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ABSTRACT
Digital nudges hold enormous potential to change behavior. Despite the appeal to consider timing as
a critical factor responsible for the success of digital nudges, a comprehensive organizing framework
to guide the design of digital nudges considering nudge moment is yet to be provided. In this paper,
we advance the theoretical model to design digital nudges by incorporating three key components: (1)
Identifying the optimal digital nudge moment (2) Inferring this optimal moment and (3) Delivering
the digital nudge at that moment. We further discuss the existing work and open research avenues.

INTRODUCTION
Thaler and Sunstein [24] suggested that policymakers can design nudges to promote change in
behavior among citizens. They defined a nudge as "any aspect of the architecture of choice that
changes people’s behavior in away predictable without prohibiting all options or significantly changing
their incentives" [24]. Nudges assist in modifying the behavior by changing the way we see things and
making a person more sensitive to one option [13]. Consumers accept nudges because they retain their
freedom of choice [19]. Exhibiting the low-cost advantage with the potentiality to shape behavior [12],
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government organizations have successfully used nudges in public wellness campaigns [25], such
as promoting smoking cessation [5], influencing food choices [28], or promoting pro-environmental
consumption behavior [1].
The omnipresence of mobile devices with online communication has enabled the creation of

digital nudges [3]. These digital nudges use online technologies such as SMS, notifications, mobile
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applications, and gamification to encourage people to act in the desired way. Research shows that
digital nudges can have propelling effect on behavior and influence decisions of the individual [17].
An example of such a nudge is the gamification of physical activity by providing mobile application
users with badges and points when they reach specific goals to increase physical activity [2].
However, the success of the receptivity of nudges has shown to be varying depending on their

timing [6]. Deploying early nudges could lead to forgetfulness and provision of late nudges could
shrink the time available for action [21]. Even though this issue has been raised, identifying the
appropriate time to turn a potential digital nudge into what we call a functional digital nudge, that is
a digital nudge that can effectively change behavior, is mainly an unresolved issue [16]. In this paper,
we advocate for the investigation of this issue and propose open research avenues.

Figure 1: A theoretical model for design-
ing digital nudges for behavior change.
Components 1,2,3,4 - from the existing the-
oretical model by Schneider et al. [20].
Components 2.1, 2.2, 3.1 - added to ad-
vance the theoretical framework

DESIGNING FUNCTIONAL DIGITAL NUDGES
Schneider et al. [20] provided a general framework for designing digital nudges. The design process
proposed to design digital nudges was similar to the systems development cycle (planning, analysis,
design, implementation) - see Figure 1. Step 1 in the cycle was to define the goal - Investigating the
organization’s goal (e.g., increasing sales, increasing pledges). Step 2 was to understand and recognize
user heuristic and biases (availability heuristic, representativeness heuristic). Step 3 was concerned
about designing the nudges and Step 4 dealt with testing the nudges. Assessing the significance
of the timing of digital nudges, we propose to extend this framework by including three additional
components : (1) Step 2.1 identifying the optimal digital nudge moment (2) Step 2.2 inferring the
optimal digital nudge moment (3) Step 3.1 delivering the digital nudge at the optimal moment.

IDENTIFYING THE OPTIMAL DIGITAL NUDGE MOMENT (2.1)
In health education research, McBride, Emmons, and Lipkus [14] introduced the notion of teachable
moments to motivate individuals to change their behavior. A teachable moment has been described
as "naturally occurring health events thought to motivate individuals to adopt risk-reducing health
behaviors spontaneously." For example, An intervention for smoking cessation for women could be
appropriate during the perinatal period [18]. Sunstein mentioned that timing matters for reminder
type nudges [23]. For Instance, in an offline setting, Sinning and Gillitzer [21] presented theoretical
and empirical evidence on how different timings of nudges had an impact on tax payments. However,
the specific payment behavior was investigated in a field experiment using a simple reminder letter
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and suggested to use early reminders. Nevertheless, this study was confined to tax payment behavior
and did not identify a specific nudging sweet spot. From the literature, we grasp the importance of
timing to the success of digital nudges beyond reminders. Table 1 presents studies indicating how
significant the timing is for various digital nudges.

Table 1: Significance of Timing for
various digital nudges

Type of digital nudge Sig. Delivery Medium

Provision of Information[9] High PDA(1)
Feedback[4] High Mandometer(2)
Reminder[8] High Mobile Phone(3)
Default[10] Low Email(4)
Game rewards[26] High Games(5)

Associated goals :
(1) - Better dietary decision making
(2) - Normalize eating behavior
(3) - Increase payment of court fines
(4) - Increase web survey participation
(5) - Create sense of value and accomplishment

The studies selected are from diverse disciplines like Information systems, Medical research, Policy
Analysis, and Digital games. Besides the research by Intille et al. [9] that concentrated on "Just-
in-Time" technology, other studies do not explicitly work on adapting digital nudges with timing.
Nevertheless, we infer from studies the importance of timing digital nudges to achieve the goal. For
instance, to motivate an incremental dietary behavior change, Intille et al. [9] proposed that the
information should be provisioned on a PDA (personal digital assistant) when the user was at the
point of purchase (nudge moment). Another study investigated how to modify eating behavior for
weight loss in obese adolescents [4]. The researchers provided participants with real-time feedback
during meals (nudge moment) to slow down their eating speed.

Figure 2: Classification of nudgemoments

Open research avenues. In recent work, Meske and Potthoff [16] argued that the timing of nudge is
an essential aspect of persuasion and present nudging tools are missing this crucial facet. Furthermore,
it is still unclear to which behaviors timing of digital nudges is indispensable. Understanding optimal
timing will lead to the identification of nudge moments. To simplify the understanding of the nudge
moments, we have inferred various contexts from communication studies and classified them as
potential dimensions of nudge moments in five categories (Figure 2). A nudge moment can include one
or more of these dimensions. For each moment, the nudge could be timed before, during, or after it
occurs. Digital nudge designers should implement validation techniques to validate the effectiveness
of the digital nudges at different times.

Example scenario. Imagine Tom, a 22-year-old design major. Tom agonizes with his increasing
weight. His doctor has suggested maintaining a healthy diet by increasing protein intake and reducing
carbohydrates. A nudge moments can be the moment right before Tom decides where to eat at lunch
to nudge his restaurant choice to a better option. Another moment would then be right when he
receives the menu in a restaurant to nudge his choice to a healthier option. This moment would have
a combination of location context (a restaurant), situational context (lunchtime, after entering the
restaurant), and behavioral context (sitting down, having received the menu).

INFERRING THE OPTIMAL DIGITAL NUDGE MOMENT (2.2)
Inferring the timing for the digital nudge implies that designers understand the digital context of
the target user concerning software and hardware. As digital devices have become an intrinsic part
of our lives, mobile sensing technologies can be employed to interpret user behavior. The mobile
phones equipped with sensors can record sociability and mobility behaviors [7]. In a study by Mehl,
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Gosling and Pennebaker [15], an Electronically Activated Recorder (EAR) was used to infer users
social interaction, daily activities, and mobility patterns. Similarly, Wang et al. [27], inferred the
studying behavior of the students using combinations of mobile sensing technologies. For instance, a
Microphone to determine if the environment was noisy or silent. An accelerometer can be used to
ascertain if the phone is in activity by the user. GPS and WiFi data to ascertain if the student was in
the library or study area. Inferring time of the day is trivial for any digital device. However, inferring
past/current or future activity as well as context can be challenging. Sensors can help identify certain
behaviors, such as sleeping or running, and particular contexts, such as location.

Open research avenues. Using smartphone sensing, researchers have overcome the challenges of
traditional methods of inferring behavior. However, it is still a challenge to monitor behavior patterns
throughout a day across wide-ranging components of behavioral science. Another research avenue
should further investigate how to combine different sensor technologies to operate as behavioral
predictors and infer the behavior of user post-intervention. At the same time, the data required for
predicting and inferring behaviors should be minimized as privacy is a significant concern.

Example scenario. In the case of Tom, the location context (inside a restaurant) can be inferred with
GPS, the situational context (lunchtime, after entering the restaurant) with a clock and a timer, and
the behavioral context (sitting down) with a gyroscope and accelerometer. All these sensors are part
of any smartphone. However inferring the exact moment when Tom is about to decide what to eat
is not trivial (e.g., after receiving the menu). One could imagine that this could be inferred using an
RFID chip in the menu which would be activated when Tom is nearby.

DELIVERING THE DIGITAL NUDGE AT THE OPTIMAL MOMENT (3.1)
After inferring the nudge moments, it is crucial to identify a suitable digital form for the delivery
of digital nudges. Today various digital devices like smartphones [11] and fitness trackers [22] can
leverage digital nudges to steer people in a particular direction using delivery methods such as sound
and vibration notifications. Furthermore, user interfaces use banners, badges and other visible icons to
draw user attention online. It should be noted that the delivery mode is not limited to personal devices
and can include connected and ambient objects (e.g., lights, public displays, connected fridges).

Figure 3: Proximity of device with user
concerning various forms to deliver digi-
tal nudges Open research avenues. Even though many delivery methods exist, the form in which digital nudge

is most useful for a particular behavior needs further investigation. For instance, In which form will
the feedback nudge be most effective on various devices for commuting behavior, through push
notification, vibration or text SMS? An understanding of the most effective form of delivery for various
digital nudge types for target behaviors will assist in reducing the attempts of trial and error and save
the time of nudge designers. In Figure 3, we identify that special attention is needed to be given to the
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device’s proximity to the self when choosing different forms to deliver digital nudges. In particular,
research should investigate unorthodox delivery methods through connected objects which are bound
to become more and more present in our homes, cars, and cities.

Example Scenario. In Tom’s example, the digital nudge could be to gamify his food consumption by
allowing him to track his food intake habits and set his goals. This nudge can be delivered directly
through a push notification on his phone when he is about to order. The notification could direct him
to his food tracking app. If the menu itself was a connected tablet, it could directly show how each
option would affect Tom’s score.

CONCLUSION
Digital technologies can harness the power of nudges by making them a useful tool for behavior
change. It is important to identify favorable timing of digital nudges by taking advantage of mobile
devices and online communication. In this paper, we attempted to provide a framework that could
assist in designing timely functional digital nudges and a roadmap of open questions that still need
to be addressed. It is relevant to note that the success of several digital nudges relies on their timely
delivery. Future research can consider the open research avenues presented in this paper, imparting
us with a temporal sweet spot for digital nudging.

REFERENCES
[1] Hunt Allcott. 2011. Social norms and energy conservation. Journal of public Economics 95, 9-10 (2011), 1082–1095.
[2] Tim Althoff, Ryen WWhite, and Eric Horvitz. 2016. Influence of Pokémon Go on physical activity: study and implications.

Journal of medical Internet research 18, 12 (2016).
[3] Julia Dhar, Allison Bailey, Stéphanie Mingardon, and Jennifer Tankersley. 2017. The Persuasive Power of the Digital

Nudge.
[4] Anna L Ford, Cecilia Bergh, Per Södersten, Matthew A Sabin, Sandra Hollinghurst, Linda P Hunt, and Julian PH Shield.

2010. Treatment of childhood obesity by retraining eating behaviour: randomised controlled trial. Bmj 340 (2010), b5388.
[5] Xavier Giné, Dean Karlan, and Jonathan Zinman. 2010. Put your money where your butt is: a commitment contract for

smoking cessation. American Economic Journal: Applied Economics 2, 4 (2010), 213–35.
[6] Michael Hallsworth, David Halpern, Owain Service, Felicity Algate, Rory Gallagher, Sam Nguyen, Simon Ruda, Michael

Sanders, Marcos Pelenur, Alex Gyani, Hugo Harper, Joanne Reinhard, and Elspeth Kirkman. 2014. EAST Four simple ways
to apply behavioural insights.

[7] Gabriella M Harari, Nicholas D Lane, Rui Wang, Benjamin S Crosier, Andrew T Campbell, and Samuel D Gosling. 2016.
Using smartphones to collect behavioral data in psychological science: opportunities, practical considerations, and
challenges. Perspectives on Psychological Science 11, 6 (2016), 838–854.

[8] Laura C Haynes, Donald P Green, Rory Gallagher, Peter John, and David J Torgerson. 2013. Collection of delinquent
fines: An adaptive randomized trial to assess the effectiveness of alternative text messages. Journal of Policy Analysis and
Management 32, 4 (2013), 718–730.

CHI 2019 Late-Breaking Work  CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

LBW0147, Page 5



[9] Stephen S Intille, Charles Kukla, Ramesh Farzanfar, and Waseem Bakr. 2003. Just-in-time technology to encourage
incremental, dietary behavior change. In AMIA Annual Symposium Proceedings, Vol. 2003. American Medical Informatics
Association, 874.

[10] Liyin Jin. 2011. Improving response rates in web surveys with default setting: The effects of default on web survey
participation and permission. International Journal of Market Research 53, 1 (2011), 75–94.

[11] Neal Lathia, Veljko Pejovic, Kiran K Rachuri, Cecilia Mascolo, Mirco Musolesi, and Peter J Rentfrow. 2013. Smartphones
for large-scale behavior change interventions. IEEE Pervasive Computing 3 (2013), 66–73.

[12] Matthias Lehner, Oksana Mont, and Eva Heiskanen. 2016. Nudging–A promising tool for sustainable consumption
behaviour? Journal of Cleaner Production 134 (2016), 166–177.

[13] Neil Levy. 2017. Nudges in a post-truth world. Journal of medical ethics 43, 8 (2017), 495–500.
[14] Colleen M McBride, Karen M Emmons, and Isaac M Lipkus. 2003. Understanding the potential of teachable moments:

the case of smoking cessation. Health education research 18, 2 (2003), 156–170.
[15] Matthias R Mehl, Samuel D Gosling, and James W Pennebaker. 2006. Personality in its natural habitat: Manifestations

and implicit folk theories of personality in daily life. Journal of personality and social psychology 90, 5 (2006), 862.
[16] Christian Meske and Tobias Potthoff. 2017. THE DINU-MODEL – A PROCESS MODEL FOR THE DESIGN OF NUDGES.

In Proceedings of the 25th European Conference on Information Systems (ECIS). 2587–2597.
[17] Linda Miesler, Corinne Scherrer, Roger Seiler, and Angela Bearth. 2017. Informational nudges as an effective approach in

raising awareness among young adults about the risk of future disability. Journal of Consumer Behaviour 16, 1 (2017),
15–22.

[18] Judith K Ockene, Yunsheng Ma, Jane G Zapka, Lori A Pbert, Karin Valentine Goins, and Anne M Stoddard. 2002.
Spontaneous cessation of smoking and alcohol use among low-income pregnant women. American Journal of Preventive
Medicine 23, 3 (2002), 150–159.

[19] Alain Samson. 2017. The behavioral economics guide 2017 (with an introduction by Cass Sunstein).
[20] Christoph Schneider, Markus Weinmann, and Jan vom Brocke. 2018. Digital nudging: guiding online user choices through

interface design. Commun. ACM 61, 7 (2018), 67–73.
[21] Mathias Sinning and Christian Gillitzer. 2018. Nudging Businesses to Pay Their Taxes: Does Timing Matter? (2018).
[22] Alycia N Sullivan and Margie E Lachman. 2017. Behavior change with fitness technology in sedentary adults: a review of

the evidence for increasing physical activity. Frontiers in public health 4 (2017), 289.
[23] Cass R Sunstein. 2014. Nudging: a very short guide. Journal of Consumer Policy 37, 4 (2014), 583–588.
[24] Cass R Sunstein and Richard H Thaler. 2008. Nudge: Improving decisions about health, wealth, and happiness. Yale University

Press.
[25] Richard H Thaler and Shlomo Benartzi. 2004. Save more tomorrow™: Using behavioral economics to increase employee

saving. Journal of political Economy 112, S1 (2004), S164–S187.
[26] Hao Wang and Chuen-Tsai Sun. 2011. Game reward systems: Gaming experiences and social meanings.. In DiGRA

Conference.
[27] Rui Wang, Gabriella Harari, Peilin Hao, Xia Zhou, and Andrew T Campbell. 2015. SmartGPA: how smartphones can assess

and predict academic performance of college students. In Proceedings of the 2015 ACM international joint conference on
pervasive and ubiquitous computing. ACM, 295–306.

[28] Amy L. Wilson, Elizabeth Buckley, Jonathan D. Buckley, and Svetlana Bogomolova. 2016. Nudging healthier food and
beverage choices through salience and priming. Evidence from a systematic review. Food Quality and Preference 51 (2016),
47 – 64. https://doi.org/10.1016/j.foodqual.2016.02.009

CHI 2019 Late-Breaking Work  CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

LBW0147, Page 6

https://doi.org/10.1016/j.foodqual.2016.02.009

	Abstract
	Introduction
	Designing Functional Digital Nudges
	Identifying the optimal digital nudge moment (2.1)
	Inferring the optimal digital nudge moment (2.2)
	Delivering the digital nudge at the optimal moment (3.1)
	Conclusion
	References



