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  Abstract
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When measured in units of body mass index (BMI), how much variation in men’s self-estimates of body size is caused by: (i)
variation in participants’ body composition and (ii) variation in the apparent muscle mass and muscle tone of the stimuli being
judged? To address this, we generated nine sets of male CGI bodies representing low, mid and high muscle mass rendered at low,
mid and high muscle tone, from 18.75-40 BMIhse units. BMIhse units in this study are estimates of BMI derived from calibration
equations predicting BMI from waist and hip circumference, age, sex, height and ethnicity in the Health Survey for England
databases. Forty-five healthy adult men estimated their body size using a yes-no paradigm for each combination of muscle
mass/tone. We also measured participants’ body composition with Harpenden callipers and their body concerns with psychometric
questionnaires. We show that stimulus variation in apparent muscle mass/tone can introduce differences up to ~2.5 BMIhse units in
men’s self-estimates of body size. Moreover, men with the same actual BMI, but different body composition, showed up to ~5-7
BMIhse unit differences in self-estimates of body size. In the face of such large errors, we advocate that such judgements in men
should be made instead by simultaneously manipulating both the adiposity and the muscle mass of stimuli which are appropriately
calibrated for body composition, so that the participant can match the body size and shape they believe themselves to have to the
stimulus they see.

   

  Contribution to the field

When measured in BMI, we ask how much variation in self-estimates of body size in men is caused by: (i) variation in observers’
body composition and (ii) variation in the apparent muscle mass and muscle tone of the stimuli being judged? We generated nine
separate sets of CGI bodies representing low, mid and high muscle mass rendered at low, mid and high muscle tone. We used the
method of constant stimuli to allow 45 healthy adult men to estimate their own body size. We also measured participants’ body
composition. Variation in the muscle mass and tone in the stimuli, as well as variation in the Observer’s body composition, led to
far reaching differences in body size estimation. Our findings quantify that BMI is barely fit for purpose as a metric for body size
estimation in men. If not BMI, then what? One alternative is to create stimuli that correctly map the statistical relationships
between variation in muscle mass and adiposity. Such stimuli could then be incorporated into a method of adjustment task in which
both dimensions of muscle mass and adiposity could be manipulated simultaneously to match the body shape observers believe
themselves to have..
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Abstract 25 

When measured in units of body mass index (BMI), how much variation in men’s self-26 

estimates of body size is caused by: (i) variation in participants’ body composition and (ii) 27 

variation in the apparent muscle mass and muscle tone of the stimuli being judged? To 28 

address this, we generated nine sets of male CGI bodies representing low, mid and high 29 

muscle mass rendered at low, mid and high muscle tone, from 18.75-40 BMIhse units. BMIhse 30 

units in this study are estimates of BMI derived from calibration equations predicting BMI 31 

from waist and hip circumference, age, sex, height and ethnicity in the Health Survey for 32 

England databases. Forty-five healthy adult men estimated their body size using a yes-no 33 

paradigm for each combination of muscle mass/tone. We also measured participants’ body 34 

composition with Harpenden callipers and their body concerns with psychometric 35 

questionnaires. We show that stimulus variation in apparent muscle mass/tone can introduce 36 

differences up to ~2.5 BMIhse units in men’s self-estimates of body size. Moreover, men with 37 

the same actual BMI, but different body composition, showed up to ~5-7 BMIhse unit 38 

differences in self-estimates of body size. In the face of such large errors, we advocate that 39 

such judgements in men should be made instead by simultaneously manipulating both the 40 

adiposity and the muscle mass of stimuli which are appropriately calibrated for body 41 

composition, so that the participant can match the body size and shape they believe 42 

themselves to have to the stimulus they see.  43 

 44 

Keywords: Male Body Image; Body Size Estimation; Body Composition; Muscularity; Adiposity 45 

 46 
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Introduction 47 

Several meta-analyses support the view that body image comprises: i) a perceptual 48 

component which represents the accuracy with which a person can judge the physical 49 

dimensions of their own body and ii) an attitudinal component which captures the feelings 50 

that a person has about their body size and shape (Cash and Deagle, 1997; Gardner & Brown, 51 

2010; Mölbert, Klein, Thaler et al., 2017; Skrzypek, Wehmeier, & Remschmidt, 2001). Most 52 

people with anorexia nervosa (AN) experience body image distortion (DSM-5, 2013). 53 

Perceptually, they over-estimate their body size (Gardner & Bokenkamp, 1996; Probst, 54 

Vandereycken, Van Coppenolle, & Pieters, 1998; Slade & Russell, 1973; Tovée, Benson, Emery, 55 

Mason, & Cohen‐Tovée, 2003) and attitudinally, they have negative feelings towards their 56 

body. Persistent over-estimation and disparagement of own body size predicts the long term 57 

outcome in treatment of AN (Channon & DeSilva, 1985; Slade & Russell, 1973; Junne et al., 58 

2019), and its continuation post-treatment is a key predictor of relapse, which can be as high 59 

as 31% (Berends, Boonstra, & van Elburg, 2018). 60 

In men, not only is the incidence of anorexia nervosa rising (Strother, Lemberg, 61 

Stanford & Turberville, 2012; Sweeting et al., 2015), but an increase in a drive for muscularity 62 

can lead both to the development of anorexia nervosa (Klimek, Murray, Brown, Gonzales & 63 

Blashill, 2018) and the onset of muscle dysmorphia, originally termed reverse anorexia (Pope, 64 

Phillips & Olivardia, 2000). The presentation of male body image disorders shows a split 65 

between men who strive for thinness and those seeking to increase muscularity (Adams et 66 

al., 2005; Bartlett, Vowels & Saucier, 2008; McCabe & Ricciardelli, 2004). Research also 67 

demonstrates that behaviours of men and women diagnosed with an eating disorder are 68 

more comparable than previously realised (Dakanalis et al., 2015). This emphasises the need 69 
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for an accurate method for men to estimate their own body size. However, this measurement 70 

is problematic.  71 

Men’s bodies vary in body composition (i.e. the relative proportion of total fat versus 72 

skeletal muscle mass) considerably more than women’s do. Yet virtually all scales developed 73 

for self-estimation of body size, to date, focus only on shape change that depends on 74 

percentage body fat, often expressed in units of BMI. However, the BMI itself is limited as an 75 

accurate index of body size and shape because it does not explicitly distinguish between the 76 

two principal dimensions of body composition, namely adiposity and muscle mass (Mullie, 77 

Vansant, Hulens, Clarys, & Degrave, 2008; Yajnik & Yudkin, 2004). Since muscles are heavier 78 

than fat, increasing muscle mass makes a body “denser”, i.e. weighing more at the same 79 

volume (McCreary, Karvinen & Davis, 2006). Consequently, the body shapes of two individuals 80 

with the same BMI, but different body composition, one with high and the other with low 81 

muscle mass, will be different. Moreover, in terms of clinical risk, a clinician would classify a 82 

man who weighs 148 kilograms and who is 1.93 metres tall as severely obese according to 83 

WHO (2018) criteria because he would have a BMI of 39.7. But, if this individual had a lean 84 

body mass of ~120kg, a body fat percentage of less than 20%, and is a professional athlete, it 85 

can be assumed that he actually constitutes a low risk for obesity related disease (Prentice & 86 

Jebb, 2001). 87 

 In recognition of this measurement problem, attempts have been made to construct 88 

body scales for men which comprise systematically increasing combinations of muscle mass 89 

and adiposity. For example, Cafri & Thompson (2004) constructed a line-drawn set of images 90 

based on the ‘somatomorphic matrix’ (Pope, Gruber, Mangweth, Bureau, Decol, Jouvent, et 91 

al., 2000). Arguably, these images lack realism in their depiction of individual bodies. More 92 
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importantly, they showed low reliability on testing and the authors recommended their use 93 

should be discontinued (Cafri, Roehrig & Thompson, 2004). More recently Talbot, Smith, Cass, 94 

& Griffiths (2018) produced a set of CGI bodies based on this image set (i.e. the new 95 

somatomorphic matrix). Although the authors found that the scores on their new measure 96 

showed good concurrent and convergent validity as a measure of male body dissatisfaction, 97 

as well as good test-retest reliability, they do not seem to have duplicated the size and shapes 98 

of these bodies in a formal, quantitative way. Specifically, there is no precisely calibrated 99 

mapping between the shape of the men in the images, and their body composition. The 100 

implication is, therefore, that while well intentioned, these somatomorphic matrices cannot 101 

currently be used to estimate body shape and size in men reliably. 102 

The Current Study 103 

Here, we set out to measure how much variation in men’s self-estimates of body size 104 

(when measured in BMIhse units) is caused by: (i) variation in participants’ own body 105 

composition and (ii) variation in the apparent muscle mass and muscle tone of the stimuli 106 

being judged. To anticipate, our intention was to demonstrate that the sources of error in 107 

these measurements, when expressed in BMIhse units, are large. Indeed, that the errors are 108 

likely to be so large that we really should, as a research community, be seeking to solve the 109 

problem by developing stimuli that are correctly calibrated for both muscle mass and body 110 

fat for use in body-size estimation tasks. This paper does not represent that ideal solution. 111 

Rather it is intended as a call to action, based on the quantitative evidence we present. 112 

To achieve this goal, we have had to use an indirect strategy, because, to our 113 

knowledge, no large-scale database exists that would allow images to be generated that are 114 

correctly calibrated for body composition. Therefore, in this study, we used 3D CGI models of 115 
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men that were independently judged to have qualitatively low, middle or high muscle mass 116 

based on visual judgements alone. For each of the three sets of models, we allowed adiposity 117 

to vary continuously from a very slim figure through to a mildly obese figure. Any given level 118 

of adiposity can be assigned a BMIhse value by substituting the model’s waist and hip 119 

circumference into a calibration equation derived from ~5000 observations from the Health 120 

Survey for England datasets (see e.g. Cornelissen, Bester, Cairns, Tovée, & Cornelissen, 2015; 121 

Cornelissen, McCarty, Cornelissen, & Tovée, 2017). The key point here is that across the three 122 

levels of muscle mass, qualitatively determined, we can ensure that the waist and hip values 123 

are the same at every BMIhse value, and that these circumferences increase at exactly the 124 

same rate with increasing BMIhse. This means that we can ask whether a participant who has 125 

a measured BMI of 26, for example, will match a stimulus to their own body that has the same 126 

BMIhse across the three levels of qualitatively defined muscle mass, or different BMIhse values. 127 

The possible outcomes can be explained by two alternative hypotheses.  128 

The first hypothesis is based on behavioural and eye-movement studies of women 129 

making self-estimates of body size, which suggest that women judge BMI by estimating the 130 

width of the body in the abdominal region (Cornelissen, Cornelissen, Hancock, & Tovée, 2016; 131 

George, Cornelissen, Hancock, Kiviniemi, & Tovée, 2011; Irvine, McCarty, Pollet, Cornelissen, 132 

Toveé, et al., 2019). Therefore, if men use the same gaze strategy when making self-estimates 133 

of body size as women, they could solve the tasks in the current study by identifying the 134 

stimuli which they believe to be a good match to their own waist and hip widths, i.e. making 135 

a match based on abdominal torso width. If this were the case, we would expect to see 136 

individuals choosing stimuli with the same BMIhse values across the three levels of muscle 137 

mass reflecting the body size they believe themselves to have. Plots of the regression of 138 
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BMIhse on participants’ actual BMI would therefore produce overlapping regression lines with, 139 

statistically, the same slopes and intercepts. Any difference, or error, between actual BMI and 140 

the body-size estimate, expressed in BMIhse, should be equivalent across the three muscle 141 

mass levels.  142 

An alternative, and we believe more likely hypothesis, assumes that men may use cues 143 

other than, or in addition to, torso edge separation (indexed by waist and hip widths), with 144 

which to make their judgements. For example, Crossley, Cornelissen & Tovée (2012) showed 145 

that males attach importance not only to the abdominal region, but also the chest and the 146 

arms. Qualitative research conducted by Ridgeway and Tylka (2005) questioned males about 147 

their ideal body composition and identified that as well as the upper body, males also 148 

discussed their thighs and calves as often as their shoulders and back. More recent eye 149 

tracking studies have confirmed the relevance of the chest, shoulders and abdominal regions 150 

as areas of interest, not only when participants were looking at their own bodies, but when 151 

looking at other men (Cordes, Vocks, Düsing & Waldorf, 2017; Nikkelen, Anschutz, Ha & 152 

Engels, 2012). Therefore, if men are using features like these to match the body-size/shape 153 

they believe themselves to have, then they may need, for example, to pick low muscle mass 154 

stimuli with higher BMIhse values compared to the matches they make with high muscle mass 155 

stimuli. In other words, they may need to inflate the qualitatively lower muscle mass images 156 

in order to make a convincing match to their beliefs about their own body shape and size 157 

more than they do for higher muscle mass images. In this situation, plots of the regression of 158 

BMIhse on participants’ actual BMI would produce non-overlapping regression lines with 159 

different intercepts, and possibly different slopes. Were we to find such effects, this would 160 
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confirm that the qualitative visual properties of a stimulus set with respect to muscle mass 161 

and tone have a strong influence on estimates of body size. 162 

In short, calibrating our stimuli based on the HSE datasets, gives a BMI index (i.e. 163 

BMIhse) that is agnostic about the differential effects of muscle mass. However, because waist 164 

and hip circumferences can be held constant across the three qualitatively defined muscle 165 

mass levels, and by making sure that each participant repeats the task at each of these three 166 

muscle mass levels, we can infer something useful about the impact of stimulus muscle mass 167 

on particpants’ body-size judgements by comparing between measurements, and expressing 168 

these difference in BMIhse units. As a final step, we used a modestly sized body composition 169 

database of 178 men to assign plausible, quantitative muscle mass values to our stimuli, and 170 

thereby back calculate a likely real BMI value (this time sensitive to body composition) for 171 

them. We then repeated our analysis of the experimental data to test whether we converged 172 

on the same pattern of results.   173 

In summary, we set out to measure how much error in men’s self-estimates of body 174 

size (when measured in BMIhse units) is caused by: (i) variation in participants’ own body 175 

composition and (ii) variation in the apparent muscle mass and muscle tone of the stimuli 176 

being judged. Additionally, we used a battery of standard psychometric measures to index 177 

participants’ psychological state and to allow us to factor this into our analysis.   178 

 179 

Method 180 

The experimental procedures and methods for participant recruitment for this study 181 

were approved by the local ethics committees at Northumbria University and the University 182 
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of Lincoln. All experiments were performed in accordance with relevant guidelines and 183 

regulations set out by these organisations, and all participants gave their informed consent 184 

to take part in this study. 185 

Participants  186 

An opportunity sample of 53 male participants aged 18-58 (M = 24.87, SD = 9.02) was 187 

recruited from a sample of university staff and students and individuals from surrounding 188 

areas. Following participation, eight participants were excluded from our data set either 189 

because they did not complete all nine psychophysical tasks, or it proved impossible to 190 

compute adequate psychometric functions from their data in at least one task. Measures 191 

retrieved from a final sample of 45 male participants aged 18–58 (M= 24.73 years, SD= 9.23) 192 

were used for data analyses, 39 of whom consented to body-site measurements with 193 

Harpenden callipers (see Table 1 for all participant characteristics). Participants were advised 194 

that their actual BMI should fall within the range from 18-40 to correspond with the BMIhse 195 

range of stimuli sets. Individuals with a current diagnosis of an eating or body dysmorphic 196 

disorder were excluded from taking part in the research. There was no financial reward for 197 

taking part in the study. 198 

Psychometric Measurements 199 

To assess participants’ current attitudes towards their body shape and size, the 200 

following questionnaires were used: 201 

• The Body Parts Satisfaction Scale for Men (BPSS-M; McFarland & Petrie, 2012). The 202 

25-item BPSS-M asks participants to rate their level of satisfaction with their upper 203 

body, their face, and their legs on a scale of 1-6 (1 = extremely dissatisfied, 6 = 204 
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extremely satisfied). The list of items includes both muscularity and leanness criteria, 205 

as well as an indication of an individual’s overall body satisfaction. For the purposes 206 

of this study, we reverse scored all items so that higher scores index a greater 207 

dissatisfaction with body size and shape. 208 

• The Sociocultural Attitudes Towards Appearance Questionnaire (SATAQ-4; Schaefer, 209 

Burke, Thompson, Dedrick, Heinberg et al., 2015). The 22-item SATAQ-4 evaluates the 210 

extent of internalisation of appearance ideals and appearance related pressures. The 211 

SATAQ-4 measures five subscales of one’s appearance: two for Internalisation, 212 

consisting of thin/low body fat and muscular/athletic dimensions and three for 213 

Pressures consisting of family, peers and media dimensions. Items are rated on a Likert 214 

scale ranging from 1-5 (1 = definitely disagree, 5 = definitely agree), with higher scores 215 

indicating greater internalisation and acceptance of societal appearance ideals. 216 

• The Drive for Muscularity Scale (DMS; McCreary & Sasse, 2000). Participant drive for 217 

muscularity was measured using this 15-item scale, which indexes two subscales of 218 

one’s muscularity drive: muscularity-oriented attitudes (7-items) and muscularity-219 

related behaviours (7-items). The scale also provides an overall drive for muscularity 220 

score. Participants rated the items on a scale ranging from 1-6 (1 = Always, 6 = Never), 221 

and all items were reverse-coded so that higher composite scores indicated greater 222 

drive for, attitudes towards, and engagement in behaviour to increase muscularity. 223 

Reliability testing for responses to the psychometric questionnaires across the sample 224 

showed good internal reliability. 225 

For BPSS-M, SATAQ Body fat, SATAQ Muscular, SATAQ Family pressure, SATAQ Peer pressure, 226 

SATAQ Media pressure, DMS Attitudes, DMS Behavior and DMS Total, Cronbach’s alpha was: 227 

.96, .75, .88, .90, .82, .94, .91, .92, and .94 respectively. 228 
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Anthropometric Measurements 229 

To assess participant’s current body size and shape, we used the following measures:  230 

• BMI. This was measured using the same stadiometer and calibrated scales throughout 231 

the testing period and was calculated as: BMI = Weight (kg) / Height (m)2. 232 

• Body Composition. We used the Harpenden skinfold calliper as recommended by the 233 

International Standards for Anthropometric Assessment guide (ISAK; Marfell-Jones, 234 

Stewart, & De Ridder, 2012). Skinfold measurements (millimetres) were taken from 235 

eight key body sites: bicep, tricep, subscapular, iliac crest, abdominal, suprailium, mid-236 

thigh and medial calf; along with circumference measurements (cm) of the upper arm, 237 

mid-thigh and calf, using a SECA 201 measuring tape. Body fat percentage was 238 

calculated using the final equation for men as set out by Peterson, Czerwinski and 239 

Siervogel (2003): % BFnew = 20.94878 + (age x 0.1166) – (height x 0.11666) + (sum4 x 240 

0.42696) – (sum42 x 0.00159),  where height is in centimetres and sum4 is the sum of 241 

the triceps, subscapular, iliac crest, and mid-thigh skinfold thickness. Muscle mass 242 

percentage was calculated using the final equation developed by Lee et al. (2000): SM 243 

(kg) = Ht x (0.00744 x CAG2 + 0.00088 x CTG2 + 0.00441 x CCG2) + 2.4 x sex – 0.048 x 244 

age + race + 7.8. This equation employed participants’ height (Ht), race 245 

(Caucasian/Hispanic = 0, Asian = 1, African American = 1.1), sex (male = 1, female = 0), 246 

corrected arm (CAG), thigh (CTG), and calf (CCG) girth measurements. 247 

Stimulus generation 248 

We created CGI images from the Genesis 8 male base model in a 3D modelling 249 

environment (DAZ Studio v4.8). The models stood in front of a virtual camera in three quarter 250 

view (cf. Cornelissen, Cornelissen, Groves, McCarty & Tovée, 2018). This modelling 251 
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environment allows adiposity, muscle mass and muscle tone to be manipulated individually 252 

along separate morph dimensions. Based on pilot data, we picked three levels each for 253 

visually apparent muscle mass (low, mid and high) and muscle tone (low, mid and high) that 254 

10 raters agreed constituted qualitatively distinct differences for these attributes across three 255 

BMI categories (underweight/healthy/overweight; WHO, 2018). For these inter-rater 256 

judgements, the overall Kappa statistic for nominal judgement was 0.98 (SE = 0.035, Z = 28.29, 257 

p < .0001), suggesting that the qualitative differences between the three muscle mass and 258 

muscle tone renderings were indeed clear and unambiguous to participants. We then 259 

systematically manipulated the adiposity of the male model at each of the 9 muscle mass and 260 

muscle tone combinations, to produce a set of stimuli that varied in BMIhse from 18.75 to 40 261 

in 0.25 BMIhse steps. We calibrated models for BMIhse using the equation below, which was 262 

derived from the waist and hip circumference measurements from 5705 Caucasian men, over 263 

the age of 18, from the Health Survey for England (HSE 2008 & 2012). The height of the model 264 

to be entered into the calibration equation was 1.78m (cf. Cornelissen, 2016). This calibration 265 

equation explains 88% of the variance relating the actual BMI of the 5705 Caucasian men to 266 

their waist and hip circumferences, as well as their age and height:  267 

BMIhse  = β1 x1+ β2x2+ β3x3+ β4x4+ ε 268 

Where:  x1 = waist circumference (cm), x2 = hip circumference (cm), x3 = height (cm), x4 = 269 

chronological age (years), β1 = 0.24 95% CI(0.23 – 0.25), β2 = 0.20 95% CI(0.19 – 0.21), β3 = -270 

0.15 95% CI(-0.16 – -0.14), β4 = -0.024 95% CI(-0.047 – -0.042). 271 

Individual stimulus images were ray-traced in Luxrender. The advantages of the stimuli 272 

sets are that the images: (i) are high definition and photorealistic; (ii) maintain the identity of 273 

the male model across a wide BMIhse range; and (iii) demonstrate realistic changes in BMIhse 274 
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dependent body shape. Examples of the stimuli are shown in Figure 1. However, please note 275 

that, owing to the reduced contrast and resolution of this illustration, much image detail is 276 

lost compared to the original stimuli.  277 

Yes-no psychophysical task 278 

In this study we applied classical psychophysical methods (cf Gardner, 1996) to 279 

measure two components of the participants’ judgements of their own body size: (i) the point 280 

of subjective equality (PSE) and (ii) the difference limen (DL). The PSE is the participant’s 281 

subjective estimate of their body size, in this case measured in BMIhse units. The DL is an 282 

estimate of how sensitive a participant is to changes in body size and equates to the smallest 283 

difference in body size that he can detect, again measured in BMIhse units. To obtain these 284 

measurements, we used the method of constant stimuli in a yes-no forced choice paradigm. 285 

This allows a psychometric function to be estimated. Here, the psychometric function is a plot 286 

of the percentage of ‘this image is larger than me responses’ as a function of the BMIhse of the 287 

stimuli presented, and the curve tends to have a sigmoidal shape. The PSE is defined from the 288 

psychometric function as the BMIhse at which participants would respond ‘larger than me’ 289 

50% of the time. The DL is the difference in the BMIhse of the stimuli falling between the 25% 290 

and 75% ‘larger than me’ response points (see Gescheider, 1997). This range captures the 291 

steepness of the psychometric curve. Participants who are very sensitive to small changes in 292 

body size will have a steeper psychometric function with a correspondingly small DL. Figure 2 293 

shows sketch plots to illustrate how the PSE and DL are derived from the psychometric 294 

function. 295 

Participants carried out the yes-no task nine times, once for each combination of 296 

muscle mass/muscle tone. The order of presentation of muscle mass/muscle tone stimuli was 297 
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randomized for each participant. For each yes-no task, participants were presented with a 298 

randomized sequence of images of the standard CGI male body model. Across the image set, 299 

BMIhse varied continuously from 18.75 to 40.0. On each trial of the task, one image was 300 

presented and participants were required to decide whether the body depicted was larger 301 

than they were and to record this decision by button press (one button for ‘yes’ and a second 302 

button for ‘no’). Stimuli were presented on a 19” flat panel LCD screen (1280w x 1024h pixel 303 

native resolution, 32-bit colour depth) for as long as it took participants to make a decision. 304 

At the standard viewing distance of ~60cm, the image frame containing the male body 305 

subtended ~26° vertically and ~8° degrees horizontally. Each participant first judged seven 306 

images covering the whole BMIhse range (from 18.75 to 40.0 in equal BMIhse steps) presented 307 

in two separate blocks. Each stimulus image appeared 10 times in each block, and the order 308 

of presentation was randomized. Based on the responses from each block, the participants’ 309 

PSE (i.e. an estimate of the BMIhse they believe themselves to be) was calculated automatically 310 

by fitting a cumulative normal distribution. These two values were then averaged to give an 311 

initial estimate of the participant’s PSE. On the basis of this initial estimate, the program 312 

presented a further set of 21 images (spread over a range of 5 BMIhse units centred on the 313 

participant’s initial PSE, at a spacing of 0.25 units per image) for the participants to judge. 314 

Each image was presented ten times in randomized order. This final set of judgements 315 

allowed us to plot the full psychometric function and use probit analysis off-line to calculate 316 

a definitive estimate of PSE as well as the DL ( i.e. how sensitive participants are to changes 317 

in BMIhse). 318 

Timeline for task administration 319 
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Due to the nature of testing and the length of each task participants were invited to 320 

take part over two testing sessions. During the first testing session, partcipants were invited 321 

to complete all psychometric questionnaires, before having their height and weight measured 322 

by the researcher in order to calculate actual BMI. Standardized verbal instructions were then 323 

given for the psychophysical tasks and participants were asked to complete the first four 324 

levels of the psychophysical task. Order exposure of task level was randomised. During the 325 

second session, which occurred within two weeks of the first, participants completed the 326 

remaining five levels of the psychophysical task. For participants who chose to participate, 327 

body composition measurements were also taken during the second session. Collectively, 328 

participation lasted approximately two hours. 329 

Analysis pipeline 330 

The main analyses of the experimental data included the following steps 331 

• Calculation and tabulation of univariate descriptive statistics for participants’ 332 

characteristics and their psychometric performance. 333 

• Data reduction of the psychometric responses, using principal components 334 

analysis, to produce two latent variables: i) PC1, referred to as 335 

Participant_Fat_Att, represents increasing body image concern, together with 336 

perceived social pressures about body image from the media, peer groups and 337 

family, and ii) PC2, referred to as Participant_Musc_Att, represents perceived 338 

social pressure for and positive attitudinal responses towards increasing 339 

muscularity, combined with a drive to take part in activities that would achieve 340 

this outcome.  341 

• Computation of three linear mixed effects models: 342 
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o MODEL 1: Participants’ PSE responses predicted from participants’ 343 

actual BMI, apparent stimulus muscle mass, apparent stimulus muscle 344 

tone, participants’ age, Participant_Fat_Att, and Participant_Musc_Att 345 

as explanatory variables. See Figure 3, upper and middle rows, for 346 

illustrated model outcome.  347 

o MODEL 2:  Participants’ PSE responses predicted from participants’ 348 

percentage body fat, participants’ muscle mass, apparent stimulus 349 

muscle mass, apparent stimulus muscle tone, participants’ age, 350 

Participant_Fat_Att and Participant_Musc_Att as explanatory 351 

variables. See Figure 4 for illustrated model outcome. 352 

o MODEL 3:  Predicted participants’ DL responses using participants’ 353 

actual BMI, apparent stimulus muscle mass, apparent stimulus muscle 354 

tone, participants’ age, Participant_Fat_Att and Participant_Musc_Att 355 

as explanatory variables. See Figure 3, bottom row, for illustrated 356 

model outcome. 357 

• Simulation to illustrate how large the differences in body-size estimates (i.e. 358 

PSE in BMIhse units) can be in individual participants who have the same actual 359 

BMI. To do this, we estimated the covariance between body fat and skeletal 360 

muscle mass in men, from a modest database of 178 Caucasian males whose 361 

body composition had been measured using a Tanita MC780MA multi-362 

frequency segmental body composition analyser. See Figure 5 for illustrated 363 

model outcome. 364 

• Simulation to illustrate the likely effect sizes of stimulus muscle mass and 365 

muscle tone that we would obtain, if we had stimuli that were correctly 366 
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calibrated for body composition. To do this, we again used the modestly sized 367 

body composition database of 178 Caucasian men. This simulation converged 368 

on a qualitatively similar pattern of results, even though the sizes of the effects 369 

were reduced by ~40% for stimulus muscle mass and ~18% for stimulus muscle 370 

tone.  371 

 372 

Results 373 

Univariate statistics 374 

Table 1 shows the characteristics of our 45 male participants. With respect to the 375 

World Health Organization’s BMI classification scheme (World Health Organization, 2018), 376 

the numbers of participants who fell into the under-weight, normal, over-weight and obese 377 

categories were: 2, 22, 15, 6. Performance in the psychometric tasks also fell within the 378 

normal ranges for the BPSS-M (McFarland & Petrie, 2012), the SATAQ-4 (Schaefer et al., 2015) 379 

and the DMS (McCreary & Sasse, 2000). All raw DL scores departed markedly from a normal 380 

distribution on each condition (smallest Shapiro-Wilk’s W = 0.223, p<.0001), and were 381 

therefore logarithmically transformed for further analysis. 382 

Reliability for the yes-no task was computed by taking participant PSE scores from 383 

block 2 and block 3 of the psychophysical task output and comparing these for each task level 384 

using paired samples statistical analysis. All reliability tests were conducted retrospectively, 385 

completed following all data collection. As can be seen in Table 2, all paired samples t-tests 386 

were not significantly different from zero and all correlations between the paired means were 387 

shown to be statistically significant, demonstrating good task reliability for our final sample. 388 
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Multivariate statistics 389 

We wanted to quantify the relationships between participants’ body size estimates 390 

(indexed by BMIhse), their actual BMI, their body composition and the stimulus properties. To 391 

do this, we used PROC MIXED (SAS v9.4) to build three mixed linear models. Two of these 392 

models had participants’ PSE as the outcome variable, and one had Log10 DL as the outcome. 393 

The first model for PSE and the model for Log10 DL used participant’s actual BMI, apparent 394 

stimulus muscle mass (i.e. low, mid & high) and apparent stimulus muscle tone (i.e. low, mid 395 

& high) as fixed effects. In the second model for PSE, we replaced participants’ actual BMI 396 

with their percentage body fat and muscle mass as fixed effects.  In all three models, we 397 

wanted to control for any influence of chronological age and the psychometric variables 398 

(BPSS-M, SATAQ and DMS). 399 

In order to avoid the possibility of introducing substantial variance inflation, we first 400 

checked for evidence of co-linearity amongst the psychometric variables. Table 3 shows the 401 

Pearson correlations for these tasks across the sample of 45 participants. Table 3 shows 402 

several substantial and statistically significant correlations between BPSS-M and subtests of 403 

the SATAQ and DMS. Therefore, we used PROC FACTOR in SAS v9.4 (SAS Institute, North 404 

Carolina, US) to carry out a principal component analysis with rotation, in order to identify 405 

any significant latent variable(s) in the psychometric data. We used the factor scores from 406 

these component(s) in our statistical models. The Kaiser-Meyer-Olkin (KMO) measure of 407 

sampling adequacy (which indicates the degree of diffusion in the pattern of correlations) was 408 

0.80 suggesting an acceptable sample. Two principal components (PC) had Eigen values 409 

greater than Kaiser’s criterion of 1 (i.e., 3.35 & 2.24) which, together, explained 70% of the 410 

variance. The scree plot showed an inflexion, i.e. Cattel’s criterion, which also justified 411 
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retaining just two PCs. The residuals were all small, and the overall root mean square off-412 

diagonal residual was 0.07, indicating that the factor structure explained most of the 413 

correlations. The factor loadings on BPSS-M and each of the subtests of the SATAQ and DMS 414 

for the two PCs are shown in the last two columns of Table 3. 415 

PC1 loaded primarily on to BPSS-M and all SATAQ subtests excluding that for 416 

muscularity. We interpreted increasing scores on this PC (henceforth referred to as 417 

Participant_Fat_Att) as representing increasing body image concern, together with perceived 418 

social pressures about body image from the media, peer groups and family. PC2 loaded 419 

primarily on to the muscularity dimension of the SATAQ, as well as both DMS scales. We 420 

therefore interpreted increasing scores on this PC (henceforth referred to as 421 

Participant_Musc_Att) as representing perceived social pressure for and positive attitudinal 422 

responses towards increasing muscularity, combined with a drive to take part in activities that 423 

would achieve this outcome. 424 

Each of the three linear mixed effects models was optimized by ensuring that a) any 425 

fixed effect added to a model contributed a reduction in -2 Log Likelihood, b) fixed effects 426 

were retained in a model only if their Type III test of fixed effects was significant at p < .05. 427 

The only exceptions to this were where one non-significant fixed effect comprised part of a 428 

significant two- or three-way interaction term, in which case it was retained. In addition, we 429 

permitted individual variation at the intercept level for each participant, by including a 430 

random effect for participant. Note, as both stimulus muscle mass and muscle tone comprised 431 

three levels (high, mid and low), we used the high level as the control when dummy coding 432 

these variables in each model. The detailed outcome of the statistical modelling is shown in 433 

Table 4 and is illustrated graphically in Figures 3 and 4. 434 
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The top row of Figure 3 shows scatterplots from the first model for PSE, the index of 435 

participants’ body size estimation (in BMIhse units), and corresponds to “Model 1 for PSE” as 436 

shown in Table 4. Stimulus muscle tone increases across the three plots from the first (left) to 437 

the third (right) column. In each graph, values of PSE predicted from the model are plotted 438 

on the y-axis as a function of participant’s actual BMI. Within each plot, data points and their 439 

respective regression lines for PSE on actual BMI are shown for low (black), mid (grey) and 440 

high (black) stimulus muscle mass. The black dashed line represents veridical responses, i.e. 441 

where a participant’s body size estimate in BMIhse units would exactly match their actual body 442 

size in BMI units. Not surprisingly, participant’s estimates of their own body size 443 

systematically increased with their actual BMI, as many authors have shown before (e.g. 444 

Cornelissen et al., 2013, 2015). A second point to note is that the slopes of the regression lines 445 

are all less than 1 (F1,43 = 5.34, p=.03). This is consistent with the yes-no task producing a 446 

contraction bias effect (Poulton, 1989), as reported previously by Cornelissen et al. (2015, 447 

2017). This is a perfectly normal bias seen in unanchored magnitude estimation tasks, such as 448 

our yes-no task. 449 

The important results for the current study are the significant effects that both the 450 

apparent muscle mass and muscle tone of the stimuli have on participants’ body size 451 

estimates. Specifically, stimuli that are judged subjectively to have low muscle mass give rise 452 

to significantly higher body size estimates than do those judged to have mid muscle mass 453 

(LSmean difference = 1.58 BMIhse units, t=4.61, p<.001) or high muscle mass (LSmean 454 

difference = 1.76 BMIhse units, t=5.13, p<.001). The difference between body size estimates 455 

for mid and high muscle mass stimuli was not statistically significant (LSmean difference = 456 

0.18 BMIhse units, t=0.52, p=.6). Similarly, stimuli that are judged subjectively to have lower 457 

muscle tone, give rise to higher body size estimates. The corresponding differences in the 458 
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LSmeans for body size estimates were: low - mid tone = 0.78 BMIhse units, t=2.27, p=.02; low 459 

- high tone = 1.28 BMIhse units, t=3.71, p<.001; mid tone - high tone = 0.50 BMIhse  units, t=1.45, 460 

p=.1.  461 

The middle row of Figure 3 illustrates the statistically significant, and independent 462 

influence that Participant_Musc_Att had on body size estimates. This also is derived from 463 

“Model 1 for PSE” as shown in Table 4. The graphs in this row follow the same regime as above 464 

except that the regression lines for the three different stimulus muscle mass levels are plotted 465 

at +1 SD (solid lines) and -1 SD (dashed lines) for Participant_Musc_Att. These graphs show 466 

very clearly that increasingly positive attitudes and drive towards muscularity are associated 467 

with higher body size estimates.  468 

The bottom row of Figure 3 shows scatter-plots of the output from the “Model for 469 

Log10 DL”  in Table 4, which indexes the smallest difference in body size that participants can 470 

detect; i.e. their sensitivity in the yes-no task. As before, stimulus muscle tone increases 471 

across the three plots from left to right and the colour coding for stimulus muscle mass is the 472 

same. In each graph, predicted values of Log10 DL are plotted on the y-axis as a function of 473 

participant actual BMI. It is clear from all three graphs that sensitivity reduces (i.e. DL 474 

increases) with increasing actual BMI. This effect is systematically greater – i.e. the regression 475 

slopes are steeper - for stimuli judged to have greater muscle mass. As Table 4 shows, this 476 

effect is statistically significant. There is, however, no significant influence of stimulus muscle 477 

tone on DL (Table 4). The Weber fractions (i.e. ΔI / I) reduce over the range of participant 478 

actual BMI from 15 to 42.5 for low stimulus muscle mass (0.074 – 0.033), remain 479 

approximately constant for mid stimulus muscle mass (0.058 – 0.047), and increase for high 480 
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stimulus muscle mass (0.030 – 0.081). Therefore, participants gave responses which best 481 

approximated Weber’s law when viewing stimuli with mid-level muscle mass. 482 

Figure 4 shows two contour plots derived from the second model for PSE (see Table 483 

4, “Model 2 for PSE”), in which the fixed effect of actual BMI was replaced with two fixed 484 

effects together constituting body composition: percentage skeletal muscle mass and 485 

percentage body fat of the participant. As Table 4 shows, both of these factors had statistically 486 

significant effects on participants’ body size estimates, although these effects were in 487 

opposite directions: body size estimates increased with increasing participant body fat and 488 

decreased with increasing participant muscle mass. Each plot in Figure 4 shows predicted PSE 489 

in the z-axis: grey levels from black to white represent low to high predicted PSE. Participants’ 490 

body fat and muscle mass are plotted on the x- and y-axes respectively. The plot on the left 491 

of Figure 4 corresponds to high stimulus muscle mass and tone. The plot on the right of Figure 492 

4 corresponds to low stimulus muscle mass and tone. The white dashed line in each plot 493 

corresponds to a predicted PSE of 24 BMIhse units. The important point illustrated by Figure 4 494 

is that variable combinations of participant muscle mass and body fat (i.e. body composition) 495 

can give rise to identical estimates of body size, when measured in BMIhse units. However, in 496 

order to achieve the same PSE with stimuli of lower muscle mass and tone, this regime shifts 497 

to the left. 498 

 499 

How big are the differences in estimated BMIhse for participants who have the same actual 500 

BMI? 501 

The implication from Figure 4 is that individuals who have the same actual BMI, but 502 

who have different body compositions, will estimate their body size, when indexed in BMIhse 503 
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units, very differently. This is illustrated by two participants from our dataset, A and B, in the 504 

left pane of Figure 4, both of whom have a BMI ~23. Clearly, in the context of a body size 505 

estimation task where only the adiposity of stimuli is changed, this is potentially very 506 

undesirable. Therefore, we wanted to quantify just how large this variation in body size 507 

estimation can be. In principle, we could achieve this directly if we knew how much variation 508 

there is in the body composition of the participants at different actual BMIs. Unfortunately, 509 

in our experimental dataset, there were not enough participants whose actual BMI fell within 510 

the range of a BMI unit +/- 0.5 to estimate such covariance reliably. Instead, we used a body 511 

composition database which was obtained from 178 Caucasian males (age M = 33.6, SD = 512 

11.15; actual BMI M = 25.4 SD = 3.75; body fat M = 14.4kg, SD = 7.29kg; skeletal muscle mass 513 

M = 39.1kg, SD = 5.7kg) using a Tanita MC780MA multi-frequency segmental body 514 

composition analyser. We used this dataset to calculate the covariance between body fat and 515 

skeletal muscle mass, at each actual BMI point (+/-0.5 BMI units) for which there were at least 516 

15 observations – i.e. where the covariance estimate is more likely to be reliable. According 517 

to this criterion, the covariance values at BMIs 22, 23, 25 & 26 were -0.55, -0.41, -0.37, and -518 

0.17 respectively. Moreover, we had 12 BMI points between BMIs 18-31 for which we had at 519 

least 5 data points, and the average covariance across these 12 points was M = -0.35, SD = 520 

0.23. We then used PROC SIMNORM in SAS v9.4 (SAS Institute, North Carolina, US) to 521 

calculate 5 bivariate normal distributions, each with 10,000 data points, for a range of 522 

covariance values from -0.15 to -0.55 in steps of 0.1, consistent with the covariance values 523 

that we observed in the data at different BMIs. Next, for each of these 5 distributions, we 524 

computed prediction ellipses that captured 50%, 60%, 70%, 80% & 90% of the possible 525 

combinations of percentage body fat and skeletal muscle mass – i.e. from about half of the 526 

range in each distribution to almost the full range, as is illustrated in Figure 5a. In the final 527 
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step, separately for each of the 5 distributions, we identified from these ellipses the biggest 528 

difference in body composition at each of the prediction values (i.e. lowest body fat with 529 

highest muscle mass and vice versa) and used Model 2 for PSE (see Table 4) to convert these 530 

participant body composition values into self-estimates of body size, expressed in BMIhse. 531 

Figure 5b shows plots of the difference in these pairs of BMIhse estimates (y-axis), as a function 532 

of prediction ellipse percentage (x-axis). Separate lines are plotted for the 5 different 533 

covariances between body fat and skeletal muscle mass. The white band in the background 534 

highlights the most plausible range of BMIhse differences, given that it selects prediction 535 

ellipses that capture most but not all combinations of body fat and muscle mass computed 536 

from covariance values in the middle of the range that we observed in real data. What is 537 

striking is that even a conservative evaluation of these simulations forces the conclusion that 538 

differences in body size estimation by participants who have the same actual BMI are large, 539 

typically between ~5-7 BMIhse units, which is enough to leapfrog between body weight 540 

classifications in WHO (2018) criteria. 541 

 542 

Applications of real skeletal muscle mass values to correct BMIhse estimates of body size. 543 

 As a final step in our analyses, we attempted to assign plausible muscle mass values 544 

to our stimuli (as distinct from qualitative labels) and recalculate the effects of stimulus 545 

muscle mass and tone on body size estimates. If our strategy for calibrating stimuli for BMIhse 546 

is completely unrelated to reality, then we should expect to see our error estimates all but 547 

disappear. If however the analyses we present have some validity, we should expect to see 548 

similar effects once plausible muscle mass values have been assigned.  549 

In review



25 
 

As described in the Methods section, we generated low, mid and high muscle content 550 

bodies by setting the morph dimensions of muscularity and muscle tone in Daz Studio to 551 

either low, mid or high levels. Therefore, to assign plausible low, mid and high muscle mass 552 

values in kg to each stimulus class, we first divided the distribution of skeletal muscle mass 553 

values from our biometric database of 178 men into three ranges split at the 33rd and 67th 554 

centiles (low mid and high skeletal mass means were: M = 33.67 kg, SD = 2.48; M = 39.00 kg, 555 

SD = 3.30; M = 44.81 kg, SD = 4.20, respectively), and assigned a categorical variable with 556 

three levels to correspond to these three ranges. We then used PROC MIXED in SAS v9.4 to 557 

predict actual BMI in this database from: i) the centile to which a skeletal muscle mass 558 

belonged, ii) an individuals’ waist circumference, and iii) an individual’s hip circumference.  559 

The fitted model thus allowed us to connect the biometric database to our experimental 560 

dataset because, for every body-size estimate in BMIhse units, we know the waist and hip 561 

circumference of the corresponding CGI model. For example, for a high muscle mass, mid 562 

muscle tone stimulus, we can enter the waist and hip values that correspond to a body size 563 

estimate in BMIhse units into the fitted model from the biometric database and calculate what 564 

the body size estimate would be in real BMI units. As a final step, having converted every 565 

body-size estimate from BMIhse to real BMI units in this way, we re-ran model 1 in Table 4. We 566 

found significant Type III fixed effects for: stimulus muscle mass (F2,349 = 8.11, p<.001), 567 

stimulus muscle tone (F2, 350 = 6.63, p = .001), participant age (F1,44 = 5.41, p = .02), 568 

participant actual BMI (F1,44 = 64.36, p < .001), and Participant_Musc_Att (F1,44 = 9.86, p = 569 

.003). 570 

Post-hoc pairwise comparisons, still showed that low muscle mass stimuli gave rise to 571 

significantly higher body size estimates than did mid muscle mass (LSmean difference = 0.89 572 

corrected BMIhse units, t = 3.08, p = .002) or high muscle mass stimuli (LSmean difference = 573 
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1.09 corrected BMIhse units, t = 3.79, p < .001). The difference between body size estimates 574 

for mid and high muscle mass stimuli was not statistically significant (LSmean difference = 575 

0.21 corrected BMIhse units, t = 0.71, p=.5). With respect to muscle tone, the corresponding 576 

differences in the LSmeans for body size estimates were: low - mid tone = 0.63 corrected 577 

BMIhse units, t = 3.08, p = .03; low - high tone = 1.05 corrected BMIhse units, t = 3.62, p<.001; 578 

mid tone - high tone = 0.42 corrected BMIhse units, t = 1.47, p = .1. In short, assigning plausible 579 

muscle mass values to our stimuli gave rise to a qualitatively similar pattern of results, even 580 

though the sizes of the effects were reduced by ~40% for stimulus muscle mass and ~18% for 581 

stimulus muscle tone.  582 

 583 

Discussion 584 

The primary aim of this study was to estimate how much variation there is in men’s 585 

own body size estimates, when measured in BMIhse units, caused by: (i) variation in the 586 

participants’ own body composition and (ii) variation in the apparent muscle mass and muscle 587 

tone of the stimuli being judged. Our results suggest that the accuracy of male body 588 

judgements is not captured using body stimuli which only vary in adiposity, but instead needs 589 

variation in both adiposity and muscularity to accurately represent the perception of body 590 

image and reflect the variation of these dimensions in the male population. 591 

Consistent with previous studies where women estimated their own body size or 592 

other women’s body size (e.g. Cornelissen et al., 2013, 2015; Gledhill, George & Tovée, 2019), 593 

in the current study, plots of estimated body size are linearly predicted by the participant’s 594 

own actual BMI, but with a slope of less than unity (see the top two rows of Figure 3). Lower 595 

actual BMI participants over-estimate body size, middle-range actual BMI participants’ 596 
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estimates are the most accurate and high actual BMI participants under-estimate. This 597 

pattern of responses is predicted by a normal perceptual feature of magnitude estimation 598 

called contraction bias (Poulton, 1989). It occurs when the psychophysical task is not 599 

anchored, which means that the participant does not have available to them constant 600 

reminders of the smallest and largest examples from the range of stimuli they will be 601 

presented. In this situation, body size estimation must be made by comparing the difference 602 

between the size of the stimulus presented to the body size the participant believes 603 

themselves to have with an internal reference distribution based on all the bodies that the 604 

participant has ever seen. This kind of judgement is most accurate when the participant’s 605 

belief is closest to the average body size of their internal reference distribution, and 606 

increasingly less accurate as the two diverge. When there is an increasing difference between 607 

the reference and the body size being estimated, the participant makes an estimate closer to 608 

the average of the reference distribution than it should be. Hence, the term contraction bias 609 

(Poulton, 1989).  610 

In addition, the ability to detect a change in body size (as indexed by the DL) becomes 611 

progressively worse as the BMIhse of the bodies being judged increased (see the bottom row 612 

of graphs in Figure 3). This is consistent with another feature of perception called Weber’s 613 

law. Weber’s law states that the just noticeable difference (JND) between two stimuli will be 614 

a constant proportion of their magnitude, leading to a constant Weber fraction over the 615 

stimulus range (Gescheider, 1997). This means that discriminating between higher BMIhse 616 

bodies requires progressively larger differences in BMIhse between stimuli (Cornelissen, 617 

Gledhill, Cornelissen & Tovée, 2016).  618 

Psychological attitudes 619 

In review



28 
 

As in previous studies with female participants, the psychological state of the 620 

participants modulates the accuracy of their self-estimates of body size (e.g. Cornelissen et 621 

al., 2013, 2015). In the current study, this is an effect that was statistically independent of 622 

their perceptual responses and is consistent with a multidimensional model of body image in 623 

which the size and shape someone believes themselves to be is a linear combination of 624 

attitudinal and perceptual factors (cf. Cash & Deagle, 1997). We found that men who have 625 

increasingly positive attitudes and drive towards muscularity were more likely to over-626 

estimate their body size. However, by contrast to previous findings with female participants, 627 

body fat concerns did not influence the male participant’s judgements. This may reflect a 628 

difference in the relative importance of muscularity and body fat in men and women. Body 629 

fat has been consistently identified as the central feature of body image concerns in women, 630 

whereas in men the central concern has been identified as muscularity (e.g. Maisey, Vale, 631 

Cornelissen & Tovée, 1999; Frederick, Buchanan, Sadehgi-azar, Peplau, Haselton et al., 2007; 632 

Crossley, Cornelissen & Tovée, 2012; Brierley, Brooks, Mond, Stevenson  & Stephen, 2016; 633 

Dakanalis et al., 2013, 2015). This is reinforced by a strong social media pressure to be both 634 

high in muscularity and low in adiposity (Cramblitt & Pritchard, 2013; Galioto & Crowther, 635 

2018). Additionally, concerns about muscularity, along with concerns with adiposity, are 636 

suggested to play a key role in the development of anorexia nervosa in men (Klimek, Murray, 637 

Brown, Gonzales & Blashill, 2018), emphasizing the need to be able to independently index 638 

body image concerns about muscularity and adiposity to determine their separate 639 

importance in its aetiology.  640 

Apparent muscle mass and muscle tone of the stimuli 641 
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Looking across the stimulus types, our results suggest that as apparent muscle mass 642 

and muscle tone decrease in the stimuli, so men effectively selected images with higher BMIhse 643 

values to match the body size they believe themselves to have. This is an important result in 644 

several ways. First, it gives some insight into how the men may have been solving the task. 645 

Our stimulus calibration procedure is based on a multiple regression equation derived from 646 

anthropometric measurements obtained from the Health Survey for England, specifically 647 

waist and hip circumferences. This means that in our set of CGI bodies, a stimulus that has a 648 

BMIhse of 25 will have exactly the same waist and hip circumference irrespective of which 649 

combination of low/mid/high muscle mass and low/mid/high muscle tone it comprises. 650 

Therefore, according to our first hypothesis, if our participants had been using the horizontal 651 

widths across the waist-hip region to match their own body size belief against the stimulus 652 

(cf. Irvine et al., 2019), then we would not have found statistically significant differences in 653 

body size estimates between the different levels of stimulus muscle mass and tone. Given 654 

that men are more likely to deposit fat on the stomach than women (Wells et al., 2007, 2008), 655 

fixating this region for estimating adiposity would be an even better strategy for men than for 656 

women. This is because the men would have reliably selected the same matches across 657 

muscle mass/tone combinations for a given belief about their own body size (i.e. they would 658 

have chosen the bodies with the same waist and hip widths). Had this been the case, 659 

graphically we would have seen the black, white and grey regression lines in the first two rows 660 

of Figure 3 overlie each other. But they do not. Instead the self-estimates of body size were 661 

~2.5 BMIhse units greater for the low muscle mass stimuli than either the mid or high muscle 662 

mass stimuli, and this is consistent with our second hypothesis: that men may attend to the 663 

chest and upper arms when matching stimuli to the body size/shape they believe themselves 664 

to have.  665 
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Critically, when we recalculated these effects, having attempted to assign plausible 666 

skeletal muscle mass to our stimuli, we observed the same pattern of results, albeit the effect 667 

sizes were reduced by up to ~40%. This provides convergent evidence to that reinforces the 668 

need for all researchers to be running these kinds of experiments with stimuli that are 669 

correctly calibrated for body composition and BMI.  670 

From a practical point of view, constructing a figural scale for body-size estimation 671 

where only adiposity changes, would mean that an arbitrary choice would need to be made 672 

about the apparent muscularity of the stimuli presented to participants. The present results 673 

show that an arbitrary choice of this kind could lead to fixed errors in any survey results using 674 

such a scale. For example, suppose two figural scales were developed, one from our low 675 

muscle mass/low muscle tone images and the second from our mid muscle mass/mid muscle 676 

tone images. We would expect to see, on average, that self-estimates of BMIhse would be ~2.5 677 

BMIhse units higher for the former scale, and this could lead in turn to over-estimates of 678 

obesity rates, for example. Similarly, research highlights that there is a comparable split 679 

between males who wish to lose weight, and those seeking to gain weight (Adams et al., 2005; 680 

Bartlett, Vowels & Saucier, 2008; McCabe & Ricciardelli, 2004). Presenting a stimulus set with 681 

an arbitrary choice of visual muscularity would introduce considerable uncontrolled 682 

variability into any epidemiological study or public health assessment. In a clinical sample, e.g. 683 

men with eating disorders or muscle dysmorphia, such erratic body size estimation may even 684 

compromise the effective intervention and treatment of body image distortion (Dakanalis et 685 

al., 2013). 686 

Participant body composition 687 

We calculated the potential variation in self-estimates of body size, when measured 688 

in BMIhse units, that is attributable to the body composition of the participant. To facilitate 689 
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these calculations, we needed sensible estimates of the covariance between body fat and 690 

skeletal muscle mass as a function of actual BMI. We obtained these covariance estimates 691 

from a bio-impedance database of 178 male volunteers and used them in a simulation to 692 

identify a range of maximum differences in body composition in individuals who would have 693 

the same BMIs. As a last step, we entered these body composition values into our fitted model 694 

from the experiment which predicts body size estimates in BMIhse units from the body 695 

composition of the participant, and calculated the predicted differences in body size 696 

estimates. The results are illustrated in Figure 5b. For participants with the same actual BMI, 697 

the results show that self-estimates of body size can potentially vary over a range of ~5-7 698 

BMIhse units based on differences in the skeletal muscle and fat composition of the participant. 699 

This suggests a strong potential source of uncontrolled variance in body size estimation when 700 

using body scales which are designed to vary only in adiposity. Errors of this magnitude can 701 

easily move a participant’s self-estimate of BMIhse between BMI categories, such as from 702 

normal to overweight or even to obese.  703 

 This study strongly suggests that for men’s bodies, stimuli that do not account 704 

explicitly for variation in both muscle mass and muscle tone in the stimuli, as well as 705 

measurement methods that do not take explicit account of body composition in the 706 

participant, may lead to significant errors in self-estimates of body size. This leads to the 707 

important question of whether a similar problem exists for self-estimates of body size in 708 

women. Although women’s bodies tend to show a lower degree of variation in their 709 

proportion of muscle to fat than male bodies, the increase in resistance training in fitness and 710 

exercise regimes has increased this variation. Moreover, the trend towards “fitspiration”, a 711 

lean and toned body rather than just a low-fat body, has created a strong media and social 712 

pressure to achieve an athletic ideal (e.g. Kim & Sagas, 2014; Talbot, Gavin, van Steen & 713 
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Morey, 2017). In addition, in women with an eating disorder such as anorexia nervosa, there 714 

is significant variation in body composition linked to the severity of their condition 715 

(Bilsborough & Crowe, 2003; Barker, Gout & Crowe, 2011). Currently for women, test stimuli 716 

usually vary only in simulated adiposity, but our results suggest that this may not be a very 717 

accurate way of assessing women’s perception of body size. Future studies should determine 718 

whether self-estimates of body size are affected by the female participant’s body composition 719 

and whether their perception of their body size can be more accurately captured by varying 720 

the body stimuli used to index their judgement in multiple dimensions, such as adiposity and 721 

muscularity. 722 

Is there a solution? 723 

In this study, healthy men made nine self-estimates of body size, expressed in units of 724 

BMIhse. To do this, they used the same yes-no task nine times, but on each task run, all the 725 

stimuli for that run represented a different combination of apparent muscle mass and tone. 726 

During each task run, only the adiposity of the men in the stimuli varied. Therefore, the 727 

participants were essentially picking what level of adiposity in the stimulus, for a fixed 728 

combination of muscle mass and tone, matched the body size they believed themselves to 729 

have. We found that variation in both the apparent muscle mass and tone in the stimuli, as 730 

well as individual variation in the body composition of the participant, led to far reaching 731 

differences in body size estimation, when expressed in BMIhse units. Qualitatively, we 732 

replicated these effects when we assigned plausible real muscle mass values to our stimuli. 733 

This not only confirms, but also quantifies to some extent what researchers in this field have 734 

long suspected: that BMI has limited utility as a metric for body size estimation in men. So, 735 

the question is, if not BMI, then what? One obvious alternative is to have a stimulus set that 736 
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represents variation in both muscle mass and adiposity parametrically. This way, participants 737 

can match the body shape they believe themselves to have to the stimulus on offer. Clearly, 738 

some authors have already gone down this route with the use of line-drawn images based on 739 

the somatomorphic matrix (Cafri & Thompson, 2004; Pope, Phillips & Olivardia, 2000) as well 740 

as CGI versions of the same (Talbot, Smith, Cass  & Griffiths, 2018). However, it is not clear 741 

that there is an accurate and calibrated mapping in these stimuli between the body shapes 742 

illustrated and the adiposity and muscle mass they are supposed to represent. One way to 743 

improve on this situation, therefore, would be to combine body composition measurements 744 

from bio-impedance or dual-energy X-ray absorptiometry (DXA) with 3D body shape scanning 745 

techniques in a large sample of volunteers. Such a dataset could be used to reveal the 746 

statistical mapping between 3D body shape change as a function of muscle mass and 747 

adiposity, and these statistical models could be used in turn to create appropriately calibrated 748 

3D CGI models of men. Such stimuli could then be incorporated into a method of adjustment 749 

task in which both dimensions of muscle mass and adiposity could be manipulated 750 

simultaneously by mouse control. Development of such stimulus sets are vital in providing 751 

comparable measurements of the male body within size estimation tasks. Not only will the 752 

achievement of this allow for much needed progress in understanding the aetiology of body 753 

image distortions in men but will provide headway in the development of gender specific 754 

interventions for men with body image disorders. Initial steps have been taken along this 755 

route in studies of body size estimation in men and women by combining 3D body shape scans 756 

with BMI measures (Cornelissen et al., 2017; Molbert et al., 2018; Thaler, Geuss, Mölbert, 757 

Giel, Streuber et al., 2018; Thaler, Piryankova, Stefanucci, Pujades, de la Rosa et al., 2018), 758 

but clearly need to be extended to allow manipulation of body composition. 759 
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In conclusion, this study suggests that the accuracy of male body judgements cannot 760 

be captured simply using body stimuli only varying in adiposity, but instead requires variation 761 

in both adiposity and muscularity to accurately index the perception of body image and reflect 762 

the significant variation in these dimensions in the male population. 763 
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Figure Legends 950 

Figure 1: Examples of the CGI bodies used in this study to illustrate the changes of body shape 951 

and size of the male stimuli produced by changing their body composition. The images are 952 

grouped into three columns, from left to right: low, mid and high muscle tone. They are 953 

further divided into three rows from bottom to top: low, mid and high muscle mass. Ten raters 954 

agreed that these groupings constituted qualitatively distinct differences for these attributes 955 

across three BMI categories (underweight/healthy/overweight; WHO, 2018). The overall 956 

Kappa statistic for nominal judgement was 0.98, SE = 0.035, Z = 28.29, p < .0001.  957 

 958 

Figure 2. A graphical illustration of how the psychometric function for body size estimation 959 

can be used to separate out sensory sensitivity (indexed by the difference limen, DL) from 960 

perceptual bias (indexed by the point of subjective equality, PSE). On the left, participants A, 961 

B & C might all have the same BMI of 25. However, participant A under-estimates and 962 

participant C over-estimates their body size. On the right, participant A is more sensitive to 963 

body size change than participant B, and therefore has a steeper psychometric function, with 964 

a smaller DL. 965 

 966 

Figure 3: The top row shows three plots of body-size estimates (PSE) predicted from 967 

the linear mixed effect model (“Model 1 for PSE” shown in Table 4) plotted as a function of 968 

participants’ actual BMI. In each plot, low, mid and high stimulus muscle mass is represented 969 

by black, gray and white dots, respectively. The regression lines for each level of stimulus 970 

muscle mass follow the same colour scheme. The plot on the left is for low stimulus muscle 971 
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tone stimuli, the middle plot for mid stimulus muscle tone, and the plot on the right for high 972 

stimulus muscle tone. In each case, the black dashed line represents the line of equality, 973 

where body-size estimates (PSE) exactly match actual BMI. The graphs in the middle row show 974 

the same regressions of body-size (PSE) on actual BMI (from “Model 1 for PSE”, shown in 975 

Table 4) at the same three stimulus muscle mass levels within each plot, separately for the 976 

three stimulus muscle tone levels across the row, from low to high. However, now each 977 

regression line is split, and plotted separately at +1 SD (solid lines) and -1 SD (dashed lines) 978 

for Participant_Musc_Att, to illustrate the independent influence of participants’ 979 

psychometric performance on body size estimation. Specifically, increasingly positive 980 

attitudes and drive towards muscularity are associated with higher body size estimates. The 981 

bottom row shows three plots of participants’ sensitivity in the body size estimation task (i.e. 982 

DL) predicted from the linear mixed effect model (“Model 3 for PSE” shown in Table 4) plotted 983 

as a function of participants’ actual BMI. Each plot contains the predicted DL values and 984 

regression lines for low (black), mid (gray), and high (white) stimulus muscle mass as a 985 

function of actual BMI. Stimulus muscle tone changes from low, through mid, to high across 986 

the 3 plots from left to right. These graphs show that sensitivity to changing body-size 987 

systematically decreases as a function of increasing BMI, and that this effect is weakest for 988 

low muscle mass stimuli, intermediate for mid muscle mass stimuli, and strongest for high 989 

muscle mass stimuli. 990 

 991 

Figure 4: Two contour plots of body-size estimates (PSE) predicted from the linear mixed 992 

effect model (“Model 2 for PSE” shown in Table 4) plotted as a function of participants’ 993 

participant muscle mass (y-axis) and body fat (x-axis). Predicted body-size estimates (PSE) are 994 
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represented in grey levels on the z-axis, from black (smaller body size) to white (larger body 995 

size). Responses from high stimulus muscle mass and high stimulus muscle tone are shown in 996 

the left panel. Responses from low stimulus muscle mass and low stimulus muscle tone are 997 

shown in the right panel.  In both panels, as participants’ muscle mass increases, so the size 998 

that they believe themselves to be tends to decrease. Conversely, as participants’ body fat 999 

increases, so the body size that they believe themselves to have increases. Since estimated 1000 

body-size changes in opposite directions for participant muscle mass and body fat, it is 1001 

possible for differing body compositions to give rise to the same body size estimate. This is 1002 

illustrated by the white dashed line in each plot, which corresponds to a predicted body size 1003 

of 24 BMIhse. The converse of this situation is illustrated by points A and B in the left panel, 1004 

which show the different muscle mass and body fat combinations from two participants in 1005 

our dataset both of whom had an actual BMI ~23. 1006 

 1007 

Figure 5: a) Scatter plot of the 10,000 data point bivariate normal distribution for a covariance 1008 

of 0.55 between percentage muscle mass and body fat (expressed as z-scores). The black lines 1009 

represent prediction ellipses that capture, respectively, 50%, 60%, 70%, 80% and 90% of the 1010 

observations in the distribution. b) Differences in estimated BMI (y-axis) between pairs of 1011 

participants who would both have the same actual BMI, but differing body compositions. The 1012 

range of these differing body compositions is determined by the particular combination of 1013 

the covariance between body fat and skeletal muscle mass (to produce the bivariate 1014 

distribution) and the prediction ellipse (which selects how many observations are chosen 1015 

from the distribution). The white band highlights the most likely combinations of covariance 1016 

and prediction ellipse parameters. See text for further details. 1017 
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Table 1. Descriptive statistics for age, actual BMI, body composition and questionnaire 
responses (n=45)  
 

 
 

M SD                    Range 

      Actual  Potential 

Participant characteristics   
    Age (years) 24.73   9.23 18.00 – 58.00  
    Actual BMI (weight/height2) 25.32   4.50 18.00 – 39.70  
    Body fat (%)  19.75   3.69 13.94 – 30.37   
    Skeletal muscle (%)  19.03   5.43   9.00 – 29.00  
Psychometric task performance   
   BPSS-M 87.02 21.06 25.00 – 130.00   25 – 150 
   STQ Body fat 13.34   4.30   5.00 – 21.00      5 – 25 
   STQ Muscular 15.57   5.05   5.00 – 25.00     5 – 25 
   STQ Family pressure   7.09   3.79   4.00 – 19.00     4 – 20 
   STQ Peer pressure   7.84   3.25   4.00 – 16.00     4 – 20 
   STQ Media pressure 11.20   4.97   4.00 – 19.0     4 – 20 
   DMS Attitudes 26.18   9.21   7.00 – 42.00     7 – 42 
   DMS Behaviors 16.23   9.08   7.00 – 40.00     7 – 42 
   DMS Total 43.73 16.98 15.00 – 84.00   15 – 90 

 
STQ = Sociocultural Attitudes Towards Appearance Questionnaire 4 (SATAQ 4), DMS = Drive 
for Muscularity Scale, BPSS-M = Body Parts Satisfaction Scale for Men In review
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Table 2. Results of a paired samples t-tests between the mean PSE scores of block two and 
block three of the psychophysical task for each task level (N = 45). *= p< .001 

Task Level Correlation Mean Difference (SD) T – value 

Low Tone-Low Mass *.901 -0.44 (2.41) -1.227 

Low Tone-Mid Mass *.802 -1.08 (3.77) -1.921 

Low Tone-High Mass *.830 -0.97 (3.25) -2.004 

Mid Tone-Low Mass *.918 -0.09 (2.26) -0.282 

Mid Tone-Mid Mass *.806 -0.59 (3.35) -1.187 

Mid Tone-High Mass *.839 -0.43 (2.97) -0.971 

High Tone-Low Mass *.794  0.46 (3.24)   0.948 

High Tone-Mid Mass *.787 -0.35 (3.43) -0.686 

High Tone-High Mass *.871 -0.49 (3.16) -1.047 

 

  

In review



49 
 

Table 3. Pearson correlations for the psychometric tasks. The last two columns show the 
factor loadings on BPSS-M and each of the subtests of the SATAQ and DMS for the two PCs 
from the principal components analysis. 

 STQ 
Med 

STQ  
Peer 

BPSS-M  STQ 
Fat 

STQ 
Fam 

DMS  
Beh 

STQ 
Musc 

DMS  
Att 

PC1 PC2 

STQ Med -        0.83 0.15 
STQ Peer 0.64*** -       0.81 0.25 
BPSS-M 0.52*** 0.50*** -      0.77 -0.05 
STQ Fat 0.59*** 0.58*** 0.44** -     0.72 0.4 
STQ Fam 0.37** 0.34* 0.40** 0.18 -    0.62 -0.54 
DMS Beh 0.15 0.23 -0.01 0.27 -0.34* -   0.04 0.89 
STQ Musc 0.25 0.35* 0.06 0.42** -0.25 0.74*** -  0.19 0.86 
DMS Att 0.26 0.35* 0.20 0.30* -0.29 0.64*** 0.60*** - 0.20 0.80 
DMS Totl 0.23 0.32* 0.11 0.31* -0.33* 0.91*** 0.74*** 0.90*** - - 

*= p < .05, **= p < .01, ***= p < .001  

NB: STQ Fat = STQ Body Fat; STQ Musc = STQ Muscular; STQ Fam = STQ Family pressure; 
STQ Peer = STQ Peer pressure; STQ Med = STQ Media pressure; DMS Att = DMS Attitudes; 
DMS Beh = DMS Behaviors; DMS Totl = DMS Total   
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Table 4. Output from the 3 linear mixed effects models. 

Model Parameters  F-value (DF) Z-value p-value Parameter 
estimate 

Parameter 
95% CI 

-2Log 
likelihood 

1) Model 1 for PSE       
 
Empty Model 
Full Model 
     Fixed Effects: 
         Stim_Musc_Tone 
 

   Stim_Musc_Mass 
 
   Participant_BMI  
   Participant_Musc_Att 
   Participant_Age 
 

 
 
 
 
     6.97 (2, 350) 
 
  15.922(2, 349) 
 
   64.35 (1, 44) 
     9.86 (1, 44) 
     5.40 (1, 44) 

  
 
 
 
<.001 
 
<.001 
 
<.001 
  .003 
  .03 

 
 
 
 
 1) 0.50 
 2) 1.28 
 1) 0.18 
 2) 1.76  
     0.67 
    -1.18 
     0.095 

 
 
 
 
  -0.18 – 1.17 
   0.60 – 1.96 
  -0.50 – 0.85 
   1.09 – 2.44 
    0.50 – 0.84 
  -1.95 – -0.42 
   0.013 – 0.18 

 
2142.2 
2001.4     
 
 

     Random Effect:       
         Subject variance 

 
 3.97 

 
<.001 
 

     4.78 
 

  

2) Model for Log10 DL       
 
Empty Model 
Full Model 
     Fixed Effects: 
         Stim_Musc_Tone 
 
         Stim_Musc_Mass 

 
   Participant_BMI 
   Participant_BMI ×  
   Stim_Musc_Mass 

 
 
 
 
  1.61 (2, 356) 
 
12.74 (2, 356) 
 
  3.37 (1, 44.9) 
10.34 (2, 356) 
 
 

  
 
 
 
 0.20 
 
<.001 
 
   .07 
< .001 
 
 

 
 
 
 
 1)  -0.039 
 2)  0.015 
 1)  0.58 
 2)  0.88 
      0.034 
 1) -0.021 
 2) -0.011 
 

 
 
 
 
 -0.044 – 0.017 
 -0.046 – 0.076 
   0.24 – 0.93 
   0.53 – 1.23 
   0.014 – 0.054 
  -0.034 – 0.0071 
  -0.044 – -0.017 

 
177.4 
141.1 
 
 
 

     Random Effect:       
   Subject variance 
 

 4.29 
 

<.001 
 

       0.068 
 

  

3) Model 2 for PSE       
 
Empty Model 
Full Model 
     Fixed Effects: 
         Stim_Musc_Tone 
 

   Stim_Musc_Mass 
 
   Participant_Body_Fat 
   Participant_Musc_Mass 
   Participant_Age 
 

 
 
 
 
  7.40 (2, 309) 
 
11.83 (2, 309) 
 
  6.56 (1, 39) 
  5.80 (1, 39.2) 
  9.80 (1,39.1) 

  
 
 
 
<.001 
 
<.001 
 
  .01 
  .03 
  .003 
 

 
 
 
 
 1) 0.53 
 2) 1.43 
 1) -0.03 
 2) 1.56  
     0.38 
    -0.21 
     0.16 

 
 
 
 
  -0.20 – 1.26 
   0.70 – 2.17 
  -0.77 – 0.70 
   0.82 – 2.29 
   0.08 – 0.68 
  -0.41 – -0.013 
   0.06 – 0.26  

 
2142.2 
1799.9 
 

     Random Effect:       
   Subject variance 
 

 3.91 
 

<.001 
 

     7.02 
 

  

NB Stim_Musc_Tone = stimulus muscle tone;  Stim_Musc_Mass = stimulus muscle mass; Participant_Musc_Att 
= psychometric latent variable for participants’ attitudes to muscularity 
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