 such pairs) and the difference between the benefit of level 
1 energy efficiency to the low-use tenant and the cost to the high-cost landlord (again, times three as 
there are three such pairs). 
 



 14

high/low energy use tenants)? What are the average upgrade levels (energy efficiency 

ratings) for rented properties? How do rental prices change under different policies 

and what is the impact on the supply of houses in the market? 

3 Results 

We first present some broad descriptive overviews of the market and then, 

where appropriate, report results from non-parametric tests and estimates from 

multivariate parametric regression models. 

3.1    Upgrade levels, rental prices and transactions 

3.1.1 Results at the aggregate level 

In the owner-occupier treatment there are no market interactions. Subjects were 

asked to decide whether they wanted to upgrade and, if so, to what level. We find that 

as expected, when subjects faced low cost and high use, 99.14% chose upgrade level 

5. Similarly, 98.28% of the subjects with high-cost and low-use chose upgrade level 

1. Upgrade level 3 was chosen by subjects with both low cost and use (99.19%) and 

high cost and use (98.39%). The high level of consistency of choices in this treatment 

with theoretical predictions indicates that subjects managed to find the upgrade levels 

that maximized their payoffs. This result suggests that deviations from theoretical 

outcomes in the other treatments are unlikely to stem from subjects’ heterogeneity or 

from confusion regarding the decision process of the experiment.  

Figure 2 shows the average upgrade levels for the rented properties across the 

different policy scenarios. The average upgrade level of rented properties is at level 3 

for the owner occupier treatment. The average upgrade levels in mandatory 

information (2.77), voluntary information (2.93) and cost-share treatments (3.04) are 

not statistically different from each other using Wilcoxon rank-sum tests (p-value > 
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0.38 for all 3 comparisons).11 The average upgrade level of rented properties in the no 

information treatment (0.41) is significantly lower than in all other treatments (p-

value = 0.02 for all four comparisons). The average in the minimum upgrade 

treatment is significantly higher than the other treatments (3.74, with p-value = 0.02 

for all three comparisons); this is not surprising given that landlords must invest to 

level three or above. Figure 3 demonstrates that low-cost landlords systematically 

invest in higher upgrade levels than high-cost landlords. Also, high-cost landlords 

over-invest and low-cost landlords under-invest as compared to their theoretical 

prediction. In the no information treatment, investment levels are low for both 

landlord types, indicating that in this treatment both types have no incentive to invest 

in energy efficiency. 

Figures 4A-E show the upgrade prices and upgrade levels posted and accepted 

in one example group under each policy treatment. The dark circles indicate 

transaction prices and white circles show the prices that were posted by landlords but 

not accepted by tenants. The information on the upgrade levels is captured by the size 

of the circle and the number inside it. Figure 4A clearly shows that in the no 

information treatment, the only properties that are posted and rented are the ones 

associated with no or low upgrade levels, replicating the typical Akerlof “lemons 

market” outcome. The average upgrade levels decrease over time and from period 14 

onwards no investments or transactions take place, suggesting that tenants learned to 

be sceptical about quality.  

In the mandatory information treatment (Figure 4B), properties with a high 

upgrade level (circles with 5 written inside them) are rented at approximately E$110 

and the ones with a low upgrade level (circles with 1 written inside them) are rented 

                                                 
11 This is a non-parametric pair-wise test that evaluates differences across treatments, and is based on 
only one independent summary statistic value per session.  
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around E$10. With full information, market transactions are therefore consistent with 

the separating equilibrium and the theoretically optimal prices. The properties with a 

medium upgrade level (3 written inside the circle) are rented for upgrade prices in the 

middle of this range, consistent with a pooling equilibrium.  

In the voluntary information treatment (Figure 4C), landlords prefer to provide 

information about upgrade investments. Properties with information displayed are 

71% more likely to be rented, have higher average upgrade prices (E$53 versus 

E$32), and have higher average levels of upgrade (2.85 versus 0.4) than properties 

without this information. 94% of landlords did not disclose information about quality 

if they did not upgrade, whereas 100% disclosed the quality level when they upgraded 

to levels 4 and 5. As seen in Figure 4C, though the voluntary information session 

performs similarly to the mandatory information session, we find more instances of 

the pooling equilibrium being played throughout the 20 periods in the voluntary 

information treatment. In this treatment tenants pay on average 5% higher prices per 

upgrade level when the information on upgrade level is displayed than in the 

mandatory information treatment, where the landlords have no choice but to provide 

this information. 

In the minimum upgrade treatment (Figure 4D), properties must have 3 or more 

stars. We expect to observe low-cost landlords investing at level 5 and posting a price 

of E$110 and high-cost landlords choosing upgrade level 3 or exiting the market (as 

upgrade level 1 is not possible in this treatment). However this is observed only in the 

last 5 periods; in fact, the minimum upgrade requirement seems to act as a focal point 

and both landlord types choose upgrade level 3 often in this treatment. We show in 

Section 3.2 that the exit rates are high in this treatment, particularly for the high-cost 

landlords. Only when high-cost landlords exit the market do low-cost landlords 
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converge to the higher upgrade level and prices become consistent with the 

equilibrium prediction. 

In the cost-share treatment (Figure 4E) landlords incur 20% of tenants’ running 

costs (similar to energy bills). These costs are uncertain, and the higher upgrade prices 

reflect the direct increase in landlords’ costs as well as the premium required to insure 

against uncertainty. We do not see any separation in this market; there are lots of 

properties with upgrade levels 3 and 4 posted near the pooling equilibrium. Several 

landlords remain in the market without upgrading, and ‘try their luck’ with lower 

prices.  

3.1.2 Regression analysis: results at the individual level 

We now turn to regression models that include several controls for determinants 

of behavior and help us understand upgrade and price decisions at the individual level. 

Table 4 reports the results of a panel regression on the landlords’ choice of upgrade 

prices. We employ a random effects error structure, with the landlord representing the 

random effect. The models allow the upgrade price to depend on which upgrade level 

the landlords choose, whether they successfully rented in the previous period, 

treatment dummies, time trend (captured by 1/period number to account for the non-

linearity of the effect of time on upgrade price postings) and individuals’ 

characteristics, including preferences for risk and uncertainty elicited from the lottery 

tasks,12 age, gender and other demographic variables.13 The upgrade level is 

endogenous in this model, hence we use an instrumental variable approach, where the 

                                                 
12 We find that 76% of the participants are risk averse, 15% are risk neutral and 9% are risk lovers. In 
the uncertainty task, 80% of the participants chose an option that indicates that they are uncertainty 
averse, 13% are uncertainty neutral and 7% are uncertainty lovers. The risk and uncertainty aversion 
variables have a correlation coefficient of 0.28 (p-value = 0.00). In the regression we use a continuous 
measure of risk and uncertainty aversion. The continuous measures are also positively correlated 
however they have a lower coefficient of correlation. Our results are robust to alternative measures of 
risk and uncertainty aversion.   
13 Demographic characteristics of participants that we have controlled for are listed in Table 3 for each 
treatment. 
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instrument is whether the landlord faces a high cost (a dummy variable). The cost 

variable only influences the upgrade price indirectly, via the upgrade levels chosen. If 

the landlord faces high costs of investment, then the upgrade levels chosen are lower 

and this affects prices. The first stage regression is reported in Table 5.14   

Key results are robust to the two regression specifications presented in Table 4, 

with and without demographic characteristics. The landlord posts a higher price for a 

property that has been upgraded. The positive and significant impact of the time 

variable indicates that upgrade prices posted decrease over time, consistent with other 

experimental posted-price markets. If landlords were successful in renting in the 

previous period they posted a significantly higher price in the current period. The 

table also presents results from tests of equality of coefficients across treatment pairs. 

We find that upgrade prices posted are significantly higher in the cost-share treatment 

as compared to the mandatory information, voluntary information, and minimum 

upgrade treatments. The minimum upgrade treatment also exhibits higher posted 

upgrade prices as compared to the mandatory information and voluntary information 

treatments. There is no significant difference between the upgrade prices posted in the 

mandatory information and voluntary information treatments.15  

Table 5 presents results from the first stage of the instrumental variable 

regression which evaluates the impact of different explanatory variables on the 

upgrade level a landlord chooses.16 The table shows that landlords choose a lower 

upgrade level if they face higher costs. The profits made by the landlords in the 

                                                 
14 A random effects regression on upgrade levels demonstrates that in the owner occupier treatment, 
individuals with high costs chose lower upgrade levels, while high-use types chose higher upgrade 
levels. Risk averse and uncertainty averse participants chose lower levels of upgrades. For brevity’s 
sake, we do not present details on this regression.  
15 We also estimated separate models for each treatment and find that, as expected, the upgrade prices 
posted are significantly higher when the upgrade levels chosen are higher.     
16 We estimated an alternative ordered probit model for the upgrade levels chosen and the results are 
similar to the ones reported. 
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previous period, if they upgraded, does not have a statistically significant impact on 

the upgrade decision in the current period. The mandatory information, voluntary 

information and cost-share treatment exhibit significantly higher upgrade levels than 

the no information treatment. The second specification includes all individual specific 

characteristics and the main results are robust to these inclusions.17 

To investigate if the tendency towards the separating/pooling equilibrium is 

driven by the actions of a particular landlord type, we classified the landlords into 

categories based on their upgrade decisions. Subjects were categorised as being 

‘consistent’ if their decisions were consistent with type-specific predictions (i.e., in a 

separating equilibrium, high-cost landlords are expected to upgrade to level 1 and low 

cost to level 5; both upgrade to level 3 if they play the pooling equilibrium). Using 

this classification, we estimated a probit regression (clustering for standard errors at 

the individual level) to examine the determinants of the consistency of subjects’ 

upgrade behaviour. We find that subjects are significantly more likely to choose the 

separating equilibrium over time and significantly less likely to choose the pooling 

equilibrium over time. There is therefore some evidence of learning to play the 

separating equilibrium. Landlords facing high costs have a 7.5% higher likelihood of 

choosing the separating equilibrium (upgrade level 1) as compared to the low-cost 

landlords. Low-cost landlords have a 7.6% higher probability of choosing the pooling 

equilibrium (upgrade level 3). An equality of coefficients test for the treatments 

showed that in the mandatory information treatment the subjects select the separating 

equilibrium significantly more often than in the other policy treatments (p-value less 

                                                 
17 We also estimated different specifications that allow the effect of risk preferences to differ by 
treatment and by cost type of the landlord so as to isolate the heterogeneous impact of risk on 
individuals in different treatments. Our main results remain unchanged and the interaction variables do 
not report statistically significant coefficients. Interaction variables between cost type and treatments 
show that landlords with high costs have a significantly lower probability of upgrading in each 
treatment as compared to low-cost ones.    
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than 0.03 in all three comparisons). In the voluntary information treatment subjects 

choose the separating equilibrium more often than in the cost-share treatment (p-value 

= 0.01). Demographic variables have no predictive power in explaining the 

consistency of subjects’ behaviour. This indicates that while the treatments (i.e., the 

policy options being considered) affect equilibrium selection, the demographic 

variables have no systematic influence.18  

We now examine the tenant’s decision to rent a property in treatments 2-6. 

Table 6 presents results from a probit model that accounts for individual specific 

heterogeneity by clustering standard errors. The dependent variable is whether tenants 

rent or not, which depends on whether they are high-use or low-use type, treatment 

dummies, their order of entry into the posted offer market and other individual 

specific characteristics. As expected, we find that the high-use tenants have a higher 

likelihood of renting in the market. All tenants have a significantly higher probability 

of renting in the mandatory information, voluntary information, minimum upgrade 

and cost-share treatments than in the no information treatment, with propensity to rent 

being highest in the mandatory information treatment (76%), then the voluntary 

information (66%), minimum upgrade (55%) and cost-share treatments (51%). The 

tests of equality of coefficients across treatments show that these differences are 

significant in all pair-wise comparisons.  

Tenants who enter the market later have approximately 7% lower probability of 

renting, suggesting that the random ordering of the posted offer institution can 

influence the trades in the market. In an unreported regression using an interaction 

effect between the order of entry into the market and the different treatments, we find 

that late entry reduces the trading probability in all treatments. In addition, an 

                                                 
18 The regression tables are not presented due to space constraints.  
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interaction effect between the order of entry and tenant type shows that this impact is 

greater for the low-use tenant (p-value= 0.00).19  

3.2 Market participation and exits 

The profit maximising strategy is for landlords to stay in the market and 

upgrade to level 1 (high-cost landlords) or 5 (low-cost landlords). The only treatment 

where this strategy is not available to some landlords is in the minimum upgrade 

treatment, where high-cost landlords who have upgraded their properties to levels 3 or 

higher in previous periods may exit the market to avoid losses from failed attempts to 

rent their properties. 

The exit rate for landlords ranges from 2% to 25% across treatments. In the 

minimum upgrade and the cost-share treatments we see significantly higher rates of 

market exits (25% and 15% exit respectively), compared to the no information, 

mandatory information and voluntary information treatments (4%, 3% and 2% exit 

respectively). All 6 comparisons have a p-value < 0.03. In the minimum upgrade 

treatment landlords exit at a higher rate than the cost share treatment (p-value=0.04). 

Exit rates increase as the market matures and are always higher for high-cost 

landlords. For example, in the minimum upgrade treatment no low-cost landlords exit 

the market; however 50% of the high-cost landlords exit. In comparison, both low- 

and high-cost landlords exit the market in the cost-share treatment (7% and 23% 

                                                 
19 In alternative specifications of the probit model we included the posted upgrade prices in the 
regression. We calculated the average price posted and the minimum price posted in a period and use 
these as explanatory variables in separate regressions. We find, as expected, a negative relationship 
between price and the probability of trading using both these prices. All the results presented in Table 6 
are robust to the inclusion of these variables. Further, the marginal effects show that the magnitude of 
the treatment dummies is larger than the magnitude of the upgrade prices. The treatment dummies 
include some of the price effect as the prices posted are different depending on treatment. The price 
variables are strongly correlated with the treatments (all correlations between minimum upgrade price 
and treatments 2-6 are significant and have a p value = 0.000). Hence the price variable in the 
regression reports only the additional effect of prices that is not captured by the treatment dummies. 
The regressions show that this residual price effect is small. The regression tables are not presented due 
to space constraints but are available from the authors.    
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respectively). In both treatments, however, the high-cost landlords exit significantly 

more often that the low-cost landlords (p-value in both comparisons <0.04).   

The exit rate for tenants varies from 24% to 69% for the different policy 

options. Tenants exit the market most often in the no information treatment (69% of 

the time), least often in the mandatory information and voluntary information 

treatments (24% and 34% respectively) and 45% and 49% of the time in minimum 

upgrade and cost-share treatments. Tenants are more likely to exit in the voluntary 

information treatment as compared to the mandatory information treatment (p-value = 

0.02). Again the low-use types exit at a significantly and dramatically higher rate than 

the high-use types (Low: 45%, 66%, 85% and 92% respectively for the 4 policy 

treatments; High: 2%, 2%, 3% and 5%), with all comparisons associated with a p-

value <0.03. 

3.3 Efficiency 

Figure 5 reports the efficiency levels and the percent of potential transactions 

that are realized in each of the treatments. Efficiency is defined as the percentage of 

gains realized from exchange, relative to the maximum gain possible in the market. 

The maximum possible gain in each period is E$270.  

In the owner occupier treatment the upgrade and use decisions are internalized 

and participants achieve 97% of efficiency. When we introduce the rental market, 

efficiency levels drop dramatically, with the highest average efficiency being 62% in 

the mandatory information treatment.20 The no information treatment has the lowest 

level of efficiency (2%). Mandatory information, voluntary information and minimum 

upgrade treatments have similar average efficiency levels (62%, 55% and 58% 

respectively). The cost-share treatment achieves an efficiency level of 46%. This 
                                                 
20 In the last five periods, the efficiency level rose to 73% in this treatment. Efficiency rises over time 
in all treatments by about 10% in the last five periods, except in the no information treatment, where it 
decreases through time.  



 23

suggests that in the presence of forward investment, heterogeneous renters, 

heterogeneous upgrade costs, and policy intervention the posted offer market yields 

low levels of efficiency. Previous experiments have shown that the posted-offer 

institution takes longer to converge to competitive predictions and has lower 

efficiency levels than double auctions (Davis and Holt, 1993).21  

To examine treatment differences in a robust manner we conduct pair-wise 

Wilcoxon rank sum tests.22 Using this conservative non-parametric test we find that 

average efficiency levels are not statistically different between mandatory and 

voluntary information treatments (p-value = 0.19), nor between the 

mandatory/voluntary information and minimum upgrade treatments (p-value > 0.40 in 

both comparisons). The efficiency levels of mandatory and voluntary information 

treatments are marginally higher than that of the cost-share treatment (p-value < 0.08 

in both comparisons). There is no statistical difference between the minimum upgrade 

and the cost-share treatment (p-value = 0.15) and, as expected, efficiency is much 

higher in all treatments compared to the no information treatment (p-value = 0.02 in 

all comparisons).23  Relative to the theoretical optimum of 6 transactions, the number 

of transactions is highest in the mandatory information treatment (76%) resulting in 

62% efficiency. However number of transactions per se may not be a good indicator 

                                                 
21 Some of the features that were incorporated to improve the external validity of our findings (e.g., the 
heterogeneity on both sides of the market and forward investment on the sellers’ side), could also 
lengthen the learning process for the participants and hence reduce efficiency gains.  
22 We are interested primarily in performance after an initial learning and equilibration phase. We 
therefore examine the data from the last five periods in each session. Similar conclusions hold, 
however, when considering all 20 periods. 
23 A closer examination of the determinants of efficiency using regressions (with standard errors 
clustered at the session level) shows that the exit rates of landlords and tenants affect efficiency. 
Landlord exits improve efficiency in the minimum upgrade and cost share treatments, coefficients have 
a p-value=0.00). Several high-cost landlords opt to exit the market in the minimum upgrade treatment 
as they are restricted from playing the separating equilibrium. The increase in surplus to the low-cost 
landlords, however, more than offsets the foregone surplus of high-cost landlords and overall efficiency 
improves due to the exit of these landlords. Tenant exits always significantly reduce efficiency in all 
treatments, p-value=0.00 in all treatments. The regression tables are not presented to save space. 
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of healthy markets: the no information treatment achieves 31% of transactions but 

only leads to 2% of efficiency. 

3.4 Surplus distribution 

We find that in all treatments (except the no information treatment) landlords 

make less profit than tenants. This may be attributed to the forward production 

characteristics of the modelled market, similar to the framework in Mestelman et.al. 

(1987). In the no information treatment tenants make a loss and in the cost-share 

treatment landlords make a loss (See Figure 6). 

All policy interventions favour low-cost landlords and high-use tenants, 

generating higher profits for these groups.  High-cost landlords make a loss in all 

treatments except the no information treatment, and low-use tenants’ profits are low 

in general.24 All tenants make losses in the no information treatment. In the minimum 

upgrade treatment, low-use tenants make lower levels of surplus than they do in the 

voluntary information and the mandatory information treatments. The opposite is true 

of high-use tenants, who make higher levels of surplus in the minimum upgrade 

treatment. The minimum upgrade treatment thus has welfare implications, as it 

exacerbates the profit gap between the low-use and high-use tenants.  

4 Summary of findings and policy recommendations 

Our experiment mimics key characteristics of the rental market and tests the 

impact of policies designed to increase landlord investments in energy efficiency. We 

include two baseline treatments: an owner-occupier scenario, and a ‘status quo’ rental 

market. The results from the owner-occupier baseline confirm that when incentives 

are aligned, individuals can achieve optimal investment levels depending on their cost 

                                                 
24 Determinants of profits under different policy options indicate that being a high-cost landlord 
significantly reduces profits in all four treatments (p-value=0.000). Similarly being a high-use tenant 
increases profits in all four treatments (p-value=0.000). These regressions are not reported due to space 
constraints.  
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and use type. Consistent with the literature, the ‘status quo’ baseline rental market 

with missing information gives rise to a ‘lemons market’ outcome, characterised by 

low levels of investments and very low levels of efficiency. We evaluate four policy 

treatments against their ability to close the energy efficiency gap between the owner-

occupier baseline and the ‘status quo’ market. 

We find that information (that is verified and costless in our framework) 

unequivocally improves market efficiency, with mandatory information, voluntary 

information and minimum upgrade schemes achieving the highest levels of efficiency. 

All policy interventions confer greater benefits on low-cost landlords and high-use 

tenants than on high-cost landlords and low-use tenants. 

Mandatory information and voluntary information policies deliver comparable 

empirical performance in terms of efficiency, upgrade levels and upgrade prices in 

our experiment where certification is costless. Existing research suggests that if 

landlords bear certification costs, then this may drive a wedge between the efficiency 

levels of mandatory information and voluntary information policies. In addition, 

monitoring and enforcing a mandatory scheme could increase the costs of such a 

policy. These aspects may make voluntary schemes appear more attractive from a 

policy point of view. However, tenants choose to rent significantly more often in the 

mandatory information treatment which could imply that tenants are more 

comfortable or confident in this market. In the voluntary treatment tenants pay on 

average 5% higher prices per upgrade level when the information on upgrade level is 

displayed than in the mandatory information treatment, where the landlords have no 

choice but to provide this information. This price increase (or information premium) 

might also be the reason why we observe fewer transactions in the voluntary 

information treatment.  Our experiment therefore suggests that although a voluntary 
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program will be just as successful as a mandatory one in most areas, there may be 

lower levels of tenant participation. 

The regulatory approach, mandating upgrades to level 3 or above, is associated 

with a higher average upgrade level than the mandatory and voluntary information 

schemes. However, it is also associated with fewer properties available in the market. 

Though the high-cost landlord and the low-use tenant could otherwise enter a 

mutually beneficial transaction, the minimum upgrade regulations prevent them from 

doing so. Minimum upgrade regulation eventually forces high-cost landlords out of 

the market. The upgrade prices are higher in this treatment and low-cost landlords 

accumulate higher levels of surplus because the exit of high-cost landlords restricts 

supply. By reducing the rental housing supply and increasing prices, this policy may 

have equity implications: the only participants that disproportionately benefit from 

this policy are the low-cost landlords.  

A cost-share policy achieves similar efficiency levels as the minimum upgrade 

scheme, but a significantly lower level of efficiency than the voluntary and mandatory 

information schemes. This treatment generates the highest upgrade prices in our 

experiment, most likely because landlords face uncertainty regarding their share of the 

energy bill.  

Besides overall efficiency, policy makers are often interested in the 

distributional effects of regulations. By including heterogeneous types on both sides 

of the market, we have been able to explore the distributional implications of policies, 

hence making our design and results relevant and illustrative for policy-makers. In our 

experimental setup the participant types were symmetric. In the field, the proportion 

of types may differ and while this may not change the ordering of our policy 

comparison, it is likely to make the differences starker (for example, with a higher 
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proportion of high-cost landlords and low-use tenants the minimum upgrade policy 

could lead to more market exits and a greater impact on the overall efficiency). 

While our experiment considered a single period of rent and a fixed term 

contract, it is likely that the above policies would have an impact on the preferred 

length of lease for landlords and tenants alike. For example, a minimum upgrade 

policy is likely to increase the preferred length of lease for landlords (so they can 

assure the recovery of their costs through rental payments) and a no information 

policy may mean that tenants prefer flexible lease length so they can have flexibility 

to move if the property turns out to be a ‘lemon’. 

Our research highlights that market failures in rental markets are more 

complicated than a simple information problem. To the best of our knowledge there 

are no other experiments that explore investments in energy efficiency in the rental 

market. The research reported here is a first step. There is a suite of further research 

that could enrich the debate around the energy efficiency investment gap and 

illuminate how government policy can influence outcomes. The experiment discussed 

in this paper kept the number of potential market participants unchanged across time. 

In the field however, vacancy rates could vary through time, hence there is scope to 

further explore the impact of low levels of supply on policy efficacy. We also assume 

complete compliance and a robust certification scheme. In future research the 

likelihood of non-compliance may be interesting to examine when evaluating 

different policy interventions. Additionally, our research does not account for large-

scale corporate landlords, who could supply a substantial segment of the rental stock 

in some countries. Policies targeting corporate owners merit further research, as these 

corporations may demonstrate different risk preferences (that they may pool over 

residential and commercial properties) and may exercise market power. 
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Recent empirical research suggests that the ‘rebound’ effect may reduce the 

benefits of energy efficiency measures over time (see, for example, Herring et al, 

2007, and Hong et al, 2006). If governments are interested in environmental 

outcomes, then additional research isolating the difference between policies that 

encourage energy conservation and energy efficiency may be useful. Our research 

does not account for individuals’ potential interest in environmental outcomes. 

Energy efficiency investment in our paper is motivated by private benefits incurred by 

occupants. Experiments that explore the impact of individuals’ altruistic interests or 

the impact of policies that target contributions to public goods (e.g. moral suasion 

policies) would complement this research. 
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5 Tables 
 
Table 1. Experimental parameters: upgrade levels, energy efficiency gains, investment 
cost and reductions in energy bill 
 

Upgrade 
level 

% Reduction 
in energy use 

 

Investment cost 
(high-cost 
landlord)* 

),( HCxf   

Investment cost 
(low-cost 
landlord)* 

),( LCxf   

Reduction in 
energy bill 

(high-use tenant) 

),( HUyf   

Reduction in 
energy bill  

(low-use tenant) 

),( LUyf   

0 0% 0 0 0 0 

1 5% 5 2.5 30 15 

2 10% 25 12.5 60 30 

3 15% 50 25 90 45 

4 20% 85 42.5 120 60 

5 25% 140 70 150 75 
* High-cost and low-cost landlords were given an endowment of E$600 and E$300 respectively in each 
period.  
 
 
 
Table 2. Key features of treatments 1-6 

Treatment 
number 

Treatment  
name 

Rental 
market? 

Upgrade levels 
available? 

Who pays energy 
cost? 

Information 
on upgrade 

level 
available? 

Session 
numbers 
(subject 

numbers) 

T1*  
Owner- 
occupier 

No 0-5 
100% owner-

occupier 
Yes 2(24)  

T2 No information Yes 0-5 100% tenant No 4(48) 

T3 
Mandatory 
information 

Yes 0-5 100% tenant Yes 4(48) 

T4 
Voluntary 

information 
Yes 0-5 100% tenant Voluntary 4(48) 

T5 
Minimum 
upgrade

Yes 3-5 100% tenant Yes 4(48) 

T6 Cost-share Yes 0-5 
80% tenant 20% 

landlord 
Yes 4(48) 

* The control treatment had the same features as T1 and was run before each of the treatments.  
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Table 3. Demographic characteristics of the participants (by treatments) 
 

Variable Description Overall T2 T3 T4 T5 T6 

Switch in Risk Task 
6.5 

(switched after 6th game) 
6.5 7.2 6.8 6.3 6.1 

Switch in Uncertainty Task 
7.8 

(switched after 7th game) 
8.1 8.1 8.3 7.8 7.2 

Age (years) 21.6 21.8 21.5 21.4 20.8 22. 44 

Male (%) 0.59 0.52 0.60 0.58 0.73 0.56 

Area of Study: Bus Econ (%) 0.44 0.42 0.48 0.48 0.38 0.46 

Participants with Lower 
Grades (%) 

0.44 0.44 0.54 0.50 0.33 0.42 

Inexperienced (%) 0.22 0.13 0.04 0.04 0.38 0.52 
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Table 4. Landlord’s choice of upgrade price: estimates from a random effects IV 
regression 
 

 (1) (2) 
VARIABLES Upgrade price Upgrade price 
Time  25.402*** 24.371*** 
 (3.787) (3.806) 
Upgrade Level 10.006*** 9.899*** 
 (0.851) (0.851) 
Rented in Previous period 2.032** 1.946* 
 (1.007) (1.013) 
T3 -3.271 -2.434 
 (4.132) (4.168) 
T4 -0.970 -0.003 
 (4.130) (4.177) 
T5 6.086 6.955 
 (4.536) (4.596) 
T6 88.164*** 88.730*** 
 (4.172) (4.222) 
Risk Task  -0.094 
  (0.601) 
Uncertainty Task  0.479 
  (0.500) 
Age  0.551 
  (0.0.485) 
Male  1.126 
  (2.167) 
Buseco  -0.157 
  (2.127) 
Weak_student  -0.980 
  (2.105) 
Inexperienced  -0.152 
  (2.827) 
Constant 20.487*** 5.191 
 (3.197) (12.137) 
Test T3=T4: p-value 0.469 0.428 
Test T3=T5: p-value 0.005*** 0.006*** 
Test T3=T6: p-value 0.000*** 0.000*** 
Test T4=T5: p-value 0.034** 0.044** 
Test T4=T6: p-value 0.000*** 0.000*** 
Test T5=T6: p-value 0.000*** 0.000*** 
Number of subjects 114 113 
Wald Chi2 1440.59 1480.30 
Prob > Chi2 0.000*** 0.000*** 
Standard errors in parentheses   
*** p<0.01, ** p<0.05, * p<0.1  
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Table 5. Landlord’s choice of upgrade levels: first stage regression estimates  
 
VARIABLES (1) 

Upgrade 
Level  

(2) 
Upgrade Level 

Dummy: high-cost landlord -1.083*** 
(0.046) 

-1.089*** 
(0.046) 

Time -0.107 
(0.187) 

-0.089 
(0.188) 

Rented in previous period -0.011 
(0.079) 

-0.001 
(0.080) 

Profit from upgrading in 
previous period 

0.001 
(0.001) 

0.000 
(0.001) 

T3 1.997*** 
(0.187) 

2.050*** 
(0.188) 

T4  
2.014*** 
(0.186) 

2.057*** 
(0.188) 

T5 2.735*** 
(0.190) 

2.819*** 
(0.191) 

T6 2.042*** 
(0.186) 

2.053*** 
(0.191) 

 
Age 

 0.026 
(0.024) 

Male  -0.050 
(0.107) 

Buseco  -0.066 
(0.105) 

Weak_student  0.010 
(0.104) 

Inexperienced  -0.024 
(0.140) 

Risk Task  0.041 
(0.030) 

Uncertainty Task  0.028 
(0.025) 

Constant 1.244*** 
(0.157) 

0.199 
(0.599) 

Wald Chi2 
Prob > Chi2 

809 
0.000*** 

833 
0.000*** 

Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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Table 6. Tenant’s decision to rent a property: estimates from a Probit analysis  
 
 (1) (2) 
VARIABLES Probability of Renting Probability of Renting 
Dummy: high-use tenant 0.660*** 0.663*** 
 (0.040) (0.039) 
Time 0.219*** 0.218** 
 (0.082) (0.083) 
T3 0.488*** 0.497*** 
 (0.047) (0.041) 
T4 0.408*** 0.417*** 
 (0.056) (0.051) 
T5 0.304*** 0.297*** 
 (0.066) (0.063) 
T6 0.252*** 0.225*** 
 (0.070) (0.076) 
Order of Entry into Market -0.069*** 

(0.009) 
-0.068*** 

(0.009) 
Risk Task  -0.005 
  (0.015) 
Uncertainty Task  -0.014 
  (0.013) 
Age  0.007 
  (0.007) 
Male  0.050 
  (0.043) 
Buseco  -0.027 
  (0.039) 
Weak_student  0.024 
  (0.042) 
Inexperienced  0.026 
  (0.039) 
Test T3=T4: p-value 0.000*** 0.000*** 
Test T3=T5: p-value 0.000*** 0.000*** 
Test T4=T5: p-value 0.000*** 0.000*** 
Test T6=T3: p-value 0.000*** 0.000*** 
Test T6=T4: p-value 0.000*** 0.000*** 
Test T6=T5: p-value 0.049** 0.037** 
Observations 2,399 2,379 
Pseudo R-squared 0.396 0.399 
Robust standard errors in parentheses and are clustered at the individual level; *** p<0.01, ** p<0.05, 
* p<0.1; “Probability” reports the marginal effects from a probit regression calculated at the mean 
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6 Figures 

 
Figure 1A. Landlords’ decision sequence (Treatments 2 – 6) 

 

 Yes 
Asset leased 

Profit = Lease price – 
Investment cost 

 No 
Asset not leased 

Profit = – Investment cost

Landlord presented with 
information on investment 

costs for upgrade levels 0-5 
and the energy efficiency 

gains. 

Decide whether to participate 
in rental market for assets. 

No 
End of decision 

sequence. 
Profit = 0 

Decide upgrade price. 

Yes No 

Asset Leased? 

Treatment 4 
Price displayed.  

Yes 
Select upgrade level 

Treatment 2,3,4,6: 0-5 
Treatment 5: 3-5

Treatments 3,5,6 
Price and upgrade 

level 
displayed.

Treatment 2 
Price displayed. 

Upgrade level not 
displayed. 

Decide whether to 
display upgrade level
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Figure 1B. Tenants’ decision sequence (Treatments 2 – 6) 

 

 

 
 

 Tenant endowed with a budget for the 
period.  

Receives information in energy and the 
reduction in savings associated with 

upgrade levels 

  
Approach rental market in random order. 

Decide whether to rent property. 
 

  
No 

End of decision sequence. 
Profit = 0 

 

  
Yes 

Select asset. 

 Incur running costs, adjusted for level of 
investment in the chosen asset. 

Profit = budget – lease price – running 
costs. 
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Figure 2. Average upgrade levels for rented properties for all periods 
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Figure 3. Average upgrade level for rented properties by landlord type 
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Figure 4A. Upgrade price and upgrade level with no information 
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Figure 4B. Upgrade price and upgrade level with mandatory information 
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Figure 4C: Upgrade price and upgrade level with voluntary 

information
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Figure 4D. Upgrade price and upgrade level with minimum upgrade 
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Figure 4E. Upgrade price and upgrade level with cost-share 
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Figure 5.  Market efficiency and transactions across treatments 
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Figure 6. Landlord and tenant profit distribution by treatment 
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