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Abstract 

Recently, Cornelissen, Cornelissen, Groves, McCarty, & Tovée (2018) asked which image 

orientations (e.g. front-, side-, or three-quarter view) are most appropriate for tasks which are used for 

self-estimates of body size and shape. Based on psychophysical measurements, they showed that front 

view stimuli showed substantially poorer content validity compared to side- and three-quarter view 

stimuli. Here, we tested the real-world consequences of Cornelissen et al.’s (2018) findings. We carried 

out a body size self-estimation task in a sample of healthy adult women, once with front view stimuli, 

and once with three-quarter view stimuli. The order in which front- and three-quarter view tasks were 

carried out was randomized across participants. Compared to three-quarter view stimuli, we found that: 

a) the precision of participants’ judgements was worse with front view stimuli, and b) that front view 

stimuli led to over-estimation of body size by ~1.7 BMI units. While these results need to be replicated, 

they do suggest that careful consideration needs to be given to stimulus orientation in future studies. 

 

Keywords: BMI, body fat, body size judgement, viewpoint, figural body scales 
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1. Introduction 

A core diagnostic feature of anorexia nervosa is a “disturbance in the way in which one’s body 

weight or shape is experienced, undue influence of body weight or shape on self-evaluation, or denial 

of the seriousness of the current low body weight.” (DSM-5; American Psychiatric Association, 2013). 

This distortion of a person’s body image can be partitioned into two broad components which are 

statistically independent of each other (Cornelissen, Widrington, McCarty, Pollet, Tovée & Cornelissen, 

2019): (a) an attitudinal component which corresponds to the feelings someone has about their body, 

and (b) a perceptual component which captures the size and shape they believe themselves to have. 

Cash and Deagle’s (1997) meta-analysis showed convincingly that when eating disordered individuals 

are compared with controls, perceptual measures yield effect sizes of d = 0.61 to 0.64 and attitudinal 

measures from d = 1.10 to 1.13. Research since Cash and Deagle (1997) has continued to focus on 

perceptual and attitudinal components of body image, with a bias towards the latter, perhaps reflecting 

the asymmetry of these effect sizes. But for both domains, there is a need for valid, reliable measures 

that are essential for construct validity and internal validity (Murnen & Smolak, 2019). Here we focus 

on the validity of perceptual measures of body image. 

 

1.1 Expectations of perceptual measurement 

Historically, researchers and clinicians have tried many different ways to measure the body 

size/shape that someone believes they have. More recent techniques include: (a) figural body scales that 

are composed of a series of images of either men or women varying in adiposity from emaciated to 

obese (e.g., Stunkard, Sorensen, & Schulsinger, 1983), or (b) computerized tasks which either present 

many examples of such images in random order, one at a time, or which allow the stimulus to be 

smoothly animated between minimum and maximum body size endpoints (Gardner & Brown, 2010). 

Depending on the task, participants either estimate their own body size by choosing an image closest to 

the size/shape they believe themselves to have (or would like to have), or participants make decisions 

across a number of trials about whether any particular stimulus is smaller/larger than they believe 

themselves to be (or would like to be) (Brodie, Bagley, & Slade, 1994; Gardner & Brown, 2011). 

Irrespective of the particular methodological details, we contend that all size judgements of this kind 
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should properly be thought of as magnitude estimations, which should therefore conform to Weber’s 

law (1834). This is a historically important psychological law quantifying the perception of change in 

a given stimulus. Weber’s law states that the smallest difference between a pair of stimuli that can be 

reliably told apart, i.e., the just noticeable difference or JND, is a constant proportion of the stimulus 

magnitude. (Technically, the proportion is called the Weber fraction K = ΔI / I, where K = a constant, 

ΔI = the difference in magnitude between a pair of stimuli, and I = reference stimulus magnitude). This 

principle has been found to hold across a wide range of attributes, measurement procedures and sensory 

modalities (for reviews see: Billock & Tsou, 2011; Gescheider, 1997). Consequently it has been hailed 

by some as the starting point of modern scientific psychology (Boring, 1950; Krech & Crutchfield, 

1958). 

In a typical forced choice task, a participant is presented pairs of stimuli on each trial, and is 

asked to judge which of the pair is heavier, brighter, louder, sweeter, depending on the particular task 

demands. In these examples, both stimuli of the pair are external to the observer, and we will refer 

henceforth to JNDs obtained in this way as JNDstim. However, in the context of someone judging their 

own body size, the “pair of stimuli” comprises: (a) the participant’s belief about their own body size, 

which is a mental representation, and (b) the image they have been presented for comparison, which is 

of course external to them. If we use body mass index (BMI) as an outcome measure for body size self-

estimates, then the JND amounts to the smallest detectable difference in BMI between the body size 

that a participant believes she has and the body size of the stimulus presented. Henceforth we will refer 

to this form of a JND measurement as JNDself. But more than this, Weber’s law also shows how this 

just noticeable difference in BMI should get systematically larger as people’s beliefs about their bodies 

get heavier. For example, if a participant believes she has a body size in the underweight range, the 

JNDself might be ~1 BMI unit (cf. Cornelissen, Gledhill, Cornelissen, & Tovée, 2016a). But if the 

participant believes she has a body size in the obese range, the JNDself might increase to ~2.5 BMI units. 

Therefore, a plot of the JNDself for BMI (y-axis) as a function of actual BMI (x-axis) should be a straight 

line with a positive slope. In addition, the Weber fraction, K, should be constant across the actual BMI 

range. In two recent studies, we have shown that when healthy adult women carry out such a task, their 

responses do conform to Weber’s law very well. In comparison, women with a history of anorexia 
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nervosa show a much steeper plot with a Weber fraction that increases with BMI (Cornelissen, Bester, 

Cairns, Tovée, & Cornelissen, 2015; Cornelissen, McCarty, Cornelissen, & Tovée, 2017).  

 

1.2 Stimulus content validity 

It is one thing to assert that a body size estimation task should conform to Weber’s law. But 

this can only happen if the stimuli themselves represent body size correctly, i.e., they must have content 

validity: “… if the items of a test can be shown to reflect all aspects of the subject being tested, then it 

is per se valid, given that the instructions are clear. This is not simply face validity, which is related to 

the appearance of the test items …” (Kline, 2015). So, if the stimuli representing different BMIs lack 

content validity, then we may nevertheless fail to observe Weber’s law behaviour, even though it is 

expected. The most obvious aspect of content validity for a body size estimation task is that the stimuli 

are correctly calibrated for BMI. To this end, we and others (see e.g, Mölbert, Thaler, Mohler, Streuber, 

Romero, et al., 2018) have used computer generated imagery (CGI) techniques which allow the creation 

of high resolution, photorealistic 3D models, which can be calibrated for BMI. Another important 

consideration regarding content validity is the orientation of the body in the stimulus images: e.g., 

whether they appear in front view, side view, or three-quarter view. Bodies in published figural scales 

have almost exclusively been presented in front-view (Gardner, Jappe, & Gardner, 2009; Harris, 

Bradlyn, Coffman, Gunel, & Cottrell, 2008; Li, Hu, Ma, Wu, & Ma, 2005; Peterson, Ellenberg, & 

Crossan, 2003; Swami, Salem, Furnham, & Tovée, 2008). Yet there are reasons for believing that the 

front view may obscure visual cues normally used by an observer to judge body mass, thereby reducing 

content validity. For example, stomach depth, which has been suggested to be an important cue to body 

mass judgements (Cornelissen, Hancock, Kiviniemi, George, & Tovée, 2009; Rilling, Kaufman, Smith, 

Patel, & Worthman, 2009; Smith, Cornelissen, & Tovée, 2007; Tovée, Maisey, Emery, & Cornelissen, 

1999) may be harder to judge in front-view than in profile. These concerns raise the question whether 

content validity could be affected by the orientation of bodies in such stimuli. 

As an objective test of stimulus content validity with respect to stimulus orientation, 

Cornelissen et al. (2018) proposed that participants should carry out a traditional JNDstim task, where 

both stimuli in the pair are external to the observer. Accordingly, on each trial of the task, participants 
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were presented pairs of images of the same CGI avatar on a computer screen. The only difference 

between the two versions of the same person on screen was their BMI, and participants had to choose 

whether the version on the left or the right of the screen was heavier. In other words, this was a 

judgement about another person’s body, made from a third-person point of view, which did not require 

participants to refer to their own body image in any way. It can be equated with choosing which of a 

pair of lights is brighter, or which of a pair of loudspeakers is louder. Therefore, if performance in this 

objective situation led to Weber’s law behaviour, then the stimuli could be said to have content validity: 

in the context of magnitude estimation, the stimuli gave rise to the expected pattern of behavioural 

responses. Using this approach, Cornelissen et al. (2018) measured the JNDstim for their CGI stimuli at 

4 reference BMI levels (15, 20, 27 & 36). In separate sessions, they repeated this procedure for three 

different avatar orientations: i.e. on each trial both avatars appeared in front view, or side view, or three-

quarter view. The criteria for conforming to Weber’s law behaviour were: (a) that there should be a 

positive, straight line relationship between JNDstim and reference BMI, and (b) that the Weber fraction 

should be constant over the full range of reference BMI.  Cornelissen et al. (2018) found that the side 

and three-quarter view avatars conformed to both criteria for Weber’s law behaviour, with the three-

quarter view showing the most consistent Weber fraction. In comparison, the front view conformed to 

neither criterion. Based on these results, the authors suggested that the front view should not be used 

for self-estimates of body size, because the front view stimuli lacked content validity.  

 

1.3 What might be the impact of poor content validity? 

Here, we ask what are the real-world consequences of using stimuli with poor content validity 

when healthy adult women estimate their own body size/shape? Specifically, we want to know what 

happens to the just noticeable difference, as well as women’s estimates of their own body size, when 

the body stimuli they are judging are presented in three–quarter view (i.e., good content validity) and 

front view (i.e., poor content validity). An important point to emphasize in this situation is that any 

individual participant only produces a single estimate of their own JNDself and a single estimate of the 

body size they believe themselves to have. This is slightly different to the situation just described in 

Cornelissen et al. (2018), where each of the “pair of stimuli” is external to the viewer, and the same 
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participant can make multiple estimates of JNDstim for stimuli at different points along the BMI 

spectrum. Now, the “pair of stimuli” constitute: (a) the participant’s belief about their own body size, 

which is a mental representation, and (b) the image they have been presented for comparison, in either 

front or three-quarter view. There are two consequences to this difference. First, the decision about 

whether participants’ responses conform to Weber’s law is really a statement about how the group of 

participants behave overall, because each individual contributes only one data point on a plot of JNDself 

(y-axis) as a function of BMI (x-axis). Secondly, we need to be able to interpret what one person’s 

JNDself means, under these circumstances. A useful way to think about JND in this situation is in terms 

of the precision of a participant’s magnitude judgements. Precision is said to be high when the JND is 

small. Precision is related to the statistical concept of variability (standard deviation, quartile deviation, 

or range), and to the concept of reliability or random error (“noise”). Since according to Weber’s law, 

JND increases linearly with reference stimulus magnitude, this means that the precision with which 

judgements can be made falls correspondingly – hence leading to the need for bigger differences 

between stimulus pairs with increasing reference magnitude.  

 

 

Figure 1 illustrates psychometric functions showing the proportion of “fatter than me” responses 

plotted as a function of stimulus BMI. (a) Shows how the JNDself is derived from the difference in 

stimulus BMI between the 25% and 75% “fatter than me” responses for two individuals A and B, where 

A has a steeper psychometric function. As a consequence, JNDself for A is smaller than JNDself for B. (b) 
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Shows how the PSE is estimated from the 50% “fatter than me” response rate for two individuals A 

and B, where A believes she has a small body size than B. 

 

To be explicit, consider the experimental set-up for self-estimates of body size. We use a forced 

choice task where, on each trial, participants are presented a single CGI avatar selected at random from 

a wide range of BMI. They are asked to respond by key press whether “this image is fatter than me” or 

“this image is thinner than me”. Figure 1a shows plots of the percentage of “fatter than me” responses 

as a function of the BMI of the presented stimulus. Typically, these so-called psychometric functions 

are sigmoidal in shape. Here, JNDself is defined as the difference in BMI between the 25% and 75% 

“fatter than me” responses (cf. Gescheider, 1997). Since the curve for participant A is steeper, this gives 

rise to a smaller JNDself than is the case for participant B, whose curve is shallower. In other words, 

over the same 25% to 75% range of responses, participant B shows greater variability in stimulus BMI, 

a higher JNDself, and therefore lower precision. As far as individual women’s estimates of their own 

body size are concerned, this judgement is calculated from the same psychometric function, and is 

defined as the stimulus BMI where the “fatter than me” response rate is 50%. This is known as the point 

of subjective equality (PSE; Gescheider, 1997), because when presented with a stimulus that is the same 

size as the participant believes herself to be, she is as likely to respond “this image is fatter than me” as  

“this image is thinner than me”. Figure 1b illustrates the situation for participants A and B who believe 

their body sizes match CGI avatars with BMIs of 22.5 and 27.5, respectively. 

 

1.4 The current study 

In a number of recent studies, we have asked healthy adult women to visually estimate their body 

size using CGI stimuli in a forced choice task together with the method of constant stimuli (Cornelissen 

et al., 2015, 2017, 2019; Irvine, McCarty, McKenzie, Pollet, Cornelissen, et al., 2019a). In all of these 

studies, the avatar stimuli were presented in three-quarter view, which we know have good content 

validity. We found that women with a low BMI over-estimated their size (indexed by the PSE) and 

those with a high BMI under-estimated. Those whose body size was closest to the population average 

for women (i.e., BMI ~27) were most accurate. This is revealed by a regression of estimated body size 
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on actual body size that has a slope of less than one, and is a pattern which is consistent with a normal 

perceptual phenomenon called contraction bias (Poulton, 1989). In addition, the same studies have 

shown that visual body size estimation depends simultaneously on attitudinal factors indexed by 

performance on psychometric tasks measuring attitudes towards body shape, body size and eating 

habits. Specifically, when self-estimated body size (i.e., PSE) is plotted on the y-axis as a function of 

actual body size (x-axis), the vertical location of the regression line for this relationship is controlled by 

attitudinal factors: the same increase in psychological concerns about her body leads to the same 

increase in body size estimates, anywhere within the range of actual body size. Therefore, in the current 

study, we used a forced choice task as illustrated in Figure 1 to measure healthy adult women’s JNDself 

and PSE using CGI model stimuli presented at three-quarter view and front view. In addition we also 

measured their attitudes to their own body shape, weight, and eating habits, as well as any tendency 

towards depressive symptomatology. Our first aim was to check that the findings from previous studies 

using three-quarter view avatars to measure women’s self-estimates of body size were replicated. 

Specifically, that we see evidence of: (a) contraction bias, and (b) an independent contribution to over-

estimation from attitudinal factors. Our second aim was to test which of the two modes of avatar 

presentation, i.e., three-quarter versus front view, gave rise to JNDs that conformed to Weber’s law in 

the context of self-estimates of body size. Our third aim was to quantify any differences in PSE between 

the two orientations of stimulus presentation. 

 

2. Methods 

2.1. Participants 

To our knowledge, this is the only published study of its kind to estimate JNDself and PSE for 

self-estimates of body size, comparing the results obtained from a standard avatar stimulus, presented 

in front-view and three-quarter view. Therefore, there are no direct precedents from which we can 

calculate an appropriate sample size. The closest published study which uses the same avatar CGI model 

for all participants as we do here, and which has also measured JNDstim at different orientations of the 

avatar is that by Cornelissen et al. (2018).  However, as described in the Introduction, because this was 
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a test of content validity participants were presented a thinner and a fatter version of the same avatar on 

screen and asked to judge which of the two was fatter. The JNDstim values for these judgements were 

calculated and compared between three-quarter and front view stimulus presentations. While this design 

is not identical to the current study in which we measure self-estimates of body size, we argue it is 

nevertheless similar enough to estimate a sample size for the current study. Therefore, we used the 

means and SDs for JNDstim from Cornelissen et al. (2018), as well as the correlations between responses 

at different BMI levels (15, 20, 27, & 36) and stimulus orientations (front and three-quarter view) to 

build a two-factor repeated measures model in GLIMMPSE v3.0 (General Linear Multivariate Model 

Power & Sample Size; Kreidler et al., 2013). From this, we could calculate sample sizes to estimate the 

main effects of BMI and avatar orientation at an alpha value = 0.05, and a power = 0.8. This returned 

integer sample sizes of 9 and 53 respectively. We recruited 65 females (as assigned at birth) from the 

students and staff at Northumbria University in the Northeast of England who gave their written consent 

to take part in the study. However, due to a combination of failure to complete all aspects of the study 

(11 participants), or poor data fits for the psychophysical tasks (2 participants), we excluded 14 of these 

individuals, leaving complete datasets from 51 participants.  

2.2. Psychometric and anthropometric measures. 

Previous research (Cornelissen et al., 2015, 2017, 2019; Irvine et al., 2019a) has demonstrated 

that an observer’s attitudes about their own body contribute independently to body size self-estimation; 

increasing psychological concerns about body shape, weight and eating, together with low self-esteem 

and a tendency towards depressive symptoms all lead to larger body size estimates. To measure this 

attitudinal component of participants’ body image, we administered the following questionnaires: (a) 

the Eating Disorders Examination Questionnaire (EDE-Q), which is a self-report version of the Eating 

Disorder Examination (EDE) interview (Fairburn & Beglin, 1994). The questionnaire contains four sub-

scales; the Restraint subscale investigates the restrictive nature of eating, the Eating Concern subscale 

measures the preoccupation with food and social eating, the Shape Concern subscale measures 

dissatisfaction with body shape, and the Weight Concern subscale measures dissatisfaction with body 

weight. A global score of overall disordered eating behaviour is also calculated and frequency data on 
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key behavioural features of eating disorders is provided. (b) The 16-item Body Shape Questionnaire 

(BSQ) was used to measure body shape preoccupations (Evans & Dolan, 1993). (c) The Beck 

Depression Inventory (BDI) was used to measure level of depression (Beck, Ward, Mendelson, Mock, 

& Erbaugh, 1961). Participants’ Body Mass Index (BMI) was calculated from their weight and height 

measured with a set of calibrated scales and a stadiometer respectively. 

2.3. Stimuli 

The stimuli were CGI (computer-generated imagery) images of a standard female model whose 

BMI ranged from 12.5-55 (see Cornelissen, et al., 2017; Cornelissen, 2016b). The images were created 

with DAZ v4.8 and were calibrated for BMI, based on the waist and hip circumference data from the 

Health Survey for England (HSE, 2003, 2008). They were rendered in Luxrender. The advantages of 

this stimulus set are that the images: (a) are high definition and photorealistic, (b) maintain the identity 

of the female model across a wide BMI range, and (c) demonstrate extremely realistic changes in BMI-

dependent body shape. 

2.4. Psychophysical measurement 

In this study we used a forced choice task with the method of constant stimuli (cf. Gardner, 

1996) to measure two components of the participants’ judgements of their own body size: (a) the point 

of subjective equality (PSE) and (b) the just noticeable difference (JNDself). The PSE is the participant’s 

subjective estimate of their own body size. The JNDself is an estimate of how sensitive a participant is 

to the difference in body size between the stimulus presented on screen, and the body size the participant 

believes they have. It equates to the smallest difference in body size between the two that she can detect 

reliably (Gescheider, 1997). 

Participants carried out the forced choice task twice, once for each stimulus orientation. The 

order of presentation of stimulus orientation (i.e. front view and three-quarter view) was randomized 

for each participant. On each instance of the forced choice task, participants were presented with a 

randomized sequence of images of the standard CGI female body model. Across the image set, BMI 

varied continuously from 12.5 to 44.5. On each trial of the task, one image was presented, and 
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participants were required to decide whether the body depicted was larger than they were and to record 

this decision by button press. Stimuli were presented on a 19” flat panel LCD screen (1280w x 1024h 

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

standard viewing distance of ~60cm, the image frame containing the female body subtended ~26° 

vertically and ~8° degrees horizontally. Each participant first judged seven images covering the whole 

BMI range (from m 12.5 to 44.5 in equal BMI steps) presented in two separate blocks. Each stimulus 

image appeared 10 times in each block, and the order of presentation was randomized. Based on the 

responses from each block, the participants’ point of subjective equality or PSE (the BMI they believe 

themselves to be) was calculated automatically by fitting a cumulative normal distribution. These two 

values were then averaged to give an initial estimate of the participant’s PSE. On the basis of this initial 

estimate, the program presented a further set of 21 images (spread over a range of 5 BMI units centred 

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

image was presented ten times in randomized order. This final set of judgements allowed us to transform 

the probabilities of larger than responses to z-scores, and use ordinary least squares regression to 

calculate the PSE as well as the JNDself (Gescheider, 1997). 

2.4. Procedure 

Consenting participants first had their height and weight measured and then they completed the 

psychometric questionnaires. They were informed that the purpose of the experiment was to assess the 

accuracy of their judgements about their own body size. Prior to carrying out the psychophysical 

measurements on the PC, participants were reminded that in the event that they felt fatigued or 

discomforted in any way, they were at liberty to pause the task for as long as necessary. The whole 

experiment took ~ 45 minutes for each participant to complete. 

 

3. Results 

3.1. Univariate Analysis 
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Table 1 

 Characteristics of the 51 female participants 

                      Range 

    M    SD      Actual   Potential 

Age (years) 22.65   6.40 19.00 – 47.0  

Body Mass Index (kg/m2) 24.24   3.99 17.87 – 32.80  

EDE-Q Global   1.79   1.26   0.09 –   5.42   0 – 6 

BSQ-16 46.22 19.80 18.00 –  88.00 16 – 96 

BDI 12.75   8.43   0.00 –  36.00   0 – 36 

 

EDE-Q = Eating Disorders Examination Questionnaire, BSQ = Body Shape Questionnaire, BDI = 

Beck Depression Inventory  

 

The internal reliability of the psychometric measurements was good. Cronbach’s alpha for the 

BSQ, EDEQ, and BDI was .97, .97, and .89 respectively. Descriptive statistics for the 51 female 

participants are presented in Table 1. Utilizing a cut-off of ≥ 4 as the marker of clinical significance for 

the EDEQ (Fairburn, Cooper, and O’Connor, 2008), 9.2% of the women in our sample scored in the 

clinically significant range on restraint, 6.2% on eating concern, 29.2% on shape concern, 24.6% on 

weight concern, and 10.8% on the global scale. According to cut-off criteria for the BSQ-16 

(https://www.psyctc.org/psyctc/psyctc-org-home/instruments/body-shape-questionnaire-bsq), 40.0% 

of the women in our sample had “no concern” with their body shape, 15.4% “mild concern”, 16.9% 

“moderate concern”, and 27.7% “marked concern”.  Finally, using conventional cut-off scores for the 

BDI, 44.6% of women were “non-depressed”, 21.5% were “mildly depressed”, and 33.6%  “moderately 

to severely depressed”. Since the distribution of raw JNDself scores was not normal (Shapiro–Wilk’s W 

= .59, p < .0001) we applied a logarithmic transformation to these data. 

3.2. Multivariate Analysis 

3.2.1. Replicating findings from three-quarter view presentations 

In all our previous studies, we have used three-quarter view stimuli. Therefore, our first analysis 

was directed towards replicating previous findings with respect to the PSE and JNDself for self-estimates 

of body size using only the three-quarter view stimuli. Table 2 shows the correlation matrix between all 

variables. JNDself shows moderate correlations with participants actual BMI and their EDEQ scores. 
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PSE shows moderate to strong correlations between age, actual BMI, BSQ and EDEQ. Table 2 also 

shows moderate to strong correlations between all three psychometric tasks. 

Table 2  

Pearson correlations between participant characteristics, psychometric scores and psychophysical 

performance for three-quarter view stimuli 

 Log10  JNDself 3Q PSE 3Q Age  BMI  BDI BSQ-16 

PSE 3Q  0.33* -     

Age  0.036 0.45** -    

BMI  0.34* 0.75*** 0.22 -   

BDI -0.098 0.12 0.068 -0.0014 -  

BSQ-16  0.25 0.54*** 0.38**  0.40** 0.47** - 

EDE-Q  0.30* 0.54*** 0.16  0.46** 0.39** 0.83*** 

 

NB JND = Just Noticeable Difference, PSE = Point of Subjective Equality, BMI = Body Mass Index, 

BDI = Beck Depression Inventory, BSQ = Body Shape Questionnaire, EDE-Q = Eating Disorders 

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

 

We wanted to build separate multiple regression models to explain variance in JNDself and PSE, 

based on participants’ age, actual BMI and psychometric performance. Given the substantial 

correlations between the psychometric tasks, we sought to include a selection procedure in the models 

which would avoid potential problems with multicolinearity. Since stepwise selection algorithms are 

known to lead to biases in parameter estimation (Grafen & Hails, 2002; Hurvich & Tsai 1990; 

Steyerberg et al. 1999), we used PROC GLMSELECT in SAS v9.4 (SAS Institute, North Carolina, 

USA) to run adaptive LASSO (least absolute shrinkage and selection operator) regression for variable 

selection (Efron, Hastie, Johnstone & Tibshirani, 2004; Osborne, Presnell & Turlach, 2000; Tibshirani, 

1996). LASSO and stepwise regression differ in their criteria for retaining predictors in the final model, 

and LASSO has been shown to produce more stable results. The LASSO algorithm selects an optimal 

value for t, the tuning or shrinkage parameter which, in our case, minimized the Schwarz Bayesian 

information criterion (SBIC) for model fitting. We included chronological age, actual BMI, BDI, 

EDEQ, and BSQ as explanatory variables at the start of the selection procedure. By the end of selection, 

the optimal subsets of variables chosen to model JNDself and PSE had SBIC values of -175.3 and 117.6, 

respectively. We then used PROC REG in SAS (v9.4) to run ordinary least squares multiple regression 
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models with these reduced sets of explanatory variables, derived from the LASSO process. The outcome 

from this analysis is shown in Table 3. 

Table 3  

Output from ordinary least squares multiple regression of log10JNDself and PSE obtained from three-

quarter view stimulus presentations 

Outcome 

variable 

Explanatory 

variable 

Parameter 

estimate 

Standard 

error 

t-value p-value Model R-square 

       

Log10 JNDself Intercept -0.37 0.13 -2.79   .008 0.12 

 Actual BMI  0.013 0.0054  2.51   .02  

       

PSE Intercept -0.42 2.89 -0.15   .9 0.68 

 Actual BMI  0.75 0.12  6.18 <.0001  

 Age   0.23 0.068  3.36   .002  

 EDEQ  0.86 0.39  2.23   .03  

 

For JNDself, Table 3 shows a statistically significant, positive linear relationship with 

participants’ actual BMI. Moreover, from the lowest (17.9) to the highest (35.9) actual BMI values, the 

Weber fraction was reasonably constant from 0.041 to 0.037. Both of these outcomes are consistent 

with Weber’s law behaviour for this sample of 51 women. For PSE, Table 3 shows statistically 

significant, independent contributions from participants’ actual BMI and their EDEQ scores. The slope 

of the regression line of estimated BMI on actual BMI was positive, i.e. participants estimated BMI 

increased as a function of their actual BMI. However, this relationship had a slope significantly less 

than 1 (F1,49 = 3.97, p =.05), consistent with the presence of perceptual contraction bias. Table 3 shows 

that the effect of EDEQ on body size self-estimates was also positive. Therefore, for any value of actual 

BMI, women increasingly over-estimated their own body size as their concerns about body shape, 

weight, and eating habits, increased. Both of these effects on PSE are illustrated in Figure 2a, which is 

a numerical simulation based on the regression parameters in Table 3. 
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Figure 2. Scatterplots showing (a) PSE and (b) log10 JNDself predicted from the statistical models and 

plotted as a function of participants’ actual BMI.  The data in plot (a) is restricted to the three-quarter 

view stimuli. Predicted PSE is plotted as a function of participant BMI when calculated for mean EDEQ 

+1SD (solid white line) and mean EDEQ -1SD (dashed white line). The fact that the solid white line 

sits directly above the dashed white line, in parallel, means that for any actual BMI, participants over-

estimate their body size by the same amount, as EDEQ increases from the mean -1 SD to the mean + 

1SD. Veridical responses, where participants judge their body size perfectly accurately, is shown by 

solid black “the line of equality”. The presence of contraction bias is indicated by the fact that both 

white regression lines have a slope less than one. Therefore, at low BMI, PSE values sit above the line 

of equality (i.e. participants over-estimate body size), and at high BMI, PSE values sit below the line of 

equality (i.e. participants under-estimate body size). In plot (b), the model predicted log10 JNDself values 

from responses to three-quarter view stimuli are shown as white dots with a white regression line. Those 

from front view stimuli are shown in black dots with a black regression line, which is significantly 

steeper than the white regression line.  

3.2.2. Direct comparison of JND and PSE between three-quarter and front view avatars 

To model the effects of avatar orientation on JNDself and PSE, we used PROC MIXED in SAS 

v9.4 (SAS Institute, North Carolina, USA) to run separate linear mixed effects models for each outcome 

measure. In each case the model included fixed effects for participants’ actual BMI, stimulus 
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orientation, and the interaction between actual BMI and stimulus orientation. We included a random 

effect to control the intercept for each participant. For dummy coding, front view (for stimulus 

orientation) was treated as the reference. To compute the denominator degrees of freedom, we specified 

the Satterthwaite method. The outcomes for these two models are shown in Table 4. 

Table 4  

Linear mixed effects model output for log10JNDself and PSE comparing responses obtained from three-

quarter and front view avatar presentations  

Outcome 

variable 

Explanatory 

variable 

Parameter 

estimate 

Standard 

error 

t-value 

(DF) 

p-value 95% CI 

       

Log10 JNDself Intercept -0.75 0.17 -4.41 (78.8) <.0001 -1.09 – -0.41 

 Actual BMI  0.033 0.0069  4.81 (79) <.0001  .019 – 0.047 

 3Q view  0.30 0.16  1.85 (43.8)    .07 -0.027 – 0.62 

 Front view  . . .    . . 

 BMI × 3Q view 

BMI × Front view 

-0.015 

. 

0.0066 

. 

-2.34 (44.6) 

. 

   .02 

   . 

-0.029 – -0.0021 

. 

       

PSE Intercept  2.14 2.79  0.77 (57.4)    .4 -3.45 – 7.73 

 Actual BMI  0.98 0.11  8.74 (57.1) <.0001  0.75 – 1.20 

 3Q view -1.32 0.32 -4.15 (46)    .0001 -1.97 – -0.68 

 Front view  . . .    . . 

       

 

For JNDself, Table 4 shows a statistically significant, positive linear relationship with 

participants’ actual BMI. While the main effect of stimulus orientation was not statistically significant 

at p < .05, we found a significant interaction between orientation and participants’ BMI, indicating a 

steeper slope for the front view stimuli than the three-quarter view. This is illustrated by the black 

regression line in Figure 2b for the front view stimuli, as compared to the white regression line for the 

three-quarter view stimuli. Moreover, for the front view stimuli, the Weber fraction more than doubled 

from 0.037 at the lowest actual BMI (17.9) to 0.084 at the highest (35.9) actual BMI. Therefore, 

participants’ responses to the front view stimuli did not conform to Weber’s law. For PSE, Table 4 

shows statistically significant, independent contributions from participants’ actual BMI and the 

orientation of the stimulus avatar. We did not find evidence for an interaction between participants’ 

actual BMI and stimulus orientation. As can be seen from the parameter estimate for 3Q view in Table 

4 (i.e., -1.32), the three-quarter view systematically gives rise to lower estimates of body size across the 
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full BMI range. So, for a participant at any particular BMI, this model predicts that their self-estimate 

of body size will be, on average, 1.73 BMI units (SE = 0.98) higher when comparing their beliefs about 

their own body size to the front view avatar than the three-quarter view avatar. While this result shows 

clearly that body size estimates with the front view stimuli were systematically larger than those made 

with three-quarter view stimuli, it is important to distinguish between two possible interpretations. The 

first is that estimates made with front view stimuli are a closer fit to actual BMI, and the three-quarter 

view gives rise to under-estimated body size. The second possibility is that estimates made with three-

quarter view stimuli are closest to actual BMI, and the front view stimuli produce over-estimates. To 

address this question, we calculated the difference between PSE and actual BMI, and calculated t-tests 

of location with respect to a difference of zero. The respective mean differences for three-quarter and 

front view, together with the t-tests were: M = 0.31, SE = 0.48, t(50) = 0.65, p = .51 and  M = 1.76, SE 

= 0.52, t(50) = 3.40, p = .001. This suggests that front view presentations of avatar stimuli led to body 

size over-estimation by comparison to the three-quarter view presentations.  

Finally, we addressed the question whether individual differences in women’s attitudes about 

their bodies (indexed by the psychometric tasks: EDEQ, BSQ, BDI) may have contributed to the 

difference in self-estimates of body size (indexed by PSE) that we observed when comparing responses 

to front view versus three-quarter view stimuli. To do this, we calculated the difference in PSE between 

the two stimulus orientations for each participant, and calculated the Pearson correlations between these 

differences and psychometric task performance. The correlations with EDEQ, BSQ, and BDI were r = 

-0.12, -0.080, and -0.0071, respectively, none of which were statistically significant at p < .05.  

4. Discussion 

In this study, we asked what are the consequences of using stimuli with poor content validity, 

when healthy adult women estimate their own body size? Specifically, we wanted to know what 

happens to their just noticeable difference (JNDself), as well as their point of subjective equality (PSE), 

when the avatar stimulus they are comparing themselves to is presented in three–quarter view (i.e., good 

content validity) and front view (i.e., poor content validity). To address this, we asked participants to 

carry out a forced choice task in order for them to estimate their own body size. On each trial of the 
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task, participants were presented a CGI image of a standard female model whose BMI varied across 

trials. Participants were asked to respond by button press whether they believed the image on each trial 

to be thinner or fatter than themselves. Each participant’s responses were compiled into a psychometric 

function. From this, we calculated two measures: (a) their point of subjective equality (PSE) which 

corresponds to the body size they believe they have, and (b) their just noticeable difference (JNDself), 

which is an estimate of task precision and defines the smallest difference in body size between their 

own beliefs and the presented stimulus that they can just detect. Participants carried out this task twice, 

once with the CGI model facing forward, and once in a three-quarter view. Across the sample of women, 

we could then compare PSE and JNDself  from the two stimulus orientations.  

4.1 Replication of JNDself and PSE findings with three-quarter view avatars 

Cornelissen et al. (2015, 2017) asked healthy adult women, who varied widely in actual BMI, 

to visually estimate their own body size using three-quarter view CGI avatars in the same forced choice 

task that we have used here. With respect to JNDself, both studies showed that women’s responses with 

the three-quarter view stimuli conformed to Weber’s law: individuals with larger actual BMIs showed 

a higher JNDself, and the Weber fraction remained constant across the range of BMI in these samples. 

With respect to PSE, Cornelissen et al. (2015, 2017, 2019) and Irvine et al. (2019a) have shown that 

women with a low BMI over-estimate their size and those with a high BMI under-estimate, a pattern 

which is consistent with a normal perceptual phenomenon called contraction bias (Poulton, 1989). 

Contraction bias arises when one uses a standard reference or template for a particular kind of object 

against which to estimate the size of other examples of that object. The estimate is most accurate when 

estimating the size of an object of a similar size to the reference but becomes increasingly inaccurate as 

the magnitude of the difference between the reference and the object increases. When this happens, the 

observer estimates that the object is closer in size to the reference than it actually is. As a result, an 

object smaller in size than the reference will be over-estimated and an object larger will be under-

estimated. 

In these same studies, Cornelissen et al. (2015, 2017, 2019) and Irvine et al. (2019a) found that 

women’s estimates of their own body size, indexed by PSE, also depended on attitudinal factors indexed 
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by psychometric tasks measuring attitudes towards body shape, body size and eating habits, as well as 

the tendency towards depression. Broadly speaking, for any actual BMI, as a woman’s psychological 

concerns about her own body increase, so does the size she thinks she is. Put together, this means that 

a complete description of an individual’s performance in a forced choice body size estimation task 

requires information about two independent sources of information: (a) actual body size, which is 

subject to a perceptual contraction bias, and (b) an attitudinal component, whereby increasing 

psychological concern leads to larger body size estimates.  

As is clear from Figure 2b (white regression line) and Table 3, in the current study we have 

replicated this pattern of results for JNDself, which therefore conforms to Weber’s law. We found a 

positive linear slope (β = 0.013) for the regression of Log10 JNDself on actual BMI, and the Weber 

fraction remained constant at ~ 0.04 across the sample range of BMI. Similarly, as is illustrated by 

Figure 2a, we replicated the contraction bias effect for PSE coupled with the independent contribution 

of EDEQ scores to the body size that women believed they have. 

4.2 The consequence of poor stimulus content validity 

Cornelissen et al. (2018) showed that, at least for the CGI avatars they tested, images of women 

in front view showed poor content validity. In the current study, the regression of JNDself on actual BMI, 

calculated from women’s responses to such avatars presented in front-view, showed a positive slope 

that was significantly steeper than that for three-quarter view stimuli (see Figure 2b). This produced 

Weber fractions for the responses to front view stimuli that more than doubled over the full range of 

participants’ actual BMI. Therefore, unlike the three-quarter view stimuli, we conclude that the poor 

content validity of the front view stimuli prevented women’s body size estimates from conforming to 

Weber’s law. 

Perhaps the most striking outcome from the current study is that the front view stimuli also 

gave rise to self-estimates of body size that were ~1.7 BMI units greater than those derived from three-

quarter view stimuli, and this was true across the full range of actual BMI from ~17 to ~36. Not only 

was this viewpoint dependent difference in body size estimates statistically significant, but it is likely 
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to represent a clinically meaningful effect size (cf. Kazis, Anderson, & Meenan, 1989), in the sense that 

it is easily detectable perceptually. Cornelissen et al. (2018) showed that the smallest difference in BMI 

that can just be detected between pairs of CGI avatars, both presented simultaneously on screen (i.e., 

JNDstim), increased systematically from ~0.6 to ~1.0 BMI units over the stimulus BMI range 15-36. 

Therefore, the ~1.7 BMI unit difference in PSE estimates obtained from front and three-quarter view 

stimulus presentations are ~180% and ~70% larger, respectively, than these smallest detectable 

differences. In other words, the differences in body size estimates between three-quarter and front view 

are not subtle, but manifestly easy to see. Put together, our results with respect to both JNDself and PSE 

in the current study strongly suggest that using front view CGI stimuli for body size self-estimation 

tasks will lead to imprecise, over-estimates.  

4.3. When might these viewpoint dependent differences really matter? 

If this front view stimulus set were to be used in the future, to compare body size self-estimates 

between two or more groups, then this systematic error may not be critically important because one 

would most likely be seeking evidence of relative differences between the groups. Since the difference 

between body size estimates between the front and three-quarter view is a constant ~1.7 BMI units 

across the stimulus range, it is likely that this error would apply across the board and could therefore be 

ignored. However, this would not be the case, if one wanted to use the front view stimuli to obtain 

absolute estimates of body size. For example, there would be significant implications for 

epidemiological studies of obesity rates that use figural scales, like those reported by Dratva et al. 

(2016). In such studies, where it is not logistically feasible to measure the heights and weights of 

thousands of people in order to calculate BMI, participants are asked instead to identify which image 

on a scale is closest to the body size they think they have. Therefore, in the presence of a systematic 

~1.7 BMI unit offset, individuals who have an actual BMI of ~28.3 would self-report a BMI of 30, 

hence obesity rates would be over-estimated using such a scale. 

4.4. What causes these viewpoint dependent differences? 
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In a recent study using the bubbles masking technique, Irvine et al. (2019b) showed that 

information extracted primarily from the left and right torso edges is largely responsible for driving 

decisions about self-estimates of body size. The strong implication of this finding is that participants’ 

visual systems are extracting information which relates to the width of the torso, i.e. the separation 

between the left and right torso edges.  

 

Figure 3 (a) Illustration of abdominal cross-section with progressively increasing BMI. It shows how 

width increases in the sagittal (Sag.) plane more quickly than in the coronal (Cor.) plane, and how this 

is harder to see in front view than either the side of three-quarter view. (b) Plots of waist width seen 

from front (triangles) and side (circles) views from 50 photographs of women in Tovée & Cornelissen, 

2001. The black and white lines represent the ordinary least squares regression lines through the 

respective data together with their 95% confidence intervals. The images in (c) and (d) are silhouettes 
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of three-quarter (left) and front (right) view stimuli at BMIs of ~20 and ~36 respectively. The left edge 

of the three-quarter view captures the component of the anterior-to-posterior (sagittal plane) bulge 

with increasing BMI much more effectively than the front view.  

 

Figure 3a is a sketch of a set of cross-sections through the abdomen. It shows how the anterior 

to posterior width in the central abdomen (i.e., anatomically the sagittal plane) increases more rapidly 

than the corresponding width from the left to the right torso edge (i.e., anatomically the coronal plane). 

Moreover, viewing a body from the front gives access primarily to changes in the coronal plane (left to 

right torso edge), whereas a side view primarily accesses changes in the sagittal plane (anterior to 

posterior). The three-quarter view however gives access to both. Figure 3b shows plots of waist width 

seen from the front view (coronal plane; white triangles with black regression line) and the side view 

(sagittal plane; white circles with white regression line) as a function of BMI, extracted from 50 

photographs of women in Tovée & Cornelissen (2001). This confirms that the rate of change of waist 

width is greater (i.e. there is a steeper regression slope) for the side view than the front view as BMI 

increases. Put together, this evidence suggests that the three-quarter view may well carry more 

information about adiposity, and changes to adiposity, than the front view. Consistent with this 

proposal, Figure 3c and 3d show silhouettes of the three-quarter and front view stimuli at BMIs ~20 

and ~36, respectively. Qualitatively, it can be seen on inspection that a component of the anterior-

posterior bulge (sagittal plane) is much more easily seen along the left torso edge in three-quarter view 

than front view. 

While the foregoing discussion illuminates why the front view may carry less precise 

information about body size and adiposity, compared to the three-quarter view, it does not explain why 

having less information from a front view might lead participants to over-estimate their body size. We 

suggest that an additional line of argument is required to account for this directionality. Specifically, 

there is a wealth of evidence that recognition and/or discrimination of a novel view of an object is 

achieved by comparing it to a stored prototype, referred to as a canonical view (Edelman & Duvdevani-

Bar, 1997; Niimi & Yokosawa, 2009; Palmer, Rosch, & Chase, 1981; Ullman, 1996). Stimulus 
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viewpoints similar to, or the same as, the internal representation or representations give rise to the best 

task performance. Therefore, if it is true that the three-quarter view of our body stimuli is the most 

closely aligned to the canonical view of bodies that participants hold in memory, this may contribute to 

their more accurate performance with the three-quarter view stimuli. Over-estimation with the front 

view stimuli may arise as a compensatory mechanism, whereby participants are having to choose a 

more ‘inflated’ front view stimulus (i.e., one with a higher BMI) to best match some key component of 

the canonical representation. It is also conceivable that other cognitive mechanisms may cause this over-

estimation. Clearly, these ideas are highly speculative, and require further research to test. 

4.5. Limitations 

This study has used CGI stimuli for three reasons: (a) the images are high resolution and 

photorealistic, (b) the identity of the model in the stimulus can easily be held constant over a wide range 

of BMIs, and (c) the stimuli can be calibrated for BMI based on their waist and hip circumferences. The 

calibration equations we used are derived from a multiple regression analysis of over 5000 individuals 

in the HSE (2003, 2008) datasets, and account for ~90% of the variability in BMI of UK citizens 

(Cornelissen, 2016b). Moreover, since the error residuals in these analyses were normally distributed, 

it is unlikely that there are systematic, directional calibration errors within the equations themselves. 

However, CGI model creation involves a degree of artistic judgement, and so it is possible that 

systematic biases exist in waist and hip circumferences that may have been introduced by the CGI 

modeller, giving rise to errors in apparent BMI. We are aware of only two ways to resolve such potential 

difficulties in the future. The first is always to use photographs of real people, with known BMIs, as 

stimuli. The problem here is that for a typical psychophysical paradigm we would have to run 

considerably more trials in order to offset the marked shape variation between real people who have the 

same BMIs, and this may not be logistically feasible. An alternative approach is to generate stimuli 

which are modelled from large datasets of individuals in whom accurate body composition 

measurements have been made coupled with high resolution 3D body shape scans (cf. Groves et al., 

2019). This approach would allow an accurate statistical mapping to be made between body 
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composition and body shape, leading to the production of correctly calibrated stimuli (cf. Maalin, 

Mohamed, Kramer, Cornelissen, & Tovée, 2020). 

In conclusion, this follow-up study to Cornelissen at al. (2018) has shown that, at least for these 

particular CGI stimuli, self-estimates of body size made with front facing stimuli lead to less precise 

judgements, and over-estimates of body size around ~1.7 BMI units, compared to the same estimates 

made with three-quarter view stimuli. Not only do these results need to be replicated, but we also need 

to know whether they generalize to other classes of stimuli, such as line drawings, photographs, and 

personalized 3D avatars based on 3D body shape scans. Nevertheless, they do suggest that careful 

consideration needs to be given to stimulus orientation in future studies. 
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