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Abstract. The concept of nudging (libertarian paternalism) has been eagerly
adopted in the design of digital behavioural interventions, yet discussion on ad-
verse effects of nudges has been limited. In an attempt to enhance resolution, this
theoretical paper conceptually differentiates two types of adverse effects, namely,
spillovers and misfires. We propose that contrary to behavioural spillovers that
occur as a consequence of a targeted behaviour, the causality of misfires is pri-
marily attributed to the nudge type. In doing so, we employ visual representations
of the behavioural trajectories that demonstrate intended and unintended effects
of nudges to support choice architects in blueprinting intervention processes. We
differentiate between spillovers and misfires by summarizing key empirical re-
search that seeks to explain the causes of each and the contextual nature that dis-
tinguishes them. We conclude by drawing implications for the design of technol-
ogy-mediated nudges as well as the role of its timing.

Keywords: Nudge Theory; Behavioural Spillover; Nudge Misfire; Behavioural
Pathway; Libertarian Paternalism

1 Introduction

Behavioural sciences propose a series of intervention tools that aim to alter courses of
human action to more beneficial alternatives. Such tools are wide in range and their
nature is dependent on the discipline from which they emerged. The use of incentives
or taxes are widely accepted propositions that stem from economics [1]; Boosting and
the enhancement of human competencies in decision-making serves as a viable propo-
sition by developmental psychologists [2], while Nudging and the use of interventions
that primarily make use of human biases, originate from behavioural economics [3].
Focusing on the latter, Nudge theory, founded on Tversky’s and Kahneman’s [4]
heuristics and biases program, is only seemingly reaching its maturity stage via a series
of meta-analyses employed to assess the tool’s competency [5-7] in a variety of con-
textual applications [8-9]. Counterintuitive results, nevertheless, make the nudge’s ef-
fectiveness inconclusive at best. For example, in a meta-analysis by Mertens et al. [10],
nudges were found to be effective across a range of contextual applications, yet follow-
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up examinations by Maier et al. [11] refuted these findings on the basis that publication
bias was not accounted for. As such, when results were adjusted using RoOBMA (Robust
Bayesian Meta-Analysis), favourable nudge effects eclipsed. These examples demon-
strate a growing pattern in the literature that focuses on the tool’s effectiveness (positive
utility) and ineffectiveness (neutral utility), yet there are fewer examinations on the
unintended adverse effects (negative utility) caused by failed nudges.

Sunstein’s [12] acknowledgment of failed nudges led to distinguishing between in-
effective and counterproductive nudges, yet other than reactance, little is offered on the
causality of the latter type and by extension on ways to mitigate it. In addressing coun-
terproductive interventions, research on negative behavioural spillovers serves as the
primary source for insights. Dolan and Galizzi [13] categorized factors like moral li-
censing and ego depletion, as possible predictors of spillovers. Their conceptualisation
was based on how a targeted behaviour 1 can lead to an unintended behaviour 2, with
the main focus fixed on behaviour 2. The premise of such conceptualisations is that
spillovers occur after an individual has entered into the intended behavioural trajectory.
For example, a social comparison nudge, that provides data to the user comparative to
the performance of other similar users, can push an individual to start exercising (be-
haviour 1) yet at the end of the exercise cycle, lead the user to consume a cake (behav-
iour 2) demonstrating a negative spillover.

We argue that adverse effects can also occur prior to entering into behaviour 1 and
as a consequence of a rejected nudge. This signifies a difference to adverse effects at-
tributable to spillovers. For example, an individual might reject a social comparison
nudge to exercise in the form of “Out of 1000 similar users you are ranked 990" for
your calorie-burning performance”. Due to this negative social comparison that re-
minds the individual of their overly negative performance, the individual does not en-
gage in exercising, and as a consequence, her self-esteem drops [14], ultimately leading
to cake consumption. Here, behaviour 2 was triggered because of the nudge type and
not as a consequence of behaviour 1.

In this theoretical paper we conceptualise the above as a Nudge Misfire and argue
that contrary to nudge spillovers that can be examined and mitigated through the psy-
chological lenses proposed by relevant spillover research [13, 15], misfires and their
adverse effects are primarily caused by the type of nudge employed as well as its timing
[16]. We focus on the definition of Nudges as proposed by Thaler and Sunstein [3],
namely, libertarian paternalism, and how the tool is informed by research on heuristics
and decision-making processes. As such nudges that induce, for example, social com-
parisons, sequence effects, framing effects and defaults are relevant examples of the
tool’s application. Our focus has less to do with issues pertaining to autonomy re-
strictions, ethical or philosophical issues of nudges. Instead, we focus more on dimen-
sions where nudges generate anomalous and inconsistent behaviours compared to the
intentions of the choice architect that don’t just position individuals in neutral situations
but in worse-off ones.

This work contributes on three fronts. First, we differentiate between nudge spillo-
vers and misfires by summarizing key empirical research that seek to explain the causes
of these adverse effects, such as the role of moral licensing and ego-depletion in spill-
overs, and the contextual nature of misfires. We propose behavioural pathways (visual
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representations of behavioural trajectories following a nudge) as a design support tool
that enables choice architects in identifying intended and unintended effects of nudges.
Secondly, we use Dolan and Galizzi’s [13] framework to expand on the causes of neg-
ative spillovers. We extend implications by proposing ways of mitigating each of the
five main causes of negative spillovers. Finally, we analyse the new category of nudge
misfires and provide examples of nudge types that can lead to these adverse behavioural
trajectories.

2 Defining Nudge Spillovers and Misfires

Spillovers have received the attention of behavioural science and psychology literature
[17] yet their application and empirical investigation specifically in Nudge theory is
relatively limited. A behavioural spillover is defined as the effect an intervention that
targets behaviour 1 has towards a behaviour 2 [15, 18-20]. Specifically, Dolan and
Galizzi [13] base their spillover categorization on “(...) two different behaviours that
take place sequentially: behaviour 1 is followed by behaviour 2”. Following this logic,
a nudge spillover occurs when a nudge that aims to address a behaviour also alters
another, normally unaccounted, behaviour by the choice architect. Here we note that
not all spillovers signify negative effects. For instance, the effects of physical activity
nudges may extend to other health behaviours, such as adopting healthier nutrition (i.e.,
positive consistency, [21]). Our focus, nonetheless, is on spillovers that generate ad-
verse effects on individuals - for example nudges that aimed at reducing household
energy consumption through switching incandescent light bulbs to LED ones, yet lead
to increased consumption, due to a follow-up change in the occupants’ behaviour (e.g.,
leaving the lights on when away).

Nudge misfires, contrary to spillovers, lead to unintended adverse effects before the
adoption of the intended behaviour. For example, a social comparison nudge that posi-
tions an individual in the lowest quartile of exercise time might not only discourage her
from exercising but can also induce a worse-off psychological state that leads to calorie
consumption. In the latter case two things occurred, first the nudge was ignored in the
sense that the individual did not engage in exercising, and second, a worse-off position
was accidentally instigated to the nudged individual via calorie consumption. Behav-
ioural interventions that backfire is a topic touched upon by both HCI [22] and behav-
ioural research [15] yet a distinction, at the procedural level, of adverse behavioural
effects to our knowledge remains underexplored.

3 Differentiating between Nudge Spillovers and Misfires

Contrary to Spillovers, Nudge misfires occur when the individual rejects the nudged
trajectory yet ends in a worse-off situation compared to the absence of that nudge. Con-
ceptually, prior research positions the recommended term of Misfires as a type of Spill-
over [13] yet we argue that the two have adequate differences to justify a new taxon-
omy. We base this on two main premises. First, Spillovers are a consequence of the
nudged behaviour while misfires are a consequence of the nudge type itself. Secondly,
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there is a differentiation in the stage within the behavioural process where each adverse
effect occurs. A spillover leads to a new behaviour 1 as a consequence of the nudged
behaviour 2. Contrary to that, a misfire occurs when the individual rejects the nudge
yet the dismissed nudge leads to a new worse-off behaviour. This can be attributed to
either the nudge type and/or its timing [16]. In essence, the difference between spillo-
vers and misfires can be summarised as follows: The adverse behaviour for the spillo-
vers occurs after accepting the nudged behaviour, while the adverse behaviour of mis-
fires occurs after rejecting the nudge and as a consequence of it. In essence, the latter
triggers a new behaviour trajectory by missing the behaviour it was intended to target
and instigating a new negative one. Figure 1 depicts the behavioural pathways of each
type. The visual representations demonstrate the intended and unintended behavioural
changes as a result of the nudge.
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Fig. 1. Behavioural pathways for an intended Nudge (1a), a Nudge Spillover (1b) and a
Nudge Misfire (1c).

4 Nudge Spillovers: Contributing Factors

Research on spillovers identifies a series of factors that create it. As negative spillovers
are the present paper’s focus point, we bring attention to Dolan and Galizzi [13] cate-
gorisation of permitting spillovers where inducing a positive behaviour 1 leads to a
negative behaviour 2. Their categorisation focused on five identified factors that con-
tribute to these spillovers, namely: Moral Licensing, Ego Depletion, Reverse foot-in-
door, Rest-on-Laurels and Single-Action bias. The objective of this section is to reflect
on each type and propose ways of mitigation for choice architects and intervention de-
signers.

4.1 Moral licensing

Moral licensing is a psychological phenomenon where individuals feel justified in en-
gaging in behaviours that might otherwise conflict with their moral standards after they
have previously acted in a morally positive way [23, 44]. Good deeds for example serve
as "licenses" that allow the person to feel they have earned the right to act less virtu-
ously. Merritt et al. [24] mention that moral licensing occurs when “... individuals can
derive confidence from their past moral behaviour, such that an impeccable track record
increases their propensity to engage in otherwise suspect actions.”

Consider the previously discussed LED lights example. Moral licensing suggests
that the good deed of energy saving by switching to LED lamps can justify a relaxed
and deserved attitude of not checking whether lights are unnecessarily on. Moral li-
censing has seen a series of empirical investigations in different contexts. For example,
a prompt that led to a charity donation justified the purchase of a luxury good (designer
jeans) over a necessity for an individual [25]. In a similar fashion and in the context of
dieting, Fishback and Dhar [26] identify how exercising can provide licensing for con-
suming high-calorie chocolate over a healthy fruit alternative. Embedded in moral
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licensing is self-perception theory which suggests that individuals infer their own atti-
tudes and beliefs by observing their behavior, especially when internal cues are weak
or ambiguous [27]. As such after a good deed, individuals feel that their moral self-
image is sufficiently strong. This can reduce the pressure to act morally in subsequent
situations, as they feel they’ve earned the right for a moral deviation.

Handling spillovers caused by Moral Licensing: Empirical findings pertaining to
moral licensing are especially valuable to nudge designers. Moral licensing is accentu-
ated primarily in altruistic behaviours such as donations and other acts of philanthropy
[25, 28]. Choice architects specifically in these domains need to be aware that individ-
uals might indulge a nudge for a donation yet moral licensing might hinder them from
more meaningful acts of charity. Default nudges with a recommended amount for a
donation might be less relevant to tackle such a spillover effect. In handling this, as-
signing an identity to the individual in the form of framing and informative system 2
nudges that aim to instigate a sense of responsibility to philanthropic acts instead of
being perceived as acts of generosity can mitigate this, as the latter could give license
for other unsustainable hedonic behaviours.

4.2  Ego Depletion

Ego depletion suggests that self-control or willpower draws from a limited pool of men-
tal resources that can be depleted with use [29]. When individuals exert significant self-
control in one task, their ability to exercise self-control in subsequent tasks may be
reduced, leading to diminished performance or decision-making capacity [30]. Dolan
and Galizzi [13] acknowledge an association between ego depletion and spillovers es-
pecially when an ego depleting behaviour precedes one that requires willpower and
cognitive energy to resist. They argue that exercising which is both a physically and
mentally tiring task, can lower the individual’s willpower to resist to a cake with equal
(if not more) amount of calories to the ones burned by the activity. Applied to nudges,
from figure 1b, an exercise-reminder nudge might trigger a new beneficial behaviour
trajectory, yet a subsequent behaviour, that requires willpower to resist, might render
the individual susceptible to it. If the second behaviour decreases the utility achieved
by the nudge, we have a negative nudge spillover attributable to ego depletion.

Ego depletion has seen applications from sports [31, 32] and how tiring mental tasks
affect performance, to how food choices are made following cognitively demanding
tasks [33]. Nudges designed to reduce smoking renders that person’s affective dimen-
sion superior over her cognitive one. This is due to the cognitive scarcity caused by the
smoking reduction task. It is thus quite common for nudged smokers trying to quit, to
demonstrate reduced willpower and thus lean more towards affect decisions than ones
requiring cognitive effort.

Handling spillovers caused by Ego Depletion: Practical implications of ego deple-
tion as a cause of nudge spillovers relate to the nature of behaviours affected by ego
depletion. Nudging for exercising or for other willpower-demanding tasks, like quitting
smoking, can lead to unintended spillovers like increasing sugar intake, eating more
unhealthy food or buying affect-laden products. Due to the inability to predict the exact
area of the spillover we propose an alternative way. Designers need to be aware of



When Nudges Backfire 7

demanding behaviours that they aim to alter and perform a willpower-demanding task
audit. As a first step, mapping the targeted behaviours will allow the avoidance of
nudges that simultaneously require significant effort from the individual, for example,
exercising and quitting smoking at the same time. This dual targeting can maximise the
chance of ego-depleted states and by extension susceptibility to affect decisions that
follow. Step two and after mapping demanding tasks, designers can utilise the right
timing for each nudge, allowing chronological space between nudges that target differ-
ent willpower-demanding behaviours, one at a time.

4.3  Single-Action Bias

Single-action bias is a cognitive phenomenon where individuals take a single action in
response to a perceived problem and then fail to take further necessary steps due to the
emotional relief felt by the initial action [34]. Originally studied in the context of risk
perception and decision-making, it has been particularly noted in environmental behav-
iour, health interventions, and financial decision-making [35]. When individuals face
an issue, such as climate change or health risks, taking a single action can provide psy-
chological relief, reducing the motivation for additional efforts. For instance, a person
concerned about energy consumption might switch to LED bulbs but neglect further
actions like reducing air travel or supporting impactful policy changes. Similar patterns
emerge in health behaviour where a single preventive action, such as taking a vitamin
supplement, can lead individuals to feel less urgency to adopt more impactful habits
like regular exercise or a balanced diet.

Handling spillovers caused by Single-Action Bias: The implications of Single Ac-
tion Bias are linked to how the initial action, on an issue important to the individual,
leads to emotional relief. If individuals feel emotional consolation due to the initial
action, nudge interventions aiming for long-term and systemic changes may be under-
mined. As such, one could mitigate the this by employing strategies that encourage
sustained action, for example, through adjusting nudges and their frequency in a way
that (i) emphasizes one’s incomplete efforts, (ii) provides continuous feedback, or (iii)
structures commitments that promote follow-through strategies. For instance, refram-
ing a nudge from a “thank you for recycling” to a “Great start! Here’s what you can do
next”, can position the initial action as a starting point to a process. With respect to
timing and frequency of nudge provision, we note that one-off nudges arguably exac-
erbate single-action bias, and should be complemented by tailored-to-the-user well-
timed nudge reminders to facilitate follow-up actions.

4.4  Rest-on-Laurels effect

The Rest-on-Laurels effect occurs when individuals reduce further effort after an initial
success, believing they have already done enough. Unlike single-action bias, which is
driven by emotional relief after taking a single step, Rest-on-Laurels stems from self-
satisfaction and a sense of accomplishment. Amir and Ariely [36] argue that individuals
break an initial goal into smaller, more manageable sub-goals. The achievement of
these subgoals can lead to a sense of success resulting to complacency which gives way
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to behavioural stagnation hindering the completion of the initial main goal. The
achievement of these sub-goals hinders an individual from the achievement of all sub-
goals that constitute the main goal [37]. This effect is particularly evident in personal
habits and social behaviour. For example, someone who sets a starting goal to exercise
for a month, does so, yet the feeling of success to this goal can lead to him neglecting
further workouts. The sub-goal achievement, hinders him from achieving the main goal
which is about developing an exercise routine. Over time, this mindset can lead to de-
clining motivation, missed opportunities for growth, and a false perception of long-term
impact.

Handling spillovers caused by Rest-on-Laurels: To counteract this effect, interven-
tions should frame achievements as steps in a process, encourage new goal-setting and
provide progress-reminding nudges that mitigate this bias. Specifically, designers can
capitalise on the latter and utilise nudges in the form of visual progress indicators that
have two main dimensions: First congratulatory notes are offered to retain motivation
by acknowledging subgoal achievements and secondly highlighting that such achieve-
ments constitute a part of a larger process and, by extension, that these efforts are in-
complete without continuation to the next pillar of the process. For example, fitness
apps can use streak tracking and/or progressive goal-setting to ensure users don’t stop
after achieving a few initial, short-term workout goals.

4.5 Reverse Foot-in-the-Door

The reverse foot-in-the-door spillover occurs when an individual, after completing a
large or demanding action, becomes less likely to engage in smaller, follow-up actions.
This contrasts with the classic foot-in-the-door effect, where a small initial action in-
creases the likelihood of further engagement, (which is a positive spillover; [38]). Re-
verse foot-in-the-door is driven by effort-based exhaustion or a feeling of having al-
ready contributed enough [39]. In environmental behaviour, individuals who make a
major commitment, such as installing solar panels, may neglect smaller sustainable ac-
tions like conserving daily energy [18]. Similarly, in health, someone who completes
an intense workout may feel justified in skipping minor habits like taking the stairs. In
charitable giving, a large one-time donation can reduce motivation for future smaller
contributions.

Handling Reverse Foot-in-the-Door: The consequences of reverse foot-in-the-door
spillover include behavioural stagnation and reduced long-term engagement. To coun-
teract this, nudges should, (i) frame small actions as enhancing prior efforts, (ii) provide
explanations that emphasize cumulative impact, and (iii) encourage ongoing goal-set-
ting to sustain behaviour over time. Table 1 provides a summarisation of the mitigation
strategies for each of the main five identified causes of negative spillovers.

Table 1. Mitigation strategies for the main five causes of negative spillovers.

Causes of Negative Mitigation Strategies Description
Spillovers
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Moral Licensing Framing Nudges
Informative Nudges

Ego Depletion Willpower-demanding
Task Audit

Single-Action Bias  progress-Reporting

Nudges

Framing Nudges

Rest-on-Laurels Progress-Reporting

Nudges

Reminder Nudges

Reverse  Foot-in-  progress-Reporting
the Door Nudges
Informative Nudges

Framing
e.g. Philanthropic acts framed as re-
sponsibilities and not solely as acts of gen-
erosity

Informative
e.g. explanations as to the implications
of systematic giving, which philanthropic
acts can have the most impact, to whom
and why

Step 1. Identification of willpower-de-
manding tasks
e.g. quit smoking, start exercising

Step 2. Focused targeting
e.g. targeting a single willpower-de-
manding task at a time

Visual Progress Bars
e.g. use of both dynamic and static types

Framing
Framing the initial action as a part of a
larger process
e.g. Instead of “thank you for recy-
cling” frame as “Great start! Here’s what
you can do next”

Visual Progress Bars
e.g. both dynamic and static types.

Reminders
e.g. reminding users of their remaining
sub-goals; reminding them of their current
stage in the process.

Visual Progress Bars
e.g. both dynamic and static types.

Informative
e.g. Explain the importance of cumula-
tive impact while encouraging on-going
goal setting.
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5 Nudge Misfires: Contributing Factors

When it comes to nudge misfires we argue that their causality is highly dependent on
the nudge type used. Due to the case-specific nature of misfires, we review social com-
parison nudges as an example to analyse the nudge misfire category.

Social comparison nudges are based on Social comparison theory and the idea that
individuals evaluate their own behaviors, attitudes, or abilities by comparing them-
selves to those of others. Social comparison nudges are prominently used in persuasive
technology and beyond (see [40—42]). For example, a social comparison nudge can be
used to promote exercising through comparisons. An individual’s exercising perfor-
mance can be contrasted to a pool of others with similar demographic characteristics,
generating a descriptive statistic reflective of their performance such as: “You are cur-
rently ranked 90th compared out of 100 others in the same age and sex group in terms
of weekly exercise” (see [43]). Meta-analytical data show that comparisons can have
negative effects dependent on the context of application and the behaviour they are
designed to alter [44] , including low self-esteem and depressing states [14]. As a result,
individuals might reject the exercise prompt, but also engage in adverse health behav-
iours due to the adverse psychological effects of this nudge type.

Some ways to mitigate misfires for social comparison nudges include the nudge type
and its timing. Consider the example of Gouveia et al. [43] who developed and field-
trialed a physical activity promotion nudge that was comparing one’s daily steps to that
of others’ sharing a similar daily goal. Every time users would check their watch, they
would see two rings, representing their current and others’ average performance on a
5-min resolution. They found that when users checked their watch, they were quicker
to initiate a new physical activity if they were not too far behind or ahead of others (+/-
500 steps).

While users check their watch on their volition, subtle prompts, being haptic, audi-
tory or textual, could serve as attentional cues to engage with physical activity feed-
back. The timing technique would suggest increasing the frequency of those attentional
cues when individuals’ performance is similar to that of others. The nudge type tech-
nique would suggest considering what information to provide and how to frame it, in
order to minimize the likelihood of misfires. For instance, and while one could question
the ethics of the technique, Gouveia et al. [43] and others [39-40] identified that artifi-
cially lowering the performance of others, or changing how it is portrayed, can com-
municate an opportunity for the user to catch up. Colusso et al. [46] empirically as-
sessed its efficacy in the context of game design and found that it increased gamer per-
formance, but only for experienced gamers, who were motivated by comparisons that
deemed them closer to the leader’s performance.

Furthermore, social norm nudges and the often-reported boomerang effect, can fur-
ther lead to misfires. The boomerang effect occurs where a person who acts prosocially
is led to abandon his previous behaviour when the nudge informs him that the majority
does not support his prosocial behaviour. Techniques such a “norm from the top ’[47]
which provides information based on the most altruistic people in the population, can
offer an effective solution. One should, however, consider that misfires can have very
different causes, which, most of the time, one cannot anticipate. To effectively identify
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and tackle misfires, intervention designers should extensively pilot early prototypes of
their nudge and carefully observe and qualitatively inquire into the likely misfires and
their causes while abiding to ethical considerations.

6 Conclusions

This theoretical paper aids designers in proactively predicting potential backfires in
their nudge design within a given context and reactively uncovering the causes of a
nudge with adverse effects. In doing so we distinguish between two main nudge issues;
Spillovers and Misfires. More importantly, we provide a clearer distinction the two,
enhancing previous conceptualisations that positioned them in a single category. We
argue that misfires lead to adverse behaviours because of the intervention itself (e.g.
the type of the nudge) while spillovers lead to adverse situations because of both the
behaviour induced by the intervention and the intervention type. This allows designers
to more accurately blueprint behavioural processes and anticipate points of vulnerabil-
ity in the choice architecture.

We attempt to bring forth possible explanations to this new taxonomy. We elaborate
on a number of causes for Nudge spillovers, such as ego depletion, moral licensing,
single-action bias, rest-on-laurels effect, and the reverse foot-in-the-door effect, while
for nudge misfires we suggest considering the theory behind each nudge type as a more
effective tool of analysis. The latter is especially important as nudges assessed to be
ineffective do not mean that they can not be harmful.
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