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Abstract

Health professionals and policymakers are asking educators to place more emphasis on food and

nutrition education. Integrating these topics into science curricula using hand-on, food-based

activities may strengthen students’ understanding of science concepts. The Food, Math, and

Science Teaching Enhancement Resource (FoodMASTER) Initiative is a compilation of programs

aimed at using food as a tool to teach mathematics and science. Previous studies have shown that

students experiencing the FoodMASTER curriculum were very excited about the activities,

became increasingly interested in the subject matter of food, and were able to conduct scientific

Corresponding Author: Jana A. Hovland, MS, RD, LD, Assistant Professor of Dietetics, Marshall University, One John Marshall
Drive, Huntington, WV 25755, 304-696-2507, hovland@marshall.edu.

NIH Public Access
Author Manuscript
J Food Sci. Author manuscript; available in PMC 2014 October 01.

Published in final edited form as:
J Food Sci. 2013 October ; 12(4): 81–86. doi:10.1111/1541-4329.12016.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



observations. The purpose of this study was to: 1) assess 4th graders food-related multidisciplinary

science knowledge, and 2) compare gains in food-related science knowledge after implementation

of an integrated, food-based curriculum. During the 2009–2010 school year, FoodMASTER

researchers implemented a hands-on, food-based intermediate curriculum in eighteen 4th grade

classrooms in Ohio (n=9) and North Carolina (n=9). Sixteen classrooms in Ohio (n=8) and North

Carolina (n=8), following their standard science curricula, served as comparison classrooms.

Students completed a researcher-developed science knowledge exam, consisting of 13 multiple-

choice questions administered pre- and post-test. Only subjects with pre- and post-test scores were

entered into the sample (Intervention n=343; Control n=237). No significant differences were

observed between groups at pre-test. At post-test, the intervention group scored (9.95±2.00)

significantly higher (p=.000) than the control group (8.84±2.37) on a 13-point scale. These

findings suggest the FoodMASTER intermediate curriculum is more effective than a standard

science curriculum in increasing students’ multidisciplinary science knowledge related to food.
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Introduction

The obesity epidemic in America is prompting health professionals, policymakers, and

stakeholders to ask educators to place more emphasis on food and nutrition education

(White House 2010). Additionally, food and nutrition have become hot topics and both

children and adults want to understand the science behind them (Schmidt and others 2012).

These trends are likely to prompt educators to seek guidance from food and nutrition

scientists to aid in developing curricula that teach students to accurately understand

scientific information related to food. Food and nutrition science professionals need to be

prepared to share their expertise with educators in order to prepare students to understand

and apply food and nutrition science in the context of healthy living (Contento and others

2010).

There are many food and nutrition science education programs available for K-12 students

(Gower and others 2010; Johnston and others 2013; Kandiah and Jones 2002; Moreno and

others 2004; Perry and others 1990; Powers and others 2005; Trexler and Roeder 2003; Wall

and others 2011). Many programs focus on nutrition science and food safety, while others

focus specifically on food science (Calder and others 2003; Chaiyapechara and Dong 2004).

Commonalities across programs appear to be that 1) food and nutrition science is an

important subject matter for students to learn, 2) K-12 environments are appropriate for

reaching students, and 3) assessment of science knowledge gained from programs is

important. Less common features found in only some programs are 1) offering engaging

hands-on, active experiences for learners, 2) teaching food and nutrition science from a

multidisciplinary science approach, 3) linking curricular content to National Science

Education Standards, and 4) integrating the curriculum into existing science education.
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A multidisciplinary body of science including biology, microbiology, chemistry,

engineering, mathematics, and nutrition supports the study and application of food science

(Edelstein 2013; Schmidt and others 2012). This makes food an ideal tool for teaching a

variety of science and mathematics concepts. When reviewing the National Science

Education Standards’ eight categories of content standards - Unifying Concepts and

Processes in Science, Science as Inquiry, Physical Science, Life Science, Earth and Space

Science, Science and Technology, Science in Personal and Social Perspectives, History and

Nature of Science (National Research Council 1996), one can see how the science of food

spans across many categories. For example, oxidative browning is applicable to Physical

Science, while measuring wheat flour by weight can be utilized as a topic for Science and

Technology. Once a food scientist is prompted to think about using food as a tool to teach

science and mathematics, the number of food science related subject matter areas and topics

that fit within the eight categories almost seems infinite.

Recognizing the importance of food and nutrition science knowledge in K-12 settings, the

Food, Math, and Science Teaching Enhancement Resource (FoodMASTER) Initiative set

out to create a curriculum using food as a tool to teach multidisciplinary science. Integration

of the food and nutrition science into the regular science curriculum is an important feature

of the program, as researchers did not want to compete with other subject matter for

implementation. This integrative approach has been discussed explicitly in relation to

incorporation of food and nutrition into mathematics education (Hyman 2008; James and

Adams 1998) and makes sense to do with science education (White House 2010). To

encourage teachers to use the curriculum, all content was linked to National Science

Education Standards (National Research Council 1996) and proficiency type questions were

included at the end of each activity. The purpose of the study was to 1) assess 4th graders’

food-related multidisciplinary science knowledge, and 2) compare gains in food-related

science knowledge after implementation of an integrated food-based curriculum.

Methods

Program

FoodMASTER is a compilation of projects aimed at using food as a tool to teach

mathematics and science. In the 2007–2008 academic year, 45 one hour-long food-based

science lessons were piloted in 10 third-grade classrooms in Southeast Ohio (Duffrin and

others 2010). Participating teachers and content experts provided program developers with

formative feedback that informed lesson modification and final development of the current

intermediate curriculum. FoodMASTER Intermediate is a 10-chapter curriculum with 24

hands-on, food-based science lessons geared towards children in grades 3–5. All of the

curricular content is linked to National Science Standards and is designed to be integrated

into science classroom teaching time.

In the 2009–2010 academic year, the newly revised lessons were implemented in 18

intervention (I) and 16 comparison (C) 4th grade classrooms in Ohio (I=9; C=8) and North

Carolina (I=9;C=8). Previous work deemed the curriculum appropriate for 3rd–5th grade

classrooms (Duffrin and others 2010; Hovland and others 2010). Fourth-grade was selected

as informal discussions with elementary teachers in both Ohio and North Carolina revealed
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4th grade is an ideal time to introduce the content emphasized in FoodMASTER

Intermediate. North Carolina 4th grade teachers were particularly interested in the material,

due to the nutrition knowledge requirements in the North Carolina Standard Course of Study

for 4th grade at the time of the study (NC DPI 2009).

Curriculum

Teachers were instructed to integrate each of the twenty-four 45 minute-long lessons at any

time during the academic year. The lessons were broken down into 10 food topic areas:
Measurement; Food Safety; Vegetables; Fruit; Milk and Cheese; Meat, Poultry, and Fish;

Eggs; Fats; Grains; and Meal Management. A teacher’s manual was created to provide

background information, answers to lesson activities/proficiency questions, and a guide

linking curriculum content to the National Science Standards (National Research Council

1996). Each lesson (Figure 1) followed a similar format including a reading selection, a

hands-on food-based Scientific Inquiry activity, and a Try this at Home page. The

background reading selection featured Doodle Bugs, which asked students to do simple tasks

to promote reading comprehension such as circling a key word. Next, students engaged in a

Scientific Inquiry activity using food to explore science and mathematics concepts. For

example, in lesson 17, students prepared vinegar and oil salad dressings to learn more about

emulsifiers. Finally, Try this at Home pages contained a recipe and fun facts about food and

nutrition that students could share with their parents. It should be noted that preparation of

the take home recipe was not required as part of lesson completion. Proficiency questions

relating to each lesson followed at the end of the chapter. Upon completion of each of the

10-topic area, teachers completed formative evaluations. The teacher’s manual and student

workbook are available to download free of charge from www.foodmaster.org.

Subjects

FoodMASTER State Directors recruited 4th grade teachers to participate in the program

based on interest and location in Ohio and North Carolina. Efforts were made to select

classrooms across both states to provide a mixture of rural, urban, and suburban settings.

Ohio and North Carolina were selected because of the Principle Investigators’ affiliation

with Ohio University and East Carolina University at the time of implementation.

State Directors met with each teacher at the beginning of the school year to verbally discuss

expectations of participation in the study. Each classroom teacher was provided with consent

forms, exams, classroom materials, expectations, and directions for testing. Teachers were

thoroughly instructed on information in a 2–3 hour session. State Directors made 1–3 site

visits during the academic year to make observations and administer assessments.

Classrooms in the same school or nearby with similar demographic characteristics were

recruited to act as a control group for comparison. Teachers in the control group followed

their standard math and science curricula. Control classrooms maintained the same protocol

as the intervention group and received web-based access and hard copies of the student

curriculum and teacher’s manual at the completion of the study. There was no researcher

control over what was taught in any of the classrooms other than the integration of the

FoodMASTER curriculum over the course of the year. Teachers had communication access

to directors for support at anytime during the academic year.

Hovland et al. Page 4

J Food Sci. Author manuscript; available in PMC 2014 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Measurement

A researcher-developed, 13-question multiple-choice exam was used at pre-and post-test to

measure the multidisciplinary science knowledge of 4th grade students. Each question had

one correct response. Based on the National Science Education Standards (National

Research Council 1996), multidisciplinary science questions were developed to address four

of the eight categories of content standards. The exam included four subscales: five

questions related to Life Science, two Science in Personal & Social Perspectives, three

Physical Science, and three Science and Technology questions (See Table 1).

The intention of the exam was not to holistically measure each subscale, but to provide

useful data to educators and curriculum developers interested in knowledge gains in food-

related science areas. The Life Science subscale focused primarily on characteristics of

organism such as functions of different plant parts. Science in Personal & Social

Perspectives questions examined students’ abilities to contextualize information and draw

correct conclusions related to food choices. Physical Science questions explored properties

of objects and chemical reactions; while, Science and Technology questions emphasized

selecting suitable tools and techniques for measurement. Participating teachers reviewed the

exam for content validity and age appropriateness prior to administration. Minor revisions

were made to produce the final survey.

To facilitate administration of the science knowledge exam, State Directors made site visits

to help teachers administer the exam or provided teachers with verbal and written

standardized survey administration protocol. The protocol provided teachers with specific

instructions for administration, including a script to be read aloud during the administration

process. Researchers instructed teachers to answer student questions if clarification was

needed, but to not provide students with the answers. Intervention classrooms were required

to administer the pre-test at the beginning of the school year, prior to beginning the

FoodMASTER curriculum to obtain baseline knowledge. The post-test was administered at

the end of the school year, following completion of the hands-on curriculum. Comparison

teachers were required to administer the baseline and post-intervention science knowledge

questionnaire to their students in the same timeframe as their paired intervention classroom.

Each student was assigned a subject number that was used to match his or her pre-test and

post-test. Only subjects with completed pre-test and post-test were entered into the sample.

Statistical Analysis

Descriptive statistics were used to calculate the percentage of correct responses at pre-and

post-test for the intervention and control groups. Paired sample t-tests were used to examine

mean score differences (p<.05) between intervention and control at pre-and post-test for the

four content standards areas and for overall score. Paired sample t-tests revealed no

significant differences between the intervention and control group at pre-test. This made it

appropriate to analyze paired sample t-tests on post-test scores without adjusting for pre-test

scores. Statistical analyses were performed using Statistical Package for the Social Sciences

20.0 (SPSS).

Hovland et al. Page 5

J Food Sci. Author manuscript; available in PMC 2014 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Results

The exam was issued at the beginning of the academic year to 641 students in intervention

(I) and control (C) classrooms (I=380; C=261). At the end of the year it was issued to 650

students (I=372; C=278). Only students with pre-and post-test scores (N=580; I=343;

C=237) were used in analysis of the data. Absenteeism on the day of survey administration

resulted in students lacking a pre- or post-test score. Absenteeism was due to factors such as

illness, changing schools, and entering the school mid-year.

The mean age and standard deviation (SD) of the sample was I = 10.05±0.57 years and C =

9.93±0.81. A total of 162 males (47%) and 181 females (53%) were in the intervention

group, and 109 males (46%) and 112 females (47%) were in the control group. Sixteen (7%)

students were missing data for gender in the control group due to non-response. Racial/

ethnic composition was 19% African American (AA), 75% Caucasian (C), 4% Hispanic/

Latino (HL), 1% Asian/Pacific Islander (A/P), and 1% Other (O) in the intervention group

and composition of the control group was 14% AA, 70% C, 5% H, 1% (A/P), 3% (O), and

7% missing data due to non-response.

Percentages of correct responses for each item at pre- and post-test are presented in Table 1.

Frequency of correct responses to each item at pre-test illustrates students’ prior knowledge.

At post-test, significant difference (p=.000) was observed between the intervention

(9.95±2.00) and control group (8.84±2.37) on the overall 13-item exam. Similarly,

significant differences were found between the intervention and control group on three of

the four subscales at post-test: Life Science, Science in Personal & Social Perspectives, and

Physical Science. As illustrated in Table 2, no significant differences were found between

groups on the subscale, Science and Technology.

Discussion

The integrated food-based science curriculum increased 4th graders’ overall

multidisciplinary science knowledge. This finding suggests students exposed to integrative

hands-on, food-based curricula may achieve higher gains on food-related science questions,

based on the National Science Education Standards (National Research Council 1996), than

students taught with a standard science curriculum. Food is an excellent teaching tool

because everyone, no matter how elementary, has some preexisting contextual knowledge

about food. Just as food scientists draw upon multidisciplinary science to practice their

discipline, food can equally be drawn upon as a tool to teach multidisciplinary science

(Duffrin and others 2010). Hands-on, food-based science curricula can build foundational

information for many science disciplines. Biology, microbiology, chemistry, and

engineering are some of the science fields that food scientists draw upon for ensuring

industry standards (Edelstein 2013) and students can learn about through hands-on, food-

based activities.

The science knowledge exam provided baseline data describing existing student science

knowledge. Pre-test scores are useful in identifying starting points for educators (Moreno

and others 2004). Educators can use the information to begin scaffolding information for
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students (Trexler and Roeder 2003). Since the data was collected in Ohio and North

Carolina, teachers in these states might find the results to be particularly helpful in

identifying areas that might need increased focus in classrooms or curricula. While based on

the National Science Education Standards, it is important to note the exam was not intended

to holistically measure subscale content areas, but to provide data that might be useful to

educators and curriculum developers interested in knowledge gains in these food-related

science areas.

Pre-test outcomes revealed the content areas of Life Science and Physical Science as more

challenging for students. This was expected at the beginning of the academic year, as

students will scaffold more information in these content areas as studies progress. On 7 of

the 8 questions included on the subscales, Life Science (5) and Physical Science (3), less

than 60% of students responded correctly at pre-test. At post-test, the intervention group had

significant gains on both subscale content areas, while the control group did not have any

significant gains in scores. A limitation of this information is that the control classes might

have emphasized other Life Science and Physical Science content not related to food.

However, the value in this information is that the curriculum did improve students’

knowledge in the areas of Life Sciences and Physical Science as it relates to food. The

benefit of increasing students’ knowledge in the aforementioned areas is to prepare these

students to progress to higher-level subject matter (National Research Council 2012) and to

aid them in understanding and applying food and nutrition science in the context of healthy

living.

Pre-test revealed more than 80% of all students responded correctly at the pre-test in the

content areas of Science and Technology and Personal and Social Perspectives. Students in

both the intervention and control groups demonstrated gains in the percentage of correct

responses in both Science and Technology and Science in Personal and Social Perspectives.

However, the gains were only significant for students in the intervention group on the

Science in the Personal and Social Perspectives subscale. This informs researchers that the

integrated food-based curriculum, FoodMASTER Intermediate, was more robust in

emphasizing Science in Personal and Social Perspectives as measured by the researcher

developed exam questions. Both questions in Science in Personal and Social Perspectives

were designed to provide students with contextual information and then prompt students to

think about what the information means. The significant gains on this content area subscale

for students in the intervention group illustrates the curriculum may be effective in

prompting students to think about information and draw correct conclusions. Teachers might

recognize FoodMASTER Intermediate as a useful tool for improving knowledge proficiency

related to Science in Personal & Social Perspectives.

While the percentage of students with correct responses in the content area of Science and

Technology did increase, the gains were not significant. Questions in Science and

Technology were primarily focused on weights and measures. These results could be due to

the overall design of the curriculum. Weights and measures were introduced as a single topic

as the first lesson in the set of 24 lessons. By post-testing, students might have forgotten

skills learned earlier in the curriculum. This finding is particularly important to note as

mastery of foundation knowledge in weights and measures is important in scaffolding new
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scientific information as a student progresses in their studies (Trexler and Roeder 2003).

Curriculum developers and teachers alike may consider placing more emphasis on weights

and measures throughout implementation of the FoodMASTER Intermediate curriculum to

further enhance and reinforce skill development.

An important feature of the FoodMASTER Intermediate curriculum is that teachers are not

asked to implement the program as a separate course of study. This method allows teachers

to stay within the scope of what they teach about science without having to compete with

other subjects for instructional time. Many teachers commented they were pleased with the

integrative approach and felt they could devote more time to food and nutrition science

when it was connected to other science standards. While the concept of integration of food,

nutrition, and cooking for teaching science and mathematics is not novel (Hyman 2008;

James and Adams 1998; Walters and Stacey 2009), our concept of using food as a tool to

teach science and mathematics can add to this body of literature.

Strengths and Limitations

The teachers provided approximately 18 hours of food-based content over the course of the

academic year by implementing twenty-four 45 minute-long lessons. The food-based,

hands-on, minds-on curriculum enabled students to learn multidisciplinary science content.

Proficiency type questions were included at the end of each activity to ease teachers’

anxieties about the curriculum integration distracting from skills that would assist with end

of grade testing.

A limitation of the study was the distance between classroom locations, creating site visit

challenges for the State Directors. State Directors could not be present as site visitor at all

times of survey administration and had to depend on classroom teachers to follow protocol.

It was also necessary to rely on teacher and school volunteerism to obtain a realistic sample

or what would be considered a sample of convenience for the study. School policy about

food or electrical equipment in the classroom proved to be challenging in some cases, and

sometimes local school policy prevented teacher participation. In most cases, researchers

were able to negotiate solutions to implementation issues.

Implications for Research and Practice

The food and nutrition science educators of the future are likely to encounter unique

opportunities to impact the acquisition of science knowledge in K-12 education. How we

teach and students learn food and nutrition science is an important consideration for

educators, scientists, policymakers, and stakeholders. Food is an effective teaching tool for

engaging students in retaining information about multidisciplinary science concepts. This

study supports the potential for food and nutrition science subject matter to garner more

K-12 classroom instruction time when curriculum developers are able to align materials with

Next Generation Science Standards (Achieve, Inc. 2013) and demonstrate knowledge

acquisition through standardized testing. Continued discussion and research across science

and education disciplines is warranted.
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Figure 1.
FoodMASTER Intermediate table of contents
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