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Abstract: With roots beyond behavioural economics to psychology, nudges can be applied for in-

fluencing healthy behaviours such as food choice and portions to decrease obesity for better public 

health outcomes. However, the effectiveness of the type of nudges are contentious with conflicting 

literature. In this pilot study, we conducted a 23-day study surveying the food choices that included 

portion, locus of control, demographic data, and psychological measures of personality, perceived 

stress, narcissism, regulatory focus, food choice motive and dietary restraint, with the participants 

given four intervention conditions of 12 instant messaging sent every two days through WhatsApp. 

The messages were either factual (control), focused on consequences, through social comparison, or 

persuasive. Running over the COVID19 pandemic, 17 participants completed the full surveys show-

ing significant effects between the experimental conditions with the psychological parameters ex-

cept for diet confidence and extraversion and conscientiousness, as well as cognitive restraint. We 

found BMI and waistline measurements to be suitable measurements, with promising results from 

the fear and social comparison nudges for food-related behaviours and exercise. Our pilot findings 

have implications to the use of nudges upon which future studies investigating psychological fac-

tors can build on. 
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1. Introduction 

The 2017 Nobel Prize in Economic Sciences was awarded to Richard H. Thaler for his 

contributions to behavioural economics. Thaler’s research, built upon work that were sub-

jects of the 1978 and 2002 prizes [1], highlighted the role of nudges. This was followed by 

decades of research and interest by governments all over the world, not surprisingly no-

tably in the area of tax collection [2]. The notion of nudges has roots beyond behavioural 

economics, including psychology where Pavlovian conditioning [3], biopsychological ha-

bituation of sea slugs [4], and conscious and unconscious behavioural priming [5] have 

been continually pursued and incorporated into modern applications. These include the 

study of subliminal priming in social engineering effects, or lack thereof [6]. While con-

troversial, new ideas for influencing behaviour such as the use of sonic devices to prevent 

teen loitering [7], or blue lights at Japanese train stations to deter suicide attempts [8] con-

tinue to emerge. Regardless of their aim or methodology, the science underlying nudging 
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have shown promise, keeping it a topic of interest by paternalistic authorities [9,10] and 

the public health domain. 

Over the years, psychological studies underlying influencing effects have investi-

gated the use of fear [11] in health [12,13], encouraging messages [14]; as well as persua-

sion through social/peer-pressure [15] among others. There remains conflicting literature 

on the underlying psychological traits that determine the susceptibility or resistance to 

the varying types of nudges. Thus, the mechanism would need to be better investigated, 

highlighted by a meta-analysis finding no statistically significant differences between 

gain- and loss-framed messages for a wide variety of behaviours [16]. At the edge of psy-

chological factors underlying nudging is environmental psychology, where the immedi-

ate surrounding can have stimuli that can affect the psyche or effectiveness of the stimuli. 

Such inclusion have been observed in the use of music to reduce anxiety [17], disrupt or 

support learning and academic performance [18], and even in food and beverages retail 

spending [19]. 

For positive behavioural changes [20] towards sustainability [21]; education [22]; 

public health [23-26] as well as interest by corporate processes [27], and even vaccination 

[28] as in the ongoing COVID19 pandemic, much remains to be investigated on the pa-

rameters that influence effectiveness.  

Apart from the more immediate consequences of nudging towards better hygiene 

and vaccination in the pandemic, there are many other long-term issues that behavioural 

changes can alleviate in public health. The longstanding co-morbidities from poor lifestyle 

such as diabetes, hypertension [29], cardiac risks [30-32], etc. are notably linked to obesity 

[33].  

Obesity is a global problem for wealthy nations. In multi-cultural Singapore, officials 

reported that the median Body Mass Index (BMI) score had risen from 22.23 in 2001 to 

23.15 in 2016, approaching the upper limit of the recommended healthy BMI range [34], 

and potentially pushing the obesity rate in the country to 15 percent by 2025. This prob-

lem, like that of other countries, come predominantly from increased daily calorie intake, 

where in Singapore, the increase went from an average of 1,929 kcal in 1998 to 2,470 kcal 

in 2018 [35,36] compared to the recommended daily intake of 2,200 and 1,800 kcal for adult 

males and females, respectively. A contributing factor to this is the consumption of larger 

food portion sizes due to increased variety and rising affluence fuelling more snacking 

and meals. Moreover, eating beyond satiation is still an ingrained cultural habit in Asia. 

Yet another contributor is sugar intake; where adults in Singapore consume an average of 

60 grams of sugar daily above the recommended daily intake of 25 grams, with sweetened 

drinks being the single largest source, followed by confectionery and desserts [36,37].  

Based on these factors, a significant number of behavioural choices needs to be ad-

dressed. Traditionally, legal regulations (e.g. ban), monetary measures (e.g. taxation), or 

public awareness campaigns would often be the go-to mitigatory measures, however they 

are often coercive in nature, limited in effectiveness or may require much resources to 

implement and maintain [38]. Such issues pave the way for behavioural nudges to play 

an important role, where apart from the commonly used fear, encouragement of peer 

pressure, more subtle nudge techniques, such as goal settings, social modelling, persua-

sion, etc., have been applied across a variety of behaviours with small to moderate effect 

sizes [39-41]. Interestingly, a previous meta-analysis showed that nudges based on ‘shap-

ing knowledge’ technique elicited higher effectiveness, followed by ‘comparison of be-

haviour’, ‘natural consequences’ and ‘self-belief’ [42]. With smartphones being more ubiq-

uitous in our everyday lives and even in psychological research [43-46], there is avenue of 

utilizing smartphones as well as smartphone-dependent wearables such as the Apple 

Watch, Samsung Watch, etc. to administer nudges. In fact, studies that employed such 

methodology to change behaviours have reported favourable outcomes [47-49]. 
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1.1 Hypotheses Formation 

Singapore is a good locale to study the effects of behavioural nudging on food health 

behaviour given her multicultural backdrop that can deeply influence dietary choices [50], 

and that nudges are already applied in areas such as taxation [51] and corporate processes 

[52]. In fact, Singapore is reportedly one of the most compliant countries to COVID-19 

pandemic measures [53]. In the same spirit as these recent studies where behavioural 

nudges have shown some efficacy, the present study was conceived with the goal of shed-

ding light on the prospects of applying behavioural nudge strategies on food choice, such 

as messages based on fear (of negative health consequences), constructive encouragement, 

and social pressure (such as social comparison), with these being delivered digitally over 

a smartphone. The hypotheses include: 

Hypothesis 1: Individuals receiving nudge messages (all types) would have lower 

body measurements after intervention than before while those receiving control messages 

would have no difference.  

Hypothesis 2: Individuals receiving nudge messages (all types) would have im-

proved food consumption behaviour after intervention than before while those receiving 

control messages would have no difference.  

Hypothesis 3: Individuals receiving nudge messages based on constructive encour-

agement would have higher diet confidence and diet persistence after intervention than 

before while those receiving messages based on fear, social pressure, and those in the con-

trol condition would experience negligible differences. 

2. Materials and Methods 

2.1. Research Design 

The study adopts a single-blind randomized controlled trial design with a control 

condition (“control”) and three experimental conditions (“health consequences”, “behav-

iour substitution”, and “social comparison”) corresponding to the three techniques (Fig-

ure 1). The outcomes were measured at three time points: pre-intervention (baseline), mid-

intervention, and post-intervention (Figure 2A). This design allowed us to detect signifi-

cant changes in outcomes across the intervening time points and between the conditions. 

Ethics approval was granted by the Agency for Science, Technology, and Research 

(A*STAR), Singapore Institutional Review Board under number 2019-007 and the proto-

cols and procedure adhered to for the whole study, with informed consent from the par-

ticipants. The study was conducted in compliance of prevailing ethical guidelines.  
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Figure 1. Study and participant flow. 

2.2. Participants  

Volunteers for the study were recruited between June 2019 and June 2020 through 

convenience sampling in various settings that included social media platforms. Festive 

periods (e.g., Chinese New Year, Ramadan) were avoided to prevent anomalous effects 

due to feasting or fasting. A priori power analysis of mixed-design ANOVA composing 

of 4 between-conditions and minimally 2 within-measurements with power (1- β) = 0.80, 

α = 0.05, and effect size = 0.25 was conducted using G*Power, suggesting a minimum sam-

ple size of 136. Accounting for a 50% participant dropout rate, the study aimed to recruit 

at least 250 participants with the following criteria: (a) ages 21 years and above, (b) healthy 

with no known medical condition, (c) familiar with and actively using WhatsApp as an 

instant messaging service, (e) currently working or residing in Singapore, (f) proficient in 

English language, and (g) not undergoing any existing medical-directed food or physical 

activity programmes. Participation was strictly voluntary, and subjects did not receive 

monetary reimbursements for their participation. This would help reduce the impact of 

selection biases. 
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Figure 2. (A) Timeline for the administration study procedure and intervention. (B) Examples of nudge messages used in the 

respective four study conditions: Control, Health Consequences, Behaviour Substitution, Social Comparison. See Supplemen-

tary Table S3 for the detailed list.  

2.3. Nudge-Message Development 

The concept behind intervention design utilizes the smartphone as the means for a 

direct message-based behavioural change intervention, with messages designed based on 

the Behavioural Change Wheel framework [54], and delivered at particular time points to 

participants. The goal of behaviour nudging in this case, was to promote a reduction of 

food portion sizes, as well as intake of sugary foods and drinks. Given its prevalent use in 

Singapore, the WhatsApp instant messaging service (“WhatsApp”) was chosen as the me-

dium for delivering these messages. Four sets of behavioural change messages comprising 

images or illustrations and text captions (Table S3) were designed, corresponding to three 

different behaviour change techniques [55] and a control condition. With a total of four 

study conditions, a total of 12 messages were developed (Figure 2B). Each pair of image 

illustrations with accompanying text captions would present a different health or nutri-

tional information snippet, contextualised according to the nudge techniques involved in 

the conditions they were based on, including neutral facts (“control”); scare tactics 

(“health consequences”); constructive encouragement (“behavioural substitution”); and 

peer pressure (“social comparison”). Specifically, messages in the “control” condition de-

scribed the nutritional information of various food items as neutral facts method. Mes-

sages in the “health consequences” condition highlighted the health risks and negative 

consequences of not consuming smaller food portions, restricting sugar intake, or not ex-

ercising, as scare tactics. In contrast, message in the “behaviour substitution” condition 

applied constructive encouragement by suggesting actions or alternatives that would 

prompt individuals to consume smaller food portions, restrict sugar intake, or exercise 

more. Lastly, messages in the “social comparison” condition provided exemplars of 
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physically fit and healthy individuals to prompt these social comparisons including com-

parison with peers.  

 

2.4. Survey Measurements 

Participants were asked to complete an online survey at pre-, mid-, and post-inter-

vention time points after the initial informed consent (see Supplementary Table S1). The 

pre-intervention survey assessed participants’ body measurements, food consumption 

behaviours, preferred food portion, sugary food and drinks intake, diet confidence and 

diet persistence, as well as internal locus of control with respect to health. It also gathered 

socio-demographic features and assessed various psychological constructs including per-

sonality, perceived stress, narcissism, regulatory focus, food choice motive, and dietary 

restraint. Both the mid- and post-intervention surveys contained similar sets of questions, 

but excluded the socio-demographic questions and psychological measures. These two 

surveys further gathered participants’ perception of message validity.  

Body measurements were assessed through self-reported height, weight, and waist-

line measurements. The body mass index (BMI) was then calculated from the height and 

weight. Food consumption behaviours and preferences were assessed in two ways. Pre-

ferred portion sizes were assessed through a locally adapted food portion selection task 

[56], while a specific subscale of the dietary practice questionnaire [35] gathered self-re-

ports on the frequency that sweetened drinks (e.g., tea and coffee), as well as desserts and 

snacks, were consumed in the past week. Diet confidence and diet persistence were as-

sessed respectively through single-item questions, namely “If you are to go on a diet now, 

how confident are you that you will succeed?” and “If you are to go on a diet now, how long do 

you think you can sustain it?”. Health internal locus of control was assessed with the corre-

sponding subscale of the multidimensional health locus of control scale [57]. Lastly, va-

lidity for the nudge messages were assessed through single-item questions, namely “Do 

you agree that the messages sent to you during the study help you to manage your diet or eating 

habits” and “Do you agree that you feel healthier after the intervention?” respectively.  

Socio-demographic characteristics surveyed include gender, ethnicity, age group, 

and household income level. Personality was assessed based on five factor model of per-

sonality with the Mini-IPIP scale [58]. Perceived stress was assessed with the Perceived 

Stress Scale [59]. Narcissism was assessed with the Single-Item Narcissism Scale [60]. Pro-

motion and prevention regulatory focus was assessed with the Regulatory Focus Scale 

[61]. Food choice motive was assessed with the subscales for the health and weight factors 

from the Food Choice Questionnaire [62]. Lastly, dietary restraint was assessed with the 

uncontrolled eating, cognitive restraint, and emotional eating factors of the Thee Factor 

Eating Questionnaire [63]. 

Participants were also asked to take a photo of every meal that they had in a day and 

submit them through WhatsApp at the pre- and post-intervention time points (Supple-

mentary Table S2). Their meal photos would be processed using the APD Areametric App 

[64] which would estimate the average food portion sizes of the meals that they had con-

sumed in a day at pre- and post-intervention timepoints. This was used for the analysis of 

their actual food portion consumption. 

 

2.5. Procedures 

Recruited participants were asked to visit the online survey [46] for the research in-

formation sheet and to acknowledge it and the provide their informed consent before 

completing the pre-intervention survey. Mobile numbers were also collected for the send-

ing of nudge messages via WhatsApp after the participants were assigned to the one of 

the four study conditions on a rolling basis.  

Two days after a participant had signed up, a WhatsApp message would be sent to 

remind them to take a top-down photo of their meals in a day (with a Singapore $1 coin 

placed next to it for automatic area calibration by the APD Areametric app). For the next 
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three days, an automated script would send messages to participants over WhatsApp at 

7 a.m. local time daily, to remind them to submit photos of their meals. 

Following the photo request, intervention messages (across the various conditions) 

were sent over 23 days in a similar manner. Every two days at 7 a.m., an automated script 

would send a nudge message over WhatsApp to the study participants based on their 

assigned study conditions. In this way, each participant would receive 12 nudge messages 

by the end of the intervention period. On Day 16, study participants were prompted to 

complete the mid-intervention survey online hosted on the same platform. 

A day after the end of the intervention period, WhatsApp messages would be sent to 

prompt study participants to complete the post-intervention survey online, and to take 

the final meal photos of the meals the participants had, for that day. As with the earlier 

prompts, reminder messages for the photos would be sent for the next three days at 7 a.m. 

local time. On the last day, a WhatsApp message would be sent to the participants to an-

nounce the end of the study and thank them for their participation. No further messages 

would be sent beyond that point. 

3. Results 

3.1. Participants 

70 participants were recruited for this study (Figure 1) between October 2019 to June 

2021). 70, 23, and 22 of the participants completed the pre-, mid-, and post-intervention 

surveys respectively, with only 17 completing all three surveys. Of the participants, 45 

and 25 submitted their meal photos at pre- and post-intervention time points respectively 

with 25 of them submitting at both time points. In total, only 17 participants completed 

all three surveys and submitted their meal photos at both pre- and post-intervention time 

points. 

Table 1 summarizes the socio-demographic characteristics of the participants based 

on gender, ethnicity, age group and household income level by study conditions. 33 (47%) 

participants were female while 37 (53%) were male. Ethnically, 55 (79%) participants were 

Chinese while 8 (11%), 4 (6%) and 3 (4%) were Indian, Malay and others respectively. 17 

(24%) participants were in the 21 - 24 age group while 35 (50%), 12 (17%), 5 (7%) and 1 

(1%) were in the 25 - 34, 35 - 44, 45 - 54 and 55 - 64 age group respectively. Lastly, 8 (11%) 

participants indicated a household income of ≤ $2,000 while 12 (17%), 12 (17%), 10 (14%), 

10 (14%), 6 (9%) and 12 (17%) indicated a household income of $2,001 - $4,000, $4,001 - 

$6,000, $6,001 - $8,000, $8,001 - $10,000, $10,001 - $15,000 and >$15,000. 

Table 1. Socio-demographic Characteristics of Participants. 

 

n (%) 

Overall Control 
Health conse-

quences 

Behaviour 

substitution 

Social compar-

ison 

Gender      

Female 33 (47.14) 7 (41.18) 8 (44.44) 8 (47.06) 10 (55.56) 

Male 37 (52.86) 10 (58.82) 10 (55.56) 9 (52.94) 8 (44.44) 

Ethnicity      

Chinese 55 (78.57) 14 (82.35) 14 (77.78) 14 (82.35) 13 (72.22) 

Indian 8 (11.43) 2 (11.76) 2 (11.11) 0 (0.00) 4 (22.22) 

Malay 4 (5.71) 1 (5.88) 1 (5.56) 1 (5.88) 1 (5.56) 

Others 3 (4.29) 0 (0.00) 1 (5.56) 2 (11.76) 0 (0.00) 

Age group      

21-24 17 (24.29) 4 (23.53) 4 (22.22) 5 (29.41) 4 (22.22) 

25-34 35 (50.00) 9 (52.94) 10 (55.56) 8 (47.06) 8 (44.44) 

35-44 12 (17.14) 2 (11.76) 4 (22.22) 2 (11.76) 4 (22.22) 

45-54 5 (7.14) 2 (11.76) 0 (0.00) 1 (5.88) 2 (11.11) 

55-64 1 (1.43) 0 (0.00) 0 (0.00) 1 (5.88) 0 (0.00) 
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≥ 65 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

Household income      

≤ $2,000 8 (11.43) 2 (11.76) 3 (16.67) 2 (11.76) 1 (5.56) 

$2,001 - $4,000 12 (17.14) 4 (23.53) 5 (27.78) 2 (11.76) 1 (5.56) 

$4,001 - $6,000 12 (17.14) 5 (29.41) 2 (11.11) 3 (17.65) 2 (11.11) 

$6,001 - $8,000 10 (14.29) 0 (0.00) 3 (16.67) 3 (17.65) 4 (22.22) 

$8,001 - $10,000 10 (14.29) 3 (17.65) 1 (5.56) 2 (11.76) 4 (22.22) 

$10,001 - $15,000 6 (8.57) 0 (0.00) 2 (11.11) 1 (5.88) 3 (16.67) 

>$15,000 12 (17.14) 3 (17.65) 2 (11.11) 4 (23.53) 3 (16.67) 

3.2. Descriptive Statistics 

Table 2 presents the descriptive statistics of the outcome measures by study condi-

tions and intervention time points. Additionally, the Cronbach alpha scores for the pre-

ferred food portion for consumption were 0.87, 0.89 and 0.94 for pre-, mid-, and post-

intervention respectively, while for the health internal locus of control they were 0.72, 0.86 

and 0.83 for pre-, mid-, and post-intervention respectively. Table 3 presents the descrip-

tive statistics of the psychological measures including their Cronbach alpha scores. 

Table 2. Descriptive Statistics of Outcome Measures. 

  Pre-intervention   Mid-intervention   Post-intervention 

  n M SD  n M SD  n M SD 

Control            

BMI 17 23.07 2.89  4 23.71 2.98  5 22.24 1.48 

Waistline (cm) 17 78.57 8.75  4 85.82 14.38  5 74.46 6.34 

Preferred food portion for consumption 14 5.37 1.64  3 5.77 1.07  5 5.34 1.34 

Sweetened drinks frequency 17 3.24 3.49  4 1.25 1.50  5 5.40 9.42 

Tea and coffee frequency 17 6.24 4.74  4 3.25 2.99  5 6.20 1.64 

Desserts and snacks frequency 17 2.82 2.38  4 1.50 1.29  5 1.80 1.3 

Diet confidence 17 2.65 1.37  4 2.25 0.96  5 2.40 0.89 

Diet persistence 17 2.94 1.25  4 2.50 1.00  5 2.20 0.84 

Health internal locus of control 17 3.77 0.45  4 3.34 0.78  5 3.80 0.27 

Message helpfulness - - -  4 2.00 0.82  5 2.00 0.71 

Health perception - - -  4 2.00 0.82  5 2.20 0.45 

Food portion area 9 269.97 113.72  - - -  6 263.62 99.2 

Health consequences            

BMI 18 24.11 3.86  6 23.69 3.69  6 24.41 3.89 

Waistline (cm) 17 80.80 11.72  5 78.26 11.44  6 78.73 10.78 

Preferred food portion for consumption 17 5.21 1.36  6 4.85 1.65  6 5.03 1.53 

Sweetened drinks frequency 18 3.61 4.10  5 1.80 1.92  6 2.67 1.21 

Tea and coffee frequency 18 3.50 2.46  5 3.40 2.51  6 1.83 1.83 

Desserts and snacks frequency 18 3.83 2.62  5 2.40 2.07  6 3.83 5.04 

Diet confidence 18 2.50 0.92  6 1.83 1.33  6 2.67 1.21 

Diet persistence 18 2.78 0.88  6 2.33 0.82  6 2.50 0.55 

Health internal locus of control 18 4.06 0.52  6 4.03 0.29  6 4.00 0.35 

Message helpfulness - - -  6 2.67 0.52  6 2.83 1.17 

Health perception - - -  6 2.33 0.82  6 3.00 1.10 

Food portion area 12 288.91 89.86  - - -  6 311.38 161.02 

Behaviour substitution            

BMI 17 23.22 3.90  8 22.96 4.17  7 24.11 4.48 

Waistline (cm) 17 80.26 11.45  8 81.86 16.06  7 81.05 15.99 

Preferred food portion for consumption 17 5.01 1.13  8 5.06 0.93  7 4.50 1.02 

Sweetened drinks frequency 16 6.00 11.32  8 6.38 9.30  7 1.57 2.07 
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Tea and coffee frequency 16 4.13 4.98  8 4.75 4.46  7 4.43 5.26 

Desserts and snacks frequency 17 3.53 2.18  8 3.63 2.26  7 4.00 2.08 

Diet confidence 17 3.29 1.05  8 3.63 0.92  7 3.43 0.98 

Diet persistence 17 3.18 1.19  8 3.88 0.64  7 3.00 1.15 

Health internal locus of control 17 3.91 0.41  8 4.15 0.40  7 4.12 0.63 

Message helpfulness - - -  8 3.00 1.31  7 3.57 1.51 

Health perception - - -  8 3.25 1.04  7 3.29 1.38 

Food portion area 13 285.67 77.06  - - -  7 198.69 56.73 

Social Comparison            

BMI 18 22.83 4.08  5 20.81 3.67  4 20.65 1.85 

Waistline (cm) 17 75.42 9.96  5 71.41 8.43  4 72.75 2.36 

Preferred food portion for consumption 17 5.13 1.38  5 4.70 1.17  4 6.36 1.53 

Sweetened drinks frequency 18 1.56 1.38  5 2.60 2.61  4 2.00 1.63 

Tea and coffee frequency 18 4.28 3.14  5 5.20 5.54  4 3.00 2.00 

Desserts and snacks frequency 18 2.83 1.34  5 4.80 2.28  4 2.50 1.73 

Diet confidence 18 2.39 0.85  5 3.00 0.71  4 2.50 0.58 

Diet persistence 18 3.17 1.15  5 2.80 0.84  4 2.50 0.58 

Health internal locus of control 18 4.12 0.41  5 4.23 0.65  4 4.21 0.81 

Message helpfulness - - -  5 2.2 1.10  4 2.25 0.96 

Health perception - - -  5 2.4 1.14  4 2.25 0.96 

Food portion area 11 392.31 259.69  - - -  6 313.85 87.72 

Table 3. Descriptive Statistics of Psychological Measures. 

  n M SD α 

Five-factor personality     

Extraversion 70 2.83 0.78 .75 

Agreeableness 70 3.51 0.68 .72 

Conscientiousness 70 3.28 0.65 .51 

Neuroticism 70 2.86 0.8 .77 

Openness 70 3.4 0.66 .57 

Perceived stress 70 2.9 0.5 .83 

Narcissism 70 2.91 1.25 - 

Regulatory focus     

Promotion 70 3.28 0.65 .51 

Prevention 70 2.86 0.8 .77 

Food choice motive     

Health 70 2.83 0.68 .87 

Weight control 70 2.6 0.86 .87 

Three factor eating     

Uncontrolled eating 70 2.24 0.58 .52 

Cognitive restraint 70 2.42 0.44 .87 

Emotional eating 70 2.26 0.75 .77 
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3.3. Comparison of Outcomes Measures 

Hypothesis 1: Individuals receiving nudge messages (all types) would have lower body measure-

ments after intervention than before while those receiving control messages would have no differ-

ence.  

In terms of body measurements (Table 4), the mean BMI and waistline were lower 

after the intervention period, for both “control” and “social comparison” conditions than 

before the intervention period. However, the mean BMI was higher for the “health conse-

quences” condition after the intervention, even though the mean waistline was lower after 

intervention. Curiously, for the “behaviour substitution” condition, both the mean BMI 

and waistlines were higher after intervention. A two-way MANOVA did not reveal any 

significant differences in BMI and waistline across intervention time points (Pillais’ Trace 

= .02, F(4, 200) = 0.47, p > .05), and between the four study conditions (Pillais’ Trace = .08, 

F(6, 200) = 1.34, p > .05) with no significant interaction effect, Pillais’ Trace = .07, F(12, 200) 

= 0.86, p > .05.  

 

Hypothesis 2: Individuals receiving nudge messages (all types) would have improved food con-

sumption behaviour after intervention than before while those receiving control messages would 

have no difference.  

It was observed (Table 4) that, for the “control” condition, the mean preferred food 

portion for consumption, tea and coffee consumption, and desserts and snacks consump-

tion were lower whereas the mean sweetened drinks consumption was higher after inter-

vention. For the “health consequences” condition, the mean preferred food portion for 

consumption, sweetened drinks consumption, and tea and coffee consumption were 

lower whereas the mean desserts and snacks consumption remained unchanged after in-

tervention. For the “behaviour substitution” condition, the mean preferred food portion, 

sweetened drinks consumption, and tea and coffee consumption were lower whereas the 

mean desserts and snacks consumption was higher after intervention. Lastly, for the “so-

cial comparison” condition, the mean preferred food portion and sweetened drinks con-

sumption were both higher whereas the mean tea and coffee consumption, and desserts 

and snacks consumption were lower after intervention. A two-way MANOVA did not 

show significant main effect for study conditions, Pillais’ Trace = .13, F(12, 282) = 1.06, p > 

.05, and intervention time points, Pillais’ Trace = .02, F(8, 186) = 0.19, p > .05, while also did 

not show significant interaction effect, Pillais’ Trace = .19, F(24, 380) = 0.80, p > .05. 

 

Hypothesis 3: Individuals receiving nudge messages based on constructive encouragement would 

have higher diet confidence and diet persistence after intervention than before while those receiving 

messages based on fear, social pressure and those in the control condition would experience negli-

gible differences. 

For diet confidence and diet persistence (Table 4), the “control” condition partici-

pants had lower mean diet confidence and diet persistence after the intervention period 

than before, while in the case of the “health consequences”, “behaviour substitution”, and 

“social comparison” conditions, the mean diet confidence was higher whereas the mean 

diet persistence was lower (Table 4). A two-way MANOVA confirmed the significance of 

the main effect for the study conditions, with Pillais’ Trace = .17, F(6, 206) = 3.23, p < .05, 

but there was no significant main effect between intervention time points, Pillais’ Trace = 

.05, F(4, 206) = 1.26, p > .05, nor any significant interaction effect, Pillais’ Trace = .09, F(12, 

206) = 0.81, p > .05. 

Participants in the “behaviour substitution” condition (i.e., constructive encourage-

ment) reported the highest mean message helpfulness and health perception scores, fol-

lowed by those in the “health consequences”, “social comparison”, and “control” condi-

tions. A one-way MANOVA did not reveal significant differences between the study con-

ditions for the two measures, Pillais’ Trace = .39, F(6, 36) = 1.43, p < .05. 
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Table 4. Mean Change in Outcome Measures Between Pre- and Post-intervention. 

 

 

Mean change (%) 

Control 
Health conse-

quences 

Behaviour sub-

stitution 

Social Compari-

son 

BMI -0.83 (-3.60) 0.30 (1.24) 0.89 (3.83) -2.18 (-9.55) 

Waistline (cm) -4.11 (-5.23) -2.07 (-2.56) 0.79 (0.98) -2.67 (-3.54) 

Preferred food portion -0.03 (-0.56) -0.18 (-3.45) -0.51 (-10.18) 1.23 (23.98) 

Sweetened drinks frequency 2.16 (66.67) -0.94 (-26.04) -4.43 (-73.83) 0.44 (28.21) 

Tea and coffee frequency -0.04 (-0.64) -1.67 (-47.71) -5.57 (-55.7) -1.28 (-29.91) 

Desserts and snacks frequency -1.02 (-36.17) 0.00 (0.00) 0.47 (13.31) -0.33 (-11.66) 

Diet confidence -0.25 (-9.43) 0.17 (6.80) 0.14 (4.26) 0.11 (4.60) 

Diet persistence -0.74 (-25.17) -0.28 (-10.07) -0.18 (-5.66) -0.67 (-21.14) 

Health internal locus of control 0.03 (0.80) -0.06 (-1.48) 0.21 (5.37) 0.09 (2.18) 

Food portion area -6.35 (-2.35) 22.47 (7.78) -86.98 (-30.45) -78.46 (-20.00) 

 

3.4. Relationship between Specific Outcome and Psychological Measures 

Pearson correlations were derived for specific pair of outcome and psychological 

measures at the pre-intervention time point (Table 5). Notably, for outcome measures, 

BMI had significant moderate positive correlation with the uncontrolled eating and emo-

tional eating factors (Table 5). Preferred food portion had a significant but weak negative 

correlation between extraversion and uncontrolled eating and there was significant mod-

erate negative correlation with agreeableness. Diet confidence had a significant, though 

weak, positive correlation with extraversion and conscientiousness as well as with diet 

persistence and had significant moderate positive correlation with health food choice mo-

tive. Lastly, the health internal locus of control had a significant but weak positive corre-

lation with health and weight control food choice motive. For psychological measures, 

extraversion had a significant but weak positive relationship with uncontrolled eating. 

Health and weight control food choice motive have significant moderate positive relation-

ship with cognitive restraint.  
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Table 5. Correlation Matrix of Outcome and Psychological Measures at Pre-intervention. 

 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1. BMI                  

2. Preferred food portion  

for consumption 
.00                 

3. Diet confidence -.19 -.11                

4. Diet persistence -.07 -.06 .50**               

5. Health internal locus of control -.01 -.15 .04 .19              

Five factor personality                  

6. Extraversion .19 -.26* .26* .11 .06             

7. Agreeableness .04 -.31* .10 .26* .16 .31**            

8. Conscientiousness -.07 -.09 .27* .10 .10 .08 .22           

9. Neuroticism -.12 .03 -.14 -.13 -.09 -.17 -.21 -.32**          

10. Openness .06 -.05 -.09 .06 .02 -.02 .20 -.03 -.02         

11. Perceived stress .06 .03 -.14 -.09 -.16 -.21 -.17 -.41** .66** -.15        

Regulatory focus                  

12. Promotion .07 -.08 -.15 .00 .12 .04 .03 -.17 -.20 .54** -.27*       

13. Prevention -.09 .09 -.19 -.07 .10 .04 .25* -.01 .06 -.04 -.08 .06      

Food choice motive                  

14. Health .02 .06 .17 .31** .27* .12 -.03 .18 -.05 .00 -.05 .15 .04     

15. Weight control -.06 .15 .14 .19 .28* -.02 -.07 .16 -.08 -.21 -.05 -.04 .06 .64**    

Three factor eating                  

16. Uncontrolled eating .35** -.25* -0.2 -.01 .08 .24* .16 -.14 -.02 -.07 .17 .08 -.04 -.11 -.16   

17. Cognitive restraint  -.14 .12 .05 .01 .21 .01 -.05 .13 -.12 -.23 -.05 .02 .03 .33** .49** .07  

18. Emotional eating .35** -.13 -.08 .06 .06 .20 .14 -.02 .13 -.02 .23 .06 .01 .08 -.03 .74** .08 

Note: *p < .05, **p < .01 

4. Discussion 

We sought to examine the effects of administering various types of nudges (“health 

consequences”, “behaviour substitution”, “social comparison”) through WhatsApp on 

various diet and health related measurements in this ambitious study that included inves-

tigating the psychological factors and perception of the participants. While the G*Power 

calculation required a minimum of 250 participants, we were only able to recruit 70 over 

the late Oct 2019 to early 2021 period. There was a significant number of incomplete sub-

missions, leading to only 17 completed participants. Many factors contributed to this from 

the numerous items in the surveys and the high demand of participant attention to the 

ongoing COVID19 pandemic measures interrupting lives and the change in WhatsApp 

policy in January 2021 that resulted in many users ending their use of WhatsApp for other 

platforms. This change of events impact our initial utility of the WhatsApp app for its 

widespread use and successful utility in education [65,66] and in healthcare [67]. From the 

limited 17 participants, we did not find any significant effects of nudge messages nor 

within the various types on body measurements of BMI nor waistlines, food consumption 

behaviours, diet confidence and diet persistence, or perceived message helpfulness. None-

theless, an in-depth investigation of the collected data provided insights to the use of 

nudges for food-related behaviours that may guide future studies. 

We found an interesting decrease of BMI for the control and social comparison con-

ditions, but it was reversed for health consequences and behaviour substitution condi-

tions, and there was a waistline decrease across all measures with few exceptions (Table 
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2). This finding suggests that being made self-conscious of the food eaten alone was able 

to elicit some effort of control by the people with the exceptions. These exceptions include 

the waistline for the behavioural substitution and the preferred food portions, sweetened 

drinks, and health internal locus of the social comparison condition. Taking together the 

BMI increase for health consequences and behaviour substitution and the decrease of 

waistline for the health consequences, the possibility of weight gain could be due to mus-

cle mass gain (assumed from decreased waistline) from increased exercise. What is sur-

prising is that the overall increase of snacks, and decreased diet persistence of behaviour 

substitution suggested that this form of intervention may not yield the desired effect and 

that with the assumption of muscle mass, fear in health consequences may have encour-

aged exercise and muscle gain better than the control and social comparison condition.  

What was interesting in the social comparison condition was that despite it having 

the best decrease in BMI of ~2.2, its waistline decrease of ~2.5 cm was less than the control 

of ~4 cm (Table 4), yet its increase in preferred food consumption, sweetened drinks and 

decreased diet persistence may suggest practices of starvation that caused some compen-

sation given the decrease in snacking frequency and second largest decrease in food por-

tion at ~-78.5 after behaviour substation at ~-87. Social comparison methods may, at least 

in the short term, be the most effective intervention (in terms of highest increase in internal 

locus of control as well) for getting people to eat less and decrease their BMI.   

Despite perceived stress shown to be associated with unhealthy dietary habits [68,69] 

and weight gain [70], we did not find any correlation with BMI for the possible reason 

that the 21 days of this study was not likely to provide sufficient time for notable weight 

changes, as well as the small sample size. Even so, this was in agreement with some past 

studies [68,71] that did not find such correlations. In addition, the study showed uncon-

trolled and emotional eating to have significant positive correlations with BMI affirming 

that diet plays the major role in increased BMI. We further found a weak negative corre-

lation with preferred food portion regardless of whether it was healthy or unhealthy food 

that was contrary to a past study reporting a positive correlation between uncontrolled 

eating and food portion size [72]. This discrepancy may be explained by a compensation 

of more frequent consumption despite choosing smaller portions by the those with un-

controlled eating.  

On psychological parameters, we found extraversion to have a weak negative corre-

lation with preferred food portion which may support the above observation on uncon-

trolled eating given that a past study [73] reported that high extraversion individuals may 

consume more sweet and savoury food and sugary beverages. Thus, extraverts may in 

fact, consume smaller portions of food but in higher frequency. 

4.1. Limitations and Future Studies 

Due to the many tasks in this study, there was a 68.6% drop-out rate impacting the 

significance of the findings. Only ~31.4% of the initial 70 participants completed all aspects 

of the study. Certainly, further investigations need to be utilized less parameters than 

what we have attempted here. Notably, given the lack of obvious associations of socio-

demographic factors with the interventions, it may be possible to exclude these parame-

ters as well as leaving out the need mid-point intervention given the general consistency 

with the end of intervention. Given that the control condition also saw a decrease, a better 

control that did not involve food at all may perhaps decrease awareness and reminders 

for a better baseline analysis. Given the problems with the instant messaging app, it may 

be possible that better convenience of data collection also in-built app nudges that also 

include steps taken and exercise logging e.g. APD Health Nudge app [74]. 
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5. Conclusion 

Our findings in this pilot study suggest the mere awareness of food intake can have 

an effect in eating habits with potential effectiveness in the use of fear and social compar-

ison nudges for food-related behaviours and exercise across the multi-cultural back-

ground while reaffirming the suitability of BMI together with waistlines in more objective 

measurements, even within the 23-day experiment. Certainly, the use of apps is feasible, 

although further adaptions for the ease of use would reduce participation drop-off. 
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