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ARTICLE INFO ABSTRACT

Keywords:
Motivation crowding

Information technology can serve s a powerful tool for promoting children’s learning. In this context, tal,

symbolic rewards are frequently employed to enhance task performance. However, it has been observed that
once rewards are removed, ntrinsic motivation to perform a task may decrease below b seline evels, a phe-
nomenon referred to s motivation crowding. There s  ack of consensus among researchers under which
circumstances motivation crowding happens mong children. Here, field experiment with three stinct roups
tests the presence or bsence of motivation crowding. This paper reports the findings from the cluster ran-
domized field study that nvestigated digital health ntervent on uiding and rewarding children to engage n
everyday health behaviors. Behavioral ata from 254 children between the ages of three and six was collected
over five-week period. The results provide empirical evidence that digital rewards successfully helped children
adapt everyday health behaviors and refute motivation crowding among children n the context of igital re-
wards. The findings re mportant for advancing the use of motivation crowding theory n children, for providing
insights nto children’s behavior, and helping researchers evelop igital motivational cues for children. At the
same time, the digital ntervention outlined n the paper embod es n effective nd scalable measure for engaging

Digital rewards
Child health
Behavioral field experiment

children n health prevention behavior.

1. Introduction

During the first ecade of ife, humans undergo a significant earning
process that encompasses a variety of skills (Gesell et 1., 1946;
Thompson, 2001), ranging from basic motoric skills to behavior n social
context to establishing health-related habits. As children engage with
their surroundings, they repeatedly experience positive or negative
reinforcement, which shapes their behavior patterns (Miltenberger &
Crosland, 2014). Positive reinforcement is often provided through
extrinsic rewards. However, the use of extrinsic rewards may not only
have positive effects. While extrinsic rewards nitially ppear to rein-
force the desired behavior, the phenomenon of motivation crowding
suggests that the introduction of extrinsic rewards may lead to  ecline
in intrinsic motivation once the reward s no longer present, u timately
resulting in reduced task performance (Frey & Jegen, 2001). While the
task s initially enjoyed, the pleasure of engaging in the task s ttributed
to the presence of the reward, rather than the ctivity itself (Deci, 1973).

In the field of digital technology, symbolic rewards re a commonly
employed tool for promoting behavior change (Evans et 1., 2022; Lewis
et 1., 2016). The concept of motivation crowding in the context of those
digital rewards has been explored within the literature for selected use
cases (Fliichter & Wortmann, 2014; Liu & Feng, 2015; Qiao et al., 2017;
Wu, 2019). Psychology research has long explored motivation crowding
theory before t was applied to tal pplications, often studying the
phenomenon with children nd nlaboratory settings (Deci et al., 1999).
However, research on motivation crowding n igital context hs
exclusively focused on adults. Children iffer from adults nthatthey re
nherently driven by a natural curiosity, known as mastery motivation,
leading to the establishment of motivational patterns from nerly e
(Carlton & Winsler, 1998). As technology nfluences fe nd earning
early n ife (Ronimuset 1.,2014) nd given the distinct ways n which
children evelop nd earn (Kuhn & Pease, 2006), t is helpful to spe-
cifically nvestigate the potential impact of igital rewards on children’s
motivation. This s especially mportant because digital rewards re n
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integral part of igital earning tools, which are currently experiencing
major upswing in the education space (Fadhli et al., 2020; Lamrani &
Abdelwahed, 2020; Nand et al., 2019). While digital earning tools re
employed n a variety of omains, one promising application of  tal
learning (if designed properly) s health literacy building (Dunn &
Hazzard, 2019). Information systems can support young children n
learning everyday health behavior. Since t s unclear how tal re-
wards affect the motivation of children earning everyday behavior, the
paper presents a study that aims to examine motivation crowding spe-
cifically n digital reward system for young children. Thus, we ask the
following research question:

Do digital rewards r everyday health behavior lead to motivat n
crowding n young children?

The overall aim of ddressing this question is to make a theoretical
contribution to the motivation crowding theory for children nd to
contribute to future theory-driven esign of tal earning n-
terventions. To nswer the posed research question, we study hand-
washing behavior because of ts relevancy for disease prevention (Luby
et 1., 2005) and because it is possible to measure the behavior with IT
without unintentionally nfluencing the children. Importantly, h nd-
washing represents n deal theoretical test case because young children
are naturally motivated by m stery-oriented activities that ow envi-
ronmental control (i.e., agency over the water, soap, nd hndw shing
process) and provide ppropriate challenge (Carlton & Winsler, 1998),
making it possible to observe whether igital rewards crowd out this
natural motivation. By examining handwashing behavior of children
with the help of field experiment, we can enerate theoretical nsights
that have not yet been explored ue to the dominance of aboratory
research studying the phenomenon. Examining handwashing and thus
health behavior elevates the current spectrum of studies researching
digital rewards, as those focus on gamification nd learning games.

While the focus of the field study is to contribute to theoretic
knowledge, the investigation of the use case tself s also valuable.
Studying health prevention behavior of children nd hand hygiene n
specific ways to improve t is highly relevant, given the gravity of n-
fectious diseases of children on their evelopment, family ynamics nd
broader society (“author c tation”). When sick, not only children o
have to stay at home, but caregivers often must take leave from their
jobs s well. Many times, the caregiving responsibility is shouldered by
women, exacerbating existing ender-based nequalities n the work-
force. To mitigate this h rdship, t s imperative to implement both
childcare concepts for sick children nd preventive health solutions. The
establishment of good handwashing routine or healthy behavior in
eneral during early childhood holds significant vantages, given that
the health practices earned uring young years tend to be sust ned
throughout one’s lifespan (Forrest & Riley, 2004; Center on the Devel-
oping Child, 2010).

We eveloped  igital feedback system for young children that uses
digital rewards to promote good hand hygiene among children to
nvestigate nd nfluence handwashing behavior. We tested the inter-
vention n real-world setting nd emonstrated its practical relevance
n field study. This way we examined how the digital reward provided
by our solution ffects children ’s hand washing performance.

The research presented n this paper s structured s follows: In the
next section, we define motivation crowding, provide n overview on
the concept of motivation in nformation systems and child rese rch nd
develop hypotheses regarding our research question. Afterwards, we
propose feedback system to mprove handwashing behavior of ch -
dren n day care centers by ntroducing the experimental esign of our
pre-registered cluster randomized controlled field study to evaluate the
efficacy of the rtifact in practice. We then elaborate on the mplications
of the result n light of motivation crowding theory nd our hypotheses.
Finally, we scuss mplications, mitations, and future research ve-
nues before concluding with a summary of our results.
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Theoretical background and hypotheses development

The concept of ntrinsically motivated tasks refers to activities that
individuals perform purely for their nherent interest or enjoyment n
the task itself (Deci, 1973). Motivation crowding theory pertains to the
impact of extrinsic rewards on intrinsic motivation. The theory posits
that extrinsic rewards can undermine nitial ntrinsic motivation nd
subsequently ead to dverse mpact on the rewarded behavior once the
reward s no longer present. Researchers have shown ong-standing n-
terest n the reinforcing effect of extrinsic rewards on behavior, with the
earliest descriptions of unintended consequences ppearing n terature
in the 1970s (Deci, 1971; Titmuss, 1970, pp. 162-165). While econo-
mists and psychologists have been actively engaged n iscussions bout
motivation crowding nd ts impact since early on (Deci et al., 2001;
Festré & Garrouste, 2015), t s so a research topic n other sciplines
nowadays, such as IS research, s the following paragraphs epict.

2.1. Motivation n information systems and Human-Computer nteraction
research

The concept of ntrinsic nd extrinsic motivation has been nvesti-
ted in several pplication fields in the Information Systems nd
Human-Computer Interaction literature, e.g., n amification (Huet .,
2023; Liu et 1., 2017; Mekler et al., 2017), social Q&A communities
(Zhao et al., 2016), nd open-source software development (von Krogh
et 1,2012). Because information systems can eliver s ent and timely
rewards, both motivation and motivation crowding are relevant phe-
nomena in this research. The exploration of motivation crowding is
currently imited to specific domains. For example, motivation crowding
has been nvestigated in the context of online product reviews (Wu,
2019), user-generated content platforms (Liang et 1., 2018; Liu & Feng,
2015), ifferent pro-social behaviors rewarded with monetary n-
centives (Qiao et al., 2017), nd feedback to promote sustainable travel
behavior (Fliichter & Wortmann, 2014). Motivation crowding in the
context of nformation technology nd pre-school children has received
no ttention, espite the large potential for child education. With their
technical possibilities, information systems can guide children while
performing n action without the presence of teacher nd re therefore
good tool for learning everyday tasks. Furthermore, information sys-
tems re highly scalable, and real-time data processing enables IS to play
out performance-contingent rewards to children uringorr ht fter n
action. Even more sophisticated approaches, such s automatic moti-
vator selection based on individual user characteristics nd preferences
(Siyam & Abdallah, 2023), have been proposed. However, it s unclear
how those unique features of igital rewards affect motivation of chil-
ren, i.e., how potential motivation crowding effects ppear n the
context of  tal rewards.

Information technology provides a valuable opportunity to investi-
gate motivation crowding effects n real-world settings, as they enable
the collection of extensive data. In particular, IT can serve s an effective
research tool for studying behavior, as t allows for the measurement of
long-term effects n field experiments, which can complement find ngs
from aboratory experiments nd observational studies (Goes, 2013).
Therefore, conducting research using IT s measurement tool holds the
potential to enerate novel nsights into motivation crowding through
field studies.

2.2. Motivation crowding and its role in child learning

Throughout their earning journey, children experience constant
reinforcement from their environment, which influences their beh vior
(Miltenberger & Crosland, 2014). Extrinsic rewards re a frequently
used means for positive reinforcement. However, while extrinsic re-
wards might reinforce the incentivized behavior when the reward is
given, they can so lead to a reduction of the child’s intrinsic motivation
to perform a task when the reward s no longer present (Deci et .,
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1999).

Whether children show the same motivation crowding effects s
adults remains unclear, s evelopmental research presents confl cting
evidence bout how young children process ncentive information.
Some studies suggest young children make fundamentally ifferent n-
ferences about rewards than dults, e.g., due to istinct rewar -seeking
strategies which focus more on exploration than eneralization when
compared to dults (Liquin & Gopnik, 2022; Schulz et 1., 2019).
Additionally, young children show limitations n understanding ulterior
motives behind incentives (Butzin & Dozier, 1986), suggesting they m y
not understand the controlling or evaluative spects that could un er-
mine ntrinsic motivation. However, other research indicates that even
young children can m e sophisticated nferences about incentives nd
their mplications, suggesting their motivational responses may be more
similar to adults than previously ssumed ( Ma et al., 2020, 2023). This
uncertainty about whether motivation crowding effects occur sm rly
in young children requires direct study in this population.

Since nearly 1l studies on children nd motivation crowding effects
are conducted n aboratory settings (Deci et al., 1999; Esteves-Sorenson
& Broce, 2020), not only the timespan of observations but also the
nvestigated ctivities re imited to those that are sufficiently observ-
able n the laboratories. Research on motivation crowding mong chil-
ren ue to tangible (material nd symbolic) rewards s mostly
conducted in the context of p yful activities, e.g., mazes, bu ng
blocks, drawing (Deci et al., 1999; Esteves-Sorenson & Broce, 2020).
Studies that build on motivation crowding at the interface of children
and health are rare. Two field studies have examined rewards for
healthy eating behavior: Cooke et 1. (2011) randomly ssigned 422
children to receive either tangible rewards (stickers), social rewards
(praise), or no rewards for tasting disliked vegetable. They found that
both reward types ncreased vegetable ntake during the intervention
and maintained increased consumption three months post-intervention,
with no evidence of undermined intrinsic motivation. Loewenstein et .
(2016) provided tokens (worth $0.25) to 8000 elementary students for
consuming fruits or vegetables uring lunch for 3 or 5 weeks. The
fraction of children eating vegetables oubled during the incentive
period nd remained above baseline two months fter rewards ended,
suggesting habit formation rather than motivation crowding. However,
their transferability s imited: repeated taste exposure itself ncreases
food cceptance ndependent of rewards and may have confounded
motivation crowding effects (Cooke et 1., 2011). Further, observer
presence during the meals may have influenced behavior (Loewenstein
et 1.,2016), nd many children h ve low nitial ntrinsic motivation for
eating vegetables, m ng it unclear whether rewards undermine
existing motivation (Cooke et 1., 2011).

For many other use cases, this ooks different. Young children, in
eneral, re eager to learn, curious by nature nd like play-based
learning (Keung & Cheung, 2019). Unlike adults, who istinguish be-
tween social nd economic contexts when nterpreting rewards
(Heyman & Ariely, 2004), young children may have not yet eveloped
sophisticated frameworks for interpreting the meaning behind fferent
types of rewards nd ncentives, as they focus primarily on immediate
rewards and punishments rather than understanding deeper social
meanings (Kohlberg, 1984) and have imited understanding of mon-
etary incentives (Strauss, 1952). Consequently, many activities have the
potential to trigger motivation crowding when working with chil ren
(Deci et al., 1999). In our study, we specifically nvestigate motivation
crowding in the context of handwashing. H ndwashing, if performed
without obligation n playful setting, s a task that is typically enjoy-
able for children ue to ts interactive n ture involving water nd soap.
However, the introduction of extrinsic rewards may undermine the
intrinsic enjoyment associated with handwashing. Examining motiva-
tion crowding in the context of h ndwashing is not only theoret cally
interesting but also holds practical relevance, as t s n essential health
activity for individuals of es ndp ys crucial role n preventing
the spread of seases ( Lau et 1., 2012).
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To conclude, though many publications round children’s motiva-
tion crowding exist, it is unclear how digital rewards for health-related
behavior mpact the motivation of children. Gaining more nowle e
about contexts that promote motivation crowding s mportant if the
potential of igital rewards is to be fully exploited to support children n
learning everyday health behavior.

2.3. Hypotheses regarding the effect  digital rewards on children’s

motivation

Based on motivation crowding theory nd existing literature on

tal interventions with children, we developed four competing hy-
potheses that systematically examine both the immediate effects of
digital rewards nd nstructions, and their longer-term consequences
when withdrawn. These hypotheses llow us to istinguish between
motivation crowding effects nd Iternative explanations such s habit
formation.

Generally, rewarding reinforces behavior by increasing extrinsic
motivation, t east in the short term (Esteves-Sorenson & Broce, 2020).
Likewise, previous research hs emonstrated the beneficial effects of
digital rewards on motivation and performance (Groening & Binnewies,
2019; Kundisch & Von Rechenberg, 2017), nd of rewards s tool to
improve short term motivation in children (Karniol & Ross, 1977;
Loveland & Olley, 1979). This leads us to our first hypothesis.

H1. The presence of igital rewards has a positive mpact on the t sk
performance of children regarding the rewarded ctivity.

We believe that atest with the removal of the external reward the
undermined intrinsic motivation comes visible with  decreased task
performance (Esteves-Sorenson & Broce, 2020). While the activity was
previously performed by children because of norms nd out of curiosity,
according to theory, they now may want to be rewarded for t n d might
be primarily extrinsically motivated. Thus, motivation crowding h p-
pens ssoon as the reward s withdrawn, lowering task performance. We
expect this outcome n two cases: when the reward s expected (due to
the presence of the system that formerly provided rewards, now only
providing nstructions) and when the system is completely absent.

H2a. Withdrawing the digital reward sharply decreases task perfor-
mance, even below the baseline evel.

The negative effect of rewards on children’s performance nd
motivation have mostly been nvestigated in short aboratory experi-
ments, often conducted n single session (Deci et al., 1999). However,
two more recent long-term studies on exercising (Acland & Levy, 2015;
Charness & Gneezy, 2009) found no evidence of long-term crowding out
of ntrinsic motivation - the positive effects of rewards persisted fter the
interventions ended. Instead, both studies proposed habit formation s
counteracting force to motivational crowding - rewards helped to rein-
force sustainable behavior. We therefore formulate competing hy-
pothesis to H2a.

H2b. After withdrawing the digital reward task performance stays
above baseline level.

While the first two hypotheses refer to the case in which rewards re
provided, we expect different outcomes for the sole provision of n-
structions, captured n hypothesis three and four. While the instructions
re in place, we nticipate n increase n intrinsic motivation an thus
task performance. This hypothesis s based on theory suggesting that
engaging children n captivating nd appropriately challenging earning
activities can enhance their ntrinsic motivation (Cordova & Lepper,
1996; Deci et al., 1981), s opposed to relying on external rewards.
Specifically, mified instructions can boost intrinsic motivation n
young children (Habgood & Ainsworth, 2011) nd digital nstructions
can mprove earning without negative effects on motivation in online
games (Erhel & Jamet, 2013).
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H3. A igital ntervention without rewards (only nstructions) will still
have positive impact on task performance, Ithough this mpact will be
smaller compared to the intervention with rewards.

We anticipate that the provision of nstructions will not only ncrease
intrinsic motivation while the nstructions re n place, but Iso hy-
pothesize that the motivation and task performance will be (partially)
sustained even fter the nstructions re withdrawn. Again, h b it for-
mation may explain the persistent mprovement n performance nd we
assume that no motivation crowding occurs when the tal n-
structions re withdrawn (in contrast to withdrawing the reward, see
H2).

H4. Withdrawing the digital ntervention without rewards will ead to
a slight ecrease in task performance, but this ecrease will not f
below the baseline level.

Together, these hypotheses provide framework for testing moti-
vation crowding theory  nst lternative explanations n the context
of igital health interventions for young children. Confirming or
refuting our set of hypotheses will provide n extensive picture on child
behavior n the context of igital rewards, which is relevant for the
design of motivational cues in the IS scipline as well as for the un-
derstanding of young children’s behavior n general. In the following,
we describe our research methodology to analyze the posed hypotheses.

3. Research methodology

We investigated our hypotheses with the help of  igital nterven-
tion n field study to ddress the entified research ap pertaining to
the impact of igital rewards on the motivation of children to earn
health behavior. Comprehensive nformation concerning the esig n of
the field experiment can be found in the trial protocol article (“ uthor
citation”). The study protocol was approved by the ethics committee at
the uthors nstitutions n Finland nd Germany. The study was pre-
registered under clinicaltrials.gov with the ID NCT05395988.

3.1. Experimental procedure

A five-week cluster randomized controlled trial was conducted in
three day care centers in Finland with children ged three to six years.
The study hardware (smart faucets, soap spensers, nd ateways) was
nstalled at the washbasins of all study groups. The day care centers were
randomly ssigned to one of three study groups (control, nstruction,
and reward roup), nd handwashing behavior was measured in the
baseline, ntervention, nd post-phase (see Fig. 3).

Handwashing performance of children was measured n b seline
phase cross all three study groups without the presence of ny nter-
vention. A short educational video was shown to the children n the
classroom once in e ch ay care center halfway through the base ne
phase to first measure natural h ndwashing behavior nd then provide

groups with equal nowledge before the intervention, preventing
confounding effects of differing baseline nowledge cross groups.
Following the baseline phase, displays were nstalled above washbasins
n groups except for the control group to eliver the respective
treatments. In the intervention phase, the nstruction and reward roup
received nimated handwashing instructions, with the reward roup
receiving a performance-contingent reward following the instructions.
The nstruction group received only nstructions without any reward.
The control roup did not receive any visible ntervention during the
intervention phase. After the intervention phase, tablets were ein-
stalled, except for part B of the reward roup, and measuring evices
remained n day care centers for the post-phase. During the post-
phase, the control, the nstruction, nd part A of the reward roup
not receive any further nput from the tablets, while part B of the reward
group continued to receive instructions without any reward.

This cluster r ndomized design, combined with simultaneous ta
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collection cross roups uring the same time period, ensures that
external factors such s seasonal effects, weather conditions, or ness
outbreaks ffect all experimental roups equally nd re controlled for
through randomization and the parallel group structure.

3.2. Design the digital system and the ntervention

We eveloped  igital system to improve h ndwashing, neverydy
health prevention behavior, among children n day care centers. The
system was nstalled in the washing facilities of the day care centers nd
consists of a touchless faucet, touchless soap spenser, nd feedback
display (see Fig. 1). A devices sent nd received nformation via
Bluetooth to gateway which relays the data to a cloud infrastructure,
where data was processed nd visualized.

The centerpiece of the system s the feedback isplay, which shows
the intervention through a 30-s animated handwashing instruction
sequence that activates when children begin handwashing (by extract-
ing water or soap). The nimation ncludes 1l relevant handwashing
steps (European Centre for Disease Prevention and Control, 2020).
When children continue to wash their hands throughout the whole
handwashing nstructions—using both soap and water while the ni-
mation plays—the system provides n mmediate
performance-contingent reward: nimated ncing nimals appear on
screen (for selected animation screens see Fig. 2). The design of the n-
struction and reward screens is based on previous studies of he th
games for children (Ingadottir et al., 2022), nd was confirmed through
pre-tests with individual day care center children of different ages who
provided feedback on the design. Furthermore, we pre-tested the  tal
system nd the corresponding intervention to test fit sadequate to help
us nswer our research question. Results from the pre-study nd cated
that our ntervention was successful n increasing handwashing quality.

3.3. Data collection and outcome measures

In the first quarter of 2022, we contacted three eligible day care
centers nd 1l of them greed to participate n our field study. To pre-
vent diffusion of the intervention, strict separation was enforced be-
tween the control and the two treatment groups by randomly ssi ning
entire ay care centers to one roup or the other with a computer pro-
gram. The split in the reward roup nto two subgroups in the post-phase
was implemented on two different floors and building parts of the
respective ay care center. We installed our digital system at 35 wash-
basins across the three day care centers in F nland nd collected ata on
handwashing observations, including the timing of the water nd so p
extraction, over t least 23 weekdays n each ay care center n May nd

‘& A

Fig. 1. Example of experimental setup t a washbasin.
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Fig. . Selected screens of the ntervention nimation.
Parent survey
Staff interview
Education Child interview Child interview Child interview
session Child observation Child observation Child observation
iy No screen activity
group
Instruction No screen activity Screen with instructions No screen
group (no reward) activity
Reward No screen
group e . activity
No screen activity Screen with instructions :
and reward Screen with
instructions
(no reward)
A Baseline Intervention Post-phase
2 weeks 2 weeks 1 week

Fig. 3. Experimental esign of the cluster randomized field study.

June 2022.

Our cluster randomized controlled study med t investigating the
effect of motivation crowding on children’s motivation to wash hands.
As n existing literature, e.g., Lepper et 1. (1973) and (Deci et al., 2001),
we measure the time spent performing n ctivity s a proxy for moti-
vation. Our study hardware provides objective nd measurement ta
on time spent soaping the hands.

4. Research results

Our study involved 254 children n total, with our system recor ng
handwashing activities of 177 children on verage cross y care
centers. Throughout the experiment’s three phases, the equipment
recorded 5709 handwashing procedures (water nd accompanying so p
extraction), which are processed in the result nalysis. This number
ncludes 11 recorded handwashing procedures except those, that were
outside of the day care center opening hours (e.g., for cleaning pur-
poses). For this study, handwashing processes re efined as soap ex-
tractions followed by water extractions. Furthermore, we observed 279
handwashing procedures of the children n the day care centers at 3
different points of time.

In Table 1, we present descriptive characteristics for the full sample
as well as for each experimental roup. The table provides the number of
handwashes per c uster s well as cluster mean and standard ev tion
for the number of children n day care center per y across experi-
mental phases. Furthermore, the table reports the mean soaping time n
the baseline phase. Across all clusters, the mean soaping time during the
baseline phase was 5.99 s. Our result nalysis dheres to the CONSORT
guideline for randomized trials (Consort et 1., 2010; Campbell et .,
2012), nd thus, we do not provide further etails on tests of bse ne

Table 1
Descriptive statistics measurement ta.
Full Control Instruction Reward
sample roup roup roup
Mean number  children n 63 56 (6.53) 51 (7.55) 70
day care center per day (all (18.24) (21.37)
experimental phases)
Number of handwashing 5709 1741 524 3444
processes (all experimental
phases)
Mean soaping time n baseline ~ 5.99 6.59 5.38 (5.63) 5.61
phase (6.39) (6.52) (6.36)

Descriptive statistics for the full sample and the different clusters. Standard
deviations are reported in p rentheses.

differences (Altman, 1985; De Boer et 1., 2015; Moher et al., 2010;
Senn, 2013).

4.1. Effect the ntervention n handwashing motivation

The effect of our ntervention on the soaping time re visualized n
Fig. 4, which visualizes changes in mean soaping time per experimenta
group. Soaping time for both the nstruction and reward roup r ses
during the intervention phase and remains slightly higher than the
baseline evel n the post-phase. The average ncrease in soaping time n
the reward roup s 62.54 % during the intervention phase and 18.99 %
during the post-phase, both compared to the baseline phase. For the
nstruction group, the ncrease es at 49.40 % and 0.01 %, respectively.

To formally estimate the effect sizes, we model the following rela-
tionship using ordinary least squares:
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2 Intervention

Change in soaping time compared

Computers in Human Behavior Reports 20 (2025) 100879

Group

. Control
. Instruction
. Reward

Post

Experimental phase

Note: Bars indicate the mean difference in soaping time per experimental

group compared with the mean of the baseline phase. Error bars represent

mean = SEM.

Fig. 4. Change n mean soaping time across experimental phases

Note: Bars ndicate the mean ifference n soaping time per experimental roup compared with the mean of the baseline phase. Error bars represent mean + SEM.

Yii=a —+ Nllterventiun x (ﬁl +ﬁ2Tnstruction +ﬁ3Treward) + NptDSt
X (/))4 +/}5Tn.struction +/}6Treward) +ée,

where the dependent variable y;, represents the soaping time n day care
centre on timestamp t. We nclude an ndividual fixed effects coefficient
a foreach ay care centre to control for fixed fferences in the w shing
places across the fferent day care centers. The variable Nevention g
0 during the baseline nd the post-phase, and 1 in the intervention
phase. By contrast, the variable N°* is 0 uring the baseline nd the
intervention phase, nd 1 n the post-phase. T™"cton s  treatment
group indicator that takes the value of 1 if a day care centre belongs to
the nstruction roup nd iselse 0. L ewise, T®®¢ s treatment roup
indicator that takes the value of 1 f day care centre belongs to the
reward roup nd s O otherwise. The standard errors re clustered on
the day care centre evel. The error term ¢, captures all effects that are
not considered in our model.

The effect of the nstruction and the reward on the handwashing
behavior (measured by soaping time) across the three experiment
phases scaptured n Table 2 and further e borated in the following. We
see a small but statistically significant (p = 0.034) negative effect of the
intervention phase on soaping time. In our field study, the hardware w s
installed well n dvance of data collection, llowing the children to
become accustomed to the new faucets. Nevertheless, we see a Haw-
thorne effect, as teachers and children may have been more aware of

able

Main experimental outcomes.

Handwashing behavior

Phase effect Intervention phase —0.69* (p = 0.034) (0.33)
Post-phase —0.94 (p = 0.147) (0.65)

nstruction effect Intervention phase 3.17*** (p < 0.001) (0.80)
Post-phase 1.65 (p = 0.112) (1.04)

Reward effect Intervention phase 4.12*** (p < 0.001) (0.67)
Post-phase 1.68* (p = 0.020) (0.72)

Overall ntercept 5.98

Observations 5709

R? 0.03

The table isplays the effects on soaping time n seconds. Standard errors re
reported n parentheses, adjusted for c ustering at the day care center evel. *, **,
and *** indicate significance at the 5 %, 1 % nd 0.1 % evel, respectively.

being part of a study in the beginning of the experiment. We see
positive effect of the nstructions nd the rewards on the soaping time n
the intervention phase (both statistically s nificant at the 0.1 % evel).
The positive effect s arger for the reward roup, where we so see
positive effect in the post-phase (p = 0.020). We also tested if subgroup
A nd B of the reward roup differed n the post-phase by inclu ng an
additional binary variable (1 for instructions in the post-phase, else 0).
We find no statistically s nificant different outcome n the post-phase of
the two subgroups. Furthermore, we evaluated possible changes n
handwashing frequency. We do not see any statistically s nifica nt ef-
fects of our intervention on the handwashing frequency n the d y care
centers (F = 0.560, p = 454).

Our measurement results get backed up with data from visual ob-
servations. During observations n the day care center, the observing
researchers rated the handwashing performance, efined as the sum of
correctly completed handwashing steps divided by the total number of
handwashing steps. In the baseline phase there was no statistically s -
nificant difference n handwashing performance of the children between
the groups (p = 0.063). In the intervention phase however, the hand-
washing performance of children n the reward nd the instruction
group was statistically significantly better than n the control roup (p <
0.001). With the observation, we were able to rule out certain pitfalls of
our igital measurements: children with the tal ntervention were
performing the soaping movements while standing in front of the screen
(rather than solely watching the nimation instead of soaping h nds).

5. Discussion
5.1. mplications for theory and practice

The aim of our study was to nvestigate if task performance for a
specific ctivity ecreases due to motivation crowding in children s
response to digital rewards. In a field study, we investigated task per-
formance over the course of five weeks n a natural environment, as
children continued their regular h ndwashing routine in their y care
center.

Our findings have several mplications (see Table 3). First, our study
demonstrates the strong effects of digital rewards on performance while
the rewards re in place. In ine with our first hypothesis (H1), the
provision of  igital reward resulted n s nificant increase n task
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Table 3
Hypotheses nd results.
Hypothesis Result
H1 The presence of igital rewards has a positive mpact Hypothesis

on the task performance of children regarding the confirmed
rewarded ctivity

H2a  Withdrawing the digital reward sharply decreases task ~ Opposite effect

performance, even below the baseline evel. outlined
H2b  Withdrawing the digital reward task performance oes Hypothesis
not ecrease task performance below b seline level. confirmed
H3 A digital intervention without rewards (only Hypothesis
instructions) will still have positive impact on task confirmed
performance, lthough this mpact will be smaller
compared to the intervention with rewards
H4 Withdrawing the digital intervention without rewards ~ Hypothesis
will lead to a slight ecrease in task performance, but confirmed

this ecrease will not fall below the baseline evel.

performance for handwashing, with the effect being present right from
the onset of the intervention phase. The positive effect of the interven-
tion can be attributed to the reward that serves s n tion al per-
formance feedback (Ryan et al., 1983), thereby potentially ncreasing
the children’s motivation. Second, the findings of the post-phase provide
no empirical evidence for a change n task performance that could be
attributed to motivation crowding effects of digital rewards on moti-
vation of young children. During the post-phase, we observed that the
removal of rewards in the reward roup resulted n  ecline nh n -
washing task performance (for subgroup A and B). However, the per-
formance did not rop below the baseline evel for either subgroup,
soaping time stayed significantly longer than compared to the baseline
phase (contrary to our hypothesis H2, n line with our hypothes s H2b).
Thus, we do not find empirical evidence for motivation crowding effects.
The two subgroups in the reward roup llowed us to examine whether
the adverse effects were specifically inked to children’s expectations of
receiving rewards. In subgroup A, tablets were removed before the
post-phase nd thus, children might have no longer expected any re-
wards. In subgroup B n contrast, tablets were still nstalled in the
post-phase nd showed nstructions nd thus, rewards were expected by
the children. Since we found no statistically s nificant differences be-
tween the two groups, we provide empirical evidence to refute moti-
vation crowding effects of digital rewards, whether expected or not.

The nstructions lone (no reward), lso had a positive mpact on
handwashing task performance (in line with hypothesis H3). The ower
point estimate of the effect compared to the reward-based intervention
suggests that the digital rewards might provide stronger feedback than
mere splay instructions. In the post-phase, the nstructions roup
experienced ecline in performance but maintained level of perfor-
mance above the baseline evel (n ine with hypothesis H4), ndicating
that prior earning contributed to continued handwashing behavior. The
performance level of the splay-only roup ws lower than that of the
reward-based nterventions uring both the ntervention and post-
phases, underlining the overall positive effect of the reward.

Overall, our findings enhance the understanding of motivation
crowding theory n the context of young children nd igital rewards
provided by IT. By conducting measurements n the field (which s
novel pproach, as existing studies re conducted n aboratories), we
were able to demonstrate that digital rewards do not ead to ecreased
task performance, s soon as the rewards are withdrawn, a phenomenon
that motivation crowding theory would predict. While there might have
been s ht decrease n motivation due to the reward, this rop m ht
be overtaking by earning effects. We provide empirical evidence that
digital rewards positively contribute to task performance regar ng
health prevention behavior n children nd thus, o not ead to moti-
vation crowding effects. This finding challenges the potential negative
impact of igital rewards on children’s motivation and contributes to the
advancement of understanding children’s behavior nd the design of

tal  earning nterventions targeted towards -children. While
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motivation crowding has been confirmed in various studies nvolv ng
children (Deci et al., 2001; Festré & Garrouste, 2015), we do not observe
motivation crowding in our specific context. This suggests that moti-
vation crowding effects n children may be context-dependent: while
well established for playful tasks and n laboratory settings (Deci et al.,
2001), they may not emerge when children perform repeated everyday
health behaviors over longer periods in natural settings. Another study
on children’s eating behavior smilarly oes not find motivation
crowding and posits that this bsence could be attributed to the over-
riding influence of habit formation (Loewenstein et al., 2016).

From practical standpoint, our study holds implications for the

design of IT pplications ming t improving children’s everyday health
behavior. Our field study demonstrates how IT can be used to encourage
health prevention behavior nd provides practical mplications for the
esign nd implementation of future tal nterventions med t
promoting children’s health behavior. Specifically, practitioners can use
digital rewards to mprove children’s health behaviors without concern
that such rewards will undermine motivation once removed. Our find-
ings suggest that real-time nstructions combined with digital rewards
are effective for establishing repeated everyday health behaviors, nd
that nterventions should be sustained long enough to allow h b it for-
mation, s this ppears critical for maintaining behavior change fter
nterventions reremoved. Our intervention showcases how e uca tional
institutions, such s day care centers and schools, can utilize IT to
progress towards their vision of  igitally supported care offering. Our
intervention provides a practical possibility for improving hand hygiene
n ay care centers, a pressing ssue in practice. Despite h nd washing
being performed regularly by children, their behavior before our nter-
vention still fell short of good hand hygiene standards, underlining the
relevance of our system.

5.2. Limitations and uture research

While our study provides valuable nsights into motivation crow ng
theory, it s important to note several mitations nd areas for future
research. Despite using the longest timespan of continuous ay care ys
without vacations, our field experiment still falls short of evaluating the
formation of new habit, for which  onger duration of ata collection
is needed. At the same time, habit formation might also be a reason that
we have not etected motivation crowding out (Loewenstein et .,
2016). More precisely, many children n the day care centerh  lready
learned to wash their hands before the onset of the field experiment. For
these children, handwashing might already have become a stable ritual
so that rewards did not spoil the potentially joyful process of w shing
their hands. However, we cannot nalyze such relationship, as the sys-
tem was designed to protect children’s personal privacy, meaning that
we were not able to attribute h ndwashing ta nd potential nsights
from surveys to individual children. As consequence, we also cannot
rule out that specific subgroups of children, such those with  ow
intrinsic motivation, h ve ropped out of the experiment. In eneral,
when oing behavioral experiments nd esigning digital nterventions
like ours, backdrops of technology, e data privacy risks should ways
be kept in mind (Sunyaev et 1., 2015), especially since children re
particularly vulnerable, protecting their privacy n igital health solu-
tions s essential. Despite these limitations, our study underscores the
potential of IT to promote positive behaviors nd improve public health
outcomes among children.

While in our setting, for the day care centers under study, we do not
find evidence for motivation crowding, t still might show up in other
settings nd thus, should be subject of nvestigation of dditional field
studies. Future research should furthermore explore the effects of tal
rewards on other behaviors besides handwashing, such as physica c-
tivity, healthy eating, or screen time. Given that handwashing shares
behavioral characteristics with other everyday health behaviors such s
tooth brushing (Bish & Michie, 2010; Kim & Lee, 2021), our findings
may generalize to other frequently repeated health behaviors. While our
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study focused on children ged three to six years, it remains unclear
whether the effects of the feedback system would be similar for older
children. Additionally, our study was conducted n Finnish yc re
centers with a relatively homogeneous population, which mits ener-
alizability to other socioeconomic nd cultural contexts, s fferences
in cultural attitudes toward hygiene and IT systems may shape chil-
ren ’s responses to the digital nterventions. Replicating our study with

rger nd iverse sample of children could offer more comprehen-
sive understanding of the generalizability of the effects of gital re-
wards cross different populations.

6. Conclusion

The presented study ntroduced a feedback system designed for
children to promote good hand hygiene. It was tested n the field to
explore the effectiveness of igital rewards in enhancing the motivation
of children n day care centers to engage n everyday health behavior.
The results provide empirical evidence that digital rewards are highly
successful in encouraging health behavior. In our field study, the task
performance of the reward roup ncreased by 62.45 % while the re-
wards were in place. The findings refute the notion of ecreased task
performance upon reward withdrawal, s predicted by motivation
crowding theory. Instead, the task performance in the reward roup
remained 18.99 % above the baseline evel even after the rewards were
withdrawn. The effects of the rewards on task performance were evident
immediately upon their ntroduction and removal. To conclude, the use
of IT with rewards s ncentives for positive behaviors holds reat
promise n improving public health outcomes in children. Nevertheless,
the study also emphasizes the need for further research to nvestigate the
long-term effects of digital rewards on motivation and habit formation
in children cross fferent e roups nd settings. To conclude, this
study highlights the effectiveness of igital feedback systems for pro-
moting handwashing behavior n young children nd underscores the
significant potential of such nterventions for promoting health
behaviors.

CRediT a thorship contribution statement

Joanna Graichen: Writing — original raft, Methodology, Investi-
gation, Conceptualization. Carlo Stingl: Writing — review & editing,
Methodology, Investigation, Formal nalysis, Conceptualization.
Glenda Dangis: Writing — review & editing. Anni Pakarinen: Writing —
review & editing, Methodology, Investigation, Conceptualization. Riitta
Rosio: Writing — review & editing, Investigation. Sanna Salantera:
Writing — review & editing, Supervision, Methodology, Conceptualiza-
tion. Kirsi erho: Writing — review & editing, Investigation. Sebastian
A. Giinther: Writing — review & editing, Investigation, Formal nalysis.
Antti Sloaho: Writing — review & editing, Investigation. horsten
Staake: Writing - review & editing, Supervision, Methodology,
Conceptualization.

Declaration of competing nterest

The uthors declare the following financial interests/personal re-
lationships which may be considered s potential competing interests:
Thorsten Staake (T.S.) used to be a non-executive member of the Board
of D rectors nd minority shareholder of Amphiro-AG, which prov ed
parts of the equipment for measuring the water flow at the taps.
Amphiro-AG made available the equipment free of charge. T.S. was
neither nvolved n the implementation phase of the experiment nor n
the analysis of the data. The other uthors eclare no competin
nterests.

Acknowledgements

We would like to thank 1l participating children, parents nd y

Computers in Human Behavior Reports 20 (2025) 100879

care centre staff who made this study possible. Furthermore, we would
like to thank Business Finland, the Oras Group nd the Amphiro-AG who
partly funded the hardware nd eployment. The funders did not n-
fluence the study esign, ata collection, ta nalysis, decision to
publish, or manuscript preparation. No additional external funding was
provided for this study.

Data availability
Data will be made available on request.

References

Acland, D., & Levy, M. R. (2015). N vet é, projection bias, nd habit formation n ym
ttendance. Management Science, 61, 146-160. https://doi.org/10.1287/
mnsc.2014.2091

Altman, D. G. (1985). Comparability of r ndomised roups. The Statistician, 34, 125.
https://doi.org/10.2307/2987510

Bish, A., & Michie, S. (2010). Demographic nd ttitudinal eterminants of protective
behaviours uring a pandemic: A review. British Jurnal ~ Health Psychology, 15,
797-824. https://doi.org/10.1348/135910710X485826

Butzin, C. A., & Dozier, M. (1986). Children’s use of ulterior motive nformation. Child
Development, 57, 1375. https://doi.org/10.2307/1130417

Campbell, M. K., Piaggio, G., Elbourne, D. R., et 1. (2012). Consort 2010 statement:
Extension to cluster randomised trials. BMJ, 345, Article e5661. https://doi.org/
10.1136/bmj.e5661. e5661.

Carlton, M. P., & Winsler, A. (1998). Fostering intrinsic motiv tion in early childhood
classrooms. Early Childhood Education Journal, 25, 159-166. https://doi.org/
10.1023/A:1025601110383

Center on the Developing Child. (2010). The foundations of felong health are built n
early childhood. www.developingchild.harvard.edu. (Accessed 15 November 2021).

Charness, G., & Gneezy, U. (2009). Incentives to exercise. Econometrica, 77, 909-931.
https://doi.org/10.3982/ECTA7416

Consort, G., Schulz, K. F., Altman, D. G., & Moher, D. (2010). CONSORT 2010 statement:
Updated guidelines for reporting parallel group randomised tria s. BMC Medicine, 8,
18. https://doi.org/10.1186/1741-7015-8-18

Cooke, L. J., Chambers, L. C., Anez, E. V., et 1. (2011). Eating for pleasure or profit: The
effect of ncentives on children’s enjoyment of vegetables. Psychological Science, 22,
190-196. https://doi.org/10.1177/0956797610394662

Cordova, D. I., & Lepper, M. R. (1996). Intrinsic motivation n d the process of earning:
Beneficial effects of contextualization, personalization, nd choice. Journal
Educational Psychology, 88, 715-730. https://doi.org/10.1037/0022-0663.88.4.715

De Boer, M. R., Waterlander, W. E., Kuijper, L. D., et 1. (2015). Testing for baseline
fferences in randomized controlled trials: An unhealthy research behavior that s
hard to eradicate. International Journal — Behavioral Nutrition and Physical Activity,
12, 4. https://doi.org/10.1186/5s12966-015-0162-z

Deci, E. L. (1971). Effects of externally mediated rewards on ntrinsic motivation. Journal

Personality and Social Psychology, 18, 105-115. https://doi.org/10.1037/
h0030644

Deci, E. L. (1973). Intrinsic motivation. New York, NY, USA: Plenum Press.

Deci, E. L., Koestner, R., & Ryan, R. (1999). A meta-analytic review of experiments
examining the effect of extrinsic rewards on intrinsic motivation. Psychological
Bulletin, 125, 627-668. https://doi.org/10.1037/0033-2909.125.6.627

Deci, E. L., Koestner, R., & Ryan, R. M. (2001). Extrinsic rewards nd intrinsic motivation
in education: Reconsidered once n. Review Educational Research, 71, 1-27.
https://doi.org/10.3102/00346543071001001

Deci, E. L., Schwartz, A. J., Sheinman, L., & Ryan, R. M. (1981). An instrument to assess

ults * orientations toward control versus utonomy with children: Reflections on
intrinsic motivation and perceived competence. Journal  Educational Psychology,
73, 642-650. https://doi.org/10.1037/0022-0663.73.5.642

Dunn, P., & Hazzard, E. (2019). Technology pproaches to ta 1 health teracy.
International Journal ~ Cardiology, 293, 294-296. https://doi.org/10.1016/j.
jcard.2019.06.039

Erhel, S., & Jamet, E. (2013). D tal me-based learning: Impact of nstructions nd
feedback on motivation nd learning effectiveness. Computers & Education, 67,
156-167. https://doi.org/10.1016/j.compedu.2013.02.019

Esteves-Sorenson, C., & Broce, R. (2020). Do monetary ncentives undermine
performance on intrinsically enjoyable tasks? A field test. The Review  Economics
and Statistics. https://doi.org/10.1162/rest_a_00947

European Centre for Disease Prevention and Control. (2020). Poster: Effective h nd-
washing. https://www.ecdc.europa.eu/en/publications-data/poster-effective-han
-washing . (Accessed 15 November 2021).

Evans, W. D., Abroms, L. C., Broniatowski, D., et 1. (2022). Digital media for behavior
change: Review of n emerging field of study. International Journal — Environmental
Research and Public Health, 19, 9129. https://doi.org/10.3390/ijerph19159129

Fadhli, M., Brick, B., Setyosari, P., et 1. (2020). A meta-analysis of selected studies on
the effectiveness of amification method for children. International Journal
Instruction, 13. https://doi.org/10.29333/1ji.2020.13154a

Festré, A., & Garrouste, P. (2015). Theory nd evidence in psychology and economics
about motivation crowding out: A possible convergence? Journal  Economic
Surveys, 29, 339-356. https://doi.org/10.1111/joes.12059


mailto:���
��'#�&#�789@8=#�'�����������.�����

����	
���	������	�����

J. Graichen et al.

Fliichter, K., & Wortmann, F. (2014). Promoting sustainable travel behavior through IS-
Enabled feedback — Short-term success at the cost of long-term motivation?. In CIS
2014 proceedings, 11.

Forrest, C. B., & Riley, A. W. (2004). Childhood origins of u It health: A basis for fe-
course health policy. Health Affairs, 23, 155-164. https://doi.org/10.1377/
hlthaff.23.5.155

Frey, B. S., & Jegen, R. (2001). Motivation crowding theory. Journal = Economic Surveys,
15, 589-611. https://doi.org/10.1111/1467-6419.00150

Gesell, A, Ilg, F. L., Ames, L. B., & Bullis, G. E. (1946). The child from five to ten. Oxford,
England: Harper.

Goes, P. B. (2013). E tor ’s comments: Information systems research nd behavioral
economics. MIS Quarterly, 37. —viii.

Groening, C., & Binnewies, C. (2019). “Achievement unlocked!” - The impact of  tal
chievements as  gamification element on motivation and perform nce. Computers
in Human Behavior, 97, 151-166. https://doi.org/10.1016/j.chb.2019.02.026

Habgood, M. P. J., & Ainsworth, S. E. (2011). Motivating children to learn effectively:
Exploring the value of ntrinsic ntegration in e ucational games. The Jurnal  the
Learning Sciences, 20, 169-206. https://doi.org/10.1080/10508406.2010.508029

Heyman, J., & Ariely, D. (2004). Effort for payment: A tale of two markets. Psychological
Science, 15, 787-793. https://doi.org/10.1111/j.0956-7976.2004.00757.x

Hu, Y. Z., Wei, H. T., & Chignell, M. (2023). Impact of rewards on cognitive me
performance: Competition with peers increases enjoyment in easy, but not fficult
tasks. Computers in Human Behavior, 149, Article 107952. https://doi.org/10.1016/j.
chb.2023.107952

Ingadottir, B., Laitonen, E., Stefansdottir, A., et 1. (2022). Developing a health game to
prepare preschool children for nesthesia: Formative study usin a child-centered
pproach. JMIR Serious Games, 10, Article e31471. https://doi.org/10.2196/31471

Karniol, R., & Ross, M. (1977). The effect of performance-relev nt and performance-
irrelevant rewards on children’s intrinsic motivation. Child Development, 48, 482.
https://doi.org/10.2307/1128643

Keung, C. P. C., & Cheung, A. C. K. (2019). Towards holistic supporting of p y-based
earning mplementation n kindergartens: A mixed method study. Early Childhood
Education Journal, 47, 627-640. https://doi.org/10.1007/s10643-019-00956-2

Kim, E.-J., & Lee, H.-J. (2021). Relationship between the toothbrushing behavior nd
hand hygiene practices of Korean adolescents: A study focused on the 15th Korea
youth risk behavior survey conducted in 2019. IJERPH, 18, 5913. https://doi.org/
10.3390/ijerph18115913

Kohlberg, L. (1984). The psychology = moral development: The nature and validity =~ moral
stages. San Francisco, Calif: Hrper and Row.

Kuhn, D., & Pease, M. (2006). Do children nd ults earn differently? Journal
Cognition and Development, 7, 279-293. https://doi.org/10.1207/
515327647jcd0703_1

Kundisch, D., & Von Rechenberg, T. (2017). Does the framing of progress towards virtual
rewards matter?: Empirical evidence from n online community. Bus nf Syst Eng, 59,
207-222. https://doi.org/10.1007/s12599-016-0441-5

Lamrani, R., & Abdelwahed, E. (2020). Game-based earning nd amification to
improve skills n early years education. ComSIS, 17, 339-356. https://doi.org/
10.2298/CSIS190511043L

Lau, C. H., Springston, E. E., Sohn, M.-W., et 1. (2012). Hnd hygiene nstruction
ecreases ness-related bsenteeism in elementary schools: A prospective cohort
study. BMC Pediatrics, 12, 52. https://doi.org/10.1186/1471-2431-12-52

Lepper, M. R., Greene, D., & Nisbett, R. E. (1973). Undermining children’s ntrinsic
interest with extrinsic reward: A test of the “overjustification” hypothesis. Journal
Personality and Social Psychology, 28, 129-137. https://doi.org/10.1037/h0035519

Lewis, Z. H., Swartz, M. C., & Lyons, E. J. (2016). What's the point?: A review of reward
systems mplemented n mification nterventions. Games for Health Journal, 5,
93-99. https://doi.org/10.1089/g4h.2015.0078

Liang, H., Wang, M.-M., Wang, J.-J., & Xue, Y. (2018). How ntrinsic motivation nd
extrinsic ncentives ffect task effort n crowdsourcing contests: A mediated
moderation model. Computers in Human Behavior, 81, 168-176. https://doi.org/
10.1016/j.chb.2017.11.040

Liquin, E. G., & Gopnik, A. (2022). Children re more exploratory nd earn more than
adults n n pproach-avoid task. Cognition, 218, Article 104940. https://doi.org/
10.1016/j.cognition.2021.104940

Liu, Y., & Feng, J. (2015). Can monetary incentives ncrease UGC contribution? The
motivation and competition crowding out. ICIS 2015 Proceedings, 16.

Computers in Human Behavior Reports 20 (2025) 100879

Liu, D., Santhanam, R., & Webster, J. (2017). Toward meaningful engagement: A
framework for esign and research of mified information systems. MIS Quarterly,
41, 1011-1034. https://doi.org/10.25300/MISQ/2017/41.4.01

Loewenstein, G., Price, J., & Volpp, K. (2016). Habit formation n children: Evidence
from ncentives for healthy e ting. Journal Health Economics, 45, 47-54. https://
0i.org/10.1016/j.jhealeco.2015.11.004

Loveland, K. K., & Olley, J. G. (1979). The effect of external reward on nterest nd
quality of task performance in children of high nd low ntrinsic motivation. Child
Development, 50, 1207. https://doi.org/10.2307/1129350

Luby, S. P., Agboatwalla, M., Feikin, D. R., et 1. (2005). Effect of handwashing on child
health: A randomised controlled trial. The Lancet, 366, 225-233. https://doi.org/
10.1016/S0140-6736(05)66912-7

Ma, F., Gu, X., Tang, L., et 1. (2023). If they won’t know, I won’t wait: Anticipated social
consequences rive children’s performance on self-control tasks. Psychological
Science, 34, 1220-1228. https://doi.org/10.1177/09567976231198194

Ma, F., Zeng, D., Xu, F., et 1. (2020). Delay of ratification as reputation management.
Psychological Science, 31, 1174-1182. https://doi.org/10.1177/0956797620939940

Mekler, E. D., Brithlmann, F., Tuch, A. N., & Opwis, K. (2017). Towards understanding
the effects of ndividual amification elements on intrinsic mot vation nd
performance. Computers in Human Behavior, 71, 525-534. https://doi.org/10.1016/j.
chb.2015.08.048

Miltenberger, R. G., & Crosland, K. A. (2014). Parenting. In The wiley blackwell handbook

perant and classical conditioning (pp. 509-531). John Wiley & Sons, Ltd.

Moher, D., Hopewell, S., Schulz, K. F., et 1. (2010). CONSORT 2010 explanation nd
elaboration: Updated uidelines for reporting parallel group r ndomised trials.
Journal  Clinical Epidemiology, 63, el-e37. https://doi.org/10.1016/].
jclinepi.2010.03.004

Nand, K., Baghaei, N., Casey, J., et 1. (2019). Engaging children with educational
content via mification. Smart Learn Environ, 6, 6. https://doi.org/10.1186/
5s40561-019-0085-2

Qiao, D., Lee, S.-Y., Whinston, A., & Wei, Q. (2017). Overcoming the crowding-out effect
of monetary incentive on pro-social behavior. ICIS 2017 proceedings.

Ronimus, M., Kujala, J., Tolvanen, A., & Lyytinen, H. (2014). Children’s engagement
uring tal  me-based learning of reading: The effects of time, rewards, nd
challenge. Computers & Education, 71, 237-246. https://doi.org/10.1016/j.
compedu.2013.10.008

Ryan, R. M., Mims, V., & Koestner, R. (1983). Relation of reward contingency nd
interpersonal context to ntrinsic motivation: A review and test using cognitive
evaluation theory. Journal  Personality and Social Psychology, 45, 736-750. https://
0i.org/10.1037/0022-3514.45.4.736

Schulz, E., Wu, C. M., Ruggeri, A., & Meder, B. (2019). Searching for rewards e a child
means ess eneralization and more irected exploration. Psychological Science, 30,
1561-1572. https://doi.org/10.1177/0956797619863663

Senn, S. (2013). Seven myths of r ndomisation in clinical trials. Statistics in Medicine, 32,
1439-1450. https://doi.org/10.1002/sim.5713

Siyam, N., & Abdallah, S. (2023). Toward automatic motivator selection for utism
behavior ntervention therapy. Universal Access in the nformation Society, 22,
1369-1391. https://doi.org/10.1007/s10209-022-00914-7

Strauss, A. L. (1952). The evelopment nd transformation of monetary meanings n the
child. American Sociological Review, 17, 275. https://doi.org/10.2307/2088073

Sunyaev, A., Dehling, T., Taylor, P. L., & Mandl, K. D. (2015). Availability and quality of
mobile health pp privacy policies. Journal  the American Medical nformatics
Association, 22, e28-e33. https://doi.org/10.1136/amiajnl-2013-002605

Thompson, R. A. (2001). Development n the first years of fe. The Future  Children, 11,
21-33. https://doi.org/10.2307/1602807

Titmuss, R. M. (1970). The gift relationship: From human blood to social policy: R.M. titmuss.
London: George Allen and Unwin. https://doi.org/10.1016/0047-2727(72)90025-4,
1.

von Krogh, H., & Spaeth, W. (2012). Crrots and rainbows: Motiv tion and social
practice in open source software evelopment. MIS Quarterly, 36, 649. https://doi.
org/10.2307/41703471

Wu, P. F. (2019). Motivation crowding in online product reviewing: A qualitative study
of mazon reviewers. nformation & Management, 56, Article 103163. https://doi.
org/10.1016/j.im.2019.04.006

Zhao, L., Detlor, B., & Connelly, C. E. (2016). Sharing knowledge n social Q&A sites: The
unintended consequences of extrinsic motivation. Journal ~Management nformation
Systems, 33, 70-100. https://doi.org/10.1080/07421222.2016.1172459


mailto:���
��	��"#�"#��N�*

�����#��#�789@9=#����������������.�����
������	����



