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ABSTRACT 

 

Objective: To develop a Web-based tool (PortionSize@warenessTool) and to evaluate its 

effectiveness in increasing awareness of reference serving sizes and factors that may 

contribute to overeating in response to large portion sizes. 

Methods: A randomized, controlled trial (intervention, n = 167; control, n = 143) was 

conducted. The authors measured awareness of reference serving size and overeating 

triggers from larger portions by an online questionnaire, assessed at baseline and 1 week 

later. Exposure dose reflected online activity (e.g., number of Web pages viewed). Process 

evaluation data were collected within the intervention group. 

Results: The intervention group demonstrated significantly higher awareness of reference 

serving sizes (η2 = .062; P < .001) and overeating triggers from larger portions (η2 = .061; P < 

.001) at posttest. Also, the authors observed a dose-dependent effect that led to improved 

awareness. 

Conclusions and Implications: The PortionSize@warenessTool constitutes a promising tool to 

improve portion size awareness. 

  



INTRODUCTION 

Over the past 3 decades, food portion sizes have increased [1-3]. Portion size is an important 

determinant of food intake, and people's energy intake increases when being offered larger 

portions [4,5]. However, individuals have often been unaware of the factors that trigger them 

to overeat in response to larger portion sizes [6,7]. First, an increase in portion sizes has 

resulted in a shift in consumption norms toward larger portions. As a result, people perceived 

larger portions to be an appropriate amount to eat on a single eating occasion [8,9]. Also 

according to unit bias, single packages that contain more than 1 serving have been perceived 

as 1 unit and are therefore considered an appropriate amount to eat at once [10,11]. Second, 

for many products, nutritional labeling has been unclear or failed to indicate clearly how 

many servings a single package contains, or to communicate appropriate portion sizes (e.g., 

serving sizes) [12,13]. Third, value marketing (ie, “30% more free”) has stimulated people to 

select more or larger packages, which consequently leads to increased food intake [14,15]. 

Fourth, high energy density might encourage the intake of larger amounts. Portion sizes of 

highly energy-dense products have especially increased over the past decades. Highly energy-

dense foods are most often high in fat or sugar, are easily palatable and have poor effects on 

satiation [15]. Such foods stimulate the intake of large food portions [15]. Finally, the risk for 

the consumption of larger food portions has been influenced by the extent to which people 

have been eating mindlessly. The more distracted people were while eating, the larger was 

their intake [16,17]. 

According to the Precaution Adoption Process Model, awareness is the first stage of health 

behavior change, and increasing awareness is considered a crucial first step in any health 

behavior change intervention [18]. Furthermore, it has been acknowledged that individuals' 

awareness of their current behavior and awareness about the recommendations are 

important prerequisites for behavior change. People who are unaware that they are engaging 

in unhealthy behaviors (eg, selecting large portions) or do not have accurate knowledge about 

the desired behavior are unlikely to address the healthy behavior (e.g., selecting and 

consuming appropriate servings). 

Some interventions aimed at portion sizes have already been developed and tested. In these 

studies, participants were exposed to 2-dimensional food models (photographic 



representations of foods), 3-dimensional food models (plastic reproductions of foods), or 

common objects whose shape represents the size of reference portions (e.g., card deck as the 

indicator for the recommended size of a steak) to improve reference serving size estimations 

[19,20]. Computer-based trainings have also been developed to improve portion size 

estimation skills or knowledge about the relation between portion sizes and weight control 

[21-23]. However, none of these interventions targeted awareness of other factors that 

determine consumption of large portions, such as value price marketing, unit bias, package 

labeling, energy density, and mindless eating. Moreover, only modest effects were found or 

the study design failed to determine well-founded effectiveness. 

Therefore, a Web-based intervention aimed at addressing awareness of reference portion 

sizes as well as the range of factors that trigger overconsumption from larger portions was 

developed and evaluated. The authors hypothesize that this intervention will improve portion 

size awareness in the experimental condition compared with the no-intervention control 

condition. 

METHODS 

Intervention Development 

To make people aware of reference serving sizes and other factors that trigger 

overconsumption in response to larger food portions, the interactive Web-based 

PortionSize@warenessTool (PS@T) was developed. Based on existing literature aimed at 

appropriate serving sizes and the influences of price marketing, unit bias, package labeling, 

energy density, and unconscious eating on surplus food intake, the authors defined the 

content of the PS@T. Second, theoretical methods such as active learning, persuasive 

communication, self-testing, and feedback, which are effective in increasing awareness 

regarding food intake and health behavior, were fitted to the content and incorporated in the 

PS@T [18,21]. In addition, 8 experts in the field of obesity prevention viewed the PS@T to 

determine whether complete information was provided and appropriate strategies were used 

to increase awareness. Also, 5 participants in the target group pilot tested the PS@T for 

comprehensibility of the content. After some adjustments, the final PS@T was created. In 

total, the PS@T consisted of 8 modules covering factors related to the intake of large food 

portions (Table 1). 



Table 1. PortionSize@warenessTool; module names and description of the content and information on use of the participants.  
 

Module  Description of module content Percentage of 
participants 
that started 
the element 
(n=167) 

Percentage of 
participants that 
finished the 
complete 
module (n=167) 

1. Change in food 
portions over time 

The increase in food portions that has occurred over time was demonstrated; also, the influence of 
food portion size on energy intake and the need for extra exercise because of large portions was 
emphasized."  

89.2% 59.9% 

2. What is a 
reference serving 
size? 

Participants could increase their portion-size reference serving size awareness for 70 well-known 
products by completing an online quiz asking about reference serving sizes using photos for these 
products. After the quiz, participants received feedback about the actual reference servings and were 
stimulate to make the comparison with their own portion size selection. 

66.5% 50.9% a 

3. Digital dish up  Interactive flash game, designed to increase reference serving size awareness. Participants could 
digitally ‘dish up’ four products. By every mouse click the portion size of the product was ‘dished up a 
little bit more. By clicking the “enough” button, participants received feedback about their digital 
served portion size compared to the reference serving size. 

- b - b  

4. Self-test By self-test, awareness about the influence of personal and environmental factors, eating habits, 
mindful eating, and shopping behaviors on the intake of portion sizes was assessed and based on the 
self-test scores information on factors related to the intake of portion sizes was provided. 

78.3% 36.5% 

5. Packages & 
portions  

Information about the influence of large package size on consumption norms and energy intake was 
presented. Furthermore, information about portion sizes presented on nutrition labels was explained. 

70.1% 42.5% 

6. Energy density  Information regarding the relation between energy density and food portion size was given. 
Furthermore it was shown that similar portions of comparable food products can differ in calories 
because of different energy density levels. 

65.3% 36.5% 
 
 



Module  
 
 

Description of module content Percentage of 
participants 
that started 
the element 
(n=167) 

Percentage of 
participants that 
finished the 
complete 
module (n=167) 

7. Child servings “Based on the Dutch nutritional guidelines, information regarding daily recommended servings for the 
main food categories for children was provided for three separate age groups (of 1-3, 4-8 and 9-13 
years old).  Additionally, information about recommended servings of sweets, beverages, and snacks 
was presented” 

61.7% 9%c 

8. Daily 
recommended 
servings  

Dietary needs and nutritional goals were presented for men and women by degree of physical activity 77.8% 61.1% 

a 
Completed this element by completing the quiz for at least one product.  

b
 Because of  technical features not possible to register usage rates for this elements   

c
 Average percentage of completed subcategories presented this module: 1-3y (3%), 4-8y (7.8%), 9-3y (7.8%) and information on servings of sweets, beverages, snacks (17.4%) 

  



Research Design, Participants, and Procedure 

After the development of the PS@T, the researchers conducted a randomized, controlled trial 

to test its effectiveness among Dutch adults. The Medical Ethics Committee of the VU Medical 

Center approved the study protocol. 

A power calculation (power of 0.80 and a significance level of P < .05) showed that 125 

participants in each study group were needed to determine a difference of 20% between the 

intervention and control groups. Participants were recruited from an existing Internet panel 

managed by Flycatcher, an institute for online research (www.flycatcher.eu, Maastricht, The 

Netherlands). To account for nonresponse and dropout, a random sample of 740 adult panel 

members was selected to participate. Information about gender, age, and educational level 

was pre-registered to ensure that these specific demographics of the invited sample were 

comparable to the Dutch population [22]. The authors based education on the highest 

qualification attained and classified it into 3 groups of educational level: low (less than 

secondary school or an A-level certificate), middle (A-levels or Dutch A-level equivalent 

graduation certificate), and high (polytechnic or university degrees). 

Potential participants were randomly assigned a priori to either the intervention or control 

group. The probability of being randomized into the intervention group was twice as high 

because participation in the intervention group was more time consuming and could result in 

a lower response rate than for the control group. The authors explained the study details in 

an e-mail to potential participants, and those willing to participate could enter and complete 

the first online questionnaire by clicking a link in the e-mail. 

A total of 492 panel members were invited to participate in the intervention group, 202 of 

whom returned the questionnaire within 10 days of receiving the invitation (48.2%). The 

researchers asked 248 panel members to participate in the control group, 178 of whom 

participated (71.8%). Participants in the intervention group completed the baseline 

questionnaire and were instructed to visit the PS@T afterward. Immediately after visiting the 

PS@T, the intervention group received an online process evaluation questionnaire. 

Participants in the control group also completed the baseline questionnaire but did not visit 

the PS@T. Both the intervention and control groups received an online posttest questionnaire 

1 week later. Of the 202 intervention group participants, 167 also completed the posttest 



questionnaire (82.7%). Of the 178 control group participants, 143 did so (80.3%). Participation 

was rewarded with credits redeemable for gifts. 

Nonresponse analysis using t tests showed that participants were on average 3.5 years older 

(mean, 48.2 years; standard deviation [SD], 15.9 years) than those who failed to participate 

(mean, 44.7 years; standard deviation, 16.7 years) (t = 2.89; P = .004). No differences were 

found in gender or educational level.  

Dropout analysis using chi-square analysis and t tests indicated that there were no differences 

in age, gender, educational level, or body mass index (BMI) between participants who did (n = 

310) or did not (n = 70) participate in the posttest. A randomization check using chi-square 

and 2 sample t tests indicated that more men participated in the intervention group 

compared with the control group, so all analyses were corrected for gender (Table 2). No 

differences were found in educational level, age, or BMI. 

 

Table 2. Baseline characteristics of participants by group assignment.  

* P < 0.05 

  

    Intervention Group  Control Group  

 

n =    167    143    

Sex         

Male    53.3 %    42% 

Female    46.7%    58%*   

Age (SD)    47.7 (15.7)   48.8 (16.2)  

Self-reported BMI (SD)  26.4 (4.9)   26.4 (4.6)  

Education level          

Low    27.0%    33.6% 

Middle    44.3%    42.7% 

High    28.7%    23.7%   

Nationality     

Dutch     95.2%    97.9%   



Measures  

During the pretest, participants reported body weight and height. Reference serving size 

awareness was assessed pretest and posttest by presenting participants with photos of 4 

different portion sizes of 12 products (e.g., cereal, chips, cheese, potatoes) from different 

food groups (eg, grains, snacks, dairy, starches) commonly eaten in the Netherlands, including 

the reference serving size. Participants were asked to select the recommended serving size. 

Correct answers were summed and the total sum score could range from 0 to 12. 

The researchers tested awareness of factors that trigger overconsumption in response to 

larger food portions (eg, unit bias) pretest and posttest using 10 true/false/do not know 

items. These items were based on previous research in the portion size area [2,4,17,23] (i.e., 

“Is it true that during a single occasion, generally more soft drink is consumed from a large 2-L 

bottle than from a small 1-L bottle?”) [23]. Correct answers were summed and the total sum 

score could range from 0 to 10. A “do not know” response was scored as incorrect.  

Immediately after visiting the PS@T, the intervention group completed 23 existing questions 

to evaluate the attractiveness (6 items; Cronbach α = .91), comprehensibility (4 items; 

Cronbach α = .95), user-friendliness (6 items; Cronbach α = .95), and usefulness of the 

information (7 items; Cronbach α = .90) of the PS@T. Participants were further asked to 

report on the extent to which visiting the PS@T had provided insight into their own eating 

patterns. All items were measured on a 5-point Likert scale ranging from 1 (totally disagree) 

to 5 (totally agree), and for multiple-item scales, mean scores were computed. Finally, 

participants were asked to award the PS@T a grade on a scale from 1 to 10. The higher 

the scores for the process evaluative outcomes, the better the PS@T was evaluated. 

Participants in the intervention group logged into the PS@T with a personal code that tracked 

pages visited, modules completed, and time spent on the Web pages by each participant. 

These data were registered and used for analysis. 

 

 

 



Data Analysis 

First, the authors checked data for normality using plots. Data on participant characteristics 

were normally distributed and differences in participant's awareness between pretest and 

posttest were analyzed for each group by paired-sample t tests. Second, the effects of the 

PS@T on awareness of reference size and factors that trigger overconsumption from larger 

portions were analyzed using analysis of covariance with posttest scores of (1) awareness of 

reference servings (range, 0–12) or (2) overeating triggers from larger portions (range, 0–10) 

as dependent variables and intervention group (1 = intervention; 0 = control) as the 

independent variable, correcting for pretest scores of the relevant outcome and gender. 

Third, the researchers analyzed effect for exposure dose on posttest awareness of reference 

portion sizes within the intervention group using linear regression analysis, with posttest 

reference size awareness as the dependent variable and visiting the “What is a reference 

size?” module (1 = yes; 2 = no) as the independent variable, corrected for pretest scores, BMI, 

gender, age, and educational level. Fourth, the effects of exposure dose on posttest 

awareness of factors that trigger overconsumption were analyzed within the intervention 

group using linear regression analysis, with posttest awareness as the dependent variable and 

time spent, modules completed, or pages visited as independent variables, and using pretest 

scores, BMI, gender, age, and educational level as covariates. Because time spent visiting the 

tool was not linearly distributed, 3 categories were developed: < 10 minutes, between 10 and 

30 minutes, and ≥ 30 minutes. 

Furthermore, to assess participants' use of the PS@T, the authors determined the percentage 

of intervention group participants who (1) started the element and (2) completed the 

element, using descriptive statistics. In addition, multiple linear regression analyses were 

conducted with BMI, age, gender, and educational level as independent variables and the 

number of completed modules, time spent on the tool, and the number of pages visited as 

dependent variables. 

To determine who evaluated the tool most positively, multiple linear regression analyses 

were conducted with the process evaluation outcomes as the dependent variables and 

gender, BMI, age, and educational level (low/middle/high) as independent variables. All 

analyses were performed with SPSS version 17.0 for Windows (SPSS Inc, Chicago, IL, 2007). 



RESULTS 

Participants 

Of the participants (n = 310), 52% were female and had a mean age of 49.0 years (SD, 15.7 

years), 26.5% had a high educational level, and 30.0% had a low educational level. Mean BMI 

was 26.4 (SD, 4.86). Of the participants, 42.6% were overweight (BMI 25–30) and 18.7% were 

obese (BMI > 30) (Table 2). 

 

Reference Serving Size Awareness 

At pretest, the authors found no significant differences in reference serving size awareness 

scores between the intervention and control groups. Posttest results indicated that the 

intervention had a significant positive effect on awareness of reference food serving size 

(Table 2). Intervention group participants who had visited the “What is a reference serving 

size?” module reported scores significantly higher on reference serving size awareness at 

posttest compared with those who did not visit this module (β = 0.17; P = .02). 

 

Awareness About Factors That Trigger Overconsumption From Larger Portions 

At pretest, the authors found no significant differences in awareness about factors that 

trigger overconsumption from larger portions between the intervention and control groups. 

Posttest results indicated that the intervention had a significant positive effect on awareness 

of factors that trigger overconsumption from larger portions (Table 3). Intervention group 

participants had more awareness of factors that trigger overconsumption when they had 

viewed more Web pages (β = 0.29; P < .001) or completed more modules (β = 0.27; P < .001). 

Participants who spent between 10 and 30 minutes visiting the PS@T (β = 0.19; P = .006) or > 

30 minutes (β = 0.21; P = .004) were more aware of factors influencing consumption at 

posttest than were those who spent < 10 minutes on the tool. 

 

 



PS@T Process Evaluation 

Visitors of the PS@T spent an average of 16.1 minutes (SD, 16.8 minutes) on the PS@T, and 

the mean number of modules completed was 2.9 (SD, 2.34; range, 0–7) of 7 modules 

(excluding the flash module “digital dish-up” of the PS@T in Table 1, because it was not 

possible to register the use of a flash element). The mean pages visited was 79 (SD, 51; range, 

4–187) out of the 240 pages that constituted the PS@T. The element most completed by the 

participants was supersized portions (60%), and the element least completed was child 

servings (9%). When age increased, more time was spent on the PS@T (β = 0.31; P < .001) and 

more elements were completed (β = 0.18; P = .02). The regression models explained 10.0% 

and 6.0% of variance in time spent on the PS@T and elements completed, respectively. 

Furthermore, no significant differences were found between background characteristics and 

use of the intervention. 

The authors evaluated the PS@T as marginally significantly more user-friendly when BMI 

increased (β = 0.15; P = .05) and less user-friendly when age increased (β = −0.19; P = .01). 

The regression model explained 8.6% of the variance in user friendliness. The research team 

evaluated the PS@T as more attractive (β = 0.33; P < .00) and comprehensible (β = 0.22; P = 

.02) by participants with a low educational level compared with participants with a high 

educational level. The regression models explained 9.8% and 5.0% of variance in 

attractiveness and comprehensibility, respectively. Furthermore, no significant differences 

between background characteristics and process evaluative measures were found. 

 

DISCUSSION 

The aim of this study was to develop and examine the effectiveness of a Web-based tool to 

increase awareness of reference serving sizes and factors that may contribute to overeating in 

response to large portion sizes. This educational tool extends previous portion size 

interventions by addressing a full range of topics (eg, price marketing, unit bias, package 

labeling (Table 1). 



 
 
 
 

Table 3. Pre-test and post-test scores (mean (SD) for awareness of A) reference serving sizes and B) factors affecting overconsumption from 
large portion sizes. 
 

 Intervention group Control group  F  η2 P 

 
A) Awareness of reference serving sizes (range 0-12) 
 

Pretest 5.60 (2.05)  5.59 (1.82)     

Post test 6.31 (1.92)a 5.43 (2.02)  20.12 b 0.062 <0.001  

 
B) Awareness about factors that trigger overconsumption from larger portions (range 0-10) 
 
Pretest 3.92 (2.04)  3.38 (2.17)     

Post test 4.89 (2.02)a 3.66 (2.33)  20.03 b 0.061 <0.001  

 

a  
Paired sample t-test with significant differences P <0.001 between pre-test and post-test  

b
 Analysis Of Covariance with pos-test scores as dependent variable, group as independent variable, and pre-test scores and gender as covariates 

 

  

   



The results of the randomized controlled trial demonstrated that the tool appeared to 

successfully enhance awareness about reference serving sizes and factors that may 

contribute to overeating in response to large portion sizes. Previous studies determining the 

effect of computer-based tools on portion size estimation abilities of actual foods showed 

mixed effects (24-26]. After a 1-hour session with a tool to improve abilities to estimate 

recommended portion sizes of the United States Department of Agriculture's Food Guide 

Pyramid, participants in the intervention group had more accurate estimation skill scores than 

the control group [24]. On the contrary, another study showed that after exposure for at least 

30 minutes to a food portion training program, food items were not estimated more 

accurately, and participants actually tended to overestimate portions of actual food items 

[25]. In the present study, the authors found enhanced effects for portion size awareness 

after a mean visit of 16 minutes, including participants with limited or no intervention 

exposure. Although different measures were used compared with previous studies, the 

present tool could be considered promising in improving portion size awareness. 

The PS@T was positively evaluated, especially by an important target group for portion size 

interventions: Participants with a higher BMI perceived the PS@T to be more user-friendly, 

and participants with a lower educational level perceived the PS@T to be more attractive and 

more comprehensible. Possibly, these participants experienced a higher need for information 

on portion sizes and therefore evaluated the PS@T more positively. However, intervention 

exposure varied substantially across participants in the intervention group. Participants were 

not instructed to spend a minimum length of time on the PS@T, and some participants were 

only minimally exposed to the intervention. This was illustrated by the outcomes for the 

completion rates of the modules, which varied between 9% and 60%. These outcomes are in 

line with previous research indicating that exposure to Internet interventions is not always 

sufficient, especially when implemented in real life [27]. Notwithstanding that the researchers 

found a medium-sized effect, the reported effect sizes reflect a conservative estimation of 

success. Moreover, a higher exposure dose to the intervention resulted in significantly better 

awareness scores at posttest among participants of the intervention group, which indicates 

that the intervention effects may depend heavily on the exposure. Therefore, potential 

effects of the PS@T may become more substantial if intervention exposure could be 

improved. 



The study had several weaknesses and strengths that need to be acknowledged. An important 

limitation is that currently no validated instrument exists to measure portion size awareness. 

However, the research team used measures that were most feasible to evaluate the PS@T at 

this point in time and established expert validity before the study. Furthermore, because the 

final sample (n = 310) had fewer participants than the invited panel (n = 749), selection bias 

could have affected the results, since persons specifically interested in eating behavior may 

have participated. A strong aspect of the study is that a large sample size comparable to the 

Dutch population in terms of essential demographic characteristics was used. Also, the 

participants were randomly assigned to either the intervention or the control group. In 

addition, the PS@T visitors were accurately tracked in terms of the pages and modules they 

observed, which were used in the analysis of the effectiveness of the PS@T. 

In conclusion, the results indicate that the PS@T is positively evaluated and may be an 

effective tool to increase awareness of reference servings and a broad range of factors that 

trigger consumption in response to larger portions. Although the effects are promising, 

exposure needs to be optimized to strengthen the intervention effect. 

 

Implications for Research and Practice 

The PS@T can be used both in practice and in intervention studies as a tool to increase 

portion size awareness. In practice, the tool can be used online to increase portion size 

awareness among large populations; it may also be helpful as part of weight therapy provided 

by dietitians or weight consultants. In further research, it will be interesting to determine the 

effect of the PS@T on energy intake and its effectiveness in the prevention and treatment of 

overweight and obesity. However, given that awareness is required but often not sufficient in 

itself for inducing behavioral change, additional behavior change strategies may be needed to 

induce actual behavioral change. Therefore, future research may examine the effect of PS@T 

combined with additional interventions on actual behavioral change (e.g., energy intake). 
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