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Abstract

Overweight mermften underestimate their weight status. Here we examine whether
underestimation occurs when visually judging the weight statoseafind whether
exposure to heavier body weights may be a cause of visual underestimatiale of
weight status. Participants systematically underestimated the weight status of
overweight and obesaen(Study 1) and participants reporting more frequent exposu
to heavy male body weights were most likely to underestimate (Study 2). Expilime
exposure to different body weights influenced underestimation of weight ¢Sataky

3). Frequent exposure to heavier body weights may cause visual underestimgon of

weight status of overweigimen
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Introduction

In recent timeshere has been amcrease in the prevalence of obesity in most of the
western worldSwinburn et al., 2011). Although timegative economic and health
connotations of obesity are widely discussed (Mason, Moroney & Berne, 2013; Tsali,
Williamson & Glick, 2010 large proportions of overweight and obese individuals
underestimatéheir own weight statuand think they aref a healthieweightthan they
actuallyare(Kovalchik, 2008; Kuchler & Variyam, 2003). The likelihood that an
overweight or obese person underestimates their weight status is siglyificgher
amongmenthan inwomen(Kuchler & Variyam, 2003; Madrigal et al., 200@) recent
metaanalysisalsodemonstrated thgtarentsunderestimatéheir oveweight or obese
child’s weight Parryet al, 2008) and it has also been shown that clinicians may be
poor at visually recognising obesity in children (Smith, Gately & Rudolf, 2008
Parentalunderestimation of childeighthas been shown to be more pronounced for

male children (Jeffergt al, 2005).

Studies show that individuals who underestimate their own weight statyibe less
motivated to control their body weight (Duncan et al., 2011; Kuchler & Variyam, 2003).
Likewise, a tendency to underestimate weight status in others may havehaaittic
relevance, as parents (Golan, 2011) and healthcare professionals (SpurrieeyMaga

Wong, 2006) are important agents of change in terms of motivating healthier behaviour



41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

in others. Thus, it is important to understand the underlying causes of weight status
misperceptions. Although much research has examined weight misperceptions of one’s
own weight status and amongst parents (Jeffery et al., 2005; Kuchler & Variyam 2003,
Parry et al., 2008) such underestimations may be influenced by self-servirg) biase
(Jansen et al., 20p@Moreover, we are not aware of any research that has systematically
studied visualeight status misperpéons. Here we examine visual perception of

weight status in others.

It is possible thatveight statusnisperceptions have been causedheayincreased
prevalenceof obesity.Burke Heiland & Nadler (2010yompared national obesity rates
andselfperception®f weight status across a ten year pefiocth 1994 to 2004.
Although obesity increased in this time frame, less people identified themselves a
being overweight or obese in 2004 than 1904erweight and obesditdrenwith

obese parentsr schoolmates have also been shown tmbee likely to underestimate
their weight statughan those with mostly thin social conta@i, Amialchuk &

Renna, 2011; Maximova et al., 2008imilarly, exposing participants to heavier body
weightsincreases thikelihood that participants agree an overweigian’sweight

looks healthy(Robinson &Kirkham, 2013).
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A novel hypothesis based on these findings is that visual perceptions of what c@nstitute
a normal ohealthy weight have been recalibrated as a consequeagpasgure to

heavier body weights. Over time, increasing exposure to obesity may hagd caus
individuals to adjust their visual ‘anchor’ what constitutes a normal weight (Epley &
Gilovich, 2006) which in turmaycause heavier body weights to appear more normal
and not be classed as overweight (Johnson, Cooke, Croker, & Wardle, 2008; Robinson
& Kirkham, 2014). Thus, a currently untested hypothesis ig#tant increases in the
prevalence of adiposityayhaveresulted inpeople aglistingtheir visual perceptions of

whatdifferent weight statuses look like.

The aims othiswork were to examinehether people visuallynderestimate the
weight status ofmen with overweight and obesity atatestwhether exposure to heavy
body weightanay be a mechanisoausing visualveight status misperceptiorGiven

that weight status misperceptgseemto be particularly pronounced amongstn
(Kuchler & Variyam, 2003; Madrigal et al., 2000) and a large proportionesfare

now overweightlegalet al, 2011) we concentrated on visual perceptions of male
weightin all studies Study lexamine& whether a large, sefelected sample of UK
participants werable to visually identifjnealthy weightpvemweightand obesenen
Study 2 tested whether frequent exposure to heavier body weights is assoclated wit

increased likelihood to visually underestimate weight st&usly3 built on thee
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findings andexamine&l whetherexperimentally exposing participantsdifferent body
weights impact®n weight status misperceptioMe hypothesised that participants
would underestimate the weight status of overweight and obese males ahisthat t
tendency to underestimate may be explained by exposure to heavier bghtswei

adjusting visual perception.

STUDY ONE
Method
Participants
A total of 1660participantgegistered interest in an online study by accessing a study
website Of these participants, 660 were excluded from final analyses for regysterin
initial interest but then not completing the study (531) or for using a mobile phone to
complete the study (129), as participants were advised not to complete the study on a
mobile phone in order to keep image sizes condeamticipants were recruited via
socialmedia and through online bulletins and announcements made to staff at a large
UK university. The advertisements stated participants were being invitekitpart in
a short study which would examine their ability to accurately recognise andristeg
different weight statuses. In order to recruit a large and representative sample,

eligibility criteria were set in terms of agghe final sample of 1000 participants’ age
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ranged from 18 to 75 years (M = 34.95 SD = 12.50). The samples (698 women and 302
men) mean body mass index (BMI) fell inside the overweight range (25.57, SD = 7.96,
calculated from selfeported weight/height2). The majority of participants were
Caucasian (83%). The study was approved by the authors’ institutional ethics Board (a

were Studies 2 and 3).

Simuli

The stimuli consisted df5 photographs of Caucasiarenaged 18-30 with varying
BMI's [BMI was calculated from measured weigkdg)/height (m)]. There were five
healthy weighti1 BMI = 21.24, Range 19.38 - 22.40), five overweight (M = 27.23,
Range= 25.65 - 28.25) and five obese (M = 31.60, Range = 30.49 - 3482 he
age range of photographetnwas 1830 to ensure a similar age range across the three
weight statusedVe used full length photos afenwith their arms at their sides
wearing normal fitting short sleevedhirts and full length trouser§he menwere
dressed in order to mimic the way in which people are exposed to different body
weights in everyday lifeé-or each male two photographs were displageéstood
front on and one side obothnext to a standardised door frame. None ofhtlee
photographed had muscular builds (according to body composasdmgh muscle
mass can confound BMI. In order to control for facial expression, the centiahsafct

each subjects face was obscuidfd conducted a pilot study with 50 participants who
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rated the initial stimulus set on a number of scales including age, attractivieasight,
how muscular they appeared and tightness of clothing in ordetecthealthy weight,
overweight and obese photograggismatchedor these variablesSee Figure 1 for an

example image.

Figure 1. Sample photograph from overweight range (BMI = 27)

Procedure
After providing consent, participantempleteddemographic informatio(gender, age,

weight and height). They were then told they would view five piratas andobe asked
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to make judgements about each one. Next participants were provided with World Healt
Organisation\(VHO) BMI guidelines for underweighik 18.5) healthy weigh{18.5-

24.9) overweight (25.0-29.9) and obé€se0) weight statuses.d€h participant was

then randomlhassignedusing an online pseudorandom number generator) tofiew

of the fifteen photographs consecutively on individual pages All but one participant saw
males from at least two of the three different weight categories. Participargasked

to indicate the weight category they thought each male fell into aredals® asked on

a five-point Likerttype scale (strongly agree to strongly disagree) whether or not they
thought each male should ‘consider losing weight'. Participants were then given

feedback on how accurate they were and debriefed.

Analysis

Accuracy rates were determined for each photogbgpatalculatinghow many people
correctly identified the weight status of thieotographed maléccuracy rates were
then aggregated across the five photographs of each weight status resultinglin ove
accuracy scores for the healthy weight, overweight and obese pWétosxamined
overall accuracy in order to determine whether participants were perfpanan above
chance levelising a 2x1 chi squafehance level = 25% accuracphi squares were

alsoused to determine whethaccuracy rates differed accordinghe weight status o
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thephotographed maland whether weight status misperceptions tended tabsed

by under-or overestimabn.

Results

Accuracy of Weight Status Judgements

Across allphotographs participangecurately categorisedenas being the correct
weight statugt2.3% of the time which issignificantly higher thachancegX%(1, N =
5000 =816.67,p < .001. We then tested whether accuracy was affected by
photographweightstatususing a 2 X 3 Chi Squaradcuracy: correct or incorrect and
weight status of photographs: healthy weightpverweight or obese) alRicipants were
significantly less accurate whéme photosvere obes€13%) or overweight (38%)as
opposed to whethey were dealthy weigh(76%), [X3(2, N = 5000)= 1368.46, p <
.001]. See Table 1Thus, participantmiscategorisesveight status and this was
particularly pronounced when judging the weight statub@bverweight and obese.
We also tested whether participant characteristics were associated with jsester
categorisation accuracy and foundttparticipant weight statu@ccuracy: correct or
incorrect andveight status of participant: underweight, healthy weight, overweight or
obese) X3(3, N =4805) =.678, p= .878]and gendefaccuracy: correct or incorrect and
gender of participant: male or femalelX?(1, N = 5000) = 1.59, p = .207] did not

significantly affect overalaccuracyindicating that the ability to visually recognise
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weight status was similar regardless of participant waglgender. A total of 39
participants failed to provide information about their height or weight and so were
excluded from analyses which exaed the impact of participant body weight on

visual perceptions.

Tablel
Number of accurate and inaccurate weight status categorisations according to the weight

status of the male model being judged for Study 1

N Accurate Inaccurate
Responses (%) Responses (%)
Healthy Weight 1687 1280 (75.9) 407 (24.1)
Overweight 1646 625 (38.0) 1021 (62.0)
Obese 1667 220 (13.2) 1447 (86.8)

Underestimating weight status

We examined whetherials in which participants failed to correctly identify weight
statuswere more likely to be due to under- or over estimation of weight status.
Responses from the obese photos were excluded from this aaalyghighest weight
category participants could select was ob#ddbere was no tendency to under or

overestimate weight status, then underestimation and overestimation would occur 50%
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of the time for incorrect trial$articipantswere more kely to underestimate than
overestimate weight stati¥?(1, N = 1428)= 1345.24,p < .001]; 98.%% of the time
participants were wrong it was due to them underestimating weight status, whilst
overestimation only occurred 1.5% of the tilAe2 x 2 Chi Squaredause of error:
underestimation or overestimation ameght status of photographs: healthy weight or
overweight) indicated that theystematic tendendg underestimate increased with
weight status[X?(1, N = 1428)= 28.77 p < .001] whereby underestimation was more

pronounced for overweigimenthan healthy weighhhen See Table 2.

Table2
Number of over- and underestimations of weight status according to the weight status of

male being judged for Sudy 1

N Overestimate (%)  Underestimate (%)
Healthy Weight 407 17 (4.2) 390 (95.8)
Overweight 1021 4(0.4) 1017 (99.6)

Conclusions
Participants were poor at visually identifying the weight status of menwEsislue to

a systematic tendency to underestimate weight status and this increasée site of

11
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211 theindividual being judged, resulting in participants judging overweight and ole#se m
212 as being of healthier weight statuses than they actually were. Studyd2sigised to

213 test whether this tendency to underestimate weight status may be exphaieeposure
214  to heavier body weights. If exposure to heavienbwdights is partially responsible for
215  visual underestimation of weight status, then individuals with heavier malegheers

216  be particularly likely to underestimate the weight status of other men.

217

218 STUDY TWO

219 Method

220 Participants

221  Atotal of 100 undergraduate students from a UK university completed a short paper-
222  based questionnaire in exchange for course credit; 10 participants were exauoded f
223  analyses as they provided incomplete questionnaire responses. Participangjede ra
224  from 18 to 45 years (M age = 20.19 years, SD = 3.76). The samples’ (80 women and 10
225 men) mean BMI was in the healthy weight ran2®e.§5, SD = 4.15, calculated from

226  selfreported weight (kg)/height2 (m)]. We powered the study to detect a meatiech-
227  correlation between owariables of interest at 80 per cent power (using G*Power

228  software). We recruited slightly above this number to account for any pantipa

229  providing incomplete data.

230
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Procedure

After providing demographic information participants were shown a photograph of an
overweight mal¢BMI = 26.96 andwere asked to indicate orl@cm Msual Analogue
Scale(anchors: far lightefar heavier) how the male’s weigtbmpared to other young
mentheyspent timewith (size of peensand howthe males wightcompared to other
youngmenin general gize of nonspecific others)Both of these measures were self
devised for this studyVe measuretoth frequency of exposure to heavier body
weights (size of peers) and perceptions of megeneral so we could control for the
latter in analys. In order to digact from the aims of the sty participants also
completed some short questionnaire measures about attitudes to overweight and obese
individuals. Rrticipants were thegiventhe saméMI informationas in $udy 1and
wereasked taategorisgheweightstatusandestimatehe BMI of five overweight and
five obesgphotograpkd men(see Study 1)The photographs were shown on separate
pages. The order in which they were presented was rapdmsigned and the same for
each participant. We only included overweight and obese men, as it were thdge weig

statuses which participants were most likely to underestimate in Study 1.

Analysis

To construct a sensitive measure of degree of underestimBttirestimatesvere

converted ito relative error scores loalculatinghow much participarBMI| estimates

13
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differed from the actual BMI of themale ineach photograph. These were theeraged
to provide an average error score for all ten photograptish reflectedh participants
tendency to underestimate overestimate weight. A negative score indicated
underestimation, a positive score indicatedregtimation and zero indicatpdrfect
accuracy Forced entry regression analysis was planned to examine whether size of
peers (independent predictor variable) predicted BMI error scores (depenikenieya
while accounting for size of non-specific others (other independent vaiialhe) same

model?!

Results

Participants were poor at identifyimgeight status. On average, participants
underestimated weight status for 8.8®(= 1.84) of the ten photographs, with an

average underestimation of -4.98 BMI poirs®(= 1.77).There wawariability in

responses to theze of peers measure (range = 2%60 on the 10-cm scale, M = 5.28,

SD =1.07) and in the size of nonspecific others measure (range = 2.50-6.90, M = 4.75,
SD = .88).Theoverall regressiomodel was significarf (2, 87) = 4.57, p = .013,°R
adjusted= .074).Size of peersvas significantly related to over&dMI error |t = -2.92,

p =.004 B =.303). For each ISD increase isizeof peerstotd error scores increased

by -.303 (95%confidence interval(l) = .161 and .844]ndicating thatavinglarger

peerdss associated with greatenderestimation of BI. Size of nornspecific others was
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not associated with BiVdstimationerror (t = .23 p=.820,8 = .024).There was no
evidence of multcollinearity being high in the model (both variance inflation factors

<1.5).

We also examined whether participant characteristics were associdtdgiMvit

estimation error. Gender [t (88) =.166, p=.869] and participant BMI [r (89)=.022,
p=.836]were not associateditiv overall erre, but age was [r (89)=.245, p=.021]. Given
that age was associated with BMI estimation error, we examined whetherngchge

in the aforementioned regression model impacted on the relationship between size of
peers and BMI estimation error. Controlling for age in the regression maodebdi

affect the significant relationship between size of peers and BMI esimetior

(t=3.192, p=.002, p=.320).

Conclusions

Whether a participant had heavier male peers was associated with an increased visual
underestimation of weight status of overweight and obese men, although the gercenta
of explained variance was relatively small (7.4%). We predicted this effedt wocur

due to a greater visual exposure to heavier body weights. In Study 3, we tissted th

proposition experimentally.

15
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291 STUDY THREE

292  In study 3, prticipants were exposed to images of either obese or healthy weight men
293  or neutral objects (eg. sofa, clothes) and were then asked to judge the weight status of
294  overweightman This paradigm was adopted from Robinson and Kirkham (2013). We
295 hypothesised that if exposure to heavier body weights/obesity is responsibkuir vi
296 underestimation, then exposing participants to images of leaner healthy weight

297 individuals may reduce underestimation.

298

299

300 Method

301 Participants

302 230US participants 92 womenand 138men) were recruitedo take part in an online

303 studyvia Amazon Mechanicallurk. Mechanical Turk is an online platform where

304 ‘workers’ complete online tasks for a small cash sum. Participants weréégld/ould

305 be taking part in a 10 minute, mood and perception surSayple size was calculated
306 based on detecting a medium size@@&fbetween conditioret 90/ power with a ¥

307 .05. The samples mean BMIllfenside the overweight rang@T7.7, SD =6.91,

308 calculated from selfeported weightkg) /height (m)]. There was variability in terms of

309 participant BMI (range = 16.03-65.91) with participants falling in to underweight



310 (1.7%), healthy weight (37.4%), overweight (30.4%) and obese (29.5%) categories.
311  Participant age ranged from-¥8 (Mean = 34.52, SD = 14k

312

313  Procedure

314  After providing consent, participants were randomly assigned (via the rantiomisa
315 feature on Qualtricdp one of three conditions. They either saw ten photografphs
316 obese melfobese exposure, 78 participant®althyweightmen(healthy weight

317  exposure, 77 participants) or neutral objects (control, 75 partic)pahtssame image
318 set was used as 8tudies 1 and Forthe first tenphotographgarticipantsvere asked
319 to make a nonveight related judgement.¢e ‘This man lookspproachable’ oiThis

320 teapot looks cheap’ for control condition). All participants were then slaown

321  overweight maléBMI = 27) andindicated whethethey thoughte wasunderweight,
322 healthy weight, overweight or obese (as in studyrthgy were then &ed to provide

323  their own age, ethnicity and weight and height information (in their preferredfunit
324 measurementsParticipantsverethen asked what they thought the aims of the study
325  wereanddebriefed

326

327 Analysis

328 A 3x2 Chi Square analysis was planned in order to compare whether exygpsure

329 (healthy weight, obese, control imagaspacted oraccurate identificatiofaccurate or

17
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inaccuratepf weight status. If a main effect of condition was observed we planned
individual Bonferroni correetd 2x2 Chi Squares to examine differences between the

exposure conditions.

Results

No participants guessed the true aim of the experiment (that exposure to obese vs
healthy weightnenwould impact on weight status judgements about an overweight
male). Conditions were balanced for age, gender and BMI (All p > .05). There was a
significant effect okexposure condition on weight stategegorisatiomf the

overweight malgXx?(2, N = 230) = 31.44, p < .001]; 79.5% in the obese exposure
conditionunderestimated his weight statt@mpared to 73.3% ithe control and 40.3%

in thehealthyweightexposure conditio(See Table 3) Participants in the healthy
weightexposure condition were leliisely to underestimate weight than thosehe t
obeseexposure conditiond?(1, N = 155) = 26.64, p < .001] and control condition
[X)(1, N = 152) = 16.92, p < .001]. The obese exposure and control conditions did not
differ [X3(1, N = 153)= 1.2Q p = .822] Participant weight status pX3, N = 227) =

3.195 p = .362) and genderdi, N = 230) = .013, p = .910] had no effect on accuracy.

Table3
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Number of accurate and inaccurate weight status categorisations according to the

condition for Study 3

Condition N Accurate Inaccurate
Responses (%) Responses (%)
Healthy Weight 77 46 (59.7) 31 (40.3)
Obese 78 15 (19.2) 63 (80.8)
Control 75 20 (26.7) 55 (73.3)
Conclusions

Exposing participants to healthy weighenreduced the likelihood that participants
underestimattheweight statu®f an overweight malen comparisorto when
participantsvereexposed t@bese mermr neutral objects. Exposure to leam@nmay
havealtered visual perceptions of whatharmal’ malebody weightlooks like (i.e.

slimmer) which in turrreduced underestimation of male weight.

GENERAL DISCUSSION

19
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364 The present studies examingbether individuals are able to visually identify

365 overweight and obesity imenand whether exposure to heavier body weights may

366  explainvisualweight status misperceptiaria Studyl, we found that people were poor
367 at accurately recogging the weight status efien Thisinaccuracy was characterised

368 by a systematic tendency to underestimeteyht status, which resulted in overweight
369 and obesenenbeing perceived as beinglo¢althier weight statuses than they actually
370 were. In Study2 wefound thatparticipants with heavier male friends were more likely
371 to underestimate the weight statd®werweight and obeseen suggesting that more

372 frequent exposure to heavier body weights/maause visualnderestimation of weight

373  statusThis hypothesis was then testegerimentally inStudy 3 and we founthat

374  exposing participants to images of healthy weight or obesempacted on their

375 ability to accurately categorise weight s&atu

376  The present findings indicate that exposure to obasityresult in visual weight

377  misperceptions, whereby overweight and obese individygdsar as beingheealthier

378  weight status than they ait®ne possible explanation of these findings is that exposure
379 to heavier body weights adjusts or produces an upwards shift to visual perceptions of
380 whata‘normal’ body weight look like (Robinson and Kirkham, 20L3Thus, when we

381 arefrequently exposed to obesity, overweight and obese individuals may subsequently
382 fall into what we perceivasbeingthe ‘normal’ body weight range and are not

383 perceived as being overweigiihe finding that participants in Study 1 systematically
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underestimated weight status supports thisdy3alsoprovides support for this
interpretation; underestimation of weight stattes reducedy exposing participants to
healthyweightmen which may have produced a downward shift to visual perceptions

of what a normal male bodyzelooks like.

Although much research has examined personal underestimation of weight status
(Kovalchik, 2008; Kuchler & Variyam, 2003less research has examined peroep

of other peoples’ wely status élthough see Vartanian et al. (20048s weight
misperceptions about one’s own weight (and one’s child) couddtizated by self
serving bias (Jansen et al., 2006), the present work makes a novel contribution by
studyingvisual weight statusnisperceptionn others. Our findingsuggest that a
significant proportion of the population may not know winaieoverweight and obese
body weights now look like. The findings of the present vaskbhave similarities to
research on personal weight misperceptions. For example, in Study 1 undem@stimati
was particularly likely when judging overweight and obese individaradspersonal
weight status misperceptionscur most commonly in the overweight and obese
(Kovalchik, 2008; Kuchler & Variyam, 2003Similarly, Sudies 2 and 3 suggested a
social exposure component to visual weight status underestimations and some
epidemiological research has hinted this may be important in explaining @erson

weight status misperceptions (Ali et al., 2011; Burke et al., 2010; Maximova et al.,

21
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2008. Further work directly examining whetheistortedvisual perception of body

weightunderlies personal weight status misperceptions wouldoeoof interest

Turning to the findings of Study 3agicipantsexposed to obesaendid not differ to a
control condition in terms of thelater weight categorisation accuradyis may be
becauseatrticipants from theUS) were alreadyised to seeing heavier body weght
everyday life so further exposuteadlittle effect. Howevergxposure to healthy weight
mendid reduce weight status underestimatibims may imply that repeated exposure
to information about what different weight statuses look like may reduce
underestimation of welg status. Given that the identification of adiposity is critioal t
intervention (Kuchler & Variyam, 2003; Duncan et al., 2011) these findings bautsl
applied relevance.

Srengths and Future Work

Strengtls of the present research were thatused differentnethods across three
studies, with both observational and experimental data supportitnypeothesesDue

to the aims of the present studvesfocusedon malevisualweight statugudgments.
How these findings relate to female weighdtus perceptions now warrants
investigation as theranay be diferent social standardegarding weight status for men
and womenNiller & Lundgren, 201). Oneotherlimitation of the current research was

the use of photographs throughout all studies. We used front and side on pictures but
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future researcleould aim to replicate these findings using video footage as opposed to
static imagesReplicating the present studies in more diverse populations would be
informative andcenable us tonderstand whether the general public know what ‘healthy’
and ‘unhealthy’ weight statuses look li&ed if correctingrisual mispeceptions could

help improvethe identification afand intervention efforts against, obesity.

Conclusions

The findings of the present studies suggest that individuals are poor at visually
identifying overweight and obesity imenand systematically underestimate weight
status A causal mechanism explaining this effect may be exposteetity adjusting

visual perceptions of laty weight

Notes

We also examined whether the same pattern of results was observed when using
number of times participants underestimated weight status as the main outcome
variable, as well as analyses torderestimation of BMI in overweight and obese
photographs separately. Regardless of the analysis method used, size of peers

significantly predicted underestimation.
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