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ABSTRACT 20 

A strong predictor of children’s food intake at a meal is the amount they are served, and 21 

with a high percentage children attending preschool, there is a need to consider the 22 

relationship between portion size and intake in this context.  In a two-part repeated 23 

measures study we investigated whether the portions teachers serve to children i) differ 24 

from those children would serve themselves and ii) impact food intake at a local preschool 25 

in Singapore.  Part 1 (n=37, 20 boys, 3.0–6.8 years) compared the quantity of food served, 26 

consumed and leftover across three serving methods: ‘regular’ teacher-serving; child self-27 

served portions; and a deliberately large portion served by the teacher (150% of each child’s 28 

average previous gram intake).  Part 2 (n=44, 23 boys, 2.4–6.2 years old) consisted of three 29 

additional observations of school-based servings outside of the experimental manipulation 30 

and enhance external validity of the study findings.  Results indicated that serving size and 31 

intake was similar when the children and teachers served their ‘regular’ portions, but 32 

children consumed most overall when the teacher served the larger 150% portion.  This was 33 

dependent on the child’s age, with the oldest children being most responsive to the large 34 

portions while the youngest children tended to serve and consume a similar weight of food, 35 

regardless of the serving method.  Though the younger children were generally served less 36 

than the older children, they consistently had more leftovers across all of the study 37 

observations.  These data suggest that younger preschool children moderated food intake 38 

by leaving food in their bowl, and emphasise the unique influence of caregivers over 39 

children’s eating behaviours outside of the home environment.  40 

 41 

KEYWORDS: Portion size; Preschool; Children’s eating behaviours; Learning; Plate cleaning 42 
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INTRODUCTION 44 

Children develop eating behaviours in the context of a number of different meal and snack-45 

time settings, and whether at home, in childcare or out at restaurants, adults influence the 46 

quality and quantity of a child’s food provisions.  This is particularly relevant in countries 47 

with high rates of preschool and childcare attendance.  In Singapore, for instance, the Early 48 

Childhood Development Agency (ECDA, 2016) report that 99 % of 2-6 year old children 49 

attend preschool, which provide class-based care and developmental programs for children 50 

below the compulsory school age of six.  Similar trends exist in other countries such as the 51 

US (ECPP-NHES, 2005).  Importantly, children can consume up to two thirds of their meals 52 

and snacks in preschool every day, placing food decisions made by a range of caregivers, not 53 

just parents, at the centre of understanding the development of children’s eating 54 

behaviours.  55 

 56 

One way adults can influence a child’s food intake is through portion control.  Laboratory 57 

based experiments with adults and children have established a robust relationship between 58 

large portion sizes and increased energy intake across a range of foods and beverages, in 59 

both western societies (Roe, Kling, & Rolls, 2016; Zlatevska, Dubelaar, & Holden, 2014) and 60 

in Asia (Smith, Conroy, Wen, Rui, & Humphries, 2013).  In adulthood, sustained exposure to 61 

super-sized foods can lead to consistent overconsumption (Kelly et al., 2009; Livingstone & 62 

Pourshahidi, 2014; Rolls, Roe, & Meengs, 2006, 2007) and eventual weight gain through a 63 

lack of sufficient compensatory eating behaviours (French et al., 2014).  This implies that 64 

children who are repeatedly exposed to large portions are also at risk of positive energy 65 

balance, and emphasises the need for a better understanding of the link between adult-66 

determined portion sizes and child intake outside of controlled laboratory studies 67 

 68 

It is possible that young children become more susceptible to overeating in response to 69 

large portions during their preschool years.  Though children as young as two years have 70 

been shown to eat more when presented with larger portions (Fisher, 2007), children under 71 

four may be less sensitive to this portion size effect (Rolls, Engell, & Birch, 2000; Smith et al., 72 

2013) compared to 5-7 year old children who show a particularly robust response (Fisher, 73 

2007; Fisher, Arreola, Birch, & Rolls, 2007; Fisher, Liu, Birch, & Rolls, 2007; Fisher, Rolls, & 74 

Birch, 2003; Kling, Roe, Sanchez, & Rolls, 2016; Looney & Raynor, 2011; Rolls et al., 2000; 75 
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Smith et al., 2013; Spill, Birch, Roe, & Rolls, 2010).  This supports the hypothesis that 76 

preschool-age children attend less to internal appetite sensations to guide appetite 77 

regulation (Johnson, 2000), and increasingly rely on external cues to guide food selection 78 

and/or intake, such as portion size, but also the size of dishware or serving spoon used at a 79 

meal (DiSantis et al., 2013; Fisher, Birch, Zhang, Grusak, & Hughes, 2013), and prompts to 80 

plate clean (Birch, McPhee, Shoba, Steinberg, & Krehbiel, 1987).  Encouraging children to 81 

select their own portions from a communal dish has been suggested as one way to reduce 82 

portion bias and promote self-regulation in a ‘supersized’ food environment (Birch, Johnson, 83 

Andresen, Peters, & Schulte, 1991).   Yet children do not necessarily eat less at self-served 84 

meals compared to those presented to them in a fixed portion (Branen, Fletcher, & Myers, 85 

1997; Fisher, 2007; Savage, Haisfield, Fisher, Marini, & Birch, 2012), and the protective 86 

power of self-serving may only be apparent when the alternative portion is inappropriately 87 

large (Fisher et al., 2003).   88 

 89 

It is currently unclear whether the usual portions served by preschool staff are likely to 90 

differ from the portions children would choose to serve and eat themselves.  This is 91 

particularly relevant in Singapore as the practice of self-serving is not explicitly promoted 92 

amongst parents and carers, who usually serve portions to children from a number of 93 

communal dishes instead.  A strong predictor of how much a child will consume for a given 94 

meal or snack, both at home and in childcare, is the amount of food they are served, 95 

regardless of whether this is determined by a parent, non-parent caregiver, or themselves 96 

(Branen et al., 1997; DiSantis et al., 2013; Johnson et al., 2014; Mrdjenovic & Levitsky, 2005; 97 

Savage et al., 2012), which means that when a child is served more they tend to eat more.  98 

Presumably this occurs because children often finish, or almost finish the food in a serving, 99 

through this is currently unknown.  A better understanding of the link between the 100 

quantities of food served, consumed and leftover in preschools could help identify possible 101 

targets to support children’s energy balance outside of the home.   102 

 103 

This two-part study investigated whether teacher-served portions i) differ from those 104 

preschool children would serve themselves and ii) impact food intake.  To do this we 105 

measured the quantity of food served, consumed and leftover across multiple lunch time 106 

meals in a local preschool, depending on whether the children were served by their teachers 107 
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or themselves.  Three serving conditions were tested in Part 1 (n = 37): a ‘regular’ teacher 108 

serving; a deliberately large teacher-served portion; the child’s self-serving.  The regular 109 

teacher-served portions were determined by the teachers to represent the usual servings 110 

they gave to each child, while the purpose of the deliberately large teacher-served portion 111 

was to demonstrate the potential impact of increasing the teachers ‘regular’ serving-size on 112 

children’s food intake in the school setting.  It was unclear whether intake would differ 113 

when children were served by their teachers or themselves, but it was anticipated that 114 

children would consume most when their teacher served a deliberately ‘large’ portion, 115 

which was calculated as 150 % of the average weight of food each child consumed in the 116 

previous teacher-and self-served conditions.  In Part two (n = 44), we returned to the school 117 

for three further lunch observations with no specific serving instructions, with the aim to 118 

better understand the usual serving sizes and children’s food intake outside of the 119 

experimental manipulation.  Given the importance of preschool years in the development of 120 

eating behaviours, a better understanding of the link between the quantity of food served 121 

and consumed in preschools could help identify possible targets to support children’s 122 

energy balance outside of the home.   123 

 124 
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PART 1: The impact of teacher-served portions on children’s food intake 125 

METHOD  126 

Design  127 

In Part 1, a repeated-measures design was used to contrast the effect of three serving 128 

methods (teacher’s serving vs child self-serving vs a large teacher-served 150 % portion) on 129 

children’s intake and leftovers across six lunch time meals at a preschool in Singapore.  The 130 

three serving methods were replicated to check that the novelty of these procedures did 131 

not strongly influence eating behaviours.  The child’s age, sex and BMI percentile (adjusted 132 

for age and sex) were recorded as possible covariates for all outcomes.   133 

 134 

Participants 135 

Thirty seven children (20 boys and 17 girls, 3.0 - 6.8 years old) took part.  The children were 136 

enrolled at a local preschool where they consume a morning snack (9.30 am), lunch (11.30 137 

am) and an afternoon snack (2.00 pm) each day.  The children were recruited across six 138 

different classes, who eat their meals together in their respective classrooms.  Each class 139 

was no larger than 18 children and all children were taught in English and Mandarin 140 

(standard practice in Singapore).  Informed consent from a parent was obtained for all 141 

children taking part and the study activities were authorised by the school principal and 142 

approved by the Singapore National University Hospital Domain Specific Review Board in 143 

accordance with the Declaration of Helsinki. 144 

 145 

Lunch foods  146 

The study lunches were prepared daily on site by the school cook and were taken directly 147 

from the rotating school menu.  This improved ecological validity, minimised disruption and 148 

ensured the lunches were familiar and liked.  To standardise composition of the meals, it 149 

was agreed that the cook would prepare similar foods on the days that the study was 150 

running.  Consequently, the study meals were very similar and comprised of a mix of rice 151 

(white and brown) with either vegetable broth with a protein (fish/chicken/egg/tofu), or 152 

steamed vegetables with a protein (fish/chicken/egg/tofu).  Examples of the meals are 153 

presented in Figure 1.  The cook prepared extra food on the study days to ensure that the 154 

children could eat ad libitum.  As the meals were prepared by the school, an accurate 155 

estimation of the meal energy density was obtained in triplicate for a representative serving 156 
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of each of the lunch meals, using near infrared spectrometry (Calorie AnswerTM; CA-HM, 157 

JWP, Japan) following a standardised procedure described recently by (Lau, Goh, Quek, Lim, 158 

& Henry, 2016). The average estimated energy density of the foods consumed in Part 1 is 159 

presented in Table 1 and indicated that the meals were equivalent in energy density across 160 

three of the serving days and varied in energy density across the rest of the sessions.  This 161 

was not deliberate and resulted from the subtle variation in the composition and energy 162 

density of the foods within each meal. To account for these differences, the effects of the 163 

serving method on children’s serving size and intake were considered separately for meals 164 

of ‘equal energy density’ or ‘varied energy density’.    165 

 166 

 167 

Figure 1. Examples of the children’s lunch meals: A) Rice with fish and steamed vegetables, 168 

B) Rice with egg, mince and vegetables and C) Rice with mince and tofu in vegetable broth.   169 

 170 

Table 1. Average energy density of the six study lunches estimated using Calorie Answer
TM

.  171 

 Teacher serving 

(Session 1 and 2) 

Child serving 

(Session 3 and 4) 

150% portion 

(Session 5 and 6)  

Equal Energy Density 1.13 kcal/g 1.13 kcal/g 1.13 kcal/g 

Varied Energy Density 1.65 kcal/g 1.49 kcal/g 1.30 kcal/g 

 172 

Serving method 173 

The usual school practice was for teachers to serve each child from large insulated serving 174 

containers set up at the side of the classroom.  On the teacher-serving days the teachers 175 

served the children following the instruction that “We would like to get an idea of how much 176 
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the children usually have for their lunch.  Please serve the children in the way you usually 177 

would, without encouraging them to eat more or less”.  On the child-serving days the 178 

teachers were told that “We would like to get an idea of how much the children would select 179 

for lunch.  Please let the children serve themselves, without encouraging them to eat more or 180 

less.”  The serving containers were placed on a low table or transferred to a wider bowl for 181 

the younger children so they could reach and serve themselves.  On the deliberately large 182 

150 % portion day, the teachers prepared a predetermined large (150%) serving for each 183 

child.  This was individualised for each child based on their previous intakes, and calculated 184 

as 1.5 times the average weight the child had consumed on the first four previous test days 185 

(teacher-serve and child-serve test days).  With the help of a researcher, the teachers served 186 

each child their pre-determined large portion and weighed any second servings, and were 187 

instructed to “Please let the children eat what they would like, without encouraging them to 188 

eat more or less.”  Teachers had the opportunity to discuss the instructions for the serving 189 

days and practice using the balance with one of the researchers in practice sessions prior to 190 

the study beginning.   191 

 192 

Each classroom received a balance accurate to 1g to discreetly record the lunch servings and 193 

leftovers.  Before lunch, the empty bowls were pre-weighed by an experimenter and an ID 194 

label placed at the base.  The bowl was weighed again directly after serving before being 195 

passed to the child.  Any second servings were weighed in the same way.  The child returned 196 

his/her bowl to the serving station once they had finished eating, and the bowl with any 197 

leftovers (including anything that had been dropped on the table top) were weighed again.  198 

Based on these measurements the amount of food served, consumed and leftover was 199 

calculated for each child.  One trained study team member was placed in each classroom to 200 

support the measurements.  Interaction between the children and study team was kept to a 201 

minimum.  As approximately a third of the children in each class did not have parental 202 

consent to take part, extra ID stickers were provided and their bowls could be weighed (but 203 

not recorded) so they did not feel left out.  204 

 205 

Height and weight  206 

A trained researcher measured each child’s height to 0.1 cm using a portable stadiometer 207 

(Seca) and weight to 0.1 kg with an electronic scale (Tanita).  The child wore light clothes 208 
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without shoe and measurements were taken in duplicate.  Age and sex specific BMI 209 

percentiles were calculated for each child using the World Health Organisation child growth 210 

standards (WHO, 2003).  211 

 212 

Procedure 213 

The lunch sessions took place on the Monday and Friday of the school week over a three-214 

week period.  The order of the serving method was fixed to fit around the school menu to 215 

ensure similar foods were presented across the serving manipulations (see Table 1).  On the 216 

first two test days the teachers served children lunch in their usual way, on days 3-4 the 217 

children served themselves and on days 5-6 they were served a large pre-determined 218 

portion by their teacher.  The children ate their lunch alongside their classmates at the 219 

normal time (starting between 11.30 am 12.15 pm, depending on the class), using the same 220 

bowls and spoons to eat as they did at every other lunch time, which were the same for all 221 

the children.  The children sat at a table to eat their lunch usually with at least 2-3, but no 222 

more than 6 other children, while the teachers moved freely around the classroom.  For the 223 

purpose of the study, teachers were not permitted to ask or encourage children to finish 224 

their food during lunch.  However, outside of the serving manipulation the lunch sessions 225 

followed the usual classroom rules and procedures; the children were not permitted to 226 

share their food with others but could go up for a second serving once they had finished 227 

their first serving, and were permitted to drink from their own water bottles which they 228 

tended to do after lunch was finished (water intake was not recorded).  After all activities 229 

were complete a trained researcher returned to the school to measure children’s height and 230 

weight in the morning before lunch 231 

 232 

Data Analysis 233 

Multiple regression analysis was used to assess the independent relationships between the 234 

children’s lunch intake and individual differences in child BMIz, age. and initial serving size 235 

across all of the meals.  These analysis were unaffected by controlling for the child’s class.  236 

Standardised betas (β) are reported and Bootstrapped 95% Confidence Intervals were 237 

checked and these did not cross zero for any significant relationships.   238 

 239 
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Repeated Measures Linear Models (ANOVA) assessed the impact of serving method on the 240 

total weight (g) and energy (kcal) served, consumed and leftover at lunch. The total food 241 

served included the initial serving and any subsequent servings requested.   As the lunch 242 

meals differed in energy density, the two sets of meals identified in Table 1 (Equal energy 243 

density vs. Varied energy density) were analysed and presented separately.  Child age was a 244 

significant covariate of all the outcomes and additional repeated measures ANCOVA was 245 

used to test for any interactions with serving method.  Sex and BMI did not influence the 246 

results from the ANOVA models and were removed from all subsequent analysis.  Means (± 247 

SEM) are presented throughout unless otherwise stated.  Bonferroni corrections were 248 

applied to any follow-up analyses used to interpret main effects and interactions with 249 

serving method.  Partial eta squared values (ηp
2) are presented as a measure of effect size 250 

(large effect ηp
2 ≥ 0.14; medium effect ηp

2 ≥ 0.06; small effect ηp
2 ≥ 0.01; Cohen, 1988).  251 

Finally, the correspondence between teacher and child-served portions were assessed using 252 

Pearson’s simple correlations (Spearman’s correlations showed the same relationships). 253 

 254 

Of the 37 children recruited into Part 1, 22 had complete data sets across the multiple 255 

serving methods and were included in the final analysis.  Missing data was due to children 256 

being absent for one or more of study sessions.  Retaining children who only missed one of 257 

the lunches increased participant’s numbers to 33 for the linear models, and reanalysis with 258 

these missing values had no impact on the results so the decision was taken to only present 259 

the ANOVA and ANCOVA analysis and estimated means for the complete data sets.  All 260 

analyses were performed in SPSS version 22. 261 

  262 
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RESULTS 263 

Participant characteristics 264 

The children ranged in age from 3.0 - 6.8 years (M ± SD = 4.9 ± 1.3) and had BMI’s ranging 265 

from the 2nd to 94th percentile (M ± SD = 44.2 ± 27.5), with only a small number of the 266 

children classified as underweight (n = 1) and overweight (n = 3) according to the WHO 267 

growth standards (Underweight: ≤ 5th percentile; Healthy weight: 5th-84th percentile; 268 

Overweight: 85th-94th percentile; Obese: ≥95th percentile).  269 

 270 

Individual differences in lunch intake (g and kcal) 271 

Controlling for the session day, the weight and energy content of food consumed across the 272 

sessions was independently related to the child’s sex (β ≥ 0.154, p ≤ 0.021), BMIz (β ≥ 0.249, 273 

p < 0.001) and age (β ≥ 0.433, p < 0.001). Older children and children with larger positive 274 

BMIz generally consumed more, whereas girls tended to consume more than boys overall 275 

(Mean Difference = 56.2 ± 16.6 g, 67.2 ± 20.1 kcal).  276 

 277 

The effect of serving method on total lunch serving, intake and leftovers (kcal and g)  278 

The average weight and energy content of food served, consumed and left over at the 279 

lunches is presented in Figures 2A-D.  When the foods were equal in energy density, the 280 

weight of food served (F(2, 42) = 21.01, p < 0.001, pn
2 = 0.49) and consumed (F(2, 42) = 281 

13.88, p < 0.001, pn
2 = 0.40) depended on the serving method.  Specifically, when children 282 

were able to serve themselves, they served a similar amount as their teachers, but were 283 

served the most on the large 150 % portion days.  There was no effect of serving method on 284 

the total weight of food leftover (F(2, 42) = 1.30, p = 0.284, pn
2 = 0.06).  The same patterns 285 

were reflected in the total energy served, consumed and leftover (Figure 2 A-B).  286 

 287 

When the energy density varied across the serving days, the weight of the food served (F(2, 288 

42) = 21.04, p < 0.001, pn
2 = 0.50) and consumed (F(2, 42) = 10.78, p < 0.001, pn

2 = 0.34) also 289 

depended on serving method.  Again, the children were served and consumed a similar 290 

amount of lunch on the teacher-served and self-served days, but were served and 291 

consumed most on the large 150% portion day.  However, this pattern was not reflected in 292 

energy served overall, which also varied in line with meal energy density (F(2, 42) = 7.25, p = 293 

0.002, pn
2 = 0.26, with significantly less energy served on the child-served day.  The children 294 
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consumed a similar amount of energy regardless of the serving method (F(2, 42) = 0.61, p = 295 

0.550, pn
2 = 0.03; Figure 2D).  The total weight (F(2, 42) = 2.23, p = 0.120, pn

2 = 0.10) and 296 

energy content (F(2, 42) = 1.71, p = 0.193, pn
2 = 0.08) of leftovers did not significantly differ 297 

across the serving days. 298 

 299 

Figure 2. Mean weight and energy content of food served (whole bar), consumed (white) 300 

and leftover (striped) across the different serving methods on the days lunch energy density 301 

was equal (A-B) and varied (C-D; energy density was 1.65, 1.49 and 1.30 kcal/g across the 302 

teacher-served, child-served and 150 % portion days respectively). SEMs are for the total 303 

serving. * indicates a significant difference of p < 0.01 for total food served and consumed 304 

(Bonferroni-corrected comparisons). 305 

 306 

The influence of age on serving size, intake and leftovers across the serving methods (kcal 307 

and g)  308 
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Analysis of covariance indicated that the effect of serving method on the quantity of lunch 309 

served and consumed was dependent on the child’s age.  Age was evaluated as a continuous 310 

covariate, so to illustrate these interactions Figure 3-4 shows the mean quantity (g and kcal) 311 

of lunch served, consumed and leftover, across the three serving conditions categorised by 312 

the child’s age.   313 

 314 

On the equal energy density days, the child’s age significantly interacted with serving 315 

method to influence the weight and energy content of the lunch served (F(2, 40) = 8.21, p = 316 

0.001, pn
2 = 0.29) and consumed (F(2, 40) = 5.75, p = 0.006, pn

2 = 0.22; Figure 3).  Trends 317 

revealed that total serving and intake tended to be highest on the days the children 318 

received the larger 150% portion compared to the teacher and child-served days, but 319 

comparisons were only significant for children 6 years and older (p ≤ 0.039), and not the 320 

younger children (p ≥ 0.167 for all comparisons).    321 

 322 

On the days the food energy density varied, the child’s age also significantly interacted with 323 

serving method to influence the weight of food served (F(2, 40) = 4.70, p = 0.015, pn
2 = 0.19) 324 

and consumed (F(2, 40) = 5.14, p = 0.010, pn
2 = 0.20) at lunch.  Again, there was a trend for 325 

total weight of food served and consumed to be highest on the days the children received 326 

the larger 150% portion compared to the other serving days (see Figure 4A), but 327 

comparisons were only marginally significant for children 6 years and older (p ≤ 0.069), and 328 

not the younger children (p ≥ 0.144 for all comparisons).   There was also similar trends in 329 

the energy content of the lunch served (F(2, 40) = 3.04, p = 0.059, pn
2 = 0.13) and consumed 330 

(F(2, 40) = 4.11, p = 0.024, pn
2 = 0.17), but comparisons within the age groups did not 331 

research significance (p ≥ 0.103; see Figure 4B).   332 

 333 

Age did not interact with the serving method to influence the weight and energy content of 334 

leftovers (F(2, 40) ≤ 1.79, p ≥ 0.180, pn
2 ≤ 0.08 for all interactions).  However, there was a 335 

significant effect of child’s age on the weight and calories of food leftover (F(1,20) ≥ 9.43, p 336 

≤ 0.006, pn
2 ≥ 0.32 for all effects of age), with the younger children consistently having more 337 

leftovers than the older children, regardless of serving method.  338 
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    339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 

 357 Figure 3. Mean weight (A) and energy content (B) of food served 

(whole bar), consumed (white) and leftover (striped) at the equal 

energy dense meals, separated by the child’s age in years. SEMs 

are for the total serving. Meal energy density was 1.13 kcal/g 

across all meals.  

 

Figure 4. Mean (±SEM) weight (A) and energy content (B) of food served 

(whole bar), consumed (white) and leftover (striped) at the equal energy 

dense meals, separated by the child’s age in years. SEMs are for the total 

serving. Meals energy density on the teacher-served, child-served and 150 

% portion days was 1.65, 1.49 and 1.30 kcal/g respectively  
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 358 

Overall correspondence between teacher and child serving size 359 

Across individuals, the teachers’ serving size (in both g and kcal) was positively correlated 360 

with the child’s own serving, on both equal (r = 0.68, p < 0.001) and varied (r = 0.51, p < 361 

0.001) ED days, indicating that the children who were served larger portions by their 362 

teachers tended to serve themselves larger portions too.  There were relatively large 363 

differences in the discrepancy between regular teacher and child serving sizes across 364 

individual children, ranging from -114.0 g to + 152.0 g, which equated to – 269.0 kcal to + 365 

268.8 kcal (where a score of zero indicates perfect agreement, a negative value represents 366 

teacher serving less than the child and a positive value more than the child). Overall, 50 % of 367 

the discrepancies were equal to or less than +/- 50 g.  The serving discrepancy was not 368 

systematically related to the child’s age, BMI or sex.     369 
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PART 2: Assessing serving size, intake and leftovers outside of the experimental 370 

manipulation 371 

Part 2 comprised of three further lunch observations in the same school, with the primary 372 

aim of characterising the typical servings given to the children, and their intake and leftovers 373 

outside of the experimental manipulation.  The secondary aim was to evaluate the 374 

relationship between the child’s age and serving size, intake and leftovers when there was 375 

no restriction on teachers giving their usual prompts to finish eating.  These observations 376 

were conducted 6 months into a new school year after the children had changed classroom 377 

teachers. 378 

 379 

METHOD  380 

Forty four children (23 boys and 21 girls, 2.4 - 6.2 years old) from four classes were involved 381 

in Part 2, of which 19 were new recruits.  The teachers were asked to serve the children in 382 

their usual way, with no other instructions given. The weight and energy content of the 383 

lunch served, consumed and leftover were measured in the same way as Part 1, with 384 

minimal disruption to the school activities.  Energy density of the three meals varied from 385 

0.86 – 1.41 kcal/g. 386 

 387 

Four children were absent for one or more of the observation days and so the analyses were 388 

conducted on complete data from 40 children.  Multiple regression analysis were first used 389 

to assess the independent relationships between lunch intake and sex, BMI percentile, age 390 

and serving size across all of the meals combined.  Repeated Measures Linear Models were 391 

used to assess the impact of age (evaluated as a continuous covariate) on the quantity of 392 

food served, consumed and leftover across the three observation days.  Sex and BMI had no 393 

impact on the outcomes and was removed from analysis. 394 

 395 

RESULTS 396 

Participant characteristics 397 

The children ranged in age from 2.4 - 6.2 years (M ± SD = 4.3 ± 1.1) and had BMI’s ranging 398 

from the 1st to 95th percentile (M ± SD = 45.7 ± 29.2).  Again, there was a small number of 399 

the children classified as underweight (n = 4), overweight (n = 5) and obese (n = 1) according 400 

to the WHO growth standards.  401 
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 402 

Individual differences and lunch intake  403 

Controlling for the session day, the weight energy content of food consumed across the 404 

observation days was again independently related to the child’s sex (β ≥ -0.180, p ≤ 0.033), 405 

BMIz (β ≥ 0.277, p ≤ 0.001) and most strongly to age (β ≥ 0.408, p < 0.001). Older children 406 

and those with larger positive BMIz generally consumed more and this time, boys tended to 407 

consume more than girls overall (Mean Difference = 26.4 ± 16.7 g, 42.5 ± 17.7 kcal).  408 

 409 

Influence of age on serving size, lunch intake and leftovers  410 

Analysis of covariance indicated lunch serving, intake and leftovers did not significantly 411 

differ across the three observation days (F (2,76) ≤ 1.61, p ≥ 0.299, pn
2 ≤ 0.03 for all main 412 

effects), and Figure 5 shows the mean quantity of lunch served, consumed and leftover 413 

across the age range.  There was a significant effect of the covariate, child age, on the 414 

quantity of food served (F(2, 76) = 7.72, p = 0.008, pn
2 = 0.17) and consumed (F(2, 76) 415 

=12.73, p = 0.001, pn
2 = 0.25), with older children tending to serve more than younger 416 

children and eat more overall.  Again, the quantity of leftovers was also related to age (F(2, 417 

76) = 17.56, p < 0.001, pn
2 = 0.32), with the youngest children tending to leave the most food 418 

in their bowl.  There were no Day x Age interactions (F (2,76) ≤ 1.61, p ≥ 0.299, pn
2 ≤ 0.03). 419 

 420 

Figure 5. Mean weight of food served (whole bar), consumed (white) and leftover (striped) 421 

across the three observation days in Part 2, separated by the child’s age in years. SEMs are 422 

for the total serving.423 
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DISCUSSION 424 

In the current study children, on average, were served and consumed a similar weight of 425 

lunch regardless of whether they were served in the usual way by their teachers, or 426 

independently served themselves.  Children consumed more overall when the teacher 427 

served them a deliberately large 150 % portion, but this effect appeared to strongest in the 428 

oldest children.  On the other hand, the youngest children tended to serve and consume a 429 

similar weight of food, regardless of the initial serving method, which coincided with a 430 

tendency to have more leftovers.  Importantly, when the energy density of the lunch foods 431 

was equivalent across the serving days, the energy content of the food serving and 432 

consumption also increased in the large teacher-served portion day.  However, when the 433 

energy density of the foods varied, the average impact of the serving method on the energy 434 

served and consumed was tempered by these differences.  Despite consuming an increased 435 

weight of food on the large 150 % portion day, the calories served and consumed was 436 

comparable to the teachers regular served portion when that food had a higher energy 437 

density, emphasising the importance of energy density as another determinant of children’s 438 

meal size (Fisher, Liu, et al., 2007).   439 

 440 

Finding that the child’s average serving and intake on the self-served day was similar to the 441 

day they were served by the teacher could reflect a combination of the children serving 442 

themselves in line with the portions they have come to expect from their teachers, and the 443 

teachers adapting their servings to each child’s individual behaviours.  Mealtimes are 444 

generally based on bi-directional interactions between a caregiver and child.  For instance, 445 

mothers report  ‘just knowing’ how much to serve their child based on his/her food 446 

preferences and apparent appetite (Croker, Sweetman, & Cooke, 2009; Johnson, Goodell, 447 

Williams, Power, & Hughes, 2015; Sherry et al., 2004), and childcare providers adopt 448 

different feeding practices in response to each child’s unique behaviours (Tovar et al., 2016).  449 

However, although serving size and intake on the teacher-served day did not significantly 450 

differ from the children’s self-served portions and intake, increased average energy intake 451 

on the 150% large portion days indicates that teachers’ food servings do have the potential 452 

to influence the weight and energy content of food a child consumes as a meal.  This is in 453 

line with evidence, from the current study and others, that a strong predictor of the amount 454 
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of food an individual child consumes at a meal is the amount they are served (Branen et al., 455 

1997; Johnson et al., 2014; Mrdjenovic & Levitsky, 2005; Savage et al., 2012).   456 

 457 

Though large portions can promote energy intake in children as young as 2 years (Fisher, 458 

2007), it was the oldest children who appeared to be most sensitive to the larger 150 % 459 

teacher serving in the current study, while the younger children were more consistent in the 460 

quantity of the food served and consumed regardless of the serving method used.  It is 461 

worth noting that the younger children were also more likely to leave food in their bowl, 462 

even when going up for second servings, meaning that the youngest children were less likely 463 

to ‘plate clean’, while the older children consistently finished all of the food served.  464 

Importantly, the effect of age on leftovers was also replicated in Part 2, outside of the 465 

experimental manipulation.  It is possible that this occurred because the portions that were 466 

served were not age-appropriate for the child’s needs, and the youngest children were 467 

simply served too much while the oldest children were served too little.  However, several 468 

pieces of evidence suggest this may not be the case.  Firstly, the children were not all served 469 

the same portions, with the older children tending to be served more than the younger 470 

children overall.  This was noted in both Part 1 and Part 2 of the study (nine observations in 471 

total).  Secondly, there was no evidence that the older children consistently selected more 472 

and the younger children consistently selected less than the regular teacher served portions 473 

when they had the chance to serve themselves.  Finally, across all of the lunches, children 474 

were generally consuming average quantities within the 195-290 g recommended by 475 

Singapore’s Health Promotion Board for 3-6 year olds from a combination of rice, vegetables 476 

and a protein source (HPB, 2016).   477 

 478 

An alternatively possibility is that the younger children left more food on their plate in Part 1 479 

and 2 because they were more sensitive to their internal appetite cues than the older 480 

children.  Plate cleaning might be one of the first learned behaviours to shift the focus at 481 

meal times away from hunger and fullness sensations and towards external cues that direct 482 

eating, such as serving size (Birch et al., 1987).  Based on the current data, a drive to plate 483 

clean could be well established by 6 years old.  It is not clear exactly why children adopt 484 

plate cleaning behaviors during this time, but there are several possible contributing factors, 485 

including refined motor skills, but also increased understanding of concepts such as ‘finish’ 486 
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and ‘empty’, greater susceptibility to social facilitation and/or a stronger motivation to 487 

please teachers or caregivers.  Amongst adults, self-reported plate-cleaning behaviours have 488 

been tentatively linked to both higher reported BMI amongst adults (Robinson, Aveyard, & 489 

Jebb, 2015) and childhood prompts to finish food at a meal (Robinson & Hardman, 2016).  490 

Nevertheless, encouraging children to finish the food on their plate is regarded by parents 491 

and childcare providers as a practical way of reducing food waste and requests for food 492 

outside of meal times (Croker et al., 2009; Johnson et al., 2015; McNally et al., 2015; Tovar 493 

et al., 2016), and may only be problematic if children are consistently served portions that 494 

are too big for their size and age.   495 

 496 

With this in mind, it is worth noting that there was some discrepancy in the correspondence 497 

between the teacher and child’s regular served portions within individuals, and the range in 498 

meal size across individual children was again large (45-654 g) but in line with similar ranges 499 

reported for the same age group in both childcare and laboratory settings (Mrdjenovic & 500 

Levitsky, 2005; Savage et al., 2012).  It is this variability that makes it difficult for caregivers 501 

to follow standardised portion size advice (Small, Lane, Vaughan, Melnyk, & McBurnett, 502 

2013) and in reality a ‘correct’ or appropriate serving is not easily defined and depends on 503 

the child’s appetite, preferences and energy needs for their age, height and weight and 504 

activity level.  Moreover, objective measures of portion selection suggest mothers also base 505 

children’s portions on the amount they would serve themselves (Johnson et al., 2014; 506 

McCrickerd & Forde, 2016), and childcare providers similar to preschool staff report 507 

encouraging children to finish their meals for fear that parents may be unhappy if their child 508 

does not eat enough in their care (Dev, McBride, Speirs, Blitch, & Williams, 2016).  509 

Therefore, it is unclear whether explicit awareness of the appropriate portions to serve a 510 

child would even be enough to ensure servings are always sufficient for the child’s needs 511 

and ever truly independent of other biases that might affect feeding practices.   512 

 513 

Given the potential influence adults have over the quality and quantity of children’s food 514 

provisions, more research is required to understand how preschool caregivers and children 515 

choose the portions they do and identify any potential bias in these judgements that could 516 

lead to particularly small or large portions being selected and consumed.  Alongside this, it 517 

may be possible to improve appetite regulation more generally by fostering children’s own 518 
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self-regulation skills during this time period.  One previous study demonstrated that training 519 

preschool children to recognise and respond to their own appetite sensations can improve 520 

appetite regulation in response to variations in food energy density (Johnson, 2000).  Future 521 

work should aim to better understand the processes behind an increased responsivity to 522 

external drivers of food consumption during the preschool years, and consider whether 523 

school-based activities to help children and teachers recognise appetite sensations can 524 

confer any protection against feeding practices that encourage increased energy intake, 525 

such as large portion size, high dietary energy density and prompts to plate clean.  526 

 527 

A strength of the current research is the attempt to investigate portion selections and intake 528 

over multiple lunch times in a preschool setting.  The children were familiar with the foods, 529 

teachers and feeding environment in a way that cannot be achieved in a laboratory setting 530 

and we were able to capture realistic serving and intake behaviours and tailor the large 531 

150% portion manipulation to each child.  Nevertheless, the naturalistic setting also reduced 532 

control for some aspects of the study that are worth highlighting.  Firstly, for practical 533 

reasons the order of the serving manipulations was not randomised across days or classes.  534 

Specifically, the regular teacher and child served portions were conducted first and the large 535 

portion was served last, which could have biased both teacher and child responses.  536 

However, the replication of the food intake behaviours in both Part 1 and 2 of the study 537 

showed no obvious deviations in the way the children were responding as the sessions 538 

progressed.  It is also worth noting that one previous study found similar effects of serving 539 

method on children’s meal size (self-serving vs. a predetermined portion) regardless of 540 

whether the conditions were randomised or not (Savage et al., 2012).   541 

 542 

Another consideration is that the study was restricted to a relatively small sample size of 543 

primarily healthy children from one school in Singapore, and we were not able to consider 544 

our outcomes at the level of possible teacher-specific, classroom-specific or school-specific 545 

biases and effects.  Studies with a larger sample size have shown that independent of age, 546 

children still vary in the extent to which they will eat more from large portions, and children 547 

most susceptible to large portions also tend to serve themselves more when given the 548 

chance (Branen et al., 1997; Fisher, 2007; Savage et al., 2012).  It is likely that teachers and 549 

caregivers have a particularly important role to play in helping to regulate the eating 550 
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behaviours of these particularly responsive children, and also those at the other end of the 551 

spectrum that have a tendency to under eat.  With such a large proportion of children 552 

attending some form of preschool care, both in Singapore and other countries, larger multi-553 

school studies are required to build on this work to better understand the unique 554 

interaction between school-based specific feeding practices and the development of 555 

children’s individual eating behaviours in this important context.   556 

 557 
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