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A B S T R A C T   

Regulators acting on behalf of the public need to understand the interests of the people they represent. This paper 
describes a collaboration with the OECD and Scotland’s water industry to deploy randomised behavioural ex-
periments to investigate preferences for water charges. In a study conducted online (n = 500) and face-to-face (n 
= 100), participants rated price trajectories for acceptability, where the temporal pattern, presentation, 
magnitude of increase and provision of aggregated information were experimentally manipulated across pre-
sentations and participants. Results showed that households dislike putting off impending price increases. The 
study demonstrates how behavioural experiments can support more empirically informed regulation.   

1. Introduction 

Regulators of monopoly industries must balance multiple priorities. 
In addition to specific statutory duties and accountability requirements, 
these generally include monitoring company performance and compli-
ance, setting detailed industry targets to align with broader government 
policy objectives, and seeking value for money coupled with consumer 
protection. One common regulatory task is to negotiate prices and ser-
vice levels in industries that are not subject to market competition. 
When consumers cannot express preferences for price and service 
through choice, their representation may become a matter for the 
regulator, at least within constraints set by policy. However, it may be 
challenging to ascertain the citizenry’s views and represent them 
accurately. 

A contemporary answer to this question is “customer engagement”, 
which aims to understand consumers’ needs, preferences and views, 
then factor these into business decisions. Customer engagement has 
become a vital aspect of regulatory decision making (Hahn et al., 2020), 
including in water industries (Annesi et al., 2021). Modern regulators 
routinely commission qualitative and quantitative research to obtain 
and exploit insight into what citizens want from the regulated industry, 
for example, by measuring consumer engagement in, comprehension of, 

and attitudes towards a regulated market (e.g., Walker, 2018), exploring 
consumer needs and preferences in relation to new regulatory policy 
proposals (e.g., Ofgem, 2020), or pre-testing communication materials 
(e.g., Martins & Moura e Sá, 2020). 

The water industry in Scotland, which is the focus of the present 
study, has championed the role of customer engagement. Scotland’s 
regulatory architecture for water requires that multiple actors consider 
and represent the preferences of Scottish households regarding their 
water supply, the infrastructure and systems required to deliver it, and 
any associated economic, environmental, and social consequences. In 
2011 a “Customer Forum” was established to represent customer in-
terests to the regulator, the Water Industry Commission for Scotland 
(WICS), and the publicly owned monopoly provider, Scottish Water. The 
Forum aims to understand and represent customer priorities via a 
constructive and collaborative stakeholder process. In this, it has been 
judged a success: Littlechild (2014) described the process as “one of the 
most innovative, successful and encouraging developments in UK utility 
regulation” (p.207). 

Nevertheless, measuring and understanding citizens’ preferences is 
hard. In recent times, behavioural economics has advanced our under-
standing of the mechanisms behind people’s judgements and decisions. 
This improved understanding has not, however, made the job much 
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easier. The findings of behavioural economics have uncovered many 
inconsistencies and biases in how people express and act on their pref-
erences (Beshears et al., 2008; DellaVigna, 2009), meaning that some 
methods for measuring preferences might be misleading. This work has 
led to calls for empirically informed regulation that considers such 
phenomena (Sunstein, 2011), with behavioural and experimental 
methods applied directly to regulatory policy problems (Lunn, 2014). 
The present study contributes to these broader aims. 

We report the results of a multi-stage, applied experimental analysis 
designed in collaboration with WICS and the Organisation for Economic 
Co-operation and Development (OECD). The study deployed empirical 
techniques informed by behavioural economics to measure responses of 
Scottish householders to different possible price trajectories for water 
charges over the coming years. The method differed from standard 
stated preference surveys in that it incorporated multiple controlled 
manipulations in a fully randomised experimental design. While some 
recent work on price caps in the water industry has deployed rando-
mised presentations of historical data in a choice task (Robak et al., 
2021), our view is that there is potential to make greater use of 
controlled behavioural experiments. The present experiment consisted 
of a series of within- and between-subject manipulations of how infor-
mation about possible future price trajectories was presented. The use of 
randomisation permits strong inferences about the direction of relative 
preferences. The aim was to get beyond the observation that judge-
ments, decisions and behaviour can be inconsistent or contradictory, to 
illuminate decision-making mechanisms and improve inferences about 
underlying household preferences (Beshears et al., 2008). 

The following overarching research question constituted the basis for 
the study: How acceptable do households find different trajectories for 
water charges over the short to medium term? In a monopolistic context 
where households have no choice over different trajectories, research 
must rely on stated (as opposed to revealed) preferences to answer this 
question. Different hypothetical scenarios are presented to survey par-
ticipants for them to rate or choose. However, existing behavioural 
research, briefly reviewed in the next section, indicates that responses 
can vary depending on how questions are asked. Measures may be 
sensitive to references to inflation, the range of response options, 
whether increases are described as percentages or in pounds-and-pence 
terms, the timing of increases and whether accumulated costs are made 
explicit. Consequently, the study design sought experimental control 
over these factors, such that their influence on elicited acceptability 
could be measured and better understood. The outcome offers greater 
insight into underlying preferences than is possible with standard survey 
techniques. 

This research aimed not to provide a comprehensive economic wel-
fare analysis by attempting to estimate preference functions for price 
and service, nor to identify the individual preferences of different con-
sumers. Rather, it was to understand how a representative sample of 
Scottish water consumers views different realistic future pricing options, 
given the likely future scenarios for the Scottish water industry. In doing 
so, the study supplied direct evidence of the likely response to potential 
policy options. The paper’s contribution is ultimately threefold. First, it 
demonstrates how carefully designed behavioural experiments can be 
deployed to answer research questions of interest to regulatory policy-
makers (Eckel and Lutz, 2003; Lunn and Ní Choisdealbha, 2018). Sec-
ond, it sheds light on the psychological mechanisms individuals use to 
evaluate price trajectories, with implications for other areas and in-
dustries. Third, it provided direct evidence to inform the review of prices 
in Scotland. 

2. Price trajectories and relevant behavioural phenomena 

The acceptability of price rises is linked to perceptions of fairness 
(Kahneman et al., 1986). This understanding may be particularly rele-
vant in the context of a natural monopoly such as water supply, where 
consumers cannot “opt-out” of consuming the good. In Scotland, citizens 

are typically content with the standard of their water service and 
perceive it to provide value for money (Walker, 2018). However, un-
derstanding of water charges is reported as low. One-third of survey 
respondents do not know how water charges are determined (Moyes, 
2018), and 20% do not know that charges are tied to local tax bands 
(Walker, 2018). Thus, some effort is required to ensure that insights into 
what citizens want from the industry are not contaminated by mis-
conceptions. Accordingly, our experimental design established these 
initial basic facts for participants. 

In judging price changes over time, individuals often consider 
changes in nominal rather than real terms, failing to account for infla-
tion. This money illusion (Shafir et al., 1997) would likely influence re-
sponses. Moreover, even when asked explicitly, evidence suggests that 
individuals misperceive the rate of inflation (Duffy and Lunn, 2009; 
Arioli et al., 2017). To gauge the influence of these factors on the 
acceptability of water charges, we manipulated whether price changes 
were expressed relative to inflation, and we obtained a measure of 
perceived inflation. 

Similarly, framing otherwise equivalent discounts as either an ab-
solute numerical change in price or a percentage change can influence 
decision-making (e.g., Krishna et al., 2002). Evidence on the direction 
and cause of this effect is not conclusive. When prices fall, a preference 
for monetary changes may arise because these are easier to calculate 
than percentages (DelVecchio et al., 2007). However, evidence on tax 
rises suggests that what constitutes a “fair” monetary increase is quan-
titively greater than a comparable “fair” percentage increase (Hite and 
Roberts, 1991), although the levels of income and tax used in that study 
were much larger than annual water charges. This finding may matter, 
as the absolute size of an initial price can alter the relative impact of 
monetary versus percentage changes (Chen et al., 1998). Given this lack 
of consensus in existing literature, we directly compared responses to 
equivalent monetary and percentage changes. 

With respect to how prices evolve over several years, multiple 
competing behavioural phenomena might influence acceptability. In-
dividuals do not evaluate the same objective costs or rewards equally or 
consistently when faced with intertemporal choices (Frederick et al., 
2002; Ericson and Laibson, 2019). With regard to financial gains, this 
typically manifests as a bias favouring the present (Thaler, 1981; Laib-
son, 1997; O’Donoghue and Rabin, 2015). Work specific to water 
charges has demonstrated variation in individual discount rates when 
faced with trade-offs between upfront costs and future reductions in 
charges, with acceptance influenced by socio-demographic factors and 
consumer experiences of the sector (Robak and Bjornlund, 2019). For 
financial losses, which include price increases, whether there is a desire 
to delay or overcome them can depend on the size of the loss (Hardisty 
et al. 2013). General preferences depend on whether the question is 
framed as an explicit choice or how much monetary compensation is 
required to undergo the event (Frederick and Loewenstein, 2008). 
Moreover, for a given overall outcome, people generally prefer good 
things (such as income) to be increasing over time (Loewenstein and 
Sicherman, 1991) and bad things (such as pain) to be decreasing (Varey 
and Kahneman, 1992). 

In addition to the differential weighting of costs and benefits over 
time, evidence suggests that people do not intuitively accumulate reg-
ular payments accurately. The granularity of temporal disaggregation 
alters the attractiveness of prices – the so-called “pennies-a-day” effect 
(Gourville, 1998). Recent evidence finds that, in general, individuals are 
inclined to underestimate the accumulation of numbers into a total sum, 
including when dealing with prices (Scheibehenne, 2019). Where prices 
increase proportionally, “exponential growth bias” is also relevant. In-
dividuals underestimate accumulation over multiple rounds of expo-
nential growth in mathematical (Wagenaar and Sagaria, 1975) and 
compound-interest calculations (Stango and Zinman, 2009). 

Our primary experimental manipulations underpin our multiple 
findings regarding the weighting of costs and benefits over time. We 
varied the timing of price changes and whether accumulated amounts 
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were made explicit for a given amount of revenue raised. The regulatory 
cycle in Scotland has previously conducted price determination reviews 
on a six-year basis in their Strategic Review of Charges (e.g., WICS, 
2014). Over a cycle, there are multiple ways to achieve a target level of 
revenue, including consistent, proportionate increases, one-off price 
increases, and front-loaded or back-loaded increases. We elicited rela-
tive preferences between these price trajectories, first without and then 
with explicit information on accumulated amounts. 

3. Experimental design 

Within the overarching research question, three stages addressed the 
following questions: 

1) What are households’ prior views (i.e., before being given any in-
formation) about what constitutes an acceptable annual price change 
for water charges? (Stage 1)  

2) How is the acceptability of price trajectories affected by their size, 
shape, and presentation over the medium term? (Stage 2) 

3) How is the acceptability of price trajectories affected by explicit in-
formation about the accumulated charge and revenue generated? 
(Stage 3) 

The study was a computerised experiment conducted with a larger, 
representative, online sample (n = 500) and a smaller, representative, 
face-to-face sample (n = 100) of adults residing in Scotland. As the use of 
online experiments to capture large representative samples at relatively 
low cost has expanded, research has sought to confirm that results 
generalise from conventional face-to-face ‘laboratory’ to online envi-
ronments (e.g., Arechar et al., 2018). This present study also adopted 
this approach. 

Stage 1 focused on charges over the coming year. Stages 2 and 3 then 
presented participants with six-year price trajectories in the form of 
tables displaying the changes in annual charges (see example in Fig. 1). 
Annual price changes and price trajectories varied in size, timing, format 
presentation, and additional information about accumulated changes. 
As described below, some experimental manipulations were carried out 
within-subject, others between-subject. 

3.1. Stage 1: Short-term price changes 

The first stage elicited responses to immediate singular price 
changes. The aim was to establish participants’ views before being 
exposed to any explanation or information. Participants were shown a 
range of possible price changes and asked which was the most accept-
able over the next year. 1 There was no reference to implications for 
service quality or any other indication of the purpose of price changes; 
participants were free to infer the implications of price changes for 
service as they wished. Participants were randomised to view different 
versions according to a 2 × 2 between-subject design.2 

The first manipulation, “Description”, tested for an effect of money 
illusion. Half of the participants were assigned to the “Money” condition 
and saw descriptions framed as monetary changes (e.g., “increase by 
£5.01 - £10.00”). The other half, in the “Inflation” condition, saw 

descriptions instead framed relative to inflation (e.g., “increase at the 
annual inflation rate”). Given the average annual cost of water 
(£363.00) and the contemporaneous announced inflation rate (2.50%– 
2.70%, since the experiment ran over two consecutive months3), the 
approximate cost of each option was almost identical. Despite this, from 
a technical perspective, the manipulation is arguably not a pure 
“framing effect” (i.e., the same information framed differently) since the 
reference to inflation arguably constitutes a form of information provi-
sion that might prompt respondents to consider the justification for the 
price change. However, our concern here is not to demonstrate a pure 
framing effect but to test alternative conventional descriptions of mon-
etary changes, typical of those made in informational or advertising 
campaigns about price changes. 

The second manipulation, “End Points”, varied the scale of responses 
between participants as a consistency measure to test whether partici-
pants’ responses were sensitive to the scale used. Participants in the 
“Small” condition saw responses ranging from statements 2–6 (see 
Table 1), while those in the “Large” condition saw statements 1–7. 

3.2. Stage 2: Price trajectories for six-year periods 

The primary study objective was to elicit Scottish citizens’ responses 
to changes in water prices over a six-year period. We manipulated the 
absolute magnitude of price rises and their pattern and presentation. The 
most basic presentation was as shown in Fig. 1. Participants rated every 
trajectory. 

In Scotland, most households have unmetered water charges, paying 
a flat rate depending on the local tax band of their home. “Council tax” 
bands range from A-H according to historic property valuations, with tax 
and water charges increasing over the range. At the start of this stage, 
participants were asked to provide their tax band and could search for it 
on a website if they did not know it.4 This approach allowed us to use 
participants’ current water charge as the basis for calculating trajec-
tories and to explain to participants how their charge was set. This 
procedure helped to make subsequent tasks feel as genuine as possible 
(as in Robak and Bjornlund (2019) and Robak et al. (2021)). 

More generally, in the experimental evaluation of goods and ser-
vices, the interpretation of findings can be hampered by hypothetical 
bias, where stated valuations or responses may be greater than those 
observed in reality (e.g., Murphy et al., 2005). However, the primary 
aim of the current research was not to measure absolute evaluations but 
to measure the relative difference in acceptability when the same price 
rises were presented to participants with different trajectories, infor-
mation, or formatting. We see no reason to believe that hypothetical bias 
would apply differentially across the experimental conditions. 

Participants were informed that: “It is anticipated that investment for 
water in Scotland will need to increase to meet growing demand in the 
coming years. It is currently not certain by how much this increase will 
need to be, or what form these price increases will take.” They were 
shown twelve different price trajectories for water charges over the next 
six years and were asked to rate each for acceptability, on a scale of 1–7 
(1 = “totally unacceptable” and 7 = “totally acceptable”). The form of 
this response scale was considered carefully and piloted in small sam-
ples. In one sense, all consumers might prefer lower prices, but 
measuring this preference would be mostly meaningless. By basing our 
scale on the concept of what was acceptable, we prompted participants 
to think of price changes holistically and hence to provide an assessment 
of overall legitimacy. 

1 Table 1 shows the specific question wording and the range of response 
options across the different experimental manipulations.  

2 A 2 × 2 design is one that differs across two dimensions. For each dimension 
there are two alternative conditions, allowing for four unique versions. A 
between-subject design is one in which participants are randomly assigned to 
see just one of the four versions. 

3 July 2018- August 2018 CPI Annual Rate. Taken from: Office for National 
Statistics, 2018, CPI Annual Rate 00: All Items 2015 = 100, [online] Office for 
National Statistics, Available at: https://www.ons.gov.uk/economy/inflationan 
dpriceindices/timeseries/d7g7/mm23 [Last accessed 17/01/2022].  

4 70 participants were randomly assigned to one of two council tax bands (C 
or F) as they indicated that they still did not know their council tax band. 
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The prices were manipulated according to a 3 × 2 x 2 within-subject 
design5 to generate the twelve unique trajectories.6  

1. Trajectory Pattern: How the price rises occur over the six-year 
period, with equivalent revenue.  
a. Constant: A consistent increase for each of the six years.  
b. Front-Loaded: Increase for the first three years, no increase in the 

last three years.  
c. Back-Loaded: No increase in the first three years, increase in the 

last three years.  
2. Format: How price changes were presented.  

a. Pound: Price rises presented as pounds-and-pence increases.  
b. Percentage: Price rises presented as percentage increases.  

3. Price Level: Absolute size of total price increase over the entire price 
trajectory period.  
a. Low Cost: Low price increase (approximately equivalent to 1.5% 

per annum).  
b. High Cost: High price increase (approximately equivalent to 

2.5% per annum). 

Total additional revenue raised over the six years was held constant 
within the six Low Cost and, separately, within six High Cost price tra-
jectories.7 Participants first viewed all twelve price trajectories before 
rating them. This helped them to calibrate their responses and reduced 
the possibility of order effects. Each participant saw either all six Pound 
trajectories followed by all six Percentage trajectories or the reverse. 
Within these subsets, the order was randomised. Each price trajectory 
rating task was presented on a separate page. 

3.3. Stage 3: Price trajectories for six-year periods with additional 
information 

In this stage, participants repeated the rating tasks for the same 
twelve price trajectories but were provided with additional information 
that made the cumulative costs of each price trajectory explicit (Fig. 2). 
Variations in responses across Stages 2 and 3 would imply that partici-
pants initially failed to factor the accumulation of costs into their re-
sponses. The two additional pieces of information were: 

Annual Cost: The updated annual cost of water in each year. 
Accumulated Cost: The total price rise and the total additional 

amount charged over the entire six-year period (i.e., compared to if 
prices had remained at current levels). 

Half the participants saw Annual Cost only (henceforth Stage 3a), 
and the other half saw both Annual Cost and Accumulated Cost 
(henceforth Stage 3b). 

4. Method 

Participants resided in Scotland and were adults, ranging between 18 
and 85 years of age. Online participants were recruited via a market 
research agency and took part on personal computers or tablets during 
September 2018. The online study took 15–20 minutes, and participants 
received an industry-standard participation fee (approximately £2). A 
different market research agency recruited face-to-face participants to 
attend sessions in one of two Scottish cities during October 2018. Par-
ticipants undertook the study on their own using personal computers 
provided by the experimenters, with approximately 10 participants per 
session. After completing this study, they undertook an additional un-
related one lasting approximately 10 minutes. They were paid a stan-
dard fee for face-to-face studies (£20). Across both platforms, 
participants were not given details of the exact nature of the study prior 
to participation. 

The study was identical across platforms, although an instructor read 
instructions aloud in the face-to-face sessions. It was programmed using 
Gorilla Experiment Builder (Anwyl-Irvine et al., 2019). Participants’ 
socio-demographic characteristics were approximately aligned with 
official population data for Scotland and across platform types (Ap-
pendix A). Across platform types, participants did not differ by tax band, 

Fig. 1. Example of a basic price trajectory as presented to participants. The actual starting cost at ‘Now’ was set to the participant’s real annual water charges.  

Table 1 
Number of participants selecting each statement by presentation type.  

“Which of the following options do you believe to be the most acceptable price change for water charges over the next year?”     

Description End Points 

Money  Inflation All Money Inflation Small Large 

Decrease by £5.01-£10.00 1 Decrease by a lot 4.3% 5.5% 3.1% 0.0% 8.7% 
Decrease by £0.01-£5.00 2 Decrease by a little 7.8% 6.5% 9.3% 9.3% 6.4% 

No change 3 No change 46.7% 49.2% 44.0% 46.7% 46.6% 
Increase by £0.01-£5.00 4 Increase by less than inflation 23.5% 28.2% 18.6% 26.5% 20.5% 
Increase by £5.01-£10.00 5 Increase at inflation 13.5% 6.5% 21.0% 13.9% 13.1% 
Increase by £10.01-£15.00 6 Increase a little more than inflation 3.2% 2.9% 3.4% 3.6% 2.7% 
Increase by £15.01-£20.00 7 Increase a lot more than inflation 1.0% 1.3% 0.7% 0.0% 2.0%   

N 600 309 291 302 298 
Any increase 41.2% 38.8% 43.6% 44.0% 38.3%     

χ2 = 1.430, p = 0.232 χ2 = 2.072, p = 0.150 
Increase at or above inflation 17.7% 10.7% 25.1% 17.6% 17.8%     

χ2 = 21.383, p < 0.001 χ2 = 0.006, p = 0.940  

5 A within-subject design is one in which all participants see all plausible 
variations (in this case – 3 × 2 × 2 = 12).  

6 Examples of the twelve unique price trajectories can be found in Appendix 
B.  

7 It was not possible for pound and percentage rises to match perfectly, since 
a constant monetary increase in each of the six years would not equate to a 
constant percentage increase (and vice versa). However, for comparability, the 
Percentage and Pound trajectories were reported as the same, as the differences 
were small. 
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gender, employment, educational attainment, location, main billpayer, 
or receipt of a tax and water charge discount. A somewhat greater 
proportion of face-to-face participants were aged under 40 (42.0% vs. 
31.6% online) (χ2 = 4.056, p = 0.044). 

5. Results 

5.1. Stage 1: Short-term price changes 

Results for Stage 1 are presented in Table 1. Overall, 46.7% of par-
ticipants preferred no price change over the next 12 months. However, 

participants were generally more supportive of a potential price rise: 
41.2% vs. 12.2% who selected a price fall. 

We categorise two outcomes of interest for comparison by experi-
mental condition: whether participants chose any price increase as 
acceptable (i.e., statements 4–7) and whether participants chose an in-
crease at or above inflation (i.e., statements 5–7). There was no statis-
tically significant difference between either manipulation for 
willingness to select “any increase”. However, the description of price 
changes influenced willingness to select “increase at or above inflation” 
– selected by 25.1% of participants in Inflation, compared to just 10.7% 
in Money (χ2 = 21.383, p < 0.001). Inspection of the distributions in 

Fig. 2. Example of price trajectory presented in Stage 3. The light grey colour denotes the Annual Cost information provided in Stage 3a and 3b; the dark grey colour 
denotes the Accumulated Cost information provided in Stage 3b. 

Table 2 
Logistic regression models for Stage 1 (log odds). Dependent variable: participant chose “any increase” (Models 1–4) or chose “increase at or above inflation” (Models 
5–8).  

Acceptable Price Change Any Increase Increase at or Above Inflation  

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Description (Ref: Money) 
Inflation 0.2661 0.1683 0.2233 0.2997 1.1259*** 0.9394*** 1.2081*** 1.3296***  

(0.174) (0.244) (0.308) (0.314) (0.244) (0.337) (0.417) (0.426) 
End Points (Ref: Small) 
Large − 0.2555 − 0.3590 − 0.2598 − 0.2709 0.0483 − 0.2095 0.0359 0.0394  

(0.174) (0.249) (0.175) (0.176) (0.226) (0.402) (0.232) (0.234) 
Inflation * Large – 0.2042 – – – 0.3846 – –  

– (0.348) – – – (0.485) – – 
Estimate (Ref: < 2.01%) 
2.01%–2.70% 0.2602 0.2624 0.0307 0.1111 0.2164 0.2196 − 0.5847 − 0.4345  

(0.227) (0.227) (0.328) (0.339) (0.276) (0.276) (0.616) (0.624) 
2.71%–3.10% − 0.1720 − 0.1676 − 0.1436 − 0.0756 − 0.0236 − 0.0164 0.0614 0.0207  

(0.254) (0.255) (0.351) (0.362) (0.327) (0.328) (0.548) (0.569) 
>3.10% − 0.2813 − 0.2779 − 0.1367 − 0.1155 − 0.6091* − 0.6036* 0.3571 0.4104  

(0.241) (0.241) (0.332) (0.337) (0.356) (0.356) (0.493) (0.485) 
Inflation * 2.01%–2.70% – – 0.4277 0.3792 – – 1.0420 0.8862  

– – (0.462) (0.470) – – (0.707) (0.718) 
Inflation * 2.71%–3.10% – – − 0.0521 − 0.1138 – – − 0.1210 − 0.1595  

– – (0.506) (0.512) – – (0.687) (0.710) 
Inflation * > 3.10% – – − 0.2807 − 0.3585 – – − 1.7036** − 1.9122***  

– – (0.478) (0.488) – – (0.699) (0.719) 
Platform (Ref: Face-to-Face) 
Online 0.1745 0.1724 0.1413 0.1678 − 0.0493 − 0.0506 − 0.1284 − 0.0894  

(0.236) (0.237) (0.236) (0.244) (0.311) (0.310) (0.319) (0.328) 
Gender: Male – – – − 0.0856 – – – 0.0739  

– – – (0.185) – – – (0.246) 
Age: 18 - 39 – – – − 0.0620 – – – 0.1291  

– – – (0.216) – – – (0.285) 
Employed: Yes – – – 0.3190 – – – 0.0934  

– – – (0.263) – – – (0.342) 
Retired: Yes – – – 0.0231 – – – − 0.1437  

– – – (0.310) – – – (0.428) 
Degree: Yes – – – 0.1412 – – – 0.5919**  

– – – (0.183) – – – (0.243) 
Location: Urban – – – 0.1565 – – – − 0.0101  

– – – (0.232) – – – (0.307) 
CT Band: A/B/C – – – 0.1266 – – – − 0.2802  

– – – (0.192) – – – (0.257) 
Bill Payer: Yes – – – − 0.1912 – – – − 0.1885  

– – – (0.259) – – – (0.341) 
Bill Discount: Yes – – – − 0.1882 – – – 0.1707  

– – – (0.207) – – – (0.265) 
Constant − 0.4448 − 0.3955 − 0.3954 − 0.6142 − 2.0871*** − 1.9656*** − 2.0704*** − 2.3387***  

(0.275) (0.288) (0.304) (0.463) (0.375) (0.403) (0.460) (0.647) 
Participants 557 557 557 557 557 557 557 557 

***p < 0.01, **p < 0.05, *p < 0.1. Robust standard errors in parentheses. 
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Table 1 shows that this result was driven by the salience of the “increase 
at the annual inflation rate” option, suggesting a role for money illusion - 
participants did not account for inflation unless explicitly prompted to 
consider it. 

Table 2 reports logistic regression models that estimate the likeli-
hood of selecting “any increase” (Models 1–4) or an “increase at or 
above inflation” (Models 5–8). Models 1 and 5 confirm the bivariate 
findings, including the evidence of money illusion in Model 5 (p < 0.001). 
Models 2 and 6 find no evidence of an interaction effect between the two 
manipulations. 

Since beliefs about inflation could influence perceptions of the value 
of price rises in Inflation, we had asked participants to provide their best 
guess for the UK inflation rate at the end of the study. 95.7% provided a 
numerical value. Responses were heavily right-skewed, as is common for 
measures of perceived inflation, e.g., Duffy and Lunn (2009), ranging 
from 0% to 1000%. Seventeen estimates over 20% were excluded, but 
results are not sensitive to the exact cut-off. Inflation estimates were 
transformed into an ordered categorical variable: (1) < 2.01%, (2) 
2.01%–2.70%, (3) 2.71%–3.10%, and (4) > 3.10%. Again, results are 
not sensitive to the exact cut-off. Inflation had remained below 3.10% 
during the previous five years, so this category captured unambiguously 
incorrect responses. 

Models 3 and 7 test for an interaction between the Description 
manipulation and inflation estimate. While there was no significant 
interaction for “any increase” (Model 3), participants who believed 
inflation to be 3.10% or above in the Inflation condition were signifi-
cantly less likely to select “increase at or above inflation” than those who 
overestimated equally in Money (Model 7, p = 0.015). Models 4 and 8 
include socio-demographic information. Participants with a degree were 
significantly more likely to choose “increase at or above inflation” (p =
0.015). 

5.2. Stage 2: Price trajectories for six-year periods 

Summary results for Stage 2 are presented in Fig. 3. Participants (n =
42) who reported equal ratings for all twelve trajectories were excluded 
from the analysis. Results are not sensitive to this exclusion. Consistent 
with Stage 1, participants were, on average, reasonably accepting of 
proposed price increases (Median = 3.92, Mean = 3.81, SD = 1.06). 

There was substantial variation across types of trajectory. Back- 
Loaded trajectories were rated as much less acceptable than equiva-
lent Constant and Front-Loaded trajectories. Constant trajectories were 
more acceptable than equivalent Front-Loaded trajectories. Price tra-
jectories framed as Percentage were more acceptable than equivalent 
trajectories framed as Pound. Unsurprisingly, Low Cost price trajectories 
were rated more acceptable than High Cost trajectories. Bivariate ana-
lyses indicate that these differences are highly statistically significant (p 
< 0.001, Appendix C). 

Table 3 reports a generalised ordered logistic regression (GOLR) 
model that tests for individual effects of the price trajectory manipula-
tions. This partial proportional odds model was fitted in Stata using the 
‘gologit2’ command (Williams, 2006). The equivalent OLR model fails 
the standard (Brant) test of the proportional odds assumption (p <
0.001). We also pool extreme scores to give a five-category ordinal range 
(1–2, 3, 4, 5, 6–7), which improves model fit.8 We report only the full 
GOLR model with relevant interactions and demographic characteris-
tics. Simpler models excluding these generate closely similar results 
(Appendix D). Given likely non-independence of repeated responses, we 
report robust standard errors clustered at the participant level. 

The model confirms the bivariate findings. Front-Loaded (p < 0.050) 

and Back-Loaded (p < 0.001) trajectories were significantly less 
acceptable than equivalent Constant trajectories, although the dislike of 
Back-Loaded trajectories was substantially stronger. Percentage trajec-
tories were more acceptable than Pound trajectories (p < 0.001). There 
is evidence of a modest interaction, suggesting that the relative prefer-
ence for Percentage was reduced when the percentage change varied 
across the years. High Cost trajectories were less acceptable than Low 
Cost alternatives (p < 0.001). 

Participants who receive a discount on their council tax bill (p =
0.007), live in urban areas (p = 0.068), work (p = 0.027), or are retired 
(p = 0.052) generally provided higher acceptability ratings, while those 
under 40 were less likely to give low ratings. Online participants were 
less likely to give high ratings. 

A control variable for presentation order revealed a small but highly 
significant effect indicating higher acceptance for price trajectories 
rated earlier (p = 0.001). This effect is commonly observed in experi-
mental evaluations of market (Belton and Sugden, 2018) and 
non-market (Day et al., 2012) goods and services. The first evaluation 
can be particularly influential (Flachaire and Holland, 2006). Order was 
randomised across participants, and this effect does not intrude upon the 
main findings. 

5.3. Stage 3: Price trajectories for six-year periods with additional 
information 

Variation of acceptance for price trajectories in Stage 2 was sub-
stantial, including when comparing trajectories that raised equal overall 
revenues. Participants may have struggled to integrate the annual 
changes, still less to recognise this equivalence in revenue. Stage 3 made 
aggregated information explicit. The summary results for Stage 3a 
(annual cost displayed) and 3b (annual cost and accumulated cost dis-
played) are presented in Fig. 4. Participants (n = 59) who reported equal 
ratings were excluded, but results are not sensitive to this exclusion. 

By contrast to Stage 2, in both Stages 3a and 3b, Front-Loaded tra-
jectories had higher average ratings than Constant. The preference for 
price trajectories presented as Percentage, and Low Cost remained. 
Bivariate analyses indicate that these differences are statistically sig-
nificant (p < 0.050, Appendix E). 

Table 4 reports the equivalent GOLR model to that presented in 
Table 3 for Stage 2. Diagnostic tests again rejected an OLR model (Brant, 
p < 0.001). Simpler models without interactions or demographic con-
trols produce similar results (Appendix F). 

The model confirms the bivariate findings, suggesting that partici-
pants previously misperceived both the relative and absolute accumu-
lated price increases and revenues. The reversal of preference, such that 
Front-Loaded trajectories were preferred to equivalent Constant trajec-
tories in Stage 3a (p < 0.001), implies that participants failed to realise 
the accumulated cost of incremental price rises for Constant trajectories 
until these were made explicit in Stage 3a. The dislike of Back-Loaded (p 
< 0.001) and High Cost trajectories (p < 0.001) persisted, as did the 
preference for Percentage relative to Pound trajectories (p < 0.005). 

Providing explicit information about the total price rise and addi-
tional charge in Stage 3b had no general impact on ratings (p = 0.528) 
but further altered relative preferences for trajectories. Relative to 
Constant trajectories, the preference for Front-Loaded (p = 0.034) and 
dislike of Back-Loaded trajectories (p < 0.001) were reduced. That is, 
making participants aware of the equivalent yield over the six years 
caused both differences to narrow relative to Stage 3a. Moreover, the 
dislike of High Cost trajectories increased (p = 0.007), further indicating 
that participants underestimated the accumulation of costs. Perhaps 
surprisingly, making explicit that Pound and Percentage were equiva-
lent in revenue terms did not reduce the preference for Percentage tra-
jectories (p = 0.638). Overall, demographic effects were more muted 
than in Stage 2, but the impacts of the online platform and order 
persisted. 

8 The seven-category GOLR model marginally fails a global Wald test (χ2 =

69.49, p = 0.090), which is rectified by pooling categories (χ2 
= 38.55, p =

0.233) – see Williams (2006). Results in any case do not differ appreciably 
between the two models. 
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6. Discussion and policy implications 

This experimental study set out to provide evidence for regulatory 
policy about households’ preferences regarding water charges in Scot-
land. The study aimed to demonstrate the advantages of an experimental 
approach that exploits insights from behavioural economics and gen-
erates practical, direct measures. In this section, we consider what the 
overall pattern of results implies for the psychological mechanisms 
behind responses and the extent to which results might generalise 
beyond the specific policy context of the study. We also raise a broader 
issue about the potential exploitation of behavioural research. 

Scottish households responded reasonably positively to the prospect 
of modest increases in charges in the absence of explicit guidance as to 
how additional revenue would be spent. Indeed, there was no evidence 
of overwhelming rejection of this set of plausible price rises. While this 
finding may well be specific to the Scottish context, the study also found 
that households view price rises as more acceptable when prompted to 
consider them alongside inflation. As hypothesised, this looks like a 
manifestation of money illusion (Shafir et al., 1997), although it is also 
possible that the reference to inflation resulted in participants giving 
extra weight to inflation as a rationale for price changes. Regardless, the 
implication is that measures taken following a prompt to consider 
inflation might be considered more representative of underlying pref-
erences. If so, this conclusion may extend beyond the context of the 
Scottish water industry to other areas where consumer evaluations of 
annual charges are at issue. 

The consistent difference we recorded between equivalent increases 
expressed in percentage and monetary terms is more difficult to inter-
pret, with the latter rated as significantly less acceptable. A comparison 
of coefficients with the Low (1.5%) versus High (2.5%) increase in our 
statistical models reveals that this effect is equivalent to approximately 
one half to two-thirds of a percentage point per annum over a six-year 
price trajectory. It is possible that this and the previous finding are 
related: expressing increases as percentages may remind people to factor 
in inflation. If so, then this arguably represents a more informed pref-
erence, but other mechanisms are possible. Percentages may be a more 
straightforward way to provide context, i.e., a simpler indication of the 
magnitude of the rise in proportion to what is already paid. Alterna-
tively, monetary amounts may garner additional psychological weight. 
This difference is not easily resolvable; the implied preferences are 
inconsistent, and it is difficult to determine which are more reflective of 
underlying preference (Beshears et al., 2008). 

Of particular interest for the present study was how households 
compared differently shaped medium-term price trajectories, given the 

Fig. 3. Mean rating in Stage 2 by type of price trajectory (error bars report standard errors).  

Table 3 
Generalised ordered logistic regression model for Stage 2 (log odds).  

Price Trajectory 
Rating 

1-2 vs. 3-7 1-3 vs. 4-7 1-4 vs. 5-7 1-5 vs. 6-7 

Pattern (Ref: Constant) 
Front-Loaded† − 0.1304** − 0.2122*** − 0.3704*** − 0.4625***  

(0.066) (0.063) (0.065) (0.073) 
Back-Loaded − 1.4266*** − 1.4266*** − 1.4266*** − 1.4266***  

(0.080) (0.080) (0.080) (0.080) 
Format (Ref: Pound) 
Percent† 0.6255*** 0.6812*** 0.6037*** 0.4569***  

(0.101) (0.085) (0.079) (0.081) 
Front-Loaded * 

Percent 
− 0.1112* − 0.1112* − 0.1112* − 0.1112*  

(0.063) (0.063) (0.063) (0.063) 
Back-Loaded * 

Percent†
− 0.0333 − 0.2092** − 0.3746*** − 0.4571***  

(0.111) (0.099) (0.099) (0.118) 
Price Level (Ref: Low Cost) 
High Cost† − 0.9501*** − 0.9475*** − 1.0555*** − 1.1449***  

(0.051) (0.047) (0.052) (0.065) 
Online† 0.0848 − 0.0282 − 0.3384*** − 0.4977***  

(0.153) (0.130) (0.124) (0.130) 
Order − 0.0277*** − 0.0277*** − 0.0277*** − 0.0277***  

(0.008) (0.008) (0.008) (0.008) 
Gender: Male − 0.0725 − 0.0725 − 0.0725 − 0.0725  

(0.099) (0.099) (0.099) (0.099) 
Age: 18–39† 0.4698*** 0.4310*** 0.2159* − 0.0864  

(0.142) (0.128) (0.124) (0.146) 
Employed: Yes 0.3121** 0.3121** 0.3121** 0.3121**  

(0.142) (0.142) (0.142) (0.142) 
Retired: Yes 0.3200* 0.3200* 0.3200* 0.3200*  

(0.164) (0.164) (0.164) (0.164) 
Degree: Yes − 0.0180 − 0.0180 − 0.0180 − 0.0180  

(0.101) (0.101) (0.101) (0.101) 
Location: Urban 0.2207* 0.2207* 0.2207* 0.2207*  

(0.121) (0.121) (0.121) (0.121) 
CT Band: A/B/C − 0.0372 − 0.0372 − 0.0372 − 0.0372  

(0.105) (0.105) (0.105) (0.105) 
Bill Payer: Yes 0.0170 0.0170 0.0170 0.0170  

(0.137) (0.137) (0.137) (0.137) 
Bill Discount: Yes 0.3047*** 0.3047*** 0.3047*** 0.3047***  

(0.113) (0.113) (0.113) (0.113) 
Constant 1.3115*** 0.5695** 0.1162 − 0.4270*  

(0.246) (0.229) (0.222) (0.220) 
Observations 6,696 6,696 6,696 6,696 
Participants 558 558 558 558 

† indicates the variables for which the proportional odds assumption has been 
relaxed. 
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array of established behavioural phenomena that might affect responses. 
Our findings suggest that the dominant factor was an aversion to putting 
off price increases. Back-Loaded trajectories were always significantly 
less acceptable, even when participants were shown that the total rev-
enue was equivalent to the Constant and Front-Loaded trajectories. 
More than one psychological mechanism may be involved (Frederick 
and Loewenstein, 2008). One possibility is that people dislike feeling 
that something negative is “hanging over them”; putting off price rises 
foreshadows unpleasant year-on-year increases in the future. A second 
possibility is that people realise and dislike the fact that delaying an 
increase leads to a higher price at the end of the period, with implica-
tions for the size of ongoing bills thereafter. Lastly, an enlightened 
respondent might reason that the sooner they pay for additional in-
vestment, the sooner associated benefits arrive. Although the de-
scriptions of price trajectories did not include explicit statements of the 
implications for services, participants were free to make such inferences. 

Our data offer insights into which of the three mechanisms might be 
more influential. If assumptions about service levels coupled with a 
desire for more rapid service improvements drove responses, leading to 
a dislike of Back-Loaded trajectories, we should have seen a similarly 
strong preference for Front-Loaded over Constant trajectories, which we 
did not. Similarly, if the size of the final bill were the key issue, Front- 
Loaded trajectories would have been equivalently preferred to Con-
stant in both Stages 3a and 3b. Instead, we suggest two conclusions. 
First, acceptance of price rises depends on more than the implications for 
service levels; households care about the shape of the price trajectory 
itself. This finding is consistent with previous work on the trajectories of 
good and bad outcomes generally (Loewenstein and Sicherman, 1991; 
Varey and Kahneman, 1992) and is likely to apply beyond the specific 
policy context. Second, if people know that charges are set to increase 
over a period, they would rather get on with it. In an industry with a 
recognised need for investment, the finding that people dislike putting 
off likely increases in charges, even in the presence of additional infor-
mation about the cumulative effect, is relevant. Again, if so, this is likely 
to generalise beyond the Scottish water industry. 

Providing explicit information about future bills and accumulated 
revenue altered responses. Constant trajectories were preferred to Front- 
Loaded in Stage 2. This result switched when future bills were made 
explicit in Stage 3a, but that difference narrowed when accumulated 
charges were also shown in Stage 3b. This pattern is consistent with two 
competing mechanisms. First, participants failed to fully accumulate 
smaller price increases in the Constant trajectory until this was made 
explicit. Second, they did not appreciate the cumulative impact on total 

revenue of price increases occurring earlier in the period for Front- 
Loaded trajectories. The pattern of responses to these trajectories rela-
tive to the Back-Loaded ones is also consistent with these mechanisms. 
Arguably, one might consider the situation where participants were 
shown the greater level of accurate information, i.e., including the 
accumulated charges (Stage 3b), to be the more informed preference. 

It should be borne in mind that our focus was on average preferences 
rather than individual differences in preferences. In particular, we did 
not attempt to measure household income, and income may be linked to 
preferences for putting off price increases. However, variations in re-
sponses by educational attainment and council tax band, both of which 
are likely to be correlated with income, were relatively small. 

When considering the degree to which our findings might generalise 
beyond the specific policy context, one potential limitation is that 
Scottish water is unmetered, and charges are based on (historic) house 
value. A metered system might interact with preferences for specific 
price trajectories, given existing evidence that metered water customers 
can be less sensitive to price changes (Robak et al., 2021). The impact of 
price changes may also vary more across households in a metered system 
and, therefore, raise different equity issues. 

In addition, taken as a whole, the findings illuminate an increasingly 
important debate concerning how to apply behavioural economics to 
policy. Armed with our results, it would not be difficult for an unscru-
pulous stakeholder in this industry (or indeed another with a similar 
annual charging structure) to describe price changes in such a way as to 
manipulate the public response, either in favour or opposition. More-
over, the findings suggest ways to construct survey measures to increase 
the likelihood of obtaining a predetermined response. On the other 
hand, our results provide empirical evidence against which the 
neutrality or objectivity of survey measures can be judged. As described 
at the outset, generating accurate and representative evidence about 
household preferences is not straightforward. Furthermore, for those 
seeking to act in the interests of citizens, rather than to get things past 
them, the research demonstrates how behavioural techniques can be 
used to give more robust insights about household preferences that 
permit more informed policy judgement. Given these contrasting pos-
sibilities, transparency is vital when applying behavioural insights to 
policy (e.g., Barton and Grüne-Yanoff, 2015; Gold et al., 2020). 

Fig. 4. Mean acceptance rating (1–7) by type of price trajectory in Stage 3a (annual cost displayed) and Stage 3b (annual cost and accumulated cost displayed).  
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Pattern (Ref: Constant) 
Front-Loaded 0.4266*** 0.4266*** 0.4266*** 0.4266***  
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Back-Loaded * 

Percent 
− 0.3322*** − 0.3322*** − 0.3322*** − 0.3322***  

(0.103) (0.103) (0.103) (0.103) 
Price Level (Ref: Low Cost) 
High Cost − 1.2496*** − 1.2496*** − 1.2496*** − 1.2496***  

(0.073) (0.073) (0.073) (0.073) 
Stage 3 Type (Ref: Stage 3a) 
Stage 3 b − 0.0889 − 0.0889 − 0.0889 − 0.0889  

(0.141) (0.141) (0.141) (0.141) 
Front-Loaded * 

Stage 3 b 
− 0.2437** − 0.2437** − 0.2437** − 0.2437**  

(0.115) (0.115) (0.115) (0.115) 
Back-Loaded * Stage 

3 b 
0.6689*** 0.6689*** 0.6689*** 0.6689***  

(0.134) (0.134) (0.134) (0.134) 
Percent * Stage 3 b − 0.0499 − 0.0499 − 0.0499 − 0.0499  

(0.106) (0.106) (0.106) (0.106) 
Front-Loaded * 

Percent * Stage 3 
b 

0.1358 0.1358 0.1358 0.1358  

(0.119) (0.119) (0.119) (0.119) 
Back-Loaded * 

Percent * Stage 3 
b 

0.0656 0.0656 0.0656 0.0656  

(0.131) (0.131) (0.131) (0.131) 
High Cost * Stage 3 

b 
− 0.2893*** − 0.2893*** − 0.2893*** − 0.2893***  

(0.108) (0.108) (0.108) (0.108) 
Online† 0.0430 − 0.0974 − 0.4632*** − 0.7418***  

(0.165) (0.150) (0.154) (0.153) 
Order − 0.0158*** − 0.0158*** − 0.0158*** − 0.0158***  

(0.006) (0.006) (0.006) (0.006) 
Gender: Male 0.1259 0.1259 0.1259 0.1259  

(0.110) (0.110) (0.110) (0.110) 
Age: 18 - 39 0.2363* 0.2363* 0.2363* 0.2363*  

(0.132) (0.132) (0.132) (0.132) 
Employed: Yes 0.0012 0.0012 0.0012 0.0012  

(0.168) (0.168) (0.168) (0.168) 
Retired: Yes† − 0.2562 − 0.3699* − 0.0675 0.2462  

(0.201) (0.192) (0.195) (0.199) 
Degree: Yes − 0.0403 − 0.0403 − 0.0403 − 0.0403  

(0.113) (0.113) (0.113) (0.113) 
Location: Urban† 0.2770* 0.0163 0.0447 0.0268  

(0.166) (0.149) (0.145) (0.155) 
CT Band: A/B/C 0.0086 0.0086 0.0086 0.0086  

(0.113) (0.113) (0.113) (0.113) 
Bill Payer: Yes − 0.0513 − 0.0513 − 0.0513 − 0.0513  

(0.169) (0.169) (0.169) (0.169) 
Bill Discount: Yes 0.1620 0.1620 0.1620 0.1620  

(0.122) (0.122) (0.122) (0.122) 
Constant 1.8451*** 1.3219*** 0.5395* − 0.2150  

(0.301) (0.287) (0.280) (0.283) 
Observations 6,492 6,492 6,492 6,492 
Participants 541 541 541 541  
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