UNIVERSITYOF
BIRMINGHAM

Research at Birmingham

The effect of real-time vibrotactile feedback
delivered through an augmented fork on eating rate,
satiation, and food intake

Hermans, Roel C J; Hermsen, Sander; Robinson, Eric; Higgs, Suzanne; Mars, Monica; Frost,
Jeana H

DOI:
10.1016/j.appet.2017.02.014

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Peer reviewed version

Citation for published version (Harvard):

Hermans, RCJ, Hermsen, S, Robinson, E, Higgs, S, Mars, M & Frost, JH 2017, 'The effect of real-time
vibrotactile feedback delivered through an augmented fork on eating rate, satiation, and food intake' Appetite,
vol. 113, pp. 7-13. https://doi.org/10.1016/j.appet.2017.02.014

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked 20/2/2017

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

» Users may freely distribute the URL that is used to identify this publication.

» Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

» User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
» Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy . . _ o . ) .
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 02. May. 2019


https://doi.org/10.1016/j.appet.2017.02.014
https://research.birmingham.ac.uk/portal/en/publications/the-effect-of-realtime-vibrotactile-feedback-delivered-through-an-augmented-fork-on-eating-rate-satiation-and-food-intake(33dd177f-1e70-44e5-90e1-c86671095157).html

Accepted Manuscript

The effect of real-time vibrotactile feedback delivered through an augmented fork on Appetlte
eating rate, satiation, and food intake R Drinkig

Roel C.J. Hermans, Sander Hermsen, Eric Robinson, Suzanne Higgs, Monica Mars,
Jeana H. Frost

PII: S0195-6663(17)30208-8
DOI: 10.1016/j.appet.2017.02.014
Reference: APPET 3332

To appearin:  Appetite

Received Date: 3 June 2016
Revised Date: 23 January 2017
Accepted Date: 8 February 2017

Please cite this article as: Hermans R.C.J., Hermsen S., Robinson E., Higgs S., Mars M. & Frost
J.H., The effect of real-time vibrotactile feedback delivered through an augmented fork on eating rate,
satiation, and food intake, Appetite (2017), doi: 10.1016/j.appet.2017.02.014.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.appet.2017.02.014

RUNNING HEAD: Effect of feedback on eating ratetiaion, and food intake 1

The effect of real-time vibrotactile feedback deled through an augmented fork

on eating rate, satiation, and food intake
Roel C.J. Hermafs Sander Hermséh, Eric Robinsofi, Suzanne Higds
Monica Mar§, & Jeana H Frobt

*Shared first authorship

#Behavioural Science Institute, Radboud Universiliygnegen, NL, r.hermans@bsi.ru.nl

P Utrecht University of Applied Sciences, Utrecht, Niander.hermsen@hu.nl

¢Institute of Psychology, Health, and Society, Unsity of Liverpool, UK,

eric.robinson@liverpool.ac.uk

4School of Psychology, University of Birmingham, Ukhiggs.1@bham.ac.uk

® Division of Human Nutrition, Wageningen Universit/ageningen, NL,

monica.mars@wur.nl

"The Caregiver Network, Montréal, QC, Cjana@Iratcn.ca

Corresponding Author: Roel C.J. Hermans, PhD
PO Box 9104, 6500 HE Nijmegen, The Netherlands
Phone: +31 (24) 3615787

Email: r.hermans@bsi.ru.nl




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
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Abstract
Eating rate is a basic determinant of appetiteletigm, as people who eat more slowly feel sated
earlier and eat less. Without assistance, eattegsalifficult to modify due to its automatic
nature. In the current study, participants usedwagmented fork that aimed to decelerate their
rate of eating. A total of 114 participants weredamly assigned to the Feedback Condition
(FC), in which they received vibrotactile feedb&akm their fork when eating too fast (i.e.,
taking more than one bite per 10 seconds), or afémtback Condition (NFC). Participants in
the FC took fewer bites per minute than did thostaé NFC. Participants in the FC also had a
higher success ratio, indicating that they hadisagmtly more bites outside the designated time
interval of 10 seconds than did participants inNikC. A slower eating rate, however, did not
lead to a significant reduction in the amount @id@onsumed or level of satiation. These
findings indicate that real-time vibrotactile feedk delivered through an augmented fork is
capable of reducing eating rate, but there is mdegxe from this study that this reduction in
eating rate is translated into an increase intgati@r reduction in food consumption. Overall,
this study shows that real-time vibrotactile feezkbomay be a viable tool in interventions that
aim to reduce eating rate. The long-term effectasmof this form of feedback on satiation and

food consumption, however, awaits further invesiaya

Word count: 241

Trial registration: The research reported in this manuscript is regidten the Dutch Trial

Register with number NTR5237 (www.trialregister.nl)

Keywords: vibrotactile feedback; digital technology; eatnade; food intake; satiety.
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I ntroduction
The worldwide prevalence of overweight and obesiycause for concern (Finucane et al.,
2011). A promising means to combat overweight n&ynl reducing eating rate (Martin et al.,
2007; Robinson et al., 2014). People who eat quikid to consume more than slower eaters
(De Graaf & Kok, 2010; Robinson et al., 2014; Visk&an Dongen, Kok, & De Graaf, 2011)
and feel less sated after a meal (Rolls, 2007stZa) De Wijk, Mars, Stafleu, & De Graaf, 2009).
Moreover, there is a cross-sectional associatitwed®n eating rate and obesity; people who eat
at a faster rate are more likely to be overweigtalese (Ohkuma et al., 2015; Otsuka et al.,
2006; Tanihara et al., 2011)

Eating rate may influence satiation levels and gnertake through a number of
mechanisms. When people eat slowly, this influetitesecretion of satiety hormones such as
insulin and glucacon-like peptide 1 (Cassady, HpHulford, Considine, & Mattes, 2009;
Kokkinos et al., 2010). Slower eating also incredsed oral exposure (Weijzen, Smeets, & De
Graaf, 2009; Bolhuis, Lakemond, De Wijk, Luning ¥ Graaf, 2011) and the number of chews
per unit of food (Bolhuis, Lakemond, De Wijk, Lugin& De Graaf, 2013; 2014), which have
both been shown to lower energy intake (Bolhuile2013; 2014; Weijzen et al., 2009).
Finally, slower eating may decrease feelings ofig@pon by enhancing and prolonging
pleasurable aspects of eating (Brownell, 2000).

One barrier to changing eating rate is that it i@y highly automatic behavior, making
eating rate difficult to change (Wilson, 2002). Hoxgr, recent research suggests that real-time
feedback can interrupt the execution of deeply @ngd habitual behaviors and make them
available for conscious scrutiny and behavior cleaiitermsen, Frost, Renes, & Kerkhof, 2016).
Furthermore, feedback is known to have motivati@moalsequences, giving higher priority to the

behavior that is the target of the feedback (NoeficSchmidt, & Ashford, 2011).
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In the case of eating rate, visual and auditoryltima feedback has been used to give eaters
feedback on how much and at what rate to eat darimgal (Zandian, loakimidis, Bergh,
Brodin, & Sodersten, 2009). This method has beanddo be effective in reducing food intake
and promoting weight loss, both in clinical as vaslnon-clinical contex{&ord et al., 2010;
loakimidis, Zandian, Bergh, Stédersten, 2009; Zaméiaal., 2009). A potential limitation of this
type of feedback, however, could be that it catoeecumbersome or artificial to use in real-life
eating contexts. Real-time vibrotactile feedbahk, presentation of simple vibrations as a means
of conveying alerts or information (Hoggan, Crosdwewster, & Kaaresoja, 2009; Qian, Kuber,
& Sears, 2013) may present a viable alternativgsioal and auditory mealtime feedback on
eating rate. Vibrotactile feedback can provideightiorward real-time signals with little
disruption to the visual and auditory channels @&lStanney, 2004; Sigrist, Rauter, Riener, &
Wolf, 2013). This form of feedback has been shosvimiprove motor skill acquisition (Van Erp,
Saturday, & Jansen, 2006; Spelzeman, Jacobs, Blil§eBorchers, 2009), rehabilitation and
posture control (Alahakone, Senanayake, & ArosB8922010), and navigation and way finding
(Heuten, Henze, Boll, & Pielot, 2008; Van Erp & Vdeen, 2004). Real-time feedback may also
raise awareness about one’s speed of eating witht@utupting conversations or other
pleasurable aspects of a meal. By doing so, thisademay be more easily applied to reduce
people’s eating rate within real-world eating endiments. However, little is known about the
utility of real-time vibrotactile feedback to mogiéating rate.

This study therefore set out to assess the effeeiabtime vibrotactile feedback on
eating rate, satiation, and ad-libitum food intdkethe present study, we used an augmented fork
that contains sensors and actuators that provielgsi@ with vibrotactile feedback when they are
eating too fast. Specifically, the fork deliverslrime feedback at 10-second intervals between

bites. If users take a bite too quickly (i.e., vefthe end of the 10-second interval), they feel a



73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 5

gentle vibration in the handle of the fork. Althdugrevious research indicates that the fork is
perceived as a comfortable, accurate, and effentetdod to decelerate eating rate (Hermsen,
Frost, Robinson, Higgs, Mars, & Hermans, 2016} 4till unclear whether vibrotactile feedback
affects users’ subsequent eating behavior. To en@this question, we conducted an experiment
in which the real-time vibrotactile feedback of fbek was manipulated (i.e., vibrotactile
feedback versus no feedback). First, we hypothdgslzt participants who received real-time
vibrotactile feedback would decelerate their eataitg, conceptualized as eating fewer bites per
minute and eating more bites outside the desigril@sdime interval, compared to those who did
not receive feedback. Second, we hypothesizedhaatges in eating rate would lead to
increased satiation and decreased ad-libitum foodumption.

Materialsand Methods
Experimental design and stimulus materials
An experimental design with a single between-subjtaxctor (vibrotactile feedback versus no-
vibrotactile feedback) was used. To provide pgrtots with real-time feedback while eating, we
used the 10sFork (SlowControl, Paris, France). Tdrlscontains sensors to measure eating rate
and actuators to deliver vibrotactile feedback wtenuser eats too quickly. In the Feedback
Condition (FC), participants ate a lunch meal it augmented fork. If participants took a bite
too quickly (i.e., before the end of a pre-set @&€ond time interval between bites), they felt a
gentle vibration in the handle of the fork and saved indicator light. Pre-testiowed that this
10s bite speed slows down fast eaters, withoutmgakitoo difficult for them to finish their meal
(Hermsen et al., 2016). In the No-Vibrotactile Hestk Condition (NFC), participants ate the
same lunch meal with the same augmented fork, idutat receive any feedback regarding their
eating rate. Participants were randomly assignesither the FC or NFC condition. The size,

weight and design of the augmented fork resembleatmal fork. The present study and its
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primary and secondary outcome measures were pistargyl in the Dutch Trial Register
(NTR5237).

Participants

To be able to detect a medium effect size, witlbwagy of 0.80 and a significance level of 0.05,
64 participants in each experimental condition werpiired. Therefore, we aimed to recruit 128
participants. Due to practical constraints, thalteample that was recruited consisted of 123
participants, of which 63% were femate= 77). Participants were mainly undergraduate or
graduate students at Radboud University (63 Ymporstudents, e.g. employees of the
university or other institutions and companies (3.7Ptve participants were excluded before
testing because of BMI scores (BMI: kd/m>35) that did not comply with our inclusion
criteria. Four participants were excluded aftetingsbecause their fork data showed severe
inconsistencies (e.g., one participant appearéave consumed 296 grams in only 30 secdnds)
Therefore, the final sample consisted of 114 padiats (70 female, 44 male) (Séigure 1 for

the CONSORT Flow Diagram). The mean age of paditip was 29.055D = 13.16).
Participants’ mean BMI was 23.53% = 3.36). In our sample, 75% of participants hambamal

weight (18> BMI < 25 kg/nf) and 25% were overweight or obese ¥2BMI < 35).

1 NB: Exclusion of these nine participants did nopaut the significance and direction of the efféatsd in the
present study.
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Figurel

Consort Flow Diagram of this study

CONSORT 2010 FLOW DIAGRAM

[ Enroliment ] Assessed for eligibility (n= 123)

Excluded (n=5)
+ Not meeting inclusion criteria:

y

BMI >35 (n=5)
Randomized (n= 118)

A [ Allocation J v
Allocated to intervention: Feedback Condition Allocated to intervention: Non-Feedback
(n= 60) condition (n= 58 )
+ Received allocated intervention (n= 60 ) + Received allocated intervention (n= 58 )

Y ( Follow-Up ] Y
Lost to follow-up (technical malfunction: fork Lost to follow-up (technical malfunction: fork
did not record data) (n= 2) did not record data) (n=2 )
Discontinued intervention (n= 0) Discontinued intervention (n= 0)

3 { Analysis ] Y

LS
Analysed (n=58) Analysed (n=56)
+ Excluded from primary + Excluded from primary
analyses (outliers) (n= 6) analyses (outliers) (n= 4)
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Procedures

All participants were recruited through an intersigh-up program at the Behavioural Science
Institute (BSI) of the Radboud University or viaetit approach at campus. Specifically, we
asked participants to register for our study ifythensidered themselves to be a fast eater and
were motivated to learn to eat slower. The study @escribed as an investigation of the usability
of a smart fork to help people to eat slower. Regfi®n for our study was open to participants
between 18 years and 80 years of age who had éBMieen 18 and 35. Participants were
instructed to refrain from eating for three houe$doe participation in our study to control for
individual variations in hunger. The study andpaticedures involved received approval from the
Ethics Committee of the Faculty of Social SciermeRadboud University.

Data collection took place on weekdays betweenQlAN and 2.30 PM in the period
May — December 2015. To simulate a relatively radistic eating setting, the experiment took
place in a laboratory furnished as a small restayd. a detailed description of this room in
Hermans, Larsen, Herman, & Engels, 2012). All pgoéints sat at single tables, separated by
screens to avoid visual contact with the otherigigeints in the room. A maximum of three
people participated in one experimental sessiampife than one participant took part in one
single session; all participants were assignetiégsime experimental condition.

Participants were asked to read and provide writtersent, after which the experimenter
measured each participant’s weight and height (LahrRoche, & Martorell, 1998). Participants
then completed a series of questions to assesss#dikperceived eating rate, perceived
detrimental effect of their eating rate and anysgae conditions that could influence their
appetite or the consumption of the meal (e.g. ¢c@tisrgies). Then, in order to keep instructions
constant over both conditions, all participantsem@td about the potential positive health effects

of eating slowly and the potential of a smart fylhelp them to achieve this goal. All
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RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 9

participants were told that their fork would momitbeir eating rate, but only the participants in
the FC were told about the possibility of receivangentle vibration in the handle of the fork
when eating too fast. After some final instructiamshow to switch the fork on or off,
participants were then served a lunch meal, cangisf 800 grams of Pasta Bolognese (or
vegetarian equivalent; s@@ble 2 for the caloric and macronutrient content of bmgkals). The
lunch was served in a large bowl, from which pgvaats could self-serve their lunch. Thus,
participants could select their own portion sizertkermore, participants were told that they
could eat as much or little as they wanted. Theeergenter asked participants to directly switch
the fork on/off when starting and finishing theieah, before leaving the room. Participants were
not offered any drinks, neither were they allowedltink their own beverages, during
consumption of the meal.

After approximately ten minutes the experimentezotied whether participants had
finished their meal. If this was the case, the expenter collected the uneaten food. No time
duration was set for participants to finish thegah After consuming the meal, participants were
asked to complete some post-meal questions abeiutsttiation level, their perceived eating rate
during the meal, the effect of the fork on theitirr@rate, and their overall impression of the
study. After the participants had completed thissgionnaire, they received a short debriefing
about the purpose of the study. Participants recepartial course credit or a gift voucher (€7.50)
for their participation. After all data were colted, participants were fully debriefed about the
study by e-mail.

Measures
Descriptives
BMI. Participants’ weight and height were measurea¥Walg standard procedures (38).

Height was measured to the nearest 0.5 cm usitageometer (Seca 206; Seca GmbH &
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Company, Hamburg, Germany) and weight was measaréx nearest 0.1 kg using a digital
scale (Seca Bella 840; Seca GmbH & Company). Raatitcs’ BMI was calculated as weight in
kilograms divided by heiglh meters squared. We determined whether partitspaere
underweight, normal weight, overweight or obesag$he International Classification of adult
underweight, overweight and obesity according tol BWHO, 2010).

Participants’ subjective eating rate, perceivedroieénts and motivation to change (self-
report). Participants’ rated how their eating rate compaveld other people with one single item
on a 5-point scale from 1 (‘very slow’) to 5 (‘vefgst’) (before the meal). Furthermore,
participants indicated how problematic their easpged was on a 140 mm VAS scale anchored
from O ‘not at all’ to 140 ‘very problematic’. Fillg, participants indicated their motivation to
learn to eat slower on a 140 mm VAS scale anchimogd O ‘not at all motivated’ to 140 ‘very
motivated'.

Manipulation checks

Awareness of eating ratParticipants’ awareness of their eating raterdutine
experiment was assessed after the meal with twstigns. First, participants were asked to
indicate how aware they were of their own eatinigay®r on a 10-point scale from 1 (‘not at all
aware’) to 10 (‘very aware’). Second, they wereeasto indicate whether they thought they had
consumed their meal at a slower pace than usual ¢buld answer this question with 1 (‘yes, |
ate at a slower pace than normal’), 2 (‘no, | ataster pace than normal’), or 3 (‘no, | ate a$ fas
or slow as | usually would do’).

Dependent variables

Primary outcome measurds. both conditions, the 10sFork was set up to aatarally

record each bite. Based on these ded#ing rate(i.e., the total number of bites per minute) and

success ratigi.e., number of bites outside 10s time intervaictd by total bites) were



200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 11

calculated. To measueal-libitum food intakea digital scale (Kern 440; Kern & Sohn, Balingen,
Germany) was used for measuring amounts servedarsiimed. At the end of each session, the
amount of food consumed in grams was measadicipants’ total food intake was calculated
by subtracting the amounts left on the plate arttieénbowl! from the initial amount of 800 grams
that was served to them.

Secondary outcome measurgleal durationwas calculated as the time in minutes
between the first and last bite. These data werxarded by the fork. If participants had not
switched off their fork directly after having thé#ist bite, we subtracted the time between last
bite taken and the time after which the fork wagdved off i = 4). The total number of fork
servings(i.e., number of fork servings during the meak) amerage time interval between fork
servings (i.e., time in seconds per phl & McCutcheon, 1984) were also recorded bg th
fork. Satiation levelsvere self-reported before and after the meal. igeloe meal, participants
rated their hunger level on a 140 mm VAS scale arezhfrom 0 ‘not at all’ to 140 ‘very hungry’
(cf. Hermans, Larsen, Lochbuehler, Nederkoorn, Hernd. Engels, 2013). After the meal,
participants rated how satiated they were on theeskd0 mm VAS scale anchored from 0 ‘not at
all’ to 140 ‘very satiated'.

Post-hoc analysesn line with other studies on eating rate (e.glH8is & Keast, 2016),
we also conceptualizezhting rateas grams of food consumed per minute and avdrisgsize
(i.e. amount in grams consumed divided by total Ibemnof forks servings). These measures,
however, were not included in the original analysen that was pre-registered in the Dutch Trial
Register.

Statistical analyses
Before testing our hypotheses, we inspected aildbkes to look for any anomalies. Further, we

inspected sampling distributions to test for noityiaf our data. To detect outliers, two methods
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were used. First, outliers were identified by visnapection of the data. In total, we identified
seven participants with outliers: two participasitewed very long meal durations (> 30
minutes), two participants had a high number @it 90 fork servings) and three participants
had very long intervals between bites (> 60 sectretizeen bites). Second, participants who
consistently provided extreme scores (in the meseme 5%) were noted. This inspection
revealed another three participants with extrenoeesc Because we decided to exclude these 10
participants from further data analysis, all se@gdprimary and post-hoc analyses involved a
total of 104 participants Subsequently, to check for baseline differencesinspected how
strongly potential confounders (i.e., sex, age, Bié-experimental hunger, subjective eating
rate, perceived detriments and motivation to chaddiered between conditions. We used
Cramér’s V to determine whether any of the potéetafounders differed with an effect size of
moderate strength (cf. Gruijters, 2016).

The independent variable was a manipulated, dichots variable. All dependent
variables in the design were interval variablesréfore, effect size measure Cohethis an
adequate representation of the association bettheandependent variable (i.e., experimental
condition) and independent variables (e.g., eatutg). Effect sizes and their confidence intervals
were calculated. Effect sizes of 0.2, 0.5, andabeBindicative of small, medium, and large
effects, respectively (Cohen, 1992). All analysethe present study were performed usingthe
test for unequal variances (Ruxton, 2006). To meddditional information about the validity of
our statistics, we also report thealues as a secondary measure of significancaidard
analysis, thesp values are not corrected for multiple testing.r€fere, we also performed a

final analysis in which theggevalues were corrected for multiple testing. Dataenanalyzed

2 NB: When participants with outliers were includadhe analyses, no differences in significance dinection of
effects were found.
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246 using SPSS for Macintosh version 22 and R: A Lagguand Environment for Statistical
247 Computing.

248 Results

249 Randomization checks

250 The conditions did not differ in sex, age, BMI, lgen before meal, subjective eating rate,
251 perceived detriments of eating rate, and motivattochange eating rate, indicating that our
252 randomization procedure was successful {sa#e 1).

253 Tablel

254 Variables measured, by condition

Feedback No- Feedback
Condition Condition
(FC) (NFC)
(n=58) (n = 56)
M +SD M £ SD
Sex 27 males, 31 females 17 males, 39 females
Age (in years) 29.97 £ 14.02 28.08 £12.26
BMI (kg / m2) 24.02 +3.20 22.99 + 3.46
Hunger before meal on VAS
(140mm scale) 88.68 + 26.45 96.65 + 26.09
Subjective eating rate
(5 point scale) 3.95+0.51 3.86 £ 0.67
Perceived detriments of
eating rate (140mm scale) 37.93+32.75 39.05 +30.71

Motivation to change eating
rate (140mm scale) 69.83 £ 33.92 67.05 £ 33.22

255 Because participants could choose between two tyjpeeals (i.e. vegetarian or non-vegetarian

256 pasta Bolognese), varying in caloric content, ve® @hecked whether distribution of meals over

257 conditions differed. No differences were found isahchoice between conditionds 1.03,p =
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.31. How often both meals were chosen and theicaaod macronutrient content of each meal is

shown inTable 2.

Table2
Experimental foods used in the study

Nor-vegetarian me Vegetarian me.
Choice frequenc(n) 11 (7 NFC /4 FC 103 (49 NFC / 54 F(
Energy per 100g (kc: 20z 277
Fat per 100g (¢ 3 10
Protein per 100g ( 7 15.5
Carbohydrates per 100g 34.t 30
Fiber per 100g (¢ 3.2 2
Salt per 100g (¢ 1.t 2

Note: NFC = No-Feedback Condition; FC = Feedbackn@ition.

Manipulation checks

Participants in the FC condition did not differfigarticipants in the NFC in how aware they
were of their eating behavior during the experimga{102) = -1.31p =.19. However,
participants differed significantly in their sefgorted eating rate during the experiment;
participants in the FC reported that they ate nstoyevly than did participants in the NFC,
t(1,102) = 5.55p < .001. Furthermore, participants differed in howaim they thought the fork
helped them to eat more slowly; participants inEehad more confidence in the perceived
efficacy of the fork to change their eating ratertldlid those in the NF®1,102) = -4.4( <

.001).
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Main findings

Primary outcomes

With regard to participants’ eating rate (i.e.atatumber of bites per minute), participants in the
FC had fewer bites per minute than did those irNR€,t(101.63) = 2.58p = .011,d = 0.52,

95% CI =[0.13, 0.91]. Participants in the NFC Ba2i8 bites per minuteSO= 1.49), whereas
those in FC had 4.55 bites per min®E 1.40). In addition, participants in the FC hadugher
success ratio than did those in the NK@8.87) = -4.13, p <.004,=-0.89, 95% CI = [-1.3, -
0.49]. Participants in the FC consumed 66% of thiégs outside the designated time interval,
whereas those in the NFC consumed only 49% of Hitgs outside this interval. However, these
differences did not translate into a differencéhim total amount of food consume,00.92) =
-0.26,p =.797,d = -0.05, 95% CI = [-0.43, 0.34]; participants lnetFC consumed 435.77 grams
of food SD= 156.84) and participants in the NFC consumed2i2§rams $D= 141.38).
Secondary outcomes

A significant effect of condition on meal duratiesas foundf(101.93) = -2.44p = .016,d = -
0.47, 95% CI = [-0.86, -0.08]; participants in A€ consumed their meal in 9 minutes and 44
seconds, whereas those in the NFC consumed thalrim@ minutes and 12 seconti®
differences between conditions were found in tiek servingst(99.55) = -0.03p = .975,d = -
0.01, 95% CI = [-0.39, 0.38], or the average timterval between fork serving$101.91) = -
1.80,p =.074,d = -0.36, 95% CI = [-0.75, 0.03]. Finally, partiaeipts in the FC did not report
being more satiated after their meal than did thioske NFC1(96.4) = -0.24p = .809,d = -

0.05, 95% CI = [-0.34, 0.44].

Post-hoc analyses

A significant effect of condition on grams of foodnsumed per minute was foun@,01.54) =

2.1,p=.038,d = 0.43, 95% CI =[0.04, 0.82]; participants in #@ consumed 48 grams per
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minute SD= 21.94) whereas those in the NFC consumed 57&87ggED = 23.46). No
differences were found in average bite size betveealitionst(101.27) = 0.54p = .59. In both
conditions, participants consumed approximatelgrezns per bite.

After correcting for multiple testing for gl values reported above, only the effects of
condition on total number of bites per minyte=(.017) and success ratip € .001) remain
significant.

Discussion
This study examined the effect of real-time vibobta feedback delivered through the use of an
augmented fork on eating rate, satiation, and fotake. It was expected that the participants
who ate with a fork that provided vibrotactile féadk on their eating rate would take fewer bites
per minute and take more bites outside the desdris time interval than participants who did
not receive feedback. It was further expectedttheattthese changes in eating rate would lead to
increased satiation and decreased ad-libitum foadumption. We found that participants who
received feedback indeed had fewer bites per mignodeconsumed more bites outside the
designated time interval of ten seconds. Thesegdwmowever, did not impact participants’
satiation or food consumption.

The finding that real-time vibrotactile feedbaadidered through an augmented fork
reduces eating rate is consistent with literatureating rate interventions that have utilized othe
forms of technology to modify eating behavior (Fetdl., 2010; loakimidis, Zandian, Bergh,
Sodersten, 2009; Zandian et al., 2009). The vibti¢afeedback delivered by the fork may have
disrupted the automatic tendency to eat fast andhrage served as a trigger to make alterations
to one's eating rate (Hermsen, Frost, Renes, &h#ri2016). Arguably, the feedback provided
by the fork increases users’ awareness of themgedte. The real-time vibrotactile feedback

enables users to compare their eating rate to ¢heient goals (i.e., eating slower) and adapt
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their eating rate when their behavior does natifibh their goals. Furthermore, it may also
increase general self-awareness, which in turreasas one’s abilities to inhibit undesired
behaviors (Alberts, Martijn, & de Vries, 2011). Blly, it is known that among competing health-
related behaviors, those supported by feedbacgiaea priority over those without feedback
(Northcraft, Schmidt, & Ashford, 2011). Thus, itaenceivable that receiving vibrotactile
feedback when eating too fast has increased onatisation to change one’s eating behavior.
The present findings demonstrate that real-timdldaek delivered through digital technology
may be an effective strategy to disrupt eating igiaeven a very simple, non-intrusive type of
feedback in the form of a simple vibration can fiimt as a trigger for behavior change and
stimulate people to alter their eating rate.

Our results, however, failed to support the expental hypothesis that a reduction in
eating rate would lead to increased satiation awlesed ad-libitum food consumption.
Although it has been shown that slower eating isatessociated with lower energy intake,
regardless of the type of manipulation used to ghdhe eating rate (e.g., type of instructions)
(Robinson et al., 2014), the context of the presardy might explain why changes in eating rate
did not translate into changes in satiation or g@nertake. Firstly, although we could derive
specific within-meal behaviors from the data gagkddoy the fork that are known to influence
energy intake and/or satiation, such as bite spaddite size (Andrade et al., 2008; Zijlstra et
al., 2009), the fork was not specifically developednodify other within-meal behaviors than the
number of bites per minute. The fact that the flickto specifically modify behaviors that have
been shown to lower energy intake, such as oralgsging time and number of chews per unit of
food (Bolhuis et al., 2013; Higgs & Jones, 2013;i¢ém, Smeets, & De Graaf, 2009), might
explain the missing link between eating rate amidiced food intake in this study. Secondly,

because it has been shown that there is a linkioreship between the size of experimental
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manipulation to eating rate (i.e., how much eatatg has been reduced by) and energy intake
(Robinson et al., 2014), a further explanationoaglty the reduction in eating rate observed in
the present study did not reduce food intake isibge the effect of decrease to eating rate was
not large enough in size to impact food consumpfldnrdly, it is possible that because
participants were asked to self-serve their meal, articipants cleared their plate out of habit
rather than adjusting their intake based on eatitgyor feeling of fullness. Thus, it is possible
that the initial effect of selected portion sizeyni@ve overruled the effect of reducing eating rate
(Brunstrom, 2011). Fourthly, it may be that speotiharacteristics of our test population have
influenced our results. Our results demonstratadinstance, that participants were not
particularly motivated to change their eating atthe near future. Feedback efficacy has been
shown to be influenced by a high initial engagenvetit the target goal (i.e., reduction in eating
rate) or strong motivation (i.e., to eat slowera(@8ura, 1997). Although participants were found
to eat slower in a response to the vibrotactilelbaek, subsequently they may have not been
motivated to eat less. To further understand thiebetween real-time vibrotactile feedback,
eating rate and food intake, future research neghtnine whether and how initial motivation to
change one’s eating rate or motivation to reduod fatake is affected by vibrotactile feedback.
Finally, it has been argued that people may nedebtm to associate the link between a slower
eating rate, their satiety levels and energy in{@tenstrom, 2011; Yeomans, Weinberg, &
James, 2005). Although previous research has deratetthe effects of a decelerated eating
rate on food intake during a single meal (cf. Rebmet al., 2014), it is possible that receiving
feedback would become effective across multiplelsada test this assumption, future studies
may provide users with consistent feedback ovemarheals and measure satiation and food

intake over time.
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A few limitations of the current study warrant dission. Although the augmented fork
seems a promising instrument to modify eating nai@,e research is clearly warranted. The
present study examined the effect of real-timeotdwtile feedback in a single sitting in a
laboratory setting; therefore the efficacy of tlfdsBork in real-life settings is yet to be
ascertained. Thus, replication studies in ecoldigiaalid settings are encouraged. It will be
important for these studies to be adequately pawén@ally, because of the small variance in
participants’ BMI, the current study could not tpstential differences among normal-weight
and overweight individuals in the extent to whibkit eating rate is affected by the vibrotactile
feedback. Such an analysis would be a useful eddibarof the current research, given that
differences in eating rate have been found betweemal and overweight individuals (e.qg.,
Ohkuma et al., 2015).

Taken together, the present study indicates tladitirae vibrotactile feedback delivered
through an augmented fork can reduce eating rabeotctile feedback led participants to eat
fewer bites per minute and more bites outside #sgghated time interval of ten seconds. This
indicates that vibrotactile feedback may be a éabbl to reduce eating rate. The changes in
eating rate, however, did not translate into changeatiation or energy intake. Future studies
should examine the utility of the fork in real wabsettings, whether sustained use of the fork

may result in decreased energy intake, and thigyudil the fork with different test populations.



394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 20

Acknowledgements
The authors would like to thank Mirna Klaiber arshihe Juliana for their help with collecting

the data and Gjalt-Jorn Peters for statistical@and support while analyzing the present data.

This work was supported by the Netherlands Orgéniséor Scientific Research (NWO), by

grant 057-14-010.

SlowControl, manufacturer of the 10SFork, is ineldds a consortium partner in the research
grant listed, with both an in-kind (i.e., forkschmical support) and in-cash contribution to the
funding of this research. SlowControl has not pthgeole in setting up or conducting this study,

nor in the reporting of its results through thismascript. No other conflicts of interest exist.

Authors’ contributions:

Conceived and designed the experiment: SH, RCIJHSERMM, JF
Conducted research: SH, RCJH

Analyzed the data: SH, RCJH

Wrote the paper: SH, RCJH, ER, SH, MM, JF

Primary responsibility for final content: SH, RCJH



RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 21

References

Alberts, H. J. E, M., Martijn, C. & De Vries, N. K(2011). Fighting self-control failure:
Overcoming ego depletion by increasing self-awassdeurnal of Experimental Social
Psychology47, 58-62.

Alahakone, A. U., Senanayake, S. M. N. A., & AradiaN. (2009).Vibrotactile feedback
systems: Current trends in rehabilitation, spants iaformation displayyEEE/ASME
International Conference on Advanced Intelligenthegronics 1148-1153.

Alahakone, A. U., Senanayake, S. M. N., AroshaNM(2010). A real-time system with assistive
feedback for postural control in rehabilitatidBEE/ASME Transactions on Mechanics
15, 226-233.

Andrade, A.M., Greene, G. W., & Melanson, K. JO@8). Eating slowly led to decreases in
energy intake within meals in healthy wom@daurnal of the American Dietetic
Association108 1186-1191.

Bandura, (1997) Self-efficacy: The Exercise of CohntNew York, NY: Freeman.

Bolhuis, D. P., Lakemond, C. M. M., De Wijk, R. Byning, P. A., & De Graaf, C. (2013).
Consumption with large sip size increases foodkmtnd leads to underestimation of the
amount consumedLoS ONE8:e53288.

Bolhuis, D. P., Lakemond, C. M. M., De Wijk, R. Byning, P. A., & De Graaf, C. (2014). Both
a higher number of sips and a longer oral transmé reduce ad libitum intak€ood
Quality & Preference32, 234-240.

Bolhuis, D. P., & Keast, R. S. J. (2016). Assesdméprating rate and food intake in spoon
versus fork users in a laboratory settiRgod Quality and Preferencé9, 66-69.

Brownell, K. D. (2000). The LEARN program for weiginanagement 2000. Dallas, TX.

American Health Publishing Co.



RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 22

Brunstrom J. M. (2011). The control of meal sizéimman subjects: a role for expected satiety,
expected satiation and premeal plannfigaceedings of the Nutrition Socigt§, 155-

161.

Cassady, B. A, Hollis, J. H., Fulford, A. D., Catiee, R. V., Mattes, R. D. (2009). Mastication
of almonds: effects of lipid bioaccessibility, apfeeand hormone responséhe
American Journal of Clinical Nutritiogr89, 794—-800.

Cohen, J. (1992). A power primétsychological Bulletin112, 1-155.

De Graaf, C., & Kok, F. J. (2010). Slow food, fésdd and the control of food intakature
Reviews Endocrinolog, 290-93.

Finucane, M. M, Stevens, G. A., Cowan, M. J., Darae Lin, J. K., Paciorek, C. J, Singh, G.
M., ... Ezzati, M. (2011). National, regional daglobal trends in body-mass index since
1980: systematic analysis of health examinatiomesysr and epidemiological studies with
960 country-years and 9- 1 million participafiise Lancet377, 557-67.

Ford, A. L., Bergh, C., Sodersten P, Sabin, M.Hallinghurst, S., Hunt, L. P., & Shield, J. P. H.
(2010). Treatment of childhood obesity by retragneating behaviour: randomised
controlled trial British Medical Journgl340:05388.

Gruijters, S. L. K. (2016). Baseline comparisond eovariate fishing: Bad statistical habits we
should have broken yesterd&uropean Health Psychologjsit8, 205-209.

Hale, K. S. , & Stanney, K. M. (2004). Deriving hiaplesign guidelines from human
physiological, psychophysical, and neurologicalidations Computer Graphics and
Applications 24, 33-39.

Hermans, R. C. J., Larsen, J. K., Herman, C. FEpg§els, R. C. M. E. (2012). How much should
| eat? Situational norms affect young women's fimbake during meal timeBritish

Journal of Nutrition 107, 588-594.



RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 23

Hermans, R. C. J., Larsen, J. K., LochbuehlerN¢€derkoorn, C., Herman, C. P., Engels, R. C.
M. E. (2013). The power of social influence ovesddntake: examining the effects of
attentional bias and impulsivitRritish Journal of Nutrition 109, 572-580.

Hermsen, S., Frost, J. H., Renes, R. J., & KerkRo{2016). Using feedback through digital
technology to disrupt and change habitual behaaritical review of current literature.
Computers in Human Behavid&7, 61-74.

Hermsen S., Frost, J. H, Robinson, E., Higgs, &usMM., & Hermans, R. C. J. (2016).
Evaluation of a smart fork to decelerate eating.tidurnalof the Academy of Nutrition
and Dietetics, 1161066-1067.

Heuten, W., Henze, N., Boll, S., Pielot, M. (200Bactile wayfinder: a non-visual support
system for wayfindingProceedings of the 5th Nordic conference on Hun@nputer
interaction: building bridges, ACML72-181.

Hill, S. W., & McCutcheon, N. B. (1984). Contribatis of obesity, gender, hunger, food
preference, and body size to bite size, bite spm®diyate of eatinghppetite 5, 73-83.

Higgs, S., & Jones, A. (2013). Prolonged chewinlgiath decreases later snack intakgpetite,
62, 91-95.

Hoggan E., Crossan, A., Brewster, S. A., Kaaredoj§009). Audio or tactile feedback: which
modality when®Proceedings of the SIGCHI Conference on Human FadétoComputing
Systems, ACM2253-2256.

Kokkinos, A., Le Roux, C. W., Alexiadou, K., Tentoiris, N., Vincent, R. P., Kyriaki, D., &
Katsilambros, N. (2010). Eating slowly increases plostprandial response of the
anorexigenic gut hormones, peptide YY and glucdganpeptide-1Journal of Clinical

Endocrinology & MetabolispB5, 333—-337.



RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 24

Lohman, T. G., Roche, A. F., & Martorell, R. (1998nthropometric Standardization Reference
Manual. Champaign, IL: Human Kinetics.

Martin, C. K., Anton, S. D., Walden, H., Arnet, Greenway, F. L., & Williamson, D. A.
(2007). Slower eating rate reduces the food intdkaen, but not women: implications
for behavioral weight controBehaviour Research and Therag, 2349-59.

Northcraft, G. B., Schmidt, A. M., & Ashford, S.(2011). Feedback and the rationing of time
and effort among competing tasdsurnal of Applied Psycholog96, 1076-1086.

Ohkuma, T., Hirakawa, Y., Nakamura, U., Kiyohara, Kitazono, T., & Ninomiya, T. (2015).
Association between eating rate and obesity: @pyaic review and meta-analysis.
International Journal of Obesify89, 1589-96.

Otsuka, R., Tamakoshi, K., Yatsuya, H., Murata,Sekiya, A., Wada, K., & Toyoshima, H.
(2006). Eating fast leads to obesity: Findings daseself-administered questionnaires
among middle-aged Japanese men and wodoemnal of Epidemiologyl6,117-24.

Qian, H., Kuber, R., & Sears, A. (2013). Tactildifications for ambulatory userBroceedings
of CHI'13 Extended Abstracts on Human Factors imPoting System&CM, 1569—
1574.

Robinson, E., Almiron-Roig, E., Rutters, F., de &r&., Forde, C. G., Tudur Smith, C., Nolan,
S. J., & Jebb, S. A. (2014). A systematic review areta-analysis examining the effect
of eating rate on energy intake and hungiee American Journal of Clinical Nutrition
100 123-51.

Rolls, E. T. (2007). Sensory processing in therbrelated to the control of food intake.
Proceedings of the Nutrition Socig6p, 96-112.

Ruxton, G. D. (2006). The unequal variance t-testn underused alternative to Student’s t-test

and the Mann—Whitney U test. Behavioral Ecology,688-690.



RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 25

Sigrist, R., Rauter, G., Riener, R., & Wolf, P. {3). Augmented visual, auditory, haptic, and
multimodal feedback in motor learning: a revié¥gychological Bulletin Review20, 21-
53.

Spelzeman, D., Jacobs, M., Hilgers, A., & Borch@rg2009). Tactile motion instructions for
physical activitiesProceedings of the 27th International Conferencédoman Factors
in Computing Systems, ACRP43-2252.

Tanihara S., Imatoh, T., Miyazaki, M., Babazona,Momose, Y., Baba, M., . .. Une, H. (2011).
Retrospective longitudinal study on the relatiopdtetween 8-year weight change and
current eating speeéppetite 59, 179-83.

Van Erp, J. B. F., & Van Veen, H. (2004).Vibrotéein-vehicle navigation system.
Transportation Research PartHsychology and Behaviouf, 247-256.

Van Erp, J. B. F., Saturday, I., Jansen, C. (20@gplication of tactile displays in sports: Where
to, how and when to movEroceedings of the Eurohaptics International Coafere,
2006.

Viskaal-Van Dongen, M., Kok, F. J., & De Graaf,(€011). Eating rate of commonly consumed
foods promotes food and energy intakppetite 56, 25-31.

Weijzen, P. L. G., Smeets, P. A. M., & De Graaf(ZQ09). Sip size of orangeade: effects on
intake and sensory-specific satiati@mitish Journal of Nutrition 102 1091-1097.

Wilson T. D. (2002). Strangers to ourselves: Digowy the adaptive unconscious. Cambridge,
MA: Harvard University Press.

World Health Organization. Global Database on Gk€8010).

http://apps.who.int/bmi/index.jsp?introPage=intrdit@l (accessed 30 March 2016).



RUNNING HEAD: Effect of feedback on eating ratetiaéon, and food intake 26

Yeomans, M.R., Weinberg, L., & James, S. (2005fedE$ of palatability and learned satiety on
energy density influences on breakfast intake mdws.Physiology & Behaviqr86,
487-499.

Zandian, M., loakimidis, I., Bergh, C., Brodin, &odersten, P. (2009). Decelerated and linear
eaters: effect of eating rate on food intake atigtyaPhysiology & Behaviqro6, 270-
275.

Zijlstra, N., De Wijk, R., Mars, M., Stafleu, A.,d&Graaf, C. (2009). Effect of bite size and oral
processing time of a semisolid food on satiatiime American Journal of Clinical

Nutrition, 9Q 269-75.



