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 Overweight and obesity prevalence in children has increased worldwide. One 

factor contributing to this rise is the increase in portion sizes, with individuals 

potentially having difficulties with portion size estimation. Portion size 

estimation could be improved with portion size education involving the 

mathematical concepts of volume and capacity. The current study aimed to 

explore mathematical teaching practices related to volume and capacity 

measurement in Australian primary schools, with a focus on use of nutrition 

related examples and technology. A convenience sample of 101 teachers 

completed an online exploratory survey reporting information on their teaching 

background, experience, use of resources, digital games and curricular 

integration. Results indicated that the teachers surveyed favoured use of 

Smartboards and cubes to teach volume and capacity, and the majority reported 

using nutrition-related examples including household measures, recipes and 

grocery shopping. They also expressed having positive beliefs and interest in 

using digital games for teaching these concepts. Although mathematics is most 

commonly integrated with science and technology, the teachers surveyed 

indicated that a digital game integrating nutrition and mathematics could be very 

useful. There is potential to investigate ways to integrate portion size estimation 

activities within mathematics teaching practices which can be facilitated using 

digital games. 
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Introduction 

 

Childhood overweight and obesity prevalence has steadily increased in both developed and developing countries 

(Sahoo et al., 2015). In Australia, over 60 percent of adults and 27 percent of children aged 5-17 years have 

overweight or obesity (Australian Institute of Health and Welfare, 2017). These children are at increased risk of 

developing chronic diseases such as diabetes or cardiovascular disease (CVD). Not only does this impact 

children at a young age, they are also more likely to remain overweight or obese in adulthood (Sahoo et al., 

2015). This clearly indicates that there is a major public health problem, and a need for early interventions. The 

present study aimed to explore primary school teaching practices related to the integration of nutrition with 

mathematics education with a specific focus on portion size and, volume and capacity, and the use of technology 

to facilitate teaching in these areas. The increase in food portion sizes is one factor contributing to the rise in 

prevalence of overweight and obesity (Young & Nestle, 2007). A review identified that energy-dense, nutrient-

poor foods have specifically increased over the past decades, with larger portion sizes served by fast-food 

companies (Steenhuis & Vermeer, 2009). A recent study explored portion size changes in selected Australian 

foods amongst children aged 2-17 years between National Nutrition Surveys in 2007 and 2011-2012. They 

found an increase in mean portion size for several energy-dense, nutrient-poor foods, while vegetable and fruit 

portion sizes decreased (van der Bend et al., 2017). As portion size increases, individuals tend to consume more 

food and drinks, without being aware of the increase in intake (Hollands et al., 2015), leading to a subsequent 

increase in total energy intake (Wansink, 2004). Interventions including portion size education might be one 

potential strategy to reverse this trend in consumption of bigger portions and hence higher energy intakes 

(Steenhuis & Vermeer, 2009; Young & Nestle, 2012). Portion size estimation skills could help children develop 

knowledge, attitudes and behavioural skills needed to support healthy eating habits (Story, 1999). Both children 

and adults perceive portion and standard serve or serving size estimations as confusing (Bucher, Rollo, et al., 

2017; Collins et al., 2015) with individuals struggling to accurately estimate food volume and portion size 

(Bucher, Weltert, et al., 2017; Nørnberg, Houlby, Jørgensen, He, & Pérez-Cueto, 2014). However, research 

shows that adults and children are able to improve their estimation skills after receiving portion size education 

or training (Hausman, Borrero, Fisher, & Kahng, 2017; Poelman, Steenhuis, de Vet, & Seidell, 2013; Small, 

Lane, Vaughan, Melnyk, & McBurnett, 2013). 



15 
 

Int J Res Educ Sci 

 

School environments play a key role in teaching children about healthy lifestyles and healthy eating (Agron, 

Berends, Ellis, & Gonzalez, 2010; Pérez-Rodrigo & Aranceta, 2003; Story, 1999; Strawser & Wachob, 2016). A 

systematic review exploring the effect of different teaching strategies on the promotion of healthy eating in 

primary schools identified that experiential and cross-curricular approaches could positively influences nutrition 

behaviour (Dudley, Cotton, & Peralta, 2015). According to the conceptual framework for cross-curricular 

teaching by Beckmann (2009), this type of teaching is defined as teaching within a discipline in which other 

subjects are integrated and subject boundaries are crossed. The integration of nutrition education within the 

curriculum has been proposed in several previous publications (Coulson, Eiser, & Eiser, 1998; de Vlieger, 

Riley, Miller, Collins, & Bucher, 2018; Eliassen & Wilson, 2007; Hyman, 2008; James & Adams, 1998; Perera, 

Frei, Frei, Wong, & Bobe, 2015; Pérez-Rodrigo & Aranceta, 2003; Stage, Kolasa, Díaz, & Duffrin, 2018). 

Amongst a variety of subjects, most research has highlighted the potential for the integration of nutrition 

education within the mathematics curriculum. As reported by James and Adams (1998), a cross-curricular 

approach integrating nutrition and mathematics in primary schools could improve a child‟s nutrition knowledge 

and assist with the development of skills necessary to make healthy food choices. Simultaneously, it could 

contribute to a child‟s mathematical connections, problem solving, and reasoning, and support children in 

improving their procedural and conceptual mathematics knowledge. 

 

During Year 3 and/or 4 of primary school, the Australian curriculum for Measurement and Geometry describes 

the introduction of children to using units of measurement (Australian Curriculum Assessment and Reporting 

Authority, 2019). Children learn to measure, compare and order objects using metric units such as length, mass, 

capacity, area and volume. Furthermore, they compare and describe key features of both two- and three-

dimensional objects. While these mathematical concepts on units of measurement might be essential, children 

appear to particularly struggle with estimating volume (Battista, 1999; Battista & Clements, 1996; Tan Sisman 

& Aksu, 2016). Battista (1996) found that primary school children often make mistakes when trying to 

enumerate units of cubes in order to measure volume. They commonly struggle with the concept of three-

dimensional objects and often confuse area with volume, double count cubes and are not able to take hidden 

cubes into account (Battista & Clements, 1996; Tan Sisman & Aksu, 2016). Basic mathematical skills are 

needed to accurately estimate portion size, understand food labels, cook and follow recipes (Hyman, 2008). 

When learning to estimate portion size, comparing different amounts of foods to standard measurement units or 

estimation aids, and to other foods is an essential skill (Trucil, Vladescu, Reeve, DeBar, & Schnell, 2015; 

Weber et al., 1999). To be able to measure and compare food volumes, knowledge regarding mathematical 

measurements such as volume and capacity play an important role. Foods could be used as the objects selected 

to measure, compare and order different volumes and capacities, and for describing two- and three-dimensional 

shapes. This might therefore present an opportunity to provide education on portion size estimation of foods, 

within the mathematics curriculum. 

 

Parallel to the proposed idea of mathematical skills being necessary for portion size estimation is the idea of 

integrating nutrition as a novel approach to make abstract mathematical concepts more meaningful and 

engaging. It is often reported that primary school children express negative thoughts towards mathematics 

(Attard, 2011, 2013; Larkin & Jorgensen, 2015). Research shows that mathematical engagement has declined in 

Australian children in recent years (Attard, 2011, 2013). The importance of a decline in mathematics 

engagement should be acknowledged, as lack of engagement could disadvantage students‟ mathematics 

performance, possibly further impacting portion size estimation skills adversely (Australian Curriculum 

Assessment and Reporting Authority, 2009; Martin, Anderson, Bobis, Way, & Vellar, 2012). Real-life examples 

have been suggested as potentially helpful to contextualize mathematical concepts (Attard, 2013; Australian 

Curriculum Assessment and Reporting Authority, 2009; Roseno et al., 2015; Sullivan, 2011; Wilkinson, 

Sullivan, & Jorgensen, 2009). Including a connection to real-life applications, such as portion size estimation, is 

thought to play a key role in developing in-depth understanding of school subjects, while enhancing academic 

outcomes and learning enjoyment (Ladwig & King, 2003). Introducing primary school children to nutrition-

related topics within mathematical subjects (Duffrin, Cuson, & Phillips, 2005; James & Adams, 1998; Roseno et 

al., 2015) such as statistics and probability, whole numbers, fractions, number sense, numeration, and 

measurement (James & Adams, 1998) might therefore be useful. For example, food volumes could be compared 

to informal units such as cubes, or measured using measuring cups or graduated jugs. Whether integrated or not, 

previous studies have shown that the use of foods and/or nutrition education has a positive effect on 

mathematics knowledge and achievement (Roseno et al., 2015; Shilts, Lamp, Horowitz, & Townsend, 2009).  

 

However, cross-curricular strategies might not be sufficient to engage primary school children. Children today 

are “digital natives” who can be hard to engage using traditional instructional methods (Van Eck, 2006). To 

address this issue, there has been growing interest in use of digital games for teaching, as they can include 
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motivational features, which may stimulate development of other useful skills (Connolly, Boyle, MacArthur, 

Hainey, & Boyle, 2012). The term “game-based learning” has been used to classify games specifically designed 

for educational purposes, which could also promote engagement (Hainey, Connolly, Boyle, Wilson, & Razak, 

2016). Introducing educational games into the primary school curriculum has the potential to construct powerful 

learning environments in which active learning, problem-based learning and experiential learning can be 

supported (Oblinger, 2004). In addition, digital game-based learning makes academic content more interesting 

and enjoyable for “digital natives” (Prensky, 2003). For example, digital games such as Mathletics and 

Minecraft were found to be useful mathematics teaching tools, as they enable children to play whilst learning 

(Nansen, Chakraborty, Gibbs, Vetere, & MacDougall, 2012; Schifter, Cipollone, & Moffat, 2013). In the case of 

nutrition education, findings from the “5 a Day” project identified that a nutrition intervention that included an 

educational videogame could improve school-aged children‟s eating habits and engagement (Rosi et al., 2015). 

A second study reported a positive impact of web-based computer-tailored nutrition education on awareness and 

motivation to change eating behaviour (Oenema, Brug, & Lechner, 2001). The phenomenon “Digital Game-

Based Learning” could therefore be used to combine nutrition and mathematical content with children‟s 

motivation to play digital games (Prensky, 2003). The literature examined above indicates the need and 

prospects for curricular integration of portion size within mathematics teaching practices, and the potential for 

digital games to facilitate this integration. However, it is not known whether, or how, these practices are 

implemented in the current primary school classroom, nor what attitudes teachers have towards them. Therefore 

the aim of the current study is to explore practices for teaching mathematics in regard to volume and capacity 

measurement, and the integration of nutrition education outcomes within teaching. A secondary aim was to 

canvas Australian primary school teachers‟ perceptions on the likelihood of using digital technologies to 

facilitate this integration. 

 

 

Method 

 

Design 

 

A cross-sectional study design was used to administer an exploratory online survey on current teaching practices 

in a national sample of teachers. The purpose of the survey was to obtain information on how teachers teach 

volume and capacity, use nutrition-related examples and use of technology. Results will inform future research 

and support the development of an integrated teaching resource combining volume estimation and nutrition, 

including a digital game. 

 

 

Participants 

 

This survey was directed to Australian primary school teachers. Teachers were eligible to participate if they 

were currently teaching or had taught Years 3 and/or 4 (children aged 8-10 years). These teachers were chosen 

as, according to the syllabus, they introduce children to volume and capacity in Years 3 and/or 4. Participants 

were recruited via a market research panel (Qualtrics, Provo, UT, USA). Respondents who were likely to 

qualify for the survey were randomly selected by Qualtrics panel partners. Potential respondents received an 

email invitation informing them on the length of the survey, available incentives and that the survey was for 

research purposes only. Specific details about the survey contents were not included in the invitation. Eligible 

teachers were able to complete the survey after giving their informed consent. Ethics approval was obtained 

from The University of Newcastle Human Research Ethics Committee (H-2018-0067).  

 

 

Data Collection 

 

Data was collected via an online survey conducted between March and May 2018 that was designed specifically 

to address the study aims. The survey was developed by an interdisciplinary expert team with researchers 

experienced in the areas of primary school Personal Development, Health and Physical Education; secondary 

school Mathematics; Nutrition and Consumer Behaviour; and Dietetics. Qualtrics software was used to create 

the online survey which consisted of 17 questions within four domains, to explore teaching practices used 

within mathematics education, with a specific focus on volume and capacity. The survey covered demographic 

characteristics, teaching experience, and questions related to use of teaching resources, digital games, 

integration of mathematics within other curricular subjects and additional comments. Given that the survey was 

exploratory in nature, it was not tested for reliability or validity. 
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Survey Domains 

 

Demographic Characteristics and Teaching Experience 

 

The survey contained six questions regarding demographic characteristics and teaching experience. 

Demographic data included teacher‟s year of birth, gender and the Australian state in which their school was 

located. Further questions on teaching experience asked for years of teaching experience („0-2 years‟, „3-5 

years‟, „6-10 years‟, „11-15 years‟ or „16+ years‟), size of the school („<100 students‟, „101-200 students‟, „201-

300 students‟, „301-400 students‟, „>400 students‟ or „N/A‟) and type of school („Government school‟, „Non-

government school (Catholic)‟, „Non-government school (Independent)‟ or „N/A‟). These characteristics were 

not used in any further analyses. However, these outcomes were of importance in order to identify the 

representativeness of the study sample. 

 

 

Teaching Resources 

 

Two questions explored resources used to teach volume and capacity in primary schools. Participants were 

asked to indicate on a 7-point Likert-type scale ranging from never to 4-5 times a week, how often they use each 

of the 14 resources listed (e.g. „Books‟, „Video/film‟, „PowerPoint slides‟, „Online information websites/games‟, 

„Cubes/blocks‟, „Containers‟, „Household measures‟, „Liquids‟, „Foods‟, „Smartboards‟, „Tablets/Ipads‟, 

„Phones‟, „Computers‟ and „Other‟) to teach volume and capacity. A specific question examined whether 

participants reported having ever used any resources from a list of nutrition-related examples when teaching 

volume and capacity. Multiple answers could be ticked including „Cooking/recipes‟, „Household measures (e.g. 

measuring cups/spoons/pitchers)‟, „Grocery shopping/supermarket products‟, „Food labels‟, „I don‟t usually use 

nutrition-related examples‟ and „Other‟. 

 

 

Digital Games 

 

This domain included three questions related to digital game usage. The first question was „Do you make use of 

digital games when teaching volume and capacity?‟. If the answer was yes, teachers were asked to specify the 

digital game. Other response options were; „No, but I would like to make use of digital games‟, „No, and I 

would not like to make use of digital games‟ or „I don‟t know‟. Next, teachers were requested to give their 

opinion in an open-ended question on what characteristics they would like in digital games designed to teach 

volume and capacity. Lastly, participants were asked whether they believed that digital games designed 

specifically for mathematics education could increase a child‟s achievement, learning enjoyment and knowledge 

on mathematics, using a 5-point Likert-type scale (yes – no) to record their responses. 

 

 

Cross-curricular Teaching 

 

Three questions covered the integration of mathematics lessons within other learning areas of the Australian 

curriculum. Participants were initially asked to answer either yes or no to the following question for each 

learning area; „When teaching mathematics, do you integrate this with the following other learning areas of the 

Australian curriculum?‟. When respondents answered „yes‟, an open-ended question was shown asking which 

resources they used for each learning area. Moreover, teachers could rate their belief regarding the level of 

usefulness of a digital game integrating volume and capacity with nutrition as „Extremely useful‟, „Very useful‟, 

„Moderately useful‟, „Slightly useful‟ or „Not at all useful‟.  

 

 

Statistical Analysis 

 

All data was analysed using IBM SPSS Statistics Version 24 (IBM Corporation, 2016). Descriptive statistics 

were used to explore the data (means, standard deviations (SD), median, quartiles and percentages). Answers to 

open-ended questions were analysed using Excel. Response categories were identified in order to group similar 

answers. Individual responses were coded for these response categories and percentages were calculated to 

identify the most frequently reported response categories.   
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Results 
 

Demographic Characteristics and Teaching Experience 

 

Results on demographic characteristics and teaching experience are summarised in Table 1. Over 100 teachers 

(n=101) completed the survey, of whom most were female (80.2%), with a median age of 36.0 years 

(Interquartile range=30.0-44.5). The largest proportion (33.7%) taught mathematics in New South Wales 

(NSW), followed by Queensland (QLD) and Victoria (VIC). Half of the teachers had up to five years of 

teaching experience, with almost 30% teaching in schools larger than 400 students. With 63.4 percent, 

government schools were represented the most.  

 

Table 1. Demographic Characteristics and Teaching Experience (n=101) 

Demographic characteristics and teaching 

experience Median (Interquartile range) 

Age (years) 36.0 (30.0-44.5) 

 N % 

Gender 

  Male 20 19.8 

Female 81 80.2 

State 

  Australian Capital Territory (ACT) 4 4.0 

New South Wales (NSW) 34 33.7 

Queensland (QLD) 27 26.7 

South Australia (SA) 2 2.0 

Victoria (Agron et al.) 22 21.8 

Western Australia (WA) 12 11.9 

Years of experience 

  0-2 years 25 24.8 

3-5 years 26 25.7 

6-10 years 22 21.8 

11-15 years 11 10.9 

16+ years 17 16.8 

Size of school 

  <100 students 14 13.9 

101-200 students 19 18.8 

201-300 students 18 17.8 

301-400 students 18 17.8 

>400 students 29 28.7 

N/A 3 3.0 

Type of school 

  Government school 64 63.4 

Non-government school (Catholic) 11 10.9 

Non-government school (Independent) 24 23.8 

N/A 2 2.0 

 

Teaching Resources 

 

Primary school teachers on average used Smartboards (M=4.52, SD=1.56) and cubes/blocks (M=4.48, 

SD=1.45) most frequently during the week when teaching volume and capacity (between once a week and 2-3 

times a week) (Table 2). Conversely, food (M=3.28, SD=1.55), video/film (M=3.27, SD=1.49) and phones 

(M=3.00, SD=1.01) were reported as being used less than once a week on average.  
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Table 2. Likert-type Scale Survey Questions and Answers 

Question Sub-question Mean (±SD) score 

How often do you use the following resources 

when teaching volume and capacity?* 

Smartboard 

Cubes/Blocks 

Books 

Containers 

Online information websites/games 

Household measures (e.g. measuring 

cups/spoons/pitchers) 

Tablets/Ipads 

Liquids 

PowerPoint slides 

Computer 

Food 

Video/film 

Phones 

4.52 (1.56) 

4.48 (1.45) 

4.31 (1.49) 

4.23 (1.57) 

4.19 (1.38) 

4.17 (1.55) 

 

4.13 (1.45) 

3.94 (1.66) 

3.75 (1.58) 

3.68 (1.62) 

3.28 (1.55) 

3.27 (1.49) 

3.00 (1.01) 

Do you believe that digital games designed for 

mathematics education in primary schools could 

increase a child‟s:** 

Achievement in mathematics 

Learning enjoyment 

Knowledge about mathematics  

 

1.74 (0.70) 

1.40 (0.58) 

1.72 (0.68) 

 

How useful do you believe it would be to have a 

digital game to integrate volume and capacity 

(within the Mathematics curriculum) with 

nutrition (within the Health and Physical 

Education curriculum)?*** 

 1.83 (0.88) 

*Response Likert-type scale: 1=Never, 2=Less than once a month, 3=1-3 times a month, 4=Once a week, 5=2-3 

times a week, 6=4-5 times a week. ** Response Likert-type scale: 1=Definitely yes, 2=Probably yes, 3=Might 

or might not, 4=Probably not, 5=Definitely not. *** Response Likert-type scale: 1=Extremely useful, 2=Very 

useful, 3=Moderately useful, 4=Slightly useful, 5=Not at all useful 

 

Only 5.0% (n=5) of the participants indicated that they did not usually use nutrition-related examples when 

teaching children about volume and capacity (Table 3). Regarding the other nutrition-related examples, most 

teachers reported using household measures (84.2%, n=85), followed by cooking/recipes (65.3%, n=66) and 

grocery shopping/supermarket products (58.4%, n=59).  

 

Table 3. Multiple Choice Survey Questions and Answers 

Question Answer option N (%) 

Do you use any of the following 

nutrition-related examples when 

teaching volume and capacity? 

Cooking/recipes 

Household measures (e.g. measuring cups/spoons/pitchers) 

Grocery shopping/supermarket products 

Food labels  

I don't usually use nutrition-related examples 

66 (65.3) 

85 (84.2) 

59 (58.4) 

37 (36.6) 

5 (5.0) 

Do you make use of digital games 

when teaching volume and capacity? 

Yes, I use the following digital game(s)… 

No, but I would like to make use of digital games 

No, and I would not like to make use of digital games 

I don‟t know 

33 (32.7) 

56 (55.4) 

7 (6.9) 

5 (5.0) 

 

Digital Games  

 

The results indicate that over half of the teachers (55.4%, n=56) did not make use of digital games when 

teaching volume and capacity, but were interested in using them in the future (Table 3). Only a small number of 

teachers did not use digital games and indicated that they would not like to make use of them (6.9%, n=7). 

About five percent answered this question with „I don‟t know‟ (5.0%, n=5). When using digital games (32.7%, 

n=33), teachers frequently reported examples such as „Mathletics‟, „Cool Maths Games‟ and „Study ladder‟. 

Table 2 shows that, on average, teachers believed that digital games specifically designed for mathematical 

education in primary schools could increase a child‟s learning enjoyment (M=1.40, SD=0.58), knowledge about 

mathematics (M=1.72, SD=0.68) and achievement in mathematics (M=1.74, SD=0.70) (on a Likert-type scale 

ranging from 1=‟Definitely yes‟ to 5=‟Definitely not‟). Results from the open-ended question regarding game 

characteristics (n=147) demonstrated that teachers would like to have a game, which is easy-to-use (n=25), fun 
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and engaging (n=19) and makes use of real-life examples (n=18). One of the participants reported on this latter 

game characteristic by writing „I think that they [digital games] need to use concepts that children can relate to, 

for example, everyday objects, so that the concept has meaning for them‟. Another teacher mentioned that the 

digital game should be „easy to follow so students can access independently‟. Please note that some responses 

contained multiple coded themes. 

 

 

Cross-curricular Teaching 

 

Mathematics is being integrated with several other learning areas of the Australian primary school curriculum 

(Table 4). With both a total of n=84 (83.2%), Science and Technologies were most commonly reported as being 

integrated with mathematics (participants were able to tick multiple boxes). English was also observed as a 

popular learning area to integrate with mathematics (80.2%). An open-ended question illustrated examples of 

resources used by teachers if they indicated integrating mathematics with another learning area. Within the 

Science curriculum, examples including “Environment”, “Experiments”, “Books” and “Online/Digital material” 

were described. For Technologies, examples, such as “Computer”, “Tablet”, “Smartboard” and “Online/Digital 

material” were reported most often. Lastly, teachers indicated on average that it would be very useful (M=1.83, 

SD=0.88) to have a digital game to integrate volume and capacity with nutrition education (on a Likert-type 

scale ranging from 1=Extremely useful to 5=Not at all useful).  

 

Table 4. Integration of Mathematics into Other Curricular Subjects 

  N (%) 

Question Sub-question Yes No 

When teaching mathematics, do you 

integrate this with the following 

other learning areas of the 

Australian curriculum? 

English 

Science 

Humanities and Social Sciences 

Arts  

Technologies 

Health and Physical Education 

Languages 

81 (80.2) 

84 (83.2) 

50 (49.5) 

51 (50.5) 

84 (83.2) 

61 (60.4) 

28 (27.7) 

20 (19.8) 

17 (16.8) 

51 (50.5) 

50 (49.5) 

17 (16.8) 

40 (39.6) 

73 (72.3) 

 

Discussion  
 

Findings of the current online survey of Australian primary school teaching practices that focus on volume and 

capacity measurements indicate that teachers use Smartboards and cubes/blocks most frequently. They use other 

resources, such as food and phones, less commonly. Nutrition-related examples were reported as being used by 

the majority of teachers, with household measures favoured over cooking/recipes and grocery 

shopping/supermarket products. Most teachers either already used, or would like to make use of digital games, 

and believed digital games could improve knowledge, achievement and learning enjoyment of mathematics. Of 

all Australian curricular learning areas, mathematics lessons were integrated with Science and Technology most 

often. However, the idea of a digital game integrating nutrition with mathematics was perceived as potentially 

being very useful. Of the numerous types of resources available to teach volume and capacity, primary school 

teachers reported use of Smartboards and cubes/blocks most frequently. In general, the use of technology in the 

classroom for teaching mathematics has become popular (Bray & Tangney, 2017), with Smartboards commonly 

present in the classroom in many countries, including Australia (Erdener & Kandemir, 2018; Karsenti, 2016). In 

a study of mathematics teachers‟ attitudes towards use of Smartboards, researchers reported that teachers have 

positive attitudes and favour Smartboard use over the traditional whiteboard (Muhanna & Nejem, 2013). 

Previous research indicates that the use of Smartboards or interactive whiteboards creates opportunities that lead 

to increases in student learning and engagement (Beeland, 2002; Cabus, Haelermans, & Franken, 2017; Higgins, 

Beauchamp, & Miller, 2007; Min & Siegel, 2011; Önal, 2017). Thus, the frequent use of Smartboards might be 

an effective teaching strategy to positively impact students‟ mathematical learning experience. 

 

Consistent with our findings, research indicates that cubes and blocks are traditional resources commonly used 

to teach children about measurement, including length, area, volume and spatial reasoning (Battista, 1999; 

Battista & Clements, 1996; Dorko & Speer, 2013; Tan Sisman & Aksu, 2016; Verdine et al., 2014). Although 

these resources are frequently used, students appear to have some difficulties when estimating the volume of a 

three-dimensional array of cubes (Battista, 1999; Battista & Clements, 1996; Tan Sisman & Aksu, 2016). 

Primary school children find it hard to enumerate units of cubes in order to measure volume and make several 

common mistakes. These mistakes involve not taking hidden cubes into account, double counting of cubes and 

general confusion of area with volume (Battista & Clements, 1996; Tan Sisman & Aksu, 2016). A recent 
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position paper by Bucher, Rollo, et al. (2017) discussed the use of a unit of cubes as a new food volume 

measurement aid for portion size education. This International Food Unit (IFU), consisting of eight smaller 

cubes, had the lowest mean estimation error compared to measuring cups, modelling clay and weight 

estimations when used to estimate multiple different food volumes (Bucher, Weltert, et al., 2017). This study 

shows promising results for the use of cubes to improve portion size estimation skills and simultaneously 

educate children on the mathematical concepts of volume and capacity. Hence, teachers should be made more 

aware of these common issues and future research should examine how nutrition may be used to overcome these 

difficulties when using cubes to estimate (food) volume.  

 

By comparison, food and mobile phones were used less frequently when teaching volume and capacity. In line 

with our results, Carraway‐ Stage, Hovland, Showers, Díaz, and Duffrin (2015) reported that only a few 

programs use food as a teaching resource, despite the evidence supporting the use of food-based learning to 

educate children on mathematics and science (Stage et al., 2018). Food or valid food replicas (Bucher, van der 

Horst, & Siegrist, 2012) could be effective resources because children encounter food every day, food can be 

used as a hands-on and inquiry-based concept, and it has the potential as cross-curricular approach to teach 

many different educational subjects (Calder, Brawley, & Bagley, 2003; Duffrin et al., 2010). In addition, mobile 

or smart phone use has rapidly risen, with over 60% of the worldwide population using a phone every day 

(Statista, 2016). This rise has led to an increased use of applications (apps) for a range of purposes, including 

education (Bano, Zowghi, Kearney, Schuck, & Aubusson, 2018). Although research supports the benefits of 

using mobile learning in schools, it has been shown that this knowledge has not been effectively applied in 

educational settings (Milrad et al., 2013; Selwyn, 2010). Several challenges and barriers could explain why 

mobile phone usage is low amongst teachers. For example, financial restrictions, lack of hardware resources, 

lack of skilled teachers and educational policies to effectively implement mobile learning, privacy issues and 

parental reservations on the extended use of mobile devices by children (Tsinakos & Ally, 2013; Yu, Lee, & 

Ewing, 2014). These results clearly highlight the gap between research and practice on the use of food and 

mobile phones for teaching.  

 

Although teachers do not use food to teach volume and capacity, the majority do make use of other nutrition-

related examples, such as household measures, cooking/recipes and grocery shopping/supermarket products. 

Earlier evidence on use of these examples in the mathematics classroom is lacking. Only one article in a 

teaching journal, published in 1991, was found in which the use of cooking and grocery shopping to teach 

mathematics was reported (Saathoff, 1991). Results from a food-based science (FoodMASTER) program 

indicate that not only mathematical engagement, but also overall mathematics and nutrition knowledge, 

increased following the use of household measures and recipes to teach primary school children about several 

mathematical topics, including measurement (Carraway‐ Stage et al., 2015; Roseno et al., 2015). This type of 

program might be effective because it creates a context in which children learn about mathematical concepts 

with real-life and relevant examples. In this way, children might be more engaged and this could make 

mathematics more meaningful (Attard, 2013; Australian Curriculum Assessment and Reporting Authority, 

2009; Roseno et al., 2015; Sullivan, 2011). 

 

We found that more than half of mathematics teachers do not use, but are interested in using digital games. This 

is in agreement with research from De Grove, Bourgonjon, and Van Looy (2012), who highlighted that although 

there is ample research on the potential and interest in digital games, the actual implementation of these games 

remains limited. Teachers also believe digital games could improve knowledge, achievement and learning 

enjoyment in mathematics. In line with teachers‟ beliefs, research indicated that digital games can be used to 

enhance motivation, engagement and enjoyment while providing compelling learning environments in which 

specific mathematical content can be taught (Lowrie & Jorgensen, 2015; Vu & Feinstein, 2017). A recent study 

by Fokides (2018) observed that primary school children performed better on mathematical learning outcomes 

when using digital games compared to conventional teaching and that the students experienced the games as 

being fun and enjoyable. In order to effectively implement digital games in the primary school classroom, 

teachers need to support the thought that these tools can be valuable for learning and for teaching (Dickey, 

2015). Overall, these results indicate that there is room for improvement regarding the use of digital games 

within mathematical lessons, given teachers are interested and have positive believes towards this educational 

tool, and previous research provides some evidence for its effectiveness. 

 

An important characteristic of successful school-based nutrition education programs is the provision of adequate 

time (Pérez-Rodrigo & Aranceta, 2001). Currently, the curriculum is very crowded and teachers report a lack of 

time as a major barrier for teaching nutrition education (Agron et al., 2010; de Vlieger et al., 2018; Jones & 

Zidenberg-Cherr, 2015; Perikkou, Kokkinou, Panagiotakos, & Yannakoulia, 2015). We observed that, when 

integrated, it is less common to teach mathematics through the Health and Physical Education curriculum. 
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Mathematics is integrated with Science and Technology most commonly. A possible explanation for this might 

be the concept of STEM education in which curricular subjects Science, Technology, Engineering and 

Mathematics are all integrated. In 2015, all Australian states agreed on the National STEM School Education 

Strategy 2016–2026 to promote the development of problem solving, critical analysis and creative thinking 

skills (Education Council, 2015). Early implementation to engage children with STEM in primary school is of 

importance due to the declining numbers of students continuing into higher STEM education (Tytler, Osborne, 

Williams, Tytler, & Cripps Clark, 2008; Wall, 2016). As our results show that it is uncommon for mathematics 

to be integrated with Health and Physical Education, increasing the use of nutrition-related examples such as 

portion size estimation can potentially broaden the scope of mathematics usability in everyday life for the 

children and help overcome the time barrier to teach about nutrition.  

 

 

Strengths and Limitations 

 

A strength of the current study is that to our knowledge, teaching practices on mathematical content and 

concepts related to volume and capacity in primary school classrooms have not been examined previously, 

particularly in relation to nutrition and use of digital resources. Although the sample size was small, the 

population is broadly representative of Australian primary school teachers and this exploratory paper provides 

new knowledge on the gap between current research and practice. Given the reliability and validity of the survey 

has not been evaluated, results should be interested with caution. 

 

 

Conclusions, Recommendations and Further Research 
 

The current study provides insights into teaching practices within Years 3 and 4 in regard to education on 

mathematics (volume and capacity) and its integration with nutrition used by Australian primary school 

teachers. Importantly, our research shows that there are opportunities for improving the integration of nutrition 

and mathematics education and the use of technology in primary schools. Using real-life examples, such as 

foods and nutrition-related topics to teach mathematics, has the potential to contextualize mathematical concepts 

to everyday scenarios, with basic mathematical skills fundamental to understand food labels, recipes and portion 

size estimation. Thus, our findings suggest that cross-curricular education on portion size and measurement 

should be promoted among primary school teachers as this might be beneficial for both healthy eating and 

mathematics engagement in children. Additionally, teachers should be supported to use technology-based games 

integrating both subject areas to create optimal learning environments, which increase mathematical 

engagement. Future research should examine the development and implementation of cross-curricular resources 

using technology and investigate acceptability and effectiveness in improving portion size estimation and 

measurement skills. 
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Appendix. Teacher Survey 

 
Thank you very much for your interest in participating in this research!    

 

With this survey, we would like to find out about your teaching practices in mathematics, particularly in the area 

of volume and capacity.  

The survey will take about 10 minutes.  

 

Your contribution would be highly appreciated!      

 

Best regards, 

 

The study team   

Miss Berit Follong, Dr Tamara Bucher, Dr Elena Prieto-Rodriguez, Dr Drew Miller and Professor Clare 

Collins      

 

To read more about the study and what it involves, please proceed to the information statement by clicking 

'next'. 

 

Information Statement for the Research Project:   
Teaching measurements in Australian Primary Schools            

 

Dear reader,      

 

You are invited to participate in the research project identified above which is being conducted by a team of 

University of Newcastle researchers. The research is part of Berit Follong‟s PhD studies at the University of 

Newcastle, supervised by Dr Tamara Bucher, and Professor Clare Collins from the School of Health Sciences, 

and Dr Elena Prieto-Rodriguez and Dr Drew Miller from the School of Education.         

 

Why is the research being done?   
The purpose of this survey is to investigate current mathematics teaching practices especially on volume 

measurements in primary schools and what resources teachers use to address volume measures in class. In 

addition, we aim to understand the teacher‟s use/attitude towards technology/games used during their 

mathematical lessons.        

The survey will provide the research team with essential information to progress towards a mathematics and 

nutrition education intervention study aimed at the primary school curriculum.  

        

Who can participate in the research?   
Teachers who currently teach or have ever taught Year 3 and/or 4 at an Australian primary school.   

        

What would you be asked to do?   
If you agree to participate, you will be asked to complete an online survey created by the research team. This 

survey will take approximately 10 minutes and comprises of 21 questions regarding your teaching practices in 

mathematics education with a focus on volume and capacity measurements. The survey can be completed at any 

time and place the teacher prefers.          

 

What choice do you have?   
Participation in this research is entirely your choice. Only those people who give their informed consent will be 

included in the project. Whether or not you decide to participate, your decision will not disadvantage you.       

If you do decide to participate, you may withdraw from the project at any time (e.g. up to the point of 

submission) without giving a reason and have the option of withdrawing any data which identifies you.          

 

What are the risks and benefits of participating?   
There will be no risks associated with participating in this research. Whilst there are no anticipated benefits to 

you personally in participating in this research, the findings will help contribute to developing a future 

mathematics and nutrition educational game.          
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How will your privacy be protected?   
The results of the study will be published in general terms and will not allow the identification of individual 

teachers or schools. Once the data has been collected, it will be exported into an electronic data file. Paper 

surveys will be entered into the electronic file and destroyed. Data will be stored for at least 5 years on password 

protected files that can only be directly accessed by the researchers. Non-identifiable data may also be shared 

with other parties to encourage scientific scrutiny, and to contribute to further research and public 

knowledge.          

 

How will the information collected be used?   
The data collected from this survey will be used for journal publications, conference presentations and to inform 

future practice for the design of valuable, evidence-based mathematics education programs. Furthermore, the 

data will be reported in a thesis to be submitted for Ms Berit Follong‟s PhD degree. Individual participants will 

not be identified in any reports arising from the project.  If you would like a copy of the summary of the results, 

please email Miss Berit Follong (berit.follong@uon.edu.au) after 1st of May 2018.  

       

What do you need to do to participate?  
Please read this Information Statement and be sure you understand its contents before you consent to participate. 

If there is anything you do not understand, or you have questions, contact the researcher.        

If you would like to participate, please click the “Next” button to proceed to the accompanying survey. 

Completion of the online survey will be taken as your informed consent to participate.          

 

Further information   
If you would like further information please contact Miss Berit Follong (berit.follong@uon.edu.au).      

 

Thank you for considering this invitation.            

 

Miss Berit Follong 

PhD Candidate 

School of Health Sciences 

Faculty of Health and Medicine 

University of Newcastle 

Callaghan NSW 2308 

Phone: + 61(0)2 492 154 53 

Email: Berit.follong@uon.edu.au 

  

Dr Tamara Bucher 

School of Health Sciences 

Faculty of Health and Medicine 

University of Newcastle 

Callaghan NSW 2308 

Phone: + 61 (0)2 498 166 08 

Email: tamara.bucher@newcastle.edu.au 

 

Complaints about this research   
Should you have concerns about your rights as a participant in this research, or you have a complaint about the 

manner in which the research is conducted, it may be given to the researcher, or, if an independent person is 

preferred, to the Human Research Ethics Officer, Research Services, NIER Precinct, The University of 

Newcastle, University Drive, Callaghan NSW 2308, Australia, telephone (02) 4921 6333, email Human-

Ethics@newcastle.edu.au.        

 

This project has been approved by the University‟s Human Research Ethics Committee, Approval No. H-2018-

0067.   
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I have read the information on the previous page and would like to participate in the study.  

Hereby, I consent that my answers can be used for research purposes. 

o Yes  

o No  

 

 

We care about the quality of our survey data and hope to receive the most accurate measures of your opinions, 

so it is important to us that you thoughtfully provide your best answer to each question in the survey.  

  

Do you commit to providing your thoughtful and honest answers to the questions in this survey? 

o I will provide my best answers  

o I will not provide my best answers  

o I can't promise either way  

 

 

The first part of the survey consists of questions about you, your teaching background and your current teaching 

environment. 

 

Do you currently teach or have you ever taught Year 3 and/or 4 mathematics? 

o Yes  

o No  

 

 

What is your year of birth? 

________________________________________________________________ 

 

 

What is your gender? 

o Male  

o Female  

o Other  
 



30        Follong, Prieto-Rodriguez, Miller, Collins & Bucher 

Where do you teach (or did you last teach) Year 3 and/or 4 mathematics in Australia? 

o ACT  

o NSW  

o NT  

o QLD  

o SA  

o TAS  

o VIC  

o WA  

o None of the above  

 

 

How many years of experience in teaching primary school mathematics do you have? 

o 0-2 years  

o 3-5 years  

o 6-10 years  

o 11-15 years  

o 16+ years  

 

What is the approximate size of the school you teach (or last taught) at? 

o <100 students  

o 101-200 students  

o 201-300 students  

o 301-400 students  

o >400 students  

 

What kind of school do you teach (or did you last teach) at? 

o Government school  

o Non-government school (Catholic).  

o Non-government school (Independent).  
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The following questions will ask you about your teaching practices in mathematics. 

 

How often do you use the following resources when teaching volume and capacity? 

 
4-5 times a 

week 

2-3 times a 

week 

Once a 

week 

1-3 times a 

month 

Less than 

once a 

month 

Never 

Books  o  o  o  o  o  o  
Video/film  o  o  o  o  o  o  
PowerPoint slides  o  o  o  o  o  o  
Online information 

websites/games  o  o  o  o  o  o  
Cubes/blocks  o  o  o  o  o  o  
Containers  o  o  o  o  o  o  
Household measures (e.g. 

measuring 

cups/spoons/pitchers)  
o  o  o  o  o  o  

Liquids  o  o  o  o  o  o  
Food  o  o  o  o  o  o  
Smart board  o  o  o  o  o  o  
Tablets/Ipads  o  o  o  o  o  o  
Phones  o  o  o  o  o  o  
Computer  o  o  o  o  o  o  
Other:  o  o  o  o  o  o  
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Do you use any of the following nutrition-related examples when teaching volume and capacity? (Multiple 

answers allowed) 

▢  Cooking/recipes  

▢  Household measures (e.g. measuring cups/spoons/pitchers)  

▢  Grocery shopping/supermarket products  

▢  Food labels  

▢  I don't usually use nutrition-related examples  

▢  Other ________________________________________________ 

 

 

Do you make use of digital games when teaching volume and capacity? If yes, please indicate which digital 

game you use. 

o Yes, I use the following digital game(s) ________________________________________________ 

o No, but I would like to make use of digital games  

o No, and I would not like to make use of digital games  

o I don't know  

 

 

In your opinion, what characteristics would you like in digital games to teach volume and capacity? 

________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
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Do you believe that digital games designed for mathematics education in primary schools could increase a 

child's: 

 

 Definitely yes Probably yes 
Might or might 

not 
Probably not Definitely not 

Achievement in 

Mathematics  o  o  o  o  o  
Learning 

enjoyment  o  o  o  o  o  
Knowledge 

about 

Mathematics  
o  o  o  o  o  

 

 

 

When teaching mathematics, do you integrate this with the following other learning areas of the Australian 

curriculum? 

 

 Yes No 

English  o  o  
Science  o  o  
Humanities and Social Sciences  o  o  
Arts  o  o  
Technologies  o  o  
Health and Physical Education  o  o  
Languages  o  o  
 

 

 
 

When integrating mathematics with ${lm://Field/1}, which resources do you use for this? 

________________________________________________________________ 
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How useful do you believe it would be to have a digital game to integrate volume and capacity (within the 

Mathematics curriculum) with nutrition (within the Health and Physical Education curriculum)? 

o Extremely useful  

o Very useful  

o Moderately useful  

o Slightly useful  

o Not at all useful  

 

 

Do you have any additional comments about the survey? 

________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 

 

 


