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Abstract

The growing adoption of smart meters enables the measure-

ment of households' energy consumption, influenced not

solely by building characteristics such as thermal insulation

but also by residents' behavioural patterns, such as heating

and ventilation practices. To motivate residents to adopt

more sustainable behaviours, user interfaces on smartphones

and laptops are increasingly using consumption data from

households' smart meters to enable effective goal-setting. In

contrast to previous research largely focusing on goal-setting

in isolation, this study examines the role of specific social

comparison-related design features that future research and

practitioners can consider along with goal-setting to stimulate

sustainable behaviours. Specifically, we look into the influ-

ence of residents' perception of their relative performance

(i.e., whether their behaviour was better or worse than a ref-

erence group) on their ambition to act (i.e., targeted improve-

ment goal) and their actual energy consumption behaviour.

Moreover, we investigate the influence of a goal's evaluative

standard (i.e., whether the goal refers to one's own or other's

performance) on the relationship between relative perfor-

mance, ambition to act, and energy consumption behaviour.
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Drawing on social comparison theory, we conducted a

framed field experiment with 152 households. We find that a

goal's evaluative standard influences residents' awareness of

their relative performance, affecting their ambition to act

and, ultimately, their energy consumption behaviour. More

specifically, we find that whereas other- (vs. self-) referencing

goals encourage residents from worse-than-average per-

forming households more strongly to improve their energy

consumption behaviour, they discourage better-than-average

ones. Overall, our study provides novel insights into the inter-

play between relative performance and evaluative standards

as a means of fostering social comparison in smart meter-

facilitated goal-setting, highlighting their crucial role in effec-

tively supporting sustainable behaviours.
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1 | INTRODUCTION

To transition to a more sustainable society, governmental policymakers increasingly call for information systems

(IS) that support sustainable energy consumption, with smart meter technology leading the way (e.g., Cooper &

Molla, 2017; Henkel & Kranz, 2018; Malhotra et al., 2013). Smart meters measure energy consumption and can com-

municate consumption data close to real-time through user interfaces (e.g., via smartphones or laptops), which can

influence residents' energy consumption behaviours (e.g., heating, ventilation) (e.g., Sim et al., 2023; Tiefenbeck

et al., 2018; Wunderlich et al., 2019). Residents in private households account for about 25% of the global energy

consumption (Eurostat, 2021; IEA et al., 2020) and can benefit from this access to timely information to assess the

impact of their behaviours. Driven by regulations, the current share of 35% of European households equipped with

smart meters is expected to increase to 90% by 2030 (Alaton & Tounquet, 2020). As such, smart meters will allow

for new levels of user engagement through user interfaces: As smart meters are further rolled out and advance in

their capabilities, smart meter providers can design user interfaces in a way that encourages residents to conserve

energy by setting themselves energy consumption goals (e.g., Abrahamse et al., 2007; Loock et al., 2013). Goal-

setting in user interfaces is one of the most effective functionalities to encourage sustainable behaviours

(e.g., Abrahamse et al., 2007; Harkin et al., 2016; Loock et al., 2013). In addition, smart meter providers can use social

comparison elements such as performance indicators in the form of relative (peer) performance to inform residents

whether their households' energy consumption is above or below a reference group (e.g., Allcott, 2011; Jetzek

et al., 2014; Oracle Utilities, 2020). Smart meter user interfaces even allow incorporating such information about

households' energy consumption and relative performance into the goal-setting process to encourage residents to

set more ambitious goals and ultimately realise more sustainable energy consumption behaviours. Moreover, relative

performance-based goal-setting can be leveraged to employ different evaluative standards of a goal (e.g., Elliot

et al., 2011; Elliot & McGregor, 2001): Self-referencing goals measure success relative to one's previous performance

(e.g., “I want to behave 10% better than I did last month”) whereas other-referencing goals measure success relative to

the performance of peers (e.g., “I want to behave 10% better than other comparable households do on average”).
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Due to the limited availability of timely data about comparable other households, either relative performance

(i.e., social comparison) without goal-setting or self-referencing goals without relative peer performance used to be

common means to stimulate energy consumption reduction. With the increasing proliferation of smart meters that

enable access to timely data from various households and thus provide reliable data for reference groups, relative

performance-based goal-setting as well as other-referencing goals that reinforce social comparison are now increas-

ingly discussed (e.g., Gholami et al., 2016; Lossin et al., 2016; Wunderlich et al., 2019). Once this data is available

more broadly, households can easily compare themselves with their peers based on their energy consumption

(i.e., social comparison) and can be provided with self- and other-referencing goals. However, before smart meter

providers engage with relative performance-based goal-setting, they need to better understand the effects of rela-

tive performance and evaluative standards as a means of fostering social comparison on residents' goal-setting and

energy consumption behaviour. It is hereby particularly interesting to explore how the effectiveness of goal-setting

may differ depending on the residents' relative performance (i.e., better vs. worse than the reference group) in com-

bination with the employed evaluative standard (i.e., self- vs. other-referencing goal).

While investigating the effects of relative performance and evaluative standards on energy consumption behav-

iour is crucial for smart meter-enabled goal-setting and stimulating sustainable energy consumption, previous IS

research has insufficiently explored these design features and their combinations. We specifically refer to Green

IS research that has analysed design features in goal-setting and their potential to motivate residents to improve

resource consumption behaviour (e.g., Gholami et al., 2016; Malhotra et al., 2013). From this existing literature, we

have identified two important research gaps: First, previous research agrees that goal-setting generally has a positive

impact on residents' energy consumption behaviour (e.g., Abrahamse et al., 2007; Loock et al., 2013) and initial theo-

retical conceptualizations indicate a positive effect of social comparison elements like relative performance in goal-

setting on stimulating sustainable behaviours (Elliot et al., 2011; Lindenberg & Steg, 2007). However, information

about one's relative performance and goal-setting have been treated separately in Green IS research, with their

effects being investigated mainly in isolation. This is critical because the effect size for setting ambitious goals and

related energy consumption behaviour may differ for residents with different performance levels. Specifically, the

differentiation between over- and under-performing residents might be crucial given that prior research outside of

goal-setting reveals that the awareness about one's relative performance (i.e., social comparison) encourages under-

and over-performing individuals differently (e.g., Allcott, 2011; Loock et al., 2011; Schultz et al., 2007). Accordingly,

current literature fails to capture important insights to better understand the effects of relative performance-based

goal-setting on residents' energy consumption behaviour.

Second, previous research has mainly conceptualised goal-setting as a self-focused process in which residents'

goals refer to their own performance without considering the actions of others (e.g., Abrahamse et al., 2007; Graham

et al., 2011; Loock et al., 2013). As such, the goal's evaluative standard was mainly self-referencing, neglecting other-

referencing goals (e.g., Elliot et al., 2011; Elliot & McGregor, 2001). However, a goal's evaluative standard may influ-

ence the relationship between relative performance and energy consumption behaviour. Residents' perception of

their relative performance is likely to be reinforced when goals explicitly refer to their performance relative to peers,

because such goals amplify the salience of social comparison. At the same time, the influence of an other-referencing

goal on the effect of relative performance on residents' energy consumption behaviour is far from conclusive in the

literature: On the one hand, other- (vs. self-) referencing goals may heighten peer performance awareness, spurring

under-performing residents towards self-improvement and motivating over-performing residents to sustain their

superior performance (e.g., Festinger, 1954; Lindenberg & Steg, 2007; Seidler et al., 2020; Wheeler, 1966). Con-

versely, they may discourage under-performers and lead over-performers to become over-confident and to prioritise

comfort over pro-environmental behaviour (Festinger, 1954; Wills, 1981). As such, we require more nuanced insights

into the influence of a goal's evaluative standard on the relationship between a household's relative performance

and energy consumption behaviour. These insights are theoretically important as they help researchers better under-

stand different goal-setting designs that affect sustainable behaviours. Without such knowledge, smart meter pro-

viders may assume that with access to more smart meter data, other-referencing goals are always better to
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encourage improved energy consumption behaviour, when in fact, self- and other-referencing goals both have their

advantages, depending on the households' relative performances. Against this backdrop, we seek to answer the fol-

lowing research questions:

RQ1. What is the influence of smart meter information about households' relative (peer) performance

(i.e., worse vs. better than average), provided at the time of goal-setting, on residents' energy consump-

tion behaviour?

RQ2. What is the influence of a goal's evaluative standard (i.e., self- vs. other-referencing) on the rela-

tionship between households' relative performance and residents' energy consumption behaviour?

Drawing on social comparison theory, we conducted a framed field experiment – also referred to as lab-in-the-

field experiment (e.g., Harrison & List, 2004; Karahanna et al., 2018) – with residents from 152 households. Partici-

pants reported their households' heating behaviour at three instances over 4 weeks while pursuing a self-set goal

with an evaluative standard referring to either themselves or others. Our study reveals that residents exhibit more

substantial improvements in energy conservation when they initially perform worse, rather than better, than their

peers. This effect is mediated by residents' ambition to improve their energy consumption behaviour. Importantly,

having an other- vs. a self-referencing goal leads to different results depending on residents' relative performance:

Residents with subpar performance demonstrate greater improvement with other-referencing goals, whereas those

initially outperforming their peers show decreased efforts with other-referencing goals as compared to self-

referencing ones. In summary, our data indicate an estimated 11% to 24% enhancement in energy consumption, con-

tingent upon households' initial performance relative to their peers.

With our study, we add to Green IS research (e.g., Gholami et al., 2016; Malhotra et al., 2013) and particularly to

those investigating the use of Green IS to achieve sustainability outcomes (Kotlarsky et al., 2023) in two important

ways: First, while previous research has looked at social comparison and goal-setting as two isolated functionalities

for IS artefacts, we shed light on the influence of relative performance as a social comparison element for

goal-setting on stimulating residents' energy consumption behaviour, but to different extents for over- versus under-

performing residents. To that end, we also reveal that residents' ambition to act mediates the effect of relative per-

formance in goal-setting on residents' energy consumption behaviour. This leads us to our second contribution: We

enhance our understanding of how evaluative standards can be applied to smart meter-facilitated goal-setting to fos-

ter social comparison and to effectively motivate residents to achieve their targeted energy consumption behaviour.

We shift the focus in the existing literature from understanding goal-setting primarily as a self-referral process to

incorporating other-referencing goals as a complementary evaluative standard for goals. Specifically, we focus on

contrasting the effects of self- and other-referencing goals on residents' perception of their relative performance

(i.e., social comparison) at the time of goal-setting, which ultimately influences their energy consumption behaviour.

Overall, we contribute to Green IS research by enhancing our understanding of the interplay between social compar-

ison through relative performance and a goal's evaluative standard to stimulate sustainable behaviours. These

insights also offer important and actionable implications for providers of smart meter-facilitated goal-setting, particu-

larly regarding which evaluative standard is more effective in encouraging sustainable energy consumption behav-

iours when displaying relative performance.

2 | THEORETICAL BACKGROUND

In this section, we begin by reviewing prior research on the proliferation of smart meters as Green IS artefacts and

position our study at the intersection of three literature streams: Green IS (with a focus on smart meters), goal-

setting, and social comparison. Subsequently, we present social comparison theory as our theoretical lens through
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which we theorise about residents' perception of their relative performance at the time of goal-setting and how a

goal's evaluative standard influences these perceptions and, ultimately, residents' energy consumption behaviour.

2.1 | Research on green IS and smart meters

Green IS research studies the design, implementation, and impact of technologies that facilitate sustainable behav-

iours to achieve pro-environmental objectives (e.g., Cooper & Molla, 2017; Henkel & Kranz, 2018; Kotlarsky

et al., 2023; Watson et al., 2010). Our research is situated in the so far sparsely investigated category of impact-

oriented Green IS research, that is the use of technologies and systems to achieve sustainability outcomes

(e.g., Gholami et al., 2016; Malhotra et al., 2013). Green IS research in this area has begun to explore the role of smart

meters in promoting sustainable behaviours by tracking and motivating individuals (e.g., Dalén & Krämer, 2017;

Moors & Schäfer, 2023; Sim et al., 2023; Yang et al., 2021). Our study focuses on investigating social comparison in

goal-setting, two concepts that have been predominantly studied in isolation.

Previous Green IS studies with a focus on smart meters investigated either (1) general drivers for the adoption

of or resistance to smart meters (e.g., Chanson et al., 2019; Warkentin et al., 2017; Wunderlich et al., 2019); or

(2) the intersection between smart meters and goal-setting to motivate sustainable behaviour with certain goal-

related design features, such as the presence, absence, and variation of default goals, feedback on one's goal

achievement, and monetary incentives to reach one's goal (e.g., Abrahamse et al., 2007; Graham et al., 2011; Loock

et al., 2013); or (3) the interaction between smart meters and social comparison to stimulate sustainable behaviour,

such as smart meter information on relative performance through normative feedback (e.g., Loock et al., 2011;

Seidler et al., 2020). However, the intersection of all three fields has received only scant research attention, providing

only conceptual and qualitative insights (e.g., Wendt & Benlian, 2022). Figure 1 visualises these intersections and

provides exemplary publications for all relevant areas.

The intersection of smart meter-facilitated goal-setting with social comparison elements bears great potential

for understanding the effects of peer performance on residents' goal-setting ambition and, ultimately, on their

energy consumption behaviour. The resulting theoretical and practical implications are crucial, as the effects of social

comparison in the context of smart meter-facilitated goal-setting may be contingent on social comparison elements.

Without knowing the influence of social comparison elements on the relationship between residents' goal-setting

and energy consumption behaviour, smart meter providers may extrapolate findings from either goal-setting or social

comparison literature without considering insights from their combination. For example, smart meter providers may

derive that one particular comparison element is always more effective when, in fact, the impact highly depends on

the household's characteristics, such as its relative performance at the time of goal-setting. As a result, our research

is novel and theoretically significant, as it deepens our understanding of the contingent effects of social comparison

with smart meter-facilitated goal-setting.

2.2 | Social comparison theory and evaluative standards of goals

Social comparison literature examines the phenomenon of how an individual's behaviour is influenced by social

norms and social influences, particularly through comparison with others or with oneself (e.g., Cialdini et al., 1991;

Schultz et al., 2007). To that end, social comparison theory is grounded in the notion that individuals possess an

inherent drive to evaluate themselves, for instance, in relation to their own performance (Festinger, 1954). In situa-

tions where objective means are not available or difficult to assess, individuals leverage the performance of others to

evaluate their relative (peer) performance (i.e., whether one's own performance is better or worse than the perfor-

mance of peers) and thus engage in social comparison (Festinger, 1954). As per the tenets of social comparison the-

ory, the act of comparing oneself with others or oneself can yield two outcomes: First, when individuals compare
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themselves to better-performing peers or a better past performance of themselves, they perceive their own current

performance as comparatively inferior, leading them to engage in upward comparison. Second, when individuals com-

pare themselves to worse-performing peers or a worse past performance of themselves, they perceive their own cur-

rent performance as comparatively superior, giving rise to downward comparison (Festinger, 1954). Upward

comparison typically raises the aspiration to achieve results similar to the reference value, thereby inducing self-

improvement to match the norm (Festinger, 1954; Wheeler, 1966). This striving for a certain status also reflects the

ambition of the individual to behave in a way that corresponds to their striving for the norm (Judge & Kammeyer-

Mueller, 2012). In contrast, downward comparison results in pronounced self-esteem. Instead of striving for self-

improvement, individuals tend to focus on failure avoidance (i.e., avoiding becoming worse than the norm)

(Festinger, 1954; Wills, 1981).

Given its utility in explaining IS user behaviours, social comparison theory has been applied to various IS con-

texts within and beyond Green IS. For instance, previous research identified social comparison as an impactful design

feature for persuasive systems (e.g., Corbett, 2013; Oinas-Kukkonen & Harjumaa, 2009) and studied how social com-

parison can be leveraged to nudge individuals towards sustainable behaviours (e.g., Staudt et al., 2021), specifically

through smart meter-facilitated goal-setting (Loock et al., 2013; Wendt & Benlian, 2022).

F IGURE 1 Illustrative studies in the Green IS literature focusing on smart meters, goal-setting, and social
comparison.
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To encourage social comparison, Green IS artefacts must offer comparative information, with the choice of a

goal's evaluative standard being a promising design consideration. The evaluative standard of a goal distinguishes

three different points of reference (i.e., self, others, and task) which can be used to evaluate if one is doing well or

poorly while pursuing a goal (Elliot et al., 2011). Self-referencing goals use one's own development over time as

the evaluative standard and define competence in terms of doing well or poorly relative to how one has performed

in the past or will potentially perform in the future (e.g., one's performance this year vs. last year) (Elliot

et al., 2011; Hulleman et al., 2010). In this regard, self-referencing goals leverage comparison elements by making

the desired distinction from a past or future self more salient. Other-referencing goals use an interpersonal evalua-

tive reference point and define competence in terms of doing well or poorly relative to comparable others

(e.g., one's own performance vs. the average performance of others) (Elliot et al., 2011). Accordingly, other-

referencing goals focus on demonstrating competence through comparison with peers and as such, by reinforcing

social comparison (Hulleman et al., 2010; Nicholls, 1984). Importantly, individuals notice the performance of their

peers not only by observing their peers' behaviours in direct interaction but also by having access to an IS that pro-

vides aggregated normative information, for instance displayed through user interfaces. Lastly, task-referencing

goals use the absolute demands of a task as the evaluative standard and define competence in terms of performing

well or poorly relative to what is required by the task itself (e.g., consuming less than a certain amount of a

resource) (Elliot et al., 2011). Thus, they focus on mastering a particular task and attaining task-based competence

(Elliot et al., 2011; Hulleman et al., 2010) and do not relate to social comparison, which is why they are not consid-

ered further in the context of our study.

Applied to our research context, we focus on smart meters as Green IS artefacts and how evaluative standards

can be applied to smart meter-facilitated goal-setting to foster social comparison and to effectively motivate resi-

dents to achieve their targeted energy consumption behaviour. Specifically, we focus on contrasting the effects of

self- and other-referencing goals on residents' perception of their relative performance (i.e., social comparison) at

the time of goal-setting, which should ultimately influence their energy consumption behaviour. We do so for sev-

eral reasons: Previous research on goal-setting in the context of energy consumption has mainly focused on self-

referencing goals and related variables, such as the role of goal commitment and how realistic self-referencing

goals are (e.g., Harding & Hsiaw, 2014), as well as feedback about self-referencing goal progress and achievement

(e.g., Becker, 1978; Harkin et al., 2016; Lazaric & Toumi, 2022; van Houwelingen & van Raaij, 1989). In the same

vein, Green IS studies, specifically those on smart meters, mainly analysed self-referencing goals, such as the role

of self-referencing default goals and goal feedback (e.g., Abrahamse et al., 2007; Loock et al., 2013). However, pre-

vious Green IS research has largely overlooked crucial indications that highlight the potential effectiveness of the

other-referencing evaluative standard as a design feature for promoting pro-environmental behaviours through

social comparison. This evaluative standard will gain prominence with the advancements in smart meter technol-

ogy and the increased data availability. It is particularly well-suited for inducing sustainable behaviours due to its

explicit linkage of goal-setting to individuals' performance relative to peers (Lindenberg & Steg, 2007; Seidler

et al., 2020).

According to recent research Wendt and Benlian (2022), there is evidence to suggest that conducting a compar-

ative analysis of self- and other-referencing goals can offer valuable insights for enhancing the effectiveness of goal-

setting facilitated by smart meters. However, it is worth noting that prior research in this area has primarily relied on

qualitative approaches, lacking a more rigorous quantitative analysis. As such, with the quantitative research

approach of this paper, we look more deeply into the difference between improving oneself over time (i.e., self-

referencing goal) and improving compared to one's peers (i.e., other-referencing goal). Even though previous research

on social comparison showed that peer performance can act as a magnet for both worse- and better-performing resi-

dents (e.g., Loock et al., 2011; Schultz et al., 2007), we know little about how this effect unfolds in goal-setting and

which evaluative standard yields the best results for which group of residents. This research aims to gather empirical

evidence to better understand how sustainable energy consumption behaviour can be effectively motivated through

a combination of smart meter-facilitated goal-setting and social comparison elements.
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3 | RESEARCH MODEL AND HYPOTHESES DEVELOPMENT

In the following, we utilise social comparison theory and goal-setting literature to formulate hypotheses that eluci-

date the influence of a goal's evaluative standard on the relationship between households' relative performance and

their residents' energy consumption behaviour. We first explain the fundamental relationship between a household's

relative performance at the time of goal-setting and its residents' subsequent energy consumption behaviour (H1).

Next, we hypothesize how this relationship is mediated by residents' ambition to act (i.e., targeted goal to improve

their energy consumption behaviour) (H2). As a consequence of these relationships, we can hypothesize how a goal's

evaluative standard moderates the effects of relative performance on ambition to act (H3), and therefore how it can

serve as a (personalisable) design feature for smart meter-facilitated goal-setting. Figure 2 depicts all hypotheses in a

research model.

3.1 | The direct effect of relative performance on energy consumption behaviour

We first apply findings from social comparison literature to our context of smart meter-facilitated goal-setting to

explain the fundamental relationship between households' relative performance and their residents' subsequent

energy consumption behaviour. According to social comparison theory, individuals exhibit an inherent tendency to

evaluate themselves regularly and leverage social comparison particularly in situations where objective means are

not available or difficult to assess (Festinger, 1954). As such, social comparison strongly affects human behaviours

and has repeatedly been demonstrated to play an important role, particularly in environmental contexts (e.g., Alberts

et al., 2016; Allcott, 2011; Lossin et al., 2016), for example, when individuals compare their energy consumption to

that of peers (i.e., relative performance) or try to reduce the discrepancy between themselves and the reference

group of peers (Seidler et al., 2020; Staudt et al., 2021). To hypothesize the effect of such relative performance on

energy consumption behaviour in the context of goal-setting, we differentiate between residents from households

that perform worse and those who perform better than others at the time of goal-setting. We thereby draw on the

average performance of peers (i.e., comparable other households) as a meaningful and salient reference point, which

can be conveyed through the goal-setting functionality of smart meter user interfaces.

Residents from households whose relative performance is worse than average engage in upward comparison,

which has been shown to raise the desire to achieve results (i.e., energy consumption levels) similar to those of one's

peers (Loock et al., 2011; Schultz et al., 2007). Residents are encouraged to perform at the level established by the

group norm. When they observe others performing better, this upward comparison will likely motivate them to

improve themselves (Festinger, 1954). Such a comparative evaluation corresponds to the motivational effect associ-

ated with the process of setting oneself a goal (Locke & Latham, 2002). Accordingly, we argue that residents whose

smart meter-facilitated user interface indicates worse-than-average performance at the time of goal-setting subse-

quently improve their energy consumption behaviour to reach levels close to or even better than average.

F IGURE 2 Research model.
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In contrast, residents from households that perform better than average experience a downward comparison.

Consequently, these residents develop self-esteem and, in some cases, overconfidence, which can result in reduced

motivation to further improve their behaviour once their superior performance becomes apparent through the user

interface (Festinger, 1954; Wills, 1981). In this way, downward comparison can trigger the so-called boomerang

effect, where the performance of residents from better-than-average households may not only stall but even deteri-

orate. For example, previous research showed that residents consuming less electricity than average increased their

electricity consumption after being provided with feedback on their performance relative to peers (e.g., Loock

et al., 2011; Schultz et al., 2007). Applying these insights to smart meter-facilitated goal-setting, where the process

of goal-setting itself serves as a motivational lever, we contend that residents from households with below-average

performance during goal-setting exhibit greater improvement in energy consumption behaviour compared to those

from households with above-average performance, who still improve but with less effort. As such, we hypothesize:

H1. Residents from households whose smart meter-facilitated user interface indicate a worse-

(vs. better-) than-average performance at the time of goal-setting subsequently improve their energy

consumption behaviour to a higher degree.

3.2 | The mediating role of ambition to act

A deeper understanding of the underlying mechanism that accounts for the previously theorised effect is vital to

unravel the implications of relative performance on residents' energy consumption behaviour in smart meter-

facilitated goal-setting. Generally, individuals who freely set a goal strive to adapt their behaviours to an extent that

allows them to meet their chosen goal (Harkin et al., 2016). In that sense, an individual's self-set goal reflects their

ambition to act (e.g., to improve their energy consumption behaviour), referring to an individual's “persistent and
generalised striving for success, attainment, and accomplishment” (Judge & Kammeyer-Mueller, 2012, p. 759). More

challenging goals should thus reflect greater ambition to act (e.g., Harding & Hsiaw, 2014; Hirschi & Spurk, 2021;

Loock et al., 2013). Moreover, the ability to compare one's own performance against that of peers and, therefore, to

engage in social comparison is one of the main levers driving individuals' ambition to act (Festinger, 1954;

Wills, 1981).

Applied to the context of smart meter-facilitated goal-setting, residents' ambition to act is stimulated when they

are given visibility into their energy consumption behaviour relative to peers (i.e., social comparison) while setting a

goal through the user interface. By observing their relative performance, residents are encouraged to adopt more

sustainable behaviours and ultimately decrease their energy consumption (Loock et al., 2011), which is reflected in

their self-set goal. In that sense, the goal set by a resident is a tangible and objective indicator of their ambition to

act (e.g., Harding & Hsiaw, 2014; Loock et al., 2013). However, the level of ambition to act (i.e., the targeted goal) is

likely different for residents whose smart meters inform them that their relative performance is worse- compared to

better-than-average: We expect the level of ambition of residents who engage in upward comparison (i.e., from

worse-than-average households) to be high because they strive for self-improvement and accordingly set a goal to

improve their consumption behaviour considerably. In contrast, we expect residents who engage in downward com-

parison (i.e., from better-than-average households) to exhibit comparably lower levels of ambition to engage in

energy-conserving behaviours and, thus, to set a goal to maintain or even worsen their consumption behaviour.

Therefore, we hypothesize:

H2. Residents' ambition to act mediates the effect of relative performance on energy consumption

behaviour such that residents whose smart meter-facilitated user interface indicates a worse-

(vs. better-) than-average performance at the time of goal-setting exhibit higher ambition to act and

improve their energy consumption behaviour to a higher degree.
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3.3 | The moderating role of a goal's evaluative standard

Considering the notable impact of goal-setting on guiding individuals' attention and effort towards goal-relevant

activities (Locke & Latham, 2002), we aim to hypothesize on the role of evaluative standards in fostering social com-

parison in goal-setting. Specifically, we explore how evaluative standards influence residents' assessment of cogni-

tively processed information, shaping their orientation towards self or others, and ultimately motivating them to take

action (Elliot & McGregor, 2001; Lindenberg & Steg, 2007).

Self-referencing goals cause residents to compare their performance with standards of their own likening (Elliot

et al., 2011). To that end, the propensity to improve one's own performance is primarily based on intrinsic motivation

drivers such as personal interest (e.g., protecting the environment), a strive to master the required actions (e.g., airing

intermittently), or the intent to do better when compared to the past (Hulleman et al., 2010). In this sense, self-

referencing goals are likely to lead residents to focus on their self-improvement potential. Smart meter information

on relative performance is likely to be used merely to determine a reasonable level for the self-improvement goal. In

other words, the performance of peers is used as an anchor.

In contrast, other-referencing goals aim to demonstrate one's competence relative to others and thus are based

on a normative component (Hulleman et al., 2010). While smart meter information on one's relative performance

encourages social comparison rather implicitly, this normative component in an other-referencing goal makes social

comparison more explicit and salient (Hulleman et al., 2010). Thereby, normative concerns (i.e., the fear of per-

forming worse than others) tend to evoke higher levels of ambition to act when setting a goal (Hansson et al., 1983)

and serve as a lever to stimulate pro-environmental behaviours (Lindenberg & Steg, 2007). As such, we argue that

other-referencing goals intensify residents' awareness of and attention to peer performance and emphasise social

comparison. Instead of peer performance merely serving as an anchor for a reasonable goal, it now directly influ-

ences the achievement of the targeted goal. As a result, we expect that information about peers' energy consump-

tion is processed more consciously by residents who set themselves other-referencing goals compared to those who

set self-referencing goals.

Accordingly, we contend that a goal's evaluative standard significantly impacts how relative performance and as

such social comparison affects energy consumption behaviour through ambition to act. In other words, the evalua-

tive standard of a goal moderates the influence of relative performance on residents' ambition to act. Specifically, for

residents performing worse than average, the heightened focus on peers likely accentuates normative concerns. As a

result, the ambition to act of residents with an other-referencing (vs. self-referencing) goal increases (i.e., setting

a higher reduction goal), leading to a more substantial improvement in energy consumption behaviour. Similarly, we

expect that an other-referencing (vs. self-referencing) goal causes residents that perform better than average to

become more aware of their currently superior standing. Accordingly, these residents develop fewer normative con-

cerns and should be less ambitious (i.e., setting a laxer goal), ultimately affecting their energy consumption behaviour.

Combined with the mediation hypothesized in H2, we thus propose the following moderated mediation hypothesis:

H3. The effect of relative performance on energy consumption behaviour via ambition to act is mod-

erated such that a goal's evaluative standard influences the effect of relative performance on ambition

to act.

4 | METHOD

We tested our hypotheses by conducting a 2 � 2 (relative performance: worse vs. better than average; evaluative

standard of the goal: self- vs. other-referencing) framed field experiment (e.g., Fink, 2022; Harrison & List, 2004;

Karahanna et al., 2018). Framed field experiments use a sample of real subjects in actual settings where participants

make real-life decisions related to the study. Therefore, framed field experiments “leverage the subjects' real-world
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settings for the context to increase external validity and realism” (Karahanna et al., 2018, p. iv) and are thus particu-

larly suitable to investigate not only behavioural intentions but also actual behaviours.

4.1 | Experimental context

We chose to investigate smart meter-facilitated goal-setting for motivating sustainable energy consumption in the

highly relevant context of (space) heating: With a share of 64% of households' energy consumption in the EU

(Eurostat, 2020), heating of households constitutes an exceptional potential for energy savings. Apart from costly

investments into building infrastructure, it is assumed that residents can actively reduce heating energy

(HE) consumption by about 20% simply through more energy-conserving behaviours, such as airing intermittently

and closing shades at night (e.g., Alberts et al., 2016; Pfnür & Müller, 2021; Vassileva et al., 2013).

We chose participants from Germany as saving energy is of high political and societal priority in Germany, partic-

ularly as heating in Germany is largely powered by oil and gas (e.g., Wunderlich et al., 2019). Moreover, residents

from German households are affected by the EU's smart meter directives and will comprehensively be supplied with

smart meters and regular consumption information in the near future (Alaton & Tounquet, 2020). Besides, given that

awareness of HE consumption behaviour is particularly relevant in countries with seasonal weather conditions

(e.g., Catalina et al., 2008), we opted for Germany as a northern hemisphere country that is subject to seasonal varia-

tions. At the same time, German residents are not particularly aware of short-term energy price fluctuations, as

heating bills are typically sent out only once per year.

Moreover, we decided to investigate self-reported heating behaviour instead of measuring absolute HE con-

sumption data for two reasons: First, absolute HE consumption figures usually include fractions of total building con-

sumption for households in shared buildings or rental apartments with collective heating systems, which individual

households do not have full control over and access to (Eurostat, 2013). Second, given our focus on HE consumption

reduction related to behavioural changes, reported heating behaviours are unaffected by potentially strong differ-

ences in consumption due to variations among households in structural measures and appliances (e.g., more or less

insulation, different kinds of heaters) as well as an apartment's location (e.g., south vs. north side, detached

vs. adjacent to other apartments) (e.g., Abrahamse et al., 2007; Vassileva et al., 2013).

4.2 | Experimental design and manipulations

Similar to previous studies on energy consumption behaviours (e.g., Sütterlin et al., 2011; Wemyss et al., 2019), we

designed a custom-made online user interface where participants were asked to briefly report on their household's

current heating behaviours. To evaluate households' inherent relative performance and to compare the effect of dif-

ferent evaluative standards of goals, these reported behaviours were used to build a single individual score, which

we refer to as a household's heating intensity (e.g., Calì et al., 2016; Paone & Bacher, 2018). To increase participants'

comprehensibility of the collected data, we described this heating intensity to participants as a normalised measure

of their heating behaviour ranging from 1 to 100. Operationalising HE consumption in that way offered the advan-

tage of providing participants with a tangible and comparable visualisation of their heating behaviours. Additionally,

it allowed us to ensure that participants would not attribute any differences between their and other households'

heating behaviour to structural factors (e.g., building insulation, old heating systems) that we cannot control for. We

computed the heating intensity of each household to derive an overall average that would serve participants to

assess their relative performance (RP). We decided to simplify the visualisation of this RP in that we employed only

two categories for RP. Worse-than-average performing participants were shown to perform 20% worse than aver-

age, whereas better-than-average performing participants were shown to perform 20% better than average. This

simplification allowed us to ensure that participants were aware that there was a non-negligible difference between
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the average and their own heating intensity, while still maintaining comparability among all participants being better

than average and all participants being worse than average. We opted for the number of 20% as it is assumed that

this share can realistically be saved simply through more energy-conserving behaviours (e.g., airing intermittently,

closing shades at night) (e.g., Alberts et al., 2016; Pfnür & Müller, 2021; Vassileva et al., 2013). With our simplified

approach, we comparably encouraged all participants to engage in upward or downward comparison.

The experimental design also provided a goal-setting functionality to allow participants to set a self-selected goal

for the upcoming 4 weeks that referred to either their own (i.e., self-referencing) or comparable others' heating

intensity (i.e., other-referencing) as an evaluative standard (ES). The experimental duration of 4 weeks captures a sta-

ble and generalizable estimate of social lives (Reis & Wheeler, 1991, p. 287). Furthermore, participants received feed-

back on their goal attainment at the end of the study period. To assess goal attainment for participants who set an

other-referencing goal, we needed a reference group to help us understand how the heating behaviour of the alleged

group of others changed during the same period. On that account, we collected data from a control group who

reported their heating behaviour, but did not receive any information on their RP and were not given the possibility

to set a goal. Figure 3 depicts our visualisation of smart meter information on participants' RP (i.e., worse vs. better

than average) and our operationalization of goal-setting with two different ES (i.e., self- vs. other-referencing goal).

4.3 | Experimental procedure

Figure 4 shows the experimental procedure for participants of all conditions: (1) First, we offered participants a

clearer context for our study and introduced them to the setting by illustrating the importance of HE consumption

behaviour with regard to overall energy consumption in households. This introductory information ensured that all

participants were able to put themselves in the real situation of private heating during the experiment and under-

stood the relevance of the topic, which is in line with current industry practices to raise awareness of sustainable

energy consumption behaviour (e.g., Oracle Utilities, 2020). (2) Second, participants reported their own household's

heating behaviour of the past 2 weeks, for instance, with respect to airing habits and usage of heaters. Participants

F IGURE 3 Visualisation of smart meter information on relative performance along with manipulations for the
goal's evaluative standard.
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were instructed to consider the collective behaviour of their entire household, emphasising the importance of

reflecting upon the actions of the household as a unified entity, rather than focusing solely on their individual behav-

iours. (3) Next, according to their self-reported heating behaviour, participants were categorised into the group of

households with either worse- or better-than-average RP and were shown the respective visualisation (see Figure 3).

(4) Lastly, we randomly assigned participants to a condition that offered a goal-setting functionality with either self-

or other-referencing ES where participants set their goal and confirmed their choice. (5) We asked participants to

briefly report on their household's current heating behaviour after 2 weeks before inviting participants to the final

reporting round after 4 weeks. (6) Based on the goal participants set themselves and their subsequent modifications

in heating behaviour during the 4-week period, we proceeded to provide participants feedback on their goal attain-

ment. In addition, a control group went through steps (1), (2), and (5) but received neither information about their rel-

ative performance nor a goal-setting functionality.

4.4 | Variables measured

We measured our dependent variable, heating intensity reduction, by calculating the difference between heating

intensity in the initial round and 4 weeks later (Abrahamse et al., 2007). Our independent variable, relative perfor-

mance, was assigned to participants according to their initial heating intensity based on their self-reported heating

behaviour (i.e., worse- vs. better-than-average RP). For our mediating variable (i.e., ambition to act), we measured

participants' chosen goals as an individual's self-set goal reflects their ambition to improve their energy consumption

behaviour (e.g., Harding & Hsiaw, 2014; Hirschi & Spurk, 2021; Loock et al., 2013). To allow for comparability of

goals between all treatment groups and to conduct our analyses, we converted other-referencing goals into equiva-

lent self-referencing goals. For example, a household initially behaving 20% worse than others with a goal of eventu-

ally behaving 10% better than others had a goal that was equivalent to a self-referencing goal of 30% improvement.

This self-referent goal value represents a household's ambition to act in that higher (vs. lower) goals indicate higher

ambition to improve the current HE consumption behaviour.

To assess participants' heating intensity, we measured each household's self-reported heating behaviour using

several seven-point Likert-type scale items (see Table A1 in the Appendix A). We then consolidated these items for

further analyses into our heating intensity variable which we presented in the smart meter use interface as a scale

ranging from 1 to 100 for participants' easier comprehension (e.g., Abrahamse et al., 2007; Sütterlin et al., 2011;

Wemyss et al., 2019). To derive participants' heating intensity, we first asked participants about their possession and

use of household appliances (Abrahamse et al., 2007). Specifically, we asked them to indicate which type of heater

they owned (e.g., radiator with manual vs. programmable thermostat) and what temperature they chose during

day- and night-time in the living- and bedroom (Guerra-Santin & Itard, 2010). Moreover, participants were asked to

indicate how often their household performed different activities related to heating and airing habits (Calì

et al., 2016; Sütterlin et al., 2011), for example “keep doors closed between rooms with different temperatures” as

well as about their household's general awareness with regard to heating-related activities such as “closing shutters

or blinds at night” (Paone & Bacher, 2018). We offered participants the possibility of choosing “not applicable” as a
response option for questions that were specific to certain appliances (e.g., floor heating) (Sütterlin et al., 2011).

Following prior literature (e.g., Sütterlin et al., 2011; Wemyss et al., 2019), we computed each household's

heating intensity by calculating the mean of the items for self-reported behaviour. Averaging participants' responses

over all items also allowed for minimising potential measurement errors introduced by the discrete levels of our

Likert-type scales. We then used this heating intensity to infer the overall average performance as well as house-

holds' RP and to assess their goal attainment at the end of our experiment. In addition, we measured demographics

(i.e., participants' age and gender), household size (i.e., number of household members), intermediate performance

(i.e., heating intensity after 2 weeks) as well as competitiveness (i.e., how strongly participants generally compare

their performance) (Tiefenbeck et al., 2018) and social desirability bias (Paulhus, 1991) as control variables that we

considered to be influential in our experimental setting. Table A1 in the Appendix A lists all employed items.
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Additionally, we integrated three attention checks to notice whether participants read each item carefully and

understood the meaning of the visualisations. Moreover, we asked about extended absences from home

(e.g., Tiefenbeck et al., 2018) as well as how accurately participants perceived the employed survey items to capture

and represent their actual heating behaviour.

5 | DATA ANALYSIS AND RESULTS

5.1 | Sample

We recruited 192 participants from the crowdsourcing platform Prolific which is specifically designed for behavioural

research and experiments. Multiple studies corroborate that the data of Prolific respondents exhibits high reliability

and is of comparable or even higher quality than responses from the commonly used online research platform Ama-

zon Mechanical Turk (Palan & Schitter, 2017; Peer et al., 2017). We restricted access to our study to participants

located in Germany with an approval rating above the suggested threshold of 95% to ensure high data quality

(Goodman & Paolacci, 2017). Out of those 192 participants, we removed 40 who either did not answer all questions,

failed our attention checks, or stated that they had been absent from their homes for more than 3 days during our

experiment. As such, we arrived at a final data set with 152 valid entries. We collected the data from January to

February 2021 to capture a timeframe in which heating is particularly relevant in Germany. Table A2 (see

Appendix A) summarises the descriptive statistics of the participating households in the control group (i.e., no RP

information, no goal-setting) and the two treatment groups (i.e., self- vs. other-referencing ES of goal), segmented by

the corresponding RP (i.e., worse vs. better than average).

The results of several one-way analyses of variance for the control variables indicate good comparability and bal-

ance across not only our two treatment conditions (i.e., self- vs. other-referencing ES of the goal), but also across all

F IGURE 4 Experimental procedure.
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sub-groups covering both worse- and better-than-average performance, as there were no significant differences

(p > 0.1) in terms of participants' gender, age, household size, competitiveness or their stated social desirability bias.

Therefore, we find support for the successful randomisation of the assignment process to our experimental condi-

tions. In addition, we verified that participants whose heating behaviour was categorised as better than average did

not exhibit any significant difference (p > 0.1) in the above-mentioned control variables compared to those partici-

pants categorised as worse than average – thereby ensuring comparability of both performance categories. Lastly,

our respondents strongly agreed that the employed survey items accurately captured and represented their actual

heating behaviour (M = 6.20, SD = 1.26).

5.2 | Influence of social desirability bias

As our dependent variable heating intensity behaviour was self-reported, we took particular care to address any

influence resulting from participants describing their heating behaviour more favourably than might be the

case – often referred to as social desirability bias. Accordingly, we followed established and contemporary best prac-

tices in research (e.g., Larson, 2019; Nederhof, 1985; Paulhus, 1991) and specifically in IS research (e.g., Turel

et al., 2011) to minimise and account for potential social desirability bias: First, we designed our experiment to

reduce the likelihood of social desirability bias by assuring participants that their results would not be assessed indi-

vidually but only in aggregation with all other participants, by allowing them to set any goal they liked – purposefully

integrating an option for a goal to behave even worse than they did before – and by not incentivising participants

whatsoever in any change of heating behaviour. Therefore, participants were neither formally nor informally pres-

sured or constrained in their goal-setting and attainment. Second, after collecting our data, we used participants'

responses to the social desirability bias items and compared social desirability bias across all four groups (i.e., ES:

self- vs. other-referencing, RP: worse vs. better than average), finding no significant differences (p > 0.1) and thus

indicating that social desirability bias did not distort the outcomes across all four groups. Third, we included the

social desirability bias measure as a control variable in our regressions, accounting for any potential effects in

the analyses. Fourth and lastly, we calculated Spearman's correlation between the social desirability bias measure

and our dependent variable, heating intensity behaviour. Since Spearman's correlation was insignificant (p > 0.1), the

results suggest that social desirability bias has no association with participants' responses on their heating intensity

behaviour. Overall, we conclude that social desirability bias – as far as it occurred at all – does not meaningfully

affect the implications of our study.

5.3 | Contrast analysis of heating intensity reduction

To gain an initial understanding of the effects of households' RP and goals' ES on households' heating behaviour via

their heating intensity reduction, we performed a contrast analysis based on independent samples t-tests. Per-

forming better (vs. worse) than average at the time of goal-setting decreases heating intensity reduction by 53.7%

(8.8% vs. 19.0%; p < 0.01), thereby indicating a significant influence of RP on heating intensity reduction. To obtain a

more differentiated view, we consider the goal's ES: As visualised in Figure 5, among those participants pursuing

a self-referencing goal, we do not find any significant difference in heating intensity reduction between worse- and

better-than-average performing participants (13.5% vs. 11.1%; p > 0.1). However, for those participants following an

other-referencing goal, the difference between worse- and better-than-average performing participants reaches

73.6% (24.1% vs. 6.4%; p < 0.001). As such, we find an initial indication that the degree to which RP impacts heating

intensity reduction is subject to the ES of the goal pursued.
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5.4 | Hypotheses testing

We first conducted a hierarchical linear, ordinary least squares regression to test our hypotheses, as reported in

Table 1. Focusing on our dependent variable heating intensity reduction, we designed four stages. In stage 1, we

included our control variables gender, age, household size, social desirability, competitiveness, and intermediate per-

formance as well as our independent variables RP (worse-than-average RP = 0, better-than-average RP = 1) and ES

(self-referencing ES = 0, other-referencing ES = 1). In stage 2, we added the term for the interaction between RP

and ES. In Stage 3, we analysed the mediating influence of ambition to act. We furthermore analysed a fourth stage

in which we included ambition to act as our mediator and ES as our moderator. Similarly, we set up the previously

described stage 1 and 2 also for our mediator ambition to act (i.e., the targeted improvement goal).

The results support H1, indicating that households with a better-than-average RP achieve a smaller reduction in

heating intensity compared to those with worse-than-average RP (stage 1: β = �10.46, p < 0.01). Moreover, our

findings reveal that ambition to act significantly predicts heating intensity reduction (Stage 3: β = 0.67, p < 0.001),

providing the first indication for mediation stated in H2 (Baron & Kenny, 1986). Similarly, we find an initial indication

for our moderated mediation mentioned in H3 in that the interaction of RP and ES significantly influences the ambi-

tion to act (stage 2: β = �9.68, p < 0.05).

Subsequently, we verified our mediation hypothesis (H2) and our moderated mediation hypothesis (H3). Starting

with ambition to act as a hypothesized mediator carrying over the effect of RP on heating intensity reduction, we

conducted a bootstrap analysis with 5000 bootstrap samples and 95% confidence intervals using PROCESS

(Hayes, 2022, Model 4), which further supports the mediating effect of ambition to act (see Table 2). As the regres-

sion results in Table 1 indicate that including ambition to act as a mediator leads to no significant influence of the

direct effect of RP on heating intensity anymore, we find support for an indirect-only mediation (Zhao et al., 2010).

Next, we analysed the moderating effect of ES on the indirect effect of RP on heating intensity reduction by con-

ducting a bootstrap analysis with 5000 bootstrap samples and 95% confidence intervals using PROCESS

(Hayes, 2022, Model 8). The results in Table 2 support that ES indeed interacts with RP in the form of a moderated

mediation. As such, we find evidence supporting both the mediation hypothesized in H2 and the moderated media-

tion hypothesized in H3. Hence, the effect of RP in which worse- (vs. better-) than-average households show higher

ambition to reduce their heating intensity is reinforced when the goal's ES switches from self-referencing to other-

referencing.

Figure 6 depicts the interaction plots for both ambition to act and heating intensity reduction.

F IGURE 5 Effect of a goal's evaluative standard on heating intensity reduction, subject to households' relative
performance.
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6 | DISCUSSION

Excessive energy consumption is one of the most pressing sustainability problems in the 21st century, with house-

holds accounting for more than 25% of total energy consumption (Eurostat, 2021; IEA et al., 2020). Our research

aimed to explore the impact of smart meter information about households' relative performance in energy consump-

tion on their residents' energy consumption behaviour. By doing so, we sought to enhance the effectiveness of moti-

vating residents to improve their energy footprint. Moreover, we set out to examine how evaluative standards – as a

smart meter-facilitated design feature for goal-setting – shape the influence of relative performance on residents'

energy consumption behaviour. Specifically, we explored how the inclusion of peer performance in the goal-setting

process affects this relationship. Our research reveals that the configuration of a goal's evaluative standard

(i.e., whether one's goal refers to oneself or peers) significantly shapes residents' awareness of their relative perfor-

mance and thus has a positive impact on their energy consumption behaviour. More specifically, we find that a goal's

evaluative standard influences the mediated effect of a household's relative performance on residents' energy con-

sumption behaviour via ambition to act: Residents from worse-than-average households are more ambitious and

thus improve their energy consumption behaviour more strongly with an other-referencing goal (estimated improve-

ment by 24.1%) than with a self-referencing goal (estimated improvement by 13.5%). In contrast, residents from

better-than-average households decrease their efforts to improve their energy consumption behaviour and show

less improvement with an other-referencing goal (estimated improvement by 6.4%) than with a self-referencing goal

(estimated improvement by 11.1%).

TABLE 1 Hierarchical linear regression on ambition to act and heating intensity reduction.

Ambition to act (i.e., targeted
reduction goal) Heating intensity reduction

Stage 1 Stage 2 Stage 1 Stage 2 Stage 3 Stage 4

Manipulations

RP �11.16***

(2.43)

�6.39†
(3.37)

�10.46**

(3.00)

�2.57 (4.09) �3.86

(3.05)

1.18 (3.87)

ES 5.37* (2.42) 10.44**

(3.48)

5.31† (3.13) 13.91** (4.37) 5.05† (2.85) 11.17**

(4.08)

Interaction

RP � ES — �9.68*

(4.83)

— �16.12**

(5.88)

— �11.42*

(5.53)

Mediation

Ambition to act — — — — 0.67***

(0.14)

0.61***

(0.14)

Control variables

Household size �1.15 (0.91) �0.88 (0.91) 0.62 (1.12) 1.05 (1.10) 1.17 (1.03) 1.43 (1.02)

Gender �1.48 (2.60) �1.68 (2.56) 1.28 (3.21) 0.97 (1.84) 2.78 (2.93) 2.43 (2.89)

Age 0.13 (0.20) 0.20 (0.20) �0.52* (0.25) �0.40 (0.24) �0.48

(0.23)

�0.39 (0.23)

Social desirability bias �5.38** (1.53) �5.21 (1.51) 0.15 (1.93) 0.36 (1.88) 2.26 (1.81) 2.23 (1.78)

Competitiveness �1.10 (1.52) �1.35 (1.51) 1.36 (1.88) 0.93 (1.84) 1.61 (1.71) 1.28 (1.69)

Intermediate

performance

— — 0.27*** (0.07) 0.29*** (0.07) 0.51***

(0.08)

0.50***

(0.08)

R2 0.28 0.31 0.27 0.32 0.40 0.42

Note: †p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001; standard errors in parentheses.

Abbreviations: ES, evaluative standard.; RP, relative performance.
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6.1 | Contributions to green IS research

Our study offers two important contributions to Green IS research. It particularly adds to the Green IS stream on the

use of technologies and systems to achieve sustainability outcomes (cf. Kotlarsky et al., 2023), which has repeatedly

emphasised the need for empirical exploration of how Green IS artefacts effectively promote sustainable behaviours

(e.g., Gholami et al., 2016; Malhotra et al., 2013).

TABLE 2 Bootstrap analyses for the (moderated) mediation relative performance à ambition to act à heating
intensity reduction.

Moderator Effect BootSE BootLLCI BootULCI

Mediation — Direct: 3.82 3.08 �2.29 9.92

Indirect: 6.64 1.84 3.38 10.59

Moderated mediation ES: self-referencing Direct: �1.18 3.87 �8.86 6.49

Indirect: 3.75 1.88 0.54 7.87

ES: other-referencing Direct: 10.24 4.31 1.70 18.77

Indirect: 8.45 2.63 4.02 14.22

Index of moderated mediation BootSE BootLLCI BootULCI

4.70 2.61 0.08 10.32

Note: 5000 bootstrap samples, 95% confidence intervals using PROCESS (Hayes, 2022).

Abbreviation: ES: evaluative standard.

F IGURE 6 Interaction between relative performance and a goal's evaluative standard.
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First, we add to the body of knowledge on Green IS by showing how incorporating households' relative perfor-

mance as a social comparison element into the goal-setting process affects residents' energy consumption behaviour.

Previous Green IS literature outside the context of goal-setting reveals that smart meter information on one's rela-

tive performance stimulates only residents from under-performing households to improve their energy consumption

behaviour while it encourages residents from over-performing households even to worsen their energy consumption

behaviour (e.g., Loock et al., 2011; Schultz et al., 2007). At the same time, theoretical conceptualizations about inte-

grating normative information (e.g., relative performance) into the goal-setting process assume a predominantly posi-

tive effect on residents' energy consumption behaviour but overlook to distinguish residents based on their relative

performance (Elliot et al., 2011; Lindenberg & Steg, 2007). Our findings confirm these theoretical con-

ceptionalisations and show that providing information about a household's relative performance at the time of goal-

setting influences the effectiveness of smart meter-facilitated goal-setting and thus, residents' energy consumption

behaviour. Beyond this, our results reveal that the overall positive effect of goal-setting is not the same for all

residents – as implicitly assumed by previous goal-setting research (e.g., Abrahamse et al., 2007; Loock et al., 2013).

Instead, the positive effect changes in its effect size depending on households' relative performance at the time of

goal-setting: Residents from under-performing households improve their energy consumption behaviour to a higher

degree than those from over-performing households. As such, we reveal that relative performance as a social com-

parison element determines the effectiveness of goal-setting and ultimately the achievement of sustainable out-

comes. Thereby, we also add to the social comparison literature which revealed that peer performance acts as a

magnet for both worse- and better performing individuals, meaning that individuals who already perform better than

average decrease their effort and start to perform worse once they become aware of their superior performance

(e.g., Allcott, 2011; Loock et al., 2011; Schultz et al., 2007). With our study we increase our understanding of how

social comparisons can cause a positive effect (i.e., improved behaviour) on both, worse- and better-performers

when being combined with goal-setting.

Moreover, we uncover an important underlying mechanism that explains the effectiveness of incorporating

relative performance into the process of goal-setting. Prior Green IS literature on goal-setting mainly followed a

black-box-approach by narrowing its focus to quantifying the extent to which goal-setting design features lead to an

objective change, such as absolute energy consumption reduction (e.g., Abrahamse et al., 2007; Loock et al., 2013).

Our study goes beyond previous research by revealing that residents' ambition to act mediates the effect of one's

relative performance in goal-setting on energy consumption behaviour, with residents from worse-than-average

households setting more ambitious goals and improving their energy consumption behaviour to a higher degree than

residents from better-than-average households. Furthermore, by using residents' self-set goals as a measure of their

ambition to act, we not only underscore the substantial relevance of goal-setting as an effective smart meter func-

tionality. Our research also enhances our comprehension of how considering social comparison through one's rela-

tive performance influences residents' behaviour when setting and pursuing a goal. As such, our insights are valuable

to mitigate the risk of implementing designs that cause behavioural changes in unintended directions, as has been

observed for individuals who lack the possibility to set a goal and who start to neglect pro-environmental behaviours

once they become aware that their relative performance is better than that of peers (e.g., Loock et al., 2011; Schultz

et al., 2007).

Second, our research enhances the field of Green IS by deepening our understanding of a goal's evaluative stan-

dard as a customizable design element in goal-setting that fosters social comparison. The evaluative standard of a

goal significantly influences the salience of social comparison elements and thus, the extent to which households' rel-

ative performance affects their residents' ambition to act, ultimately impacting their energy consumption behaviour.

Previous Green IS literature investigated various design features that potentially influence the efficacy of goal-

setting, such as default goals, goal feedback, and goal incentives (e.g., Abrahamse et al., 2007; Graham et al., 2011;

Loock et al., 2013; Yim, 2011). In doing so, prior literature implicitly conceptualised goal-setting as a process in which

individuals focus solely on their own performance, with goals generally being self-referencing (e.g., Abrahamse

et al., 2007; Loock et al., 2013) and social comparison either not being present (e.g., goal incentives) or limited to
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comparing oneself to one's own previous or future performance (e.g., default goal, goal feedback). In contrast, other-

referencing goals have largely been neglected. We introduce a goal's evaluative standard (i.e., self- vs. other-

referencing goals) as a design feature that – in the case of other-referencing goals – explicitly links individuals' goals

to the performance of peers, thereby reinforcing relative performance as a social comparison element in goal-setting.

Although other-referencing goals have been discussed conceptually, their empirical investigation remains unexplored

(Elliot et al., 2011; Lindenberg & Steg, 2007). As such, our study deviates from and expands upon prior research in

Green IS by challenging the assumption that goals are relatively static and self-centred targets. Instead, we explicitly

juxtapose two different reference points for goal-setting (i.e., one's own vs. comparable others' performance) and

investigate their effectiveness for motivating and achieving sustainable behaviours. To that end, we examine how

linking the reference point of a goal to the performance of residents' peers influences residents' goal choice and their

energy consumption behaviour. This perspective sheds light on how social comparison-related design features for

goal-setting affect the way residents engage in pro-environmental behaviours. This is important as it unlocks new

and powerful ways to motivate residents in setting and pursuing ambitious goals through smart meter-facilitated

goal-setting. More specifically, our results demonstrate that other-referencing goals intensify residents' consideration

of the performance of their peers (i.e., social comparison), meaning that the highest improvement in energy con-

sumption behaviour is achieved when user interfaces offer residents from under-performing households a goal with

an other-referencing evaluative standard, and residents from over-performing households a goal with a self-

referencing evaluative standard. As such, our study provides valuable insights for Green IS artefacts such as smart

meter-enabled goal-setting seeking to inspire and foster more sustainable behaviours.

6.2 | Practical implications for IS and sustainable energy consumption behaviour

Our study offers actionable insights for smart meter providers and policymakers seeking to encourage sustainable

energy practices among residents, by delving into the interplay between relative performance (i.e., social compari-

son), evaluative standards, and energy consumption behaviour. The pivotal role of evaluative standards as a means

of fostering social comparison in goal-setting becomes evident when residents assess their household's performance

against themselves or peers while setting energy consumption goals. To leverage this, designers and providers of

smart meter user interfaces are encouraged to personalise goal-setting through evaluative standards, tailoring them

to households' relative performance. For households performing worse than average, presenting other-referencing

goals proves most effective, while households performing better than average benefit from self-referencing goals.

With the increasing accessibility of smart meter data, households' relative performance can be continuously assessed

by smart meter providers, facilitating direct customization of evaluative standards in smart meter user interfaces

based on households' unique conditions.

Furthermore, smart meter providers can enhance the effectiveness of their devices' user interfaces by offering a

more targeted reference point for other-referencing goals than the simple average. For example, for households

whose relative performance is superior to that of the average of comparable households, designers and providers of

smart meter user interfaces could present a goal referring to the top quartile of comparable households (i.e., “I want

to behave 10% better than the top quartile of my peers”). This nuanced personalization approach ensures that resi-

dents from high-performing households are challenged appropriately, fostering ambitious yet realistic goal-setting.

By strategically incorporating different evaluative standards of goals in smart meter user interfaces, providers and

designers can effectively utilise the power of evaluative standards to foster social comparison and to steer residents

towards sustainable energy consumption. In practice, following our recommendations can lead to a substantial 11%

to 24% improvement in energy consumption, contributing to reduced emissions and costs. As smart meters become

more widespread globally, our findings gain more practical significance and utility, offering valuable insights for ongo-

ing and future efforts in sustainability initiatives.
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6.3 | Limitations and directions for future research

While our study offers several contributions and implications, it is nevertheless subject to limitations. First, our

results are based on a framed field experiment, whereby some aspects (i.e., relative performance) were derived from

participants' reported real-life behaviour whereas other aspects (i.e., evaluative standard of the goal) were randomly

assigned to participants. Even though this type of experiment allows for gathering data from participants' self-

reported behaviours, participants are aware of the experimental setting. To account for potential social desirability

bias, we followed established and contemporary procedures to minimise and control any potential confounding influ-

ences. As our tests revealed, social desirability poses no noteworthy implications for our research findings. However,

to improve the generalizability and confirm the transferability and robustness of our findings, we call for future

research to conduct field studies (e.g., field or quasi-field experiments) where participants are less aware of the

research design. Conceivably, such a field study could additionally collect objective consumption data on energy con-

sumption (e.g., by tapping into timely and even real-time smart meter data) to eliminate potential limitations of self-

reported measurements and to capture energy consumption changes on a continuous scale without the limitations

inherent to self-reported and discrete measurements. Similarly, future studies can investigate how self-reported con-

sumption behaviour and smart meter-tracked absolute consumption data diverge and may potentially influence goal-

setting. Moreover, scholars may gather additional data on residents' behaviours by examining their engagement with

smart meters, such as frequency of usage, as well as exploring the potential impact of these behaviours on other

resource consumption patterns, like the frequency and duration of showering. In this vein, our choice of ambition to

act as a mediator was motivated to offer a parsimonious research model while not overstraining the paper's complex-

ity, specifically given our moderation mediation analyses. Therefore, future studies may investigate additional media-

tors (e.g., goal difficulty) to provide a richer explanation of the underlying mechanisms.

Second, our experiment comprised a period of 4 weeks. To account for seasonal fluctuations beyond volatile

day-to-day changes driven by varying outside temperatures, we encourage future research to investigate how the

effects of a goal's evaluative standard unfold over more extended periods (e.g., several heating seasons). Such

insights would help to improve our understanding of whether and how residents uphold their efforts to conserve

energy when they relate to others that experience the same external fluctuations (in the case of other-referencing

goals) rather than to themselves, where they may constantly struggle to select a reasonable goal (in the case of self-

referencing goals). In the same vein, it would be interesting to investigate how smart meter providers can switch the

same household's goal design when the household adjusts its energy consumption behaviours over the long term.

Specifically, once a household moves from a worse- to a better-than-average performance, the goals' evaluative

standard could switch from other-referencing to self-referencing to ensure a higher ambition to act and a further

improved energy consumption behaviour. In this regard, future investigations could delve into alternative reference

points for a goal's evaluative standard, such as contrasting past-month versus past-week behaviours or comparing

households based on averages versus the top 10% performers. Additionally, there may be greater scope for enhanc-

ing sustainable energy consumption in households performing below average, warranting focused studies on optimi-

sing interventions for this specific target group.

Third, our sample included German participants. Even though Germans are particularly affected by smart meter

directives and experience seasonal weather conditions that make the investigated design feature (i.e., evaluative

standards of goals) instrumental, other countries and cultures, especially beyond Europe, may behave differently. As

such, we encourage future research also to investigate other cultural contexts to complement and corroborate the

findings from our experiment. In doing so, scholars can advance our understanding of further implications of differ-

ent evaluative standards of goals and account for moderating factors (e.g., preferences of different household mem-

bers). Moreover, future scholarly investigations could employ more comprehensive face-to-face interviews to yield

even richer insights.

Lastly, to our knowledge, our study is one of the first to shed light on how different evaluative standards of goals

can be leveraged to curb residents' energy consumption behaviour. Nevertheless, Green IS research on goal-setting
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could gain further insights from a more nuanced distinction within and between self- and other-referencing goals.

Future research can explore the influence of perceived group proximity on goal-setting and goal attainment among

closely related residents. Specifically, it would be valuable to investigate how residents perceive the group of others

in relation to themselves. Understanding the impact of this perceived group proximity on the process of setting and

achieving goals can provide valuable insights into individual and collective behaviours. Essentially, goals' evaluative

standards represent an impactful opportunity waiting to be applied and tested by (Green) IS researchers in many

contexts that aim to influence behaviours well beyond heating behaviour.

In conclusion, the study of smart meter-facilitated goal-setting holds significant promise for addressing the

pressing global need to motivate residents to adopt sustainable resource consumption behaviours and transition

towards a more environmentally conscious society. We hope our study is one step towards making a more sustain-

able future a reality.
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APPENDIX A

TABLE A1 Constructs and measurement items.

Construct Items

Self-reported heating

behaviour

Heating appliances and use (Guerra-Santin & Itard, 2010)

What thermostats do you mainly use in your living room / in your bedroom?

What temperature are the thermostats (/what level are the radiators) currently set to

in your living room during the day?

What temperature are the thermostats (/what level are the radiators) currently set to

in your bedroom during the night?

Heating habit (Sütterlin et al., 2011)

What share of your home do you currently heat? [no room at all … all rooms]

How often do you currently keep doors closed between rooms of different

temperatures? [very rarely … very often]

How long per day do you use additional (mostly electric) heating elements such as

heating mats, electric blankets or fan heaters? [(almost) not at all … more than 3 h;

not applicable]

Airing habit (Calì et al., 2016)

How long per day do you currently leave your windows tilted? [(almost) not at all …
more than 3 h; not applicable]

How long per day do you currently leave your windows (wide) open? [(almost) not at

all … more than 3 h; not applicable]

General awareness (Paone & Bacher, 2018)

How often do you currently close shutters or blinds at night? [(almost) not at all … very

often; not applicable]

How often do you currently make sure your radiators are vented? [(almost) not at all …
very often; not applicable]

How much attention do you pay to your furniture not shielding your radiators?

[(almost) not at all … very often; not applicable]

Social desirability bias

(Paulhus, 1991)

My first impression of people usually turns out to be right.

I am often not confident of my judgement. (r)

I always know why I like things.

I have once received too much change from a salesperson without telling him/her. (r)

I never tell lies to others.

There have been occasions when I have taken advantage of someone. (r)

(first three items for self-deception enhancement, followed by three items for

impression management, all measured from strongly disagree to strongly agree)

Competitiveness (Tiefenbeck

et al., 2018)

In general, I often evaluate my performance in comparison to the performance of

others.

In general, I often compare my performance to my own past performance.

Note: (r): reversed item.

WENDT ET AL. 2021



A.1. | MEASUREMENT MODEL ASSESSMENT OF OUR CONTROL VARIABLE SOCIAL DESIRABILITY BIAS

We assessed the psychometric properties of our measurement models by examining convergent validity for our con-

struct social desirability bias, which we verified using three criteria (Fornell & Larcker, 1981): First, the item loadings

were significant (p < 0.001) and exceeded the recommended level of 0.70 (Carmines & Zeller, 1979). Second, with a

value of 0.94 for Cronbach's alpha and 0.94 for composite reliability, both measures of internal consistency were

above the recommended level of 0.70 (Nunnally & Bernstein, 1994). Third, with a value of 0.72, the average variance

extracted exceeded the relevant threshold of 0.50 (Hair. et al., 2016). Hence, our construct for social desirability bias

met the specifications for convergent validity and was appropriate to be employed as a control variable to account

for respondents' desire to avoid embarrassment and project a favourable image to others.

The results of several one-way analyses of variance for the control variables indicate good comparability and bal-

ance across not only our two treatment conditions (i.e., self- vs. other-referencing ES of the goal), but also across all

sub-groups covering both worse- and better-than-average performance, as there were no significant differences

(p > 0.1) in terms of participants' gender, age, household size, competitiveness or their stated social desirability bias.

Therefore, we find support for the successful randomisation of the assignment process to our experimental condi-

tions, which is also in line with prior research on the use of smart meters, finding no significant influence of demo-

graphic variables on individuals' aspiration to consume energy in a sustainable fashion (Dalén & Krämer, 2017).
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