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ABSTRACT 

The purpose of this study was to provide a comparison of 

plate waste prior to and after implementation of "Offer vs. Serve", 

and to determine whether this program was instrumental in decreasing 

plate waste in an Arizona school district. 

At four ethnically diversified elementary schools in Tucson, 

plate waste was collected using 13 lunch menus. Waste was scraped 

from all student lunch trays, separated by sex according to food 

component, weighed and recorded. The "Offer vs. Serve" program was 

then implemented in each of the four schools. Waste was collected 

for the 13 repeated menus at the schools. 

Statistically significant decreases in plate waste were 

found for the bread, fruit and vegetable components, and a 

considerable decrease in waste was found with the meat component. 

Additionally, consumption increased when students were offered 

choices. 

vii 



CHAPTER I 

STATEMENT OF THE PROBLEM 

Food waste is a three billion dollar problem. Americans 

throw three billion dollars worth of food into garbage cans, yearly. 

Of this food being wasted, 60% of it is identifiable whole or 

partially consumed food items. According to Harrison (1), in 1974, 

it was estimated that in Tucson, AZ., 110,000 households may have 

wasted 9, 538 tons of edible food which excluded food ground up in 

disposals or fed to animals. Relating this to the average 

household, Harrison (1) notes that in Tucson, an average of $80-$100 

worth of food per household, per year is thrown away. According to 

Fung (2), this may actually be $140 per household per year. 

A significant amount of waste has been noted on University 

campuses as well. In a study of plate waste in a University dining 

hall, Kelley (3) reported that 500 pounds of edible food was wasted 

per day, an average of 8.8 oz. per person, and amounting to between 

$.13 - $.20 worth of food per person. Extrapolating these figures, 

a tally of the worth of food wasted in one semester at the dining 

hall, amount to $26,400. 

1 
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Not only is food waste a problem at the University campus 

level, but food waste within the National School Lunch Program 

(NSLP) has long been an issue. In 1946, the National School Lunch 

Act was passed as a result of Congress recognizing two problems. 

First, young people were not getting enough of the proper foods for 

development, either because of lack of money or because they lacked 

the education or ability to make wise food choices. Second, food 

surpluses were expanding since Americans weren't financially able to 

purachase the food being produced. The NSLP afforded a means by 

which large quantities of food surpluses could be utilized for the 

purpose of nourishing school-age children. 

School Food Service, an 8.4 billion dollar industry, is one 

of the largest food service businesses. Referred to as the second 

largest "away from home food market," (4) the School Food Service 

industry, in Septemer 1984, documented a participation in the NSLP 

of 22.3 million children daily. A 1983 study revealed that 50% of 

the total student enrollment were participants in the NSLP (5), a 

program which is available to 90% of all D.S. school children (6). 

Regardless of the number of dollars worth of school food is dumped 

annually, Sautter (7) estimated that 600 million dollars worth of 

school food is dumped anually. Recognizing the problem of food 

waste to be a major concern, Congress addressed this issue by the 

passing of law PL 94 - 105 in October, 1975. A section of this law 
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reads: . . ."the secretary shall establish . . .administrative 

procedures designed to diminish waste of foods which are served by 

such schools... without endangering the nutritional integrity of 

lunches served by such schools."(8) This new law, PL 94-105, (9) 

was the first nationwide attempt to eliminate plate waste. 

During the 70's, reports on plate waste made headlines which 

resulted in the following: 

1. the offering of choices and more variety 

2. the improvement of food quality 

3. new meal patterns which allowed portions to be varied 

4. new attitudes among those in the business which view 

the child as a customer. 

While the 1970's are recognized as the period during which 

waste was studied, it was during the 1980's that "choice" became a 

buzz word (10). In August, 1981, Congress passed the Omnibus 

Reconciliation Act (11), which offered elementary schools the option 

to become irvolved in an "Offer Vs. Serve" program. This program 

would allow students some freedom in selecting lunch items that they 

planned to eat in an effort to decrease plate waste and increase 

student participation and enthusiasm for the lunch program. As of 

August 1982, only 37% of elementary schools in the United States had 

implemented "Offer Vs. Serve" (12). With the "Offer Vs. Serve" 

program, each student is offered the five Type A lunch food 
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components: 1) meat/meat alternate; 2) bread or bread equivalent;, 

3) fruit; 4) vegetable; 5) milk, and must select at least three 

components. Selecting less than three is prohibited if the meal is 

to be considered reimbursable by the Federal Government. Many 

school lunch programs periodically offer a dessert item, such as 

cookies, cake, unfruited jello etc., but these do not count as an 

acceptable component option. 

The price of the lunch remains the same regardless of the 

number of lunch components selected. So, in theory, recognizing 

that school-age children have different food preferences, allowing 

them to make food choices appears to be one way in which school 

districts may keep waste to a minimum and food costs lower. One 

school district reported that one year after implementation of 

"Offer Vs. Serve", food costs were reduced between 4-5 cents per 

meal and waste was reduced (11). 

Research Questions 

An evaluation of "Offer Vs. Serve" to determine if plate 

waste is truly reduced and, if so, by what percent has not yet been 

reported. Federal programs now require accountability. The purpose 

of this study was to determine the effect of "Offer Vs. Serve" on 

plate waste. The following research questions were answered: 
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1. Does the "Offer Vs. Serve" program change the amount 

of plate waste significantly? 

2. Is the amount of waste dependent upon the ethnic com

position of the four schools? 

3. Hill the percentage of waste of food components be 

different both before and after implementation of 

of "Offer Vs. Serve"? 

4. Does implementation of "Offer Vs. Serve" require 

student education by a Nutritionist for optimal and 

achievable benefit? 

Limitations 

In this study, two limitations must be recognized. The 

first limitation involved the days of the week on which waste was 

collected. Because of the Food Service production schedules, 

Mondays and Fridays were utilized in this study. It is possible 

that waste patterns were not normal on these days. One weighing day 

also directly preceeded a holiday. Weighing days were not scheduled 

at the beginning and end of the year, and during December prior to 

winter vacation, as these times have been found to have different 

waste patterns. 
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The second limitation was sample size. The original scope 

of the project was designed to include eight schools rather than 

four; however, due to time and personnel contraints, the sample size 

was decreased. Additionally, one of the intentions of this study 

was to compare percentage waste from primary grades with that of 

intermediate. In some instances, however, both third and fourth 

graders comprised a lunch run, which made that specific data 

unusable, since third grade is considered primary and fourth grade 

intermediate. 

There were also several factors, which needed to be 

considered. The first factor was the children's health and 

emotional status, which may effect eating behavior. Anxiety about 

home conditions or a class activity, as well as illness, may 

negatively affect how much food a child consumes. 

The second factor was the effect that eating prior to play 

has on the amount of food consumed. Since all four schools in this 

study had established the "eat before play" system, it is not 

possible to determine the effect that recess prior to lunch has on 

waste; although Ruppenthal (13) stated that waste was reduced 

between 25 - 89% when recess preceeded lunch. This factor was 

controlled since no difference existed between schools with regard 

to the play schedule. 
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The third factor was the atmosphere and the amount and 

quality of supervision observed in the lunchroom. In three of the 

four schools, the atmosphere was pleasant and relaxed, but in one 

school monitors shouted and whistled at students to quickly finish 

lunch and go outside. This behavior could have encouraged the 

slower eaters to waste food that they had intended to consume (14). 

Since the atmosphere in the pre-treatment phase was relatively 

consistent with the atmosphere in the post-treatment phase, this 

factor was controlled. 

The fourth factor was the Food Service Personnel. Personnel 

were trained in each of the four schools, with regard to: 1) 

offering standard portion sizes; 2) recording exactly how much food 

was served and how much left over; as well as 3) following the 

"Offer Vs. Serve" guidelines. It was observed in one school (on one 

specific date) that students received food that they did not choose, 

and in another school, initial portions were larger than designated 

on the student menu, however, overall serving portions were 

standard. 

The fifth factor was the changing Plate Waste Survey Team 

members. Because team members were usually University students who 

volunteered their time to this project, their class schedules 

dictated their availability. All students volunteers received the 

same training which resulted in consistent technique. 
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The sixth factor to be considered was weather conditions. 

Athough data was collected during the change of seasons (fall to 

winter and winter to spring) an average of temperatures on weighing 

days was exactly the same (73 degrees) in the pre-treatment as well 

as the post-treatment phase. 

The seventh factor was classroom activities and parties. At 

one school, the custodian explained to the Plate Waste Survey team 

that on one specific day in the post-treatment phase, that the 

children had eaten all morning as a result of a weeklong food 

celebrataion. On such days, the eating patterns would appear not be 

representative, however, this appeared to be a single incident. 

Finally, the last factor for consideration was food being 

sold by parent groups during the lunchtime. In at least one school, 

food such as popcorn and ice cream were sold by the PTA (Parent 

Teacher Assoc.). It is possible that waste was higher on these 

certain days since students were in a hurry to finish lunch to 

purchase the "goodies". 

Strengths and Advantages of This Study 

Several strengths or advantages of this study can be 

identified. First, although only four schools were used, plate 

waste was collected on 26 days, representing 13 menus (each menu 
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used with pre-treatment was repeated after "Offer Vs. Serve" was 

instituted), with a total of 5,976 student trays sampled. The four 

sample schools were representative of all socio-economic levels and 

ethnic populations in Tucson. Although many other studies have 

reported the positive effects of "Offer Vs. Serve", few have 

utilized quantitative methods to support their observations or 

guesses. 

Second, the training of all Plate Waste Team members was 

performed by the same Nutritionist, thus standardizing technique as 

much as possible. The Nutritionist provided the same set of 

instructions to all volunteers. 

The third strength or advantage of this study was the 

ability of the author to control a number of factors. Average 

temperatures of weighing days were exactly the same in the pre-

treatment as compared to the post-treatment phase, thus eliminating 

weather as a factor affecting plate waste. Playtime was scheduled 

after lunch in all schools, thus controlling for play schedule. The 

atmosphere in the lunchrooms was consistent, with one exception. 

Finally, the attitudes of the personnel involved was co-operative in 

all instances, in all schools. 
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Assumptions 

In addition to the limitations previously listed, five 

assumptions were made for this study. First, it was assumed that 

waste patterns would remain the same regardless of the presence of 

the Plate Waste Survey Team. 

Second, it was assumed that all personnel involved in the 

study were willing to participate. 

Third, it was assumed that menus utilized on the "weighing 

days" would be exactly repeated for the post-treatment data 

collections. 

Fourth, it was assumed that the procedures utilized to 

collect data would not place extra demands (such as delaying tray 

washing) on Food Service employees. 

Fifth, it was assumed that because this study involved a 

comparison of "before and after" implementation of "Offer Vs. 

Serve", all four schools would implement the program within the 

designated time frame. 

Definitions 

The following definitions are used throughout this study: 

1. National School Lunch Program (NSLP)—is a two billion 
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dollar federal program designed to "safeguard the 

health and well being of the nations children and 

encourage the domestic consumption of nutritious 

agricultural commodities and other fods." The lunches 

served must provide one-third of the Recommended Daily 

Allowances (RDA) for the children daily. 

Type A lunch—(or reimbursable meal) must offer the 

following food components each day: 

a. 2 oz lean meat, chicken or equivalent of cheese, 

dry beans, peanut butter 

b. 1 or more servings of bread or grain equivalent (8 

servings per week) 

c. 3/4 cup fruit, vegetable or combination 

d. 8 oz of milk (white or chocolate) 

Approved Free Lunch student—household income and 

family size are such that the student does not have to 

pay for his/her lunch (see Guidelines, Appendix A). 

Reduced Price Paying Student—household income and 

family size are such that the child pays $.30 for lunch 

(See Guidelines, Appendix A) in Tucson Unified School 

District. 
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5. Full Price Paying Student—the student pays $.75 for 

lunch in Tucson Unified School District; although the 

price may be district dependent. 

6. Government Reimbursement—the government subsidizes the 

School Lunch Program at the rate of $.125 for each full 

price ($.75) lunch, $.9025 for each reduced ($.30) 

lunch and $1.30 for each free lunch (rates for 1985-

1986 school year). 

7. Tucson Unified School District (TUSD)—the largest 

school district in Arizona, serving approximately 

21,000 elementary meals per day and as many as 40,000 

total students (including Junior High and High School a 

la carte programs). 

8. #10 can—an institutional size can in which fruits and 

vegetables are packed; usually yields approximately 30-

1/2 c. servings including juice. 

9. Plate Waste—food uneaten and left on the tray; a 

subcomponent of garbage. 

10. Garbage—all uneaten food including food brought from 

home as well as school lunch plate waste, paper, lunch 

bags, straws, milk cartons, etc. 
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11. Commodities—agricultural products such as butter, 

salmon, oats, flour, cheese, purchased by the 

Government with which to subsidize the NSLP. 

12. Lunch Run—groups of students being served within a 

designated time span. 

13. "Offer Vs. Serve" Procedure 

a. The student puts his/her hand on top of the arrow 

that points to the food item he/she would like. 

If the student doesn't care for an item, he/she 

walks past that certain arrow without putting a 

hand on top of it, 

or 

b. The student picks up a tray and slides it along 

the railing until he/she comes to an arrow. If 

the student would like the food item that arrow 

points to, he/she slides the tray forward. If the 

student would not care for the certain item, the 

tray can be pushed along past that specific arrow. 
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14. Department Head—Food Service employee designated as 

the kitchen manager. 

15. Plate Vaste Survey Team—consisted of a TUSD Food 

Service Nutritionist and at least one volunteer. 

16. Monitors—employees of TUSD who are hired to wipe off 

lunch tables and supervise cafeteria behavior. 



CHAPTER II 

REVIEW OP LITERATURE 

Though School Food Service efforts were in effect as early 

as the 1700's in Europe, not until June 4, 1946, did the United 

States enact legislation authorizing a school lunch program. This 

new program evolved as a result of the large number of young men 

deemed poorly nourished and unfit for military duty during World War 

I and II. 

At its inception in 1946, the National School Lunch Program 

(NSLP) was established to "safeguard the health and well being of 

the nation's school children and encourage the domestic consumption 

of nutritious agricultural commodities and other foods." The 

completion of a four year study indicated that students 

participating in the NSLP had higher intakes of Vitamins A, B2, B6, 

niacin as well as calcium, phosphorus, and magnesium than those 

children who didn't participate (15). 

In October 1975, having recognized this problem of waste 

within the School Lunch Program as being a major concern, Congress 

established law PL 94-105 which read..."The secretary shall 

establish administrative procedures designed to diminish waste of 

15 



foods which are served by schoo1s...without endangering the 

nutritional integrity of lunches served by such schools." The 

attempt at decreasing waste was directed toward the high schools. 

In August, 1981, elementary schools were given the opportunity to 

become involved in the "Offer Vs. Serve" program, which was the 

United States Department of Agriculture's (USDA) answer to solving 

the issue of plate waste. "Offer Vs. Serve" allows the elementary 

students some choice in what they will be eating for lunch. 

Jansen and Harper (14) state that waste is inevitable in 

institutional food systems. According to Sautter (8), 600 million 

dollars worth of school lunch food is thrown away annually, while 

other (14,16) have noted that between 14-28% of food is discarded. 

In a study by USDA of 100 elementary and secondary schools in 35 

states, an average of 20% of food in school lunches is wasted (9). 

Clearly the significance of the waste problem is evident. Though it 

cannot be eliminated, Lachance (17) suggests that "...a certain 

amount is to be expected." 

Although no large scale studies have been conducted to 

document the effects of "Offer Vs. Serve", Freeman (18) reports that 

in Alabama's 43 school Montgomery County school system, an "Offer 

Vs. Serve" self-serve arrangement was pilot tested in one elementary 

school. Because the set-up was self-service, teachers were 

responsible for monitoring portion size to ensure enough of each 
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item was selected. An increase in participation of between 15-20% 

was noted along with a decrease in waste to almost zero. "You get 

what you like and eat everything on the plate" and "It's fun, you 

get to pick your own things', were two comments frequently heard 

from students in this school. 

At Lincoln Elementary Center (Kindergarten through sixth 

grades) in Mechanicsville, IA., students had an "Offer Vs. Serve" 

type arrangement whereby they selected from two entrees, three or 

four vegetables, three fruits, four choices of milk and brown bread 

served three ways. Because these students could "pick and choose", 

participation was 83%, and plate waste decreased 50% (19). 

Mattern (20) noted that in the Guilford, CT. Public School 

where "Offer Vs. Serve" had been implemented, that after one month, 

plate waste had decreased and student interest increased. In this 

school system with an enrollment of 4,300, students were offered 

choices of additional entrees, more than two fruit and vegetable 

choices and juice, resulting in greater variety. 

Though the literature does not provide any information 

pertaining to exactly how much food was saved as a result of "Offer 

Vs. Serve", in the Isaac School District in Phoenix, AZ, the Food 

Service Director claims that prior to "Offer Vs. Serve", six #10 

cans of mixed vegetables would have been opened; however, after 

implementing "Offer Vs. Serve", only two cans were needed (11). 
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This same article reports that in the Madison School District, in 

Madison, WI., prior to the new program ten #10 cans of fruit would 

have been opened daily while after "Offer Vs. Serve", only four cans 

were needed, a savings of six cans or 150-1/2 c portions. 

Considering the 150 portions were not selected, conceivably, prior 

to "Offer Vs. Serve", this food may have been wasted. 

In February, 1982, DSDA conducted a poll whereby 633 

elementary schools which had implemented "Offer Vs. Serve" were 

contacted. Seventy three percent of the respondents described food 

waste as being greatly reduced, 21% said that it was reduced 

slightly, 2% said that it was not reduced and 4% did not know if it 

was reduced (21). 

Robichaus and Adams (22), in a recent study relating 

consumption using the traditional method of lunch service as 

compared to the "Offer Vs. Serve" method, reports the results of 

their study utilizing two elementary schools. One of the schools, 

serving 457 students using the traditional method of service was 

paired with another elementary school serving 468 students using the 

"Offer Vs. Serve" method. Using a visual assessment method, all 

food components were rated according to the following categories: 

1) ate none; 2) tasted; 3) ate one third; 4) ate one half; 5) ate 

two thirds; 6) ate almost all; and 7) ate all. Data was collected 

at one of the schools on Monday, Wednesday, Friday, and at the other 



on the same days the following week. The results indicated that no 

difference was found between the schools as related to consumption 

in four of eight food categories (meat, salads, desserts, milk). 

With the bread, vegetable, and combination food categories, more 

students ate 1/2 or more with the "Offer Vs. Serve" system, while 

with the fruit, more students ate 1/2 or more with the traditional 

method. This study indicates that neither method is superior to the 

other in terms of consumption and therefore, supports the theory 

that food consumption is not adversely affected with "Offer Vs. 

Serve" and that food costs may be cut without creating a "negative 

impact on nutrition". 

Over the years, a number of strategies have been implemented 

in schools, in an attempt to decrease food waste at lunch time. The 

"I Cleaned My Plate Club" was a contest in which 250 students in 

grades kindergarten through fourth received a star by his/her name 

if all the food was eaten for that day. A score for each class was 

tallied daily and the results posted weekly. After four weeks, the 

class with the highest percentage of food eaten during that period, 

won a decorated cake. The results of a survey performed three times 

during this period, indicated that participation increased 18%, and 

50% cleaned their plates during the contest (23). 

When a survey in the Mt. Diablo Unified School District, 

Concord, CA. depicted that 50% of fruit and vegetables were being 
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wasted, a Nutrition Education Puppetry Project (NEPP) was instituted 

in 1979 in an effort to increase consumption of five "target" 

fruit/vegetable foods. After instruction, students did waste less 

of the "target" foods with salad waste decreasing from 93% to 56% at 

one school (24). 

In Provo, UT, the cafeteria manager introduced nutrition 

education into the classrooms, using fairy tales, which focused on 

eating good foods, and stressed the value of the School Lunch 

Program. Children were observed eating more, wasting less, and 

overall participation increased (25). 

It has often been observed that students are in a rush to 

get outside to play rather than spend the time consuming a 

nutritious meal. Ruppenthal and Hogue (13), report the results of a 

study in a California elementary school district which changed the 

lunch/recess schedule. Not only were appetites better after 

exercise, but plate waste decreased dramatically. Milk waste 

decreased by 82% with the first graders, 89% with the second 

graders, while waste also decreased for vegetables, salad, and 

fruit. Meat waste didn't differ significantly between the control 

and experimental group. These results indicated students were more 

likely to eat and drink more with play prior to eating. 

Support Ruppenthal and Hogue, Christensen et al. (26) 

conducted a study with 150 children in grades kindergarten through 



sixth in Logan, UT. in an effort to determine not only the effects 

of scheduling playtime on food consumption but also the effects of 

food location on the tray. The playtime schedule and location of 

the dessert item were varied as follows: 1) playtime after lunch, 

dessert at front of tray; 2) playtime before lunch, dessert at back 

of tray; and 3) playtime before lunch, dessert at front of tray. 

The results indicated an increase in the nutritional value of meals 

consumed and less food wasted with playtime before lunchtime in all 

grades, K-6. Placement of the food on the tray, however, made no 

difference in the amount consumed since the whole meal was placed in 

front of the student. Christensen et al., reported that many 

students ate the dessert first, regardless of its location on the 

tray. 

Hunt et al. (27) studied the effects of tasting parties on 

food acceptance. They noted, however, that patterns of higher waste 

were apparent when educational efforts were relaxed. 

In Clark County (NV) School District, and Brookline (MA) 

Public Schools, Frederick (28) reported that fast food style 

offerings were effective in decreasing food waste. In Brookline, 

hamburgers, pizza, and deli sandwiches were offered as entree 

choices while Clark County offered "combo" lunches, consisting of 

sandwich, salad or fries, milk or a shake. The Type A lunch 

requirements were met, and Frederick claimed waste disappeared as a 
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result of students being treated like customers who appreciated the 

high quality of the service and the food. 

Ball (29) reports that in many schools in England, the 

traditional meal of meat, vegetable, and dessert including a milk-

based sauce has been replaced with the more popular "snack type" 

items such as beef burgers, fish fingers, pizza, sausage, etc. As a 

result, plate waste has virtually been eliminated. 

Another method of decreasing waste involved the use of 

student input in menu planning. In a study of ten schools from 

seven districts in AZ, to determine if involving students in lunch 

menu planning and the training of school food service workers would 

have an influence on plate waste, average daily participation and 

student attitude toward food, analysis of variance showed no change 

in plate waste or student attitude as a result of student 

involvement and food service worker training sessions (30). 

Garret and Vaden (31), however, reported contrary results. 

Their study in three schools selected from a large midwestern city 

involved the use of sixth graders in menu planning. Participation, 

plate waste, and attitudes were measured during the control period 

when a district-wide manager planned menu was served and also during 

an experimental period when student selected menus were used. All 

sixth grader Average Daily Participation in the Type A lunch program 

increased significantly in all three schools during the experimental 
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or "student planned menu" phase while plate waste decreased 

significantly in two of the schools. 

Shovic and Jennings (32) utilized Nutrition Education 

programs in an attempt to study the effects of this approach on 

Nutrition knowledge, vegetable acceptance and plate waste. One 

hundred fourth grade students from a Pullman, WA. elementary school 

participated in the ten lessions. Both prior to and after these 

lessons, vegetable waste was measured. The results indicated that 

although the children's nutrition knowledge and stated food 

preference increased, the actual behavior, as depicted by the amount 

of vegetables wasted did not change significantly. 

Food Waste Other Than the School Lunch Program 

Waste is a national issue, not just a school issue and the 

American culture supports food waste (34). People say they waste 

food for a variety of reasons such as the following: 

1. You're not a good hostess unless you serve more food 

than your guests eat. 

2. Restaurants always serve too much. 

3. Leftovers are garbage anyway. 

4. If you're dieting, it's good to leave some food on your 

plate. 



According to Silverzweig (33), the attitude and behavior that 

support a culture where food waste is the norm, where over-buying, 

over-preparing, over-serving, and over-eating are standard, must be 

changed. 

As a result of this concern, "Food Ecology-Changing the Food 

Waste Culture" evolved (33). The objective of this project was to 

devise a system that would effectively reduce the amount of food 

wasted in Reading, FA. Ultimately, this project could then be 

adapted to and implemented in other cities. At this point, however, 

the project has not been completed. 

In other parts of the country, waste has also been studied. 

One of the longest running projects investigating the amount of food 

waste, is the Garbage Project, which was begun in 1973, by Dr. 

William Rathje at the University of Arizona, in Tucson. Items from 

households in Tucson (AZ), Milwaukee (WI), and Marin County (CA) 

were collected, identified, counted, and weighed with the help of 

student volunteers. This information provided objective data for 

estimating quantity of food and other items discarded. 

Interestingly, the average household participating in this study 

discarded between seven and fourteen percent of its purchased food, 

enough food to feed Canada for one year (34). According to Rathje, 

it is the middle income household that discards the largest 

quantities of edible items, not the high income household. 



Methods of Measuring Waste 

Several methodologies have been utilized in collecting data 

for waste assessment purposes. Collecting waste and weighing it 

constitutes one method. A second method involves visually assessing 

waste from each tray, while a third method collects waste and 

records the contents. 

Jansen and Hudson (14) reported a study conducted with 58 

schools (selected by USDA's Food and Nutrition Service) located in 

Midwestern, Southwestern, and Western USDA regions. Half the 

schools were elementary schools while the other half were high 

schools. In the elementary schools, the study utilized only fifth 

grade students. Tenth graders provided the sample for the high 

school population. In each school, plate waste was determined for 

between 30 and 50 students for ten days. Each day the study was 

conducted, the survey team selected five trays at random from the 

cafeteria line and upon return of the trays, weighed waste items 

separately. This is an example of the first method. 

Likewise, in a study of waste in a University dining hall, 

Kelley et al. (3) conducted a study during the spring semester. 

Students were offered unlimited servings of all food items and as 

trays were returned, after the meal was consumed, plate waste was 

collected from every 20th tray (5%) on ten randomly selected days 
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when three meals were offered. After waste was collected, 

separated, and placed in pre-weighed containers at the end of each 

meal, the results were recorded to the nearest twenty fifth of an 

ounce using a Pelouze scale. 

In another application of the waste weighing method, a High 

School social studies class in Springfield, OR. investigated waste 

in nine schools (one day each in one High School, two days in a Jr. 

High school, and six days in an Elementary School), using menus 

which were neither extraordinarily good nor bad. Students collected 

waste, separating milk from solid waste, and weighed and recorded 

each item. The waste figures were multiplied by 180 (number of 

school days) to assess the potential amount of waste for the year 

(35). 

Christensen et al. (26), attempting to assess the effect of 

food location on the tray and scheduling of playtime and food 

consumption, utilized a similar method of data collection as 

previously reported. In this study, trays were taken to a 

collection table where uneaten food was scraped into pre-weighed 

containers. Each lunch run was considered a unit; each unit was 

weighed separately. 

Similarly, Rich (36) reported that "Project Munch", a family 

style or self-service approach to selecting lunch items was 

responsible for decreasing waste, which was collected and separated 
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into buckets. One bucket was alloted to each component. The waste 

was weighed and recorded. 

In an attempt to determine the effect of Nutrition Education 

on Nutrition Knowledge, vegetable acceptance, and plate waste, 

Shovic and Jennings (32) gave students a nutrition knowledge pre

test, food acceptance questionnaire, and actual vegetable waste was 

collected. After a Nutrition Education program consisting of ten 

lessons had been completed, vegetable waste was again collected. 

Students involved in the study ate lunch, then left their trays on a 

"special" table. The uneaten, drained vegetables were collected, 

and weighed, using a gram scale. 

As stated previously, the second method of measuring waste, 

as cited in the literature, was visual assessment. Though Stallings 

and McKibben (37) report a 12% discrepancy between the visual 

assessment and actually weighing waste, Lachance (17) contends that 

visually measuring plate waste is just as effective and much simpler 

and less time consuming. In a comparison of visual assessment 

versus actual weighing of three food items with 85 students, 

Lachance (17) found a 1.7% difference with milk, a 1% difference 

with pizza and a 6% difference with applesauce. None of these 

proved to be significant. Several studies have utilized this visual 

method of data collection. 
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Robichaus and Adams (22) compared waste data between two 

schools, one of which had implemented "Offer Vs. Serve", while the 

other had not yet implemented the program. After students finished 

lunch, trays containing the uneaten food were evaluated. 

Consumption was visually rated and categorized by five volunteers, 

all of whom had degrees in Home Economics. 

Tinsley et al. (30) conducted a plate waste study to 

determine whether involving students in menu planning affected plate 

waste, average daily participation, and student attitude toward the 

food. Every twentieth tray of food returned by students was weighed 

and measured for five consecutive days. Haste was recorded by 

visual observation on all trays. No significant difference was 

found between the two methods. 

In South Carolina, Stallings and Brown (38) compared 

relationship of calorie content and meal weight to plate waste in 

nine high schools. Plate waste was visually assessed and total 

waste, rather than indiviual item waste, was reported. 

The third method of measuring waste involved collecting, 

identifying, and recording the data. Methodologies utilized for the 

Garbage Project (1) revolved around refuse that was collected from 

household "samples" which were randomly selected from within 19 

census tracts drawn from 66 tracts by a cluster sampling technique. 

Two households from each census tract provided data bi-weekly, in 
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1973, and weekly, in 1974. Data was collected between February and 

May in both 1973 and 1974. After delivery of the refuse to the 

Sanitation Division Maintenance Yard, student workers sorted and 

recorded all items into 150 categories. 

Variables that Affect Plate Waste and Statistical 

Procedures used in Waste Studies 

A review of literature reveals that various investigators 

have controlled various independent variables which could affect the 

dependent variable, plate waste. These include student involvement, 

food flavor, recess timing, and others. 

Tinsley (30) investigated the effects of students' 

involvement in menu planning as well as the use of a training course 

with food service workers in an attempt to assess, among other 

variables, plate waste, while Garret and Vaden (32) studied the 

effects of student involvement. 

Ruppenthal and Hogue (13) and Christensen (26) considered 

the effects of recess prior to lunch, on the amount of food wasted. 

Christensen also considered the effects of food location on the 

tray. McCorman and Cummings (16) reported the amount of food wasted 
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with free and reduced paying students as opposed to full price 

paying students. 

Kelley et al. (3) identified variables such as weather, time 

of school year, menu choices, and familiarity with food service 

system as being influential on the amount of waste. Mattern (20) 

and Weber (19) discussed offering a variety of choices, while 

positive public relations, and support from teachers and 

administration have also been cited as beneficial in decreasing 

waste of food (35). 

The interpretation of results would be incomplete without 

the inclusion of statistical analysis. Statistical procedures 

utilized in other waste studies include analysis of variance and 

chi-square. 

Robichaux and Adams (22) applied a chi-square test to the 

results of their study which compared the traditional method of 

serving with the "Offer Vs. Serve" method in terms of food 

consumption. 

In assessing the effects of student input (in menu planning) 

and foods versus training on plate waste, analysis of variance was 

utilized (30). 
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Stallings and Brown (38) utilized analysis of variance. 

Spearman correlations and multiple regression in their study which 

discussed the impact of calorie content and meal weight on plate 

waste. 



CHAPTER III 

PROCEDURES AND METHODS 

For clarity, this chapter will be divided into three 

sections. The first section describes the rationale for selection. 

Section two summarizes the procedures used to obtain the data, while 

section three explains the statistical procedures used to analyze 

this data. 

Sample 

In order to conduct a Plate Waste Survey to determine the 

effect of "Offer Vs. Serve" on waste, it was first necessary to 

identify which schools had not yet implemented the program. All 

elementary schools not yet on the program (n-36) were identified by 

the total number of free and reduced lunches. Schools were 

stratified and grouped with 61% and above in Group 1, 41% to 60% in 

Group 2, 21% to 40% in Group 3, and 20% and below in Group 4. The 

number of schools within each category varied. One school in each 

category was selected to represent that category. The schools were 

selected on the basis of feasibility of implementing the program as 

32 
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well as willingness of the Principal and staff to cooperate. 

Although 10% of the total elementary school population has been 

suggested as an ideal sample size (13), four schools or 

approximately 6% were chosen for this study because of time an 

personnel constraints. Since TUSD is the largest school district in 

the state, this sample represents approximately 5,976 students. 

The principal of each of the "sample schools" was sent a 

letter (Appendix B) explaining the purpose and importance of the 

study. Information pertaining to the days the study was to be 

conducted was also forwarded to the Department Head in each of the 

schools. 

Ethnic background of students in each school was determined 

by information available from school records. 

Total enrollment figures were obtained from school records 

in addition to numbers of free and reduced paying eligible students. 

School lunch participation was determined by count on one selected 

day. Male/female participation was also determined by count on this 

day. 

Procedures 

Optimal time for conducting the study was determined to be 

between October and April. Because September is the month in which 
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students return to school, they are unsettled and unfamiliar with 

procedures which may affect plate waste. The months of October and 

November were utilized for data collection in the pre-treatment 

phase of the study, as these months appeared to have the fewest 

possible variables affecting waste. Though December and the holiday 

atmosphere can alter normal waste patterns, because of production 

scheduling, data was collected two days during the month; however, 

these specific days were between eight and ten days from holiday 

vacation dismissal. For the post-treatment phase, certain months 

were again excluded due to extraneous uncontrollable variables. 

Waste patterns in April, May, and June may be higher due to the 

excitement of the completion of the school year and the possible 

boredom with "school lunch". 

Implementation of "Offer Vs. Serve" was planned to take 

place in all sample schools in January and February. "Post-

treatment'' data was collected approximately one month after 

implementation which occurred in February and March. 

Lunch menus which determined "weighing days", were selected. 

All selected menus contained entrees which were easily separated 

into food components, such as a hamburger which could be separated 

into the meat patty and bun. Menus using seasonal food items were 

not included to ensure that exact menus could be repeated for the 

"post-treatment" phase. 
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The Plate Waste Survey Team consisted of approximately ten 

volunteers who were recruited to assist on the "weighing days". 

Recruitment involved speaking to various classes at the University 

of Arizona, to explain the study and elicit student help. In some 

instances, volunteers received classroom credit for participation in 

the study. Volunteers were informed of the dates of the "weighing 

days" and signed up to assist as their schedules permitted. All 

volunteers were trained using standard techniques and procedures. 

On the selected "weighing days", the students participating 

in the School Lunch program in the sample schools, picked up their 

lunch trays as normal, ate their lunches, and returned their trays 

to the designated area, leaving all uneaten food, including milk, on 

the tray. The trays were taken by members of the Plate Waste Survey 

Team and separated according to the sex of the child. 

Two team members scraped uneaten food components into the 

designated containers, one container per each food component and one 

set per sex. Each lunch run provided separate data. After all 

trays for a lunch run had been scraped, the waste was weighed for 

each component, by sex, and the information recorded on the 

Preliminary Recording Sheet (PRS). Table 1 shows the PRS as used; a 

separate segment was used for each lunch run. 
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Utilizing the data from the PRS, the Daily Data Sheet (DDS) 

was compiled with the following information: 

1. school name 

2. date 

3. total weight of each component (addition of all lunch 

run waste) 

4. total female waste (oz) 

5. total male waste (oz) 

6. day of the week 

7. weather 

8. monitor's attitude 

9. atmosphere of lunch room 

10 other components 

11. ethnic breakdown of school population 

12. weights of weighing containers 

13. weights of student portion for each component. (A copy 

of the DDS is shown in Appendix C.) 
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Table 1. A Segment of the PRS 
Grade Levels 

WEIGHT OF FOOD WASTED (.25oz.) 

FOOD COMPONENTS Menu Male Female 

Meat/Meat Alternate 

Bread 

Fruit 

Vegetable 

Milk 

Dessert 

£ Travs 

Male 

Female 

TOTAL Weight 
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To assure accuracy, the actual weight of all waste was 

recorded on the FRS form. Scales utilized for the weighing 

procedure included a 25 pound Chatillon and a 32 ounce Pelouze which 

were calibrated before each weighing day. 

This process was repeated for each menus after "Offer Vs. 

Serve" had been implemented in each school for approximately one 

month. The results were recorded on a Before and After Sheet (BAS) 

as shown in Appendix D. 

Data Analysis 

Participation data, sex and ethnic breakdown of the sample 

was analyzed using frequency percents. Percentage of participants 

by sex and ethnic background totaled 100% of participants. 

Percentage paricipation, however, was less than 100% as some 

students chose not to participate in the NSLP. 



CHAPTER IV 

RESULTS AND DISCUSSION 

For greater clarity and to decrease confusion, this chapter 

reports the result of each procedure and discusses these results 

directly following. 

Sample 

All schools in the sample had approximately equal numbers of 

male and female students. Number of each sex participating in the 

school lunch program was determined on one given day by count. 

Percentage of students participating in the school lunch program is 

shown in Table 2. Although schools were chosen by the number of 

Free and Reduced paying students, and not by the percentage of Free 

and Reduced paying students, the percentages were found to be 

appropriate for the levels chosen, as shown in Table 1. 
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Table 2 

Enrollment and Participation for Each of the Sample Schools 

School 
Enro1lment 
Number 

Number 
Participating 

Z 
Participating 

Number 
Male 

Number 
Female 

Number 
F & R* 

Z 
F & R* 

1 224 122 54Z 64 58 101 45Z 

2 677 358 53Z 180 178 214 32Z 

3 437 198 45Z 90 108 5 1Z 

4 562 436 78Z 222 214 414 73Z 

*F & R = Free plus reduced paying students 



Table 2 indicates the difference in number of females and males to 

be 1% for School 4, 5% for School 1, 0% for School 2, and 9% for 

School 3. For purposes of this study, it was assumed, for 

statistical purposes, that the number of females and males was 

equal. 

Percent participation is a direct reflection of percent Free 

and Reduced at higher levels, but at lower levels of Free and 

Reduced status, there is little impact on participation. Other 

variables may influence percent participation when Free and Reduced 

status is not a factor. 

Students at School 3 (the school with the lowest percentage 

of Free and Reduced status but with 45% participation), may be from 

families in which both parents are employed and therefore, school 

lunch is both affordable and convenient. The 1980 Census for Pima 

County reveals the average Hispanic (family) income was $17,779 

while the average Caucasian (family) income was $23,046 (39). 

Because the educational level, as well as income, is higher for 

Caucasians, the importance of a nutritious meal at mid-day is better 

understood. 

Table 3 depicts the ethnic breakdown of the schools. Those 

with the lowest percentage of Free and Reduced paying students also 

have the lowest Hispanic and highest Anglo populations, supporting 

the suggestion that economic level of parents has an effect on 
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school lunch participation. 

School 1, a magnet school, enrolls children from various 

sections of Tucson and focuses on specialized programs for students 

in grades kindergarten through third. Parents must specially enroll 

their children in this school to which increased funding is alloted. 

To equlize the ethnicity of this school, which is situated in a 

predominantly Hispanic neighborhood, only Anglo students are bussed 

in to this school. Thus, School 1 is comprised of approximately 

half Hispanic and half Anglo students and has a 45% population of 

Free and Reduced paying students with a participation rate of 54%. 

Eighty three percent of those participating are Free or Reduced 

paying students. 

School 2 is comprised mainly of Anglo (65%) and Hispanic 

(16%) though the percentage of Free and Reduced paying students is 

32%. Similar to School 1, School 2 has a special program for the 

gifted and talented students (GATE program) to which students from 

surrounding areas are bussed. Sixty percent of students 

participating in the School Lunch program are Free or Reduced paying 

students. Because 40% are full paying students, and the Anglo 

percentage is higher, this again supports the assumption that 

parents economic status influences school lunch participation. 

As shown in Table 3, the two major ethnic races represented 

in the four schools are Hispanic and Anglo. Arizona's distribution 



by race in April of 1980 was White, 66.2%, Hispanic, 26.2%, Indian, 

5.6%, Black, 2.8%, Oriental, .8%, and other, 8.4% (40). Again, this 

demonstrates that Hispanic and Anglo citizens together comprise 

82.4% of Arizona's population. Other groups (i.e., Indian, Black, 

Orientals, and "others") are a small fraction. The four schools are 

closely representative of the overall ethnic breakdown. 

A compilation of Tables 2 and 3 indicates that the school 

with the highest percentages of Free and Reduced paying students 

(School 4) was comprised primarily of Hispanic (81%). School 1 with 

the second highest percentage of Free and reduced paying students 

was 48% Anglo and 41% Hispanic. School 2 with the third highest 

percentage of Free and Reduced paying was 65% Anglo while School 3 

with the lowest percentage of Free and Reduced was 96% Anglo. 
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Table 3 

Ethnic Background of Students from the Four Sample Schools 

Am. 
Schools Indian Oriental Black Asian Hispanic Anglo 

1 1% 10% 1% 41% 48% 

2 2% 7% 3% 16% 65% 

3 1% 1% . 0% 0% 2% 96% 

4 2% 1% 3% 1% 81% 15% 
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Though McCorman and Cummings (16) claim students who are 

Free or Reduced status wasted slightly more food, this study does 

not support their statement when students did not have a choice 

prior to implementation. Table 4 shows the highest percentage of 

waste prior to implementation was found with the upper-middle class 

school, School 3. This is consistent with Rathje's findings that 

the middle class families waste more food ..."the greater the 

budget, the greater the waste..."(2,41). School 4 was disqualified 

as only one menu provided the percentage. After implementation of 

"Offer Vs. Serve", however, this school had marked decreases in 

waste of most food components as shown in Table 8. This suggests 

that these students were more responsive to having choices, perhaps 

as a result of having had more opportunity to make choices. 

Table 5 shows a One Way Analysis of Variance which tested 

for the "school" effect within each component for pre and post-

treatments. The results indicate a significant difference between 

schools in the pre-treatment phase, with the meat component (p=.03), 

bread (p=.003), fruit (p=.0002), and the vegetable (p=.04). 

Superscripts in Table indicate where the differences are; however, 

there is no apparent pattern. 

Though schools 3 and 4 appear to have greater waste 

particularly in respect to fruit, vegetables, and bread, these 

schools differ vastly in ethnic composition, therefore, these 
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Table 4 

Total Waste by School (1984 vs. 1985) 

School N Mean + SE (1984) Mean + SE (1985) P-Value 

1 4 .22 +_ .01 .25 .02 .266 

2 3 .24 +_ .03 .18 +_ .003 

00 m
 

3 5 .38 +_ .03 .25 .02 0.17* 

4 1 .44 .30 

*Significantly different at .05 level. 



Table 5 

One Way Analysis of Variance on the "School" Effect 

Food Year School 1 School 2 School 3 School 4 P-Value 

Meat 84 .16 + .03a .15 ± O
 

CD
 0)
 

.40 ± .16° • 13 ± ?a .0323 

Meat 85 .20 ± .048 .09 ± .02b .25 + • 03ac .16 ± ?abc .0747 

Bread 84 .26 + .04a .26 ± .05a .54 ± ,04b .45 + ?ab .0026 

Bread 85 • 29 ± .02® .15 ± .01b .29 ± • 05a .31 ± ?a .1006 

Fru it 84 .15 ± 

10 CM O
 .33 ± .07b .63 ± .05c .53 + jbc .0002 

Fruit 85 .29 ± .04ab .20 ± .04ab .24 ± .01a .34 ± ?b .1641 

Veg. 84 .24 + • 05a .25 ± . 13ab .78 ± . 15° .60 ± ?b .0391 

Veg. 85 .18 ± .04*= .13 ± .07* .20 ± .04ab .46 + TC .0699 

Milk 84 .25 ± 

n
 CM 0
 • .24 + •05ab .21 ± ,03a .45 ± ?b .0731 

Milk 85 .29 ± .02ab •23 + .01a .29 ± .05 «b .34 + ?b .5962 

Dessert 84 .10 + ? K
) 

O
 

1+
 

? 

Dessert 85 .30 ± ? .08 + ? 

'Means In same line (Item) containing same letter of superscript 
cannot be declared significantly different at the .OS level using 
palrwlse T-tests. 
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differences in waste can not be attributed to ethnicity but rather 

may reflect more desirable menus in schools 1 and 2. Menus served 

through out this study are shown in Appendix G. Inclusion of School 

4 in comparison may be generating differences that are not "true" 

differences, as only one menu was used to provide the means. 

Waste 

In 1977, plate waste in the United States was reported to be 

14% ((H), while in 1978, it was reported to be 20%. Total waste 

among the four schools using the thirteen total menus prior to 

implementation was 30% showing an increasing waste trend. After 

implementation of "Offer Vs. Serve", total waste was decreased to 

24%, resulting in a 6% decrease or, based on original waste a 20% 

overall decrease. This was a significant decrease (p = .029). 

Jansen and Harper (14) reported waste in 10% of the schools in a New 

Mexico School District to be vegetable, 52%; fruit, 29%; meat, 13%; 

milk, 6%,; and entree, 9%. 

Table 4 shows average waste before and after "Offer Vs. 

Serve" for each of the schools. One school, School 4, had data 

collected on only one menu as a result of holidays, menu changes and 

other unavoidable logistical problems, thus a p-value could not be 

determined. Statistically significant differences in plate waste 



49 

with the pre-treatment compared to the post-treatment phase were 

found for School 3. If the included pattern continued, it is likely 

that the differences would be statistically significant. 

Waste for Schools 2, 3, and 4 did decrease as a result of 

intervention; however, only the decrease for School 3 was 

significant. This school was the only one in which five collection 

days were involved, a factor which influenced the p-value. For 

School 2, though the decrease was 6%, the collection days were 

fewer. School 3 had a higher socio-economic level as noted by the 

lowest number of Free and Reduced paying students. Associated with 

higher socio-economic levels is higher education. Those with higher 

educational levels stress options and place a high value on the 

importance of education with their children. 

A post-treatment decrease in ratio percentages (waste 

divided by served) for meat, bread, fruit, and vegetable is depicted 

in Table 6. 

The results of a paired, two-tailed t-test on ratio of waste 

indicates that statistically significant decreases (p - .05) in 

plate waste were found for bread (p = .014), fruit (p = .047), and 

vegetables (p = .006). These findings are substantiated by a study 



Table 6 
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Changes in Vaste Percentages by Component 

(P-Values for Paired t-Test— on Ratio of Waste; Before Vs. After) 

Food Item P-Value Actual Change in Waste Percentage 

Meat .102^ 125-191/25 s 24% Decrease 

Bread .014^ 138-261/38 8 32% Decrease 

Fruit .047<* 141-251/41 S 39% Decrease 

Vegetables .006^ 148-201/48 S 58% Decrease 

Milk .289 124-218/24 S 17% Increase 

Dessert .843 119-151/15 = 30% Increase 

aTest is two-tailed 

• Practical Decrease 
••Statistically significant decrease at p< .05. 
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of household food waste in 1974 with 350 Tucson households, which 

noted that vegetable (10.4%), fruit (6.1%), and grain products 

(5.7%) were the three most wasted items (1). 

Although meat waste was not significantly decreased the 

percentage change in waste of 24% was a practical decrease. In one 

school, 20 servings of chicken nuggets were not selected, which 

resulted in a savings of $8.00, in that one school for one day. In 

another school, 10 servings of fish were not selected for a savings 

of $1.90. Both savings indicate a practical decrease in waste, 

since meat is often the most expensive menu component. Items that 

are not selected can be offered as a choice at a later date. 

Referring to production and serving records, the Department Heads 

can determine how much to prepare according to student preferences. 

Statistically significant decreases for other components were as 

follows: 32% for bread, 39% for fruit, and 58% for vegetables. 

Since vegetable waste is higher than for any other menu component 

(9,42) it is not surprising to see the highest decline in waste with 

this component. 

Results for milk and dessert did not show a decrease in 

waste, which may be explained by several factors. It should be 

noted that daily temperatures (average for all collection days) when 

the "Before" data was collected (October, November, December) were 

exactly the same as when the "After" data collected (January, 
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February, March). The extreme temperature difference (of 88 degrees 

to 52 degrees) occurred during the fall months. (Six 80 degree and 

above days were noted for fall while one 80 degree day was noted for 

spring), suggesting that students may have been thirstier in the 

Fall months rather than when the weather was more moderate in the 

Spring. This may explain why milk waste was less in the "Before" 

phase. 

Another factor that may have affected milk waste was noted 

in School 2, where the lunch monitor encouraged students to finish 

quickly and go outside. This may have influenced students who 

otherwise would have finished their lunch, to rush outside. Since 

milk is often the last item finished, the monitor's influence may 

have most affected the milk component. 

A third factor that may have affected the increased waste of 

milk after implementation of "Offer Vs. Serve" was the lack of 

introduction and explanation of the "Offer Vs. Serve" program in one 

school. Three steps were involved in implementation of the "Offer 

Vs. Serve" program. First, a meeting was held with the Principal 

and a Food Service Supervisor to explain the program and to answer 

any questions that the Principal had. Second, a letter, written by 

the Principal was sent home with each child. The letter explained 

the program and stated the date the program would begin. Third, in 

most instances, a trained Nutritionist from the Food Service staff 
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visited classrooms the day prior to implementation to explain the 

program so that all students understood the procedure as well as the 

guidelines involved in "Offer Vs. Serve" (43). Other school 

districts have used similar procedures. At Danelly Elementary 

School in Montgomery, AL., an extensive two day nutrition 

orientation took place prior to implementation of "Offer Vs. Serve" 

(44). 

It was noted by the researchers that children at the one 

school did not understand how to select their lunches. This was the 

one school that did not have the Nutritionist's visit, which 

resulted in a misunderstanding by the cafeteria employees as well as 

the students. Thus, the students may have been unaware that milk 

was an option. In addition, this particular school has only 

kindergarten through third grade students enrolled. The school 

lunch menus are planned to meet the dietary needs of students in 

grades four through twelve, therefore the amount of food served to 

younger students more than meets their requirements and is often too 

much food. Younger students generally consume less food, thus waste 

more if the portion sizes are not decreased. 
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School 1 is the only school of the four in which the milk 

box is placed prior to the serving line. It is possible, then, that 

as students proceeded in line, past the milk box, to the serving 

window, that they picked up milk out of habit. This is also the 

only school which does not offer chocolate milk as an option. 

A final factor which may have impacted on milk waste, in 

another school, was the sale of ice cream during the lunch period by 

the Parent Teacher Organization. It was noted in the school at 

which this was occurring that milk waste was higher in all cases on 

the specific days that ice cream was sold than on days when it was 

not sold, irrespective of the "Offer Vs. Serve" program. This is an 

example of the uncontrollable influences and variables which can 

occur with plate waste studies in school lunch programs. 

The rationale concerning the increased waste for the dessert 

(cookie) may be related to the decrease in enthusiasm with the school 

lunch program as the year progffesses. It has been found that waste 

increases as the school year progresses. It was also noted in one 

school that a cookie was placed on each child's tray irregardless of 

whether the child had selected that item. Cookies, as a dessert 

item, could be refused although it is an additional item and not 

considered one of the five options of which the child must choose 

three. Waste may have increased as a result of some students having 

received a cookie which they did not choose and did not intend to 
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consume. It should be noted, however, that only two menus including 

dessert were used in this study, so generalization of the results 

for dessert is questionable. Waste for one dessert menu (chocolate 

chip cookie) did decrease, but waste for the other menu (peanut 

butter cookie) increased. From these results, students appeared to 

prefer chocolate chip cookies. 

Although statistically significant decreases in plate waste 

were noted in three components, consumption was higher in four food 

groups AFTER implementation of "Offer Vs. Serve". This is contrary 

to the findings of Robichaux and Adams (22). 

Table 7 shows a summary of consumption by component 

(Appendix F shows complete consumption data) of major importance are 

the increases in consumption of meat, fruit and vegetables. Though 

this data suggest milk consumption was higher after implementation 

of "Offer Vs. Serve", actual waste of milk increased. This conflict 

can be explained by inability of the Plate Waste Team to prevent 

several students from removing their milk cartons from their trays 
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Table 7 

Item 
Consumption 

(oz.) (oz.) 
Pre-treatment Post-Treatment Increase/Decrease 

Meat 5359 6356 997oz (increase) 

Bread 3330 5467 2137oz (increase) 

Fruit 3983 5177 1194oz (increase) 

Vegetable 4116 5299 1183oz (increase) 

Milk 17,256 17,337 81oz 
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and throwing them in the garbage, so that the milk waste could not 

be reported. Several similar instances were noted, however, this 

was not a major problem. 

These results reflect a positive reponse by the students to 

having the freedom to choose their own lunch items. 

Table 8 depicts a pre versus post-treatment comparison of 

the change in waste by food groups, between schools. Because School 

4 had only one data collection day, this was excluded from the 

analysis. 

Significant decreases between pre versus post-intervention 

were noted for meat (p = .025), bread (p = .008), fruit (p = .002), 

and vegetable (p = .012) for School 3. Fruit and vegetable 

decreases for School 1 approached significance as did fruit for 

School 2. School 3 is the school with the least number of Free and 

Reduced and the only school with a significant decrease (overall) in 

waste as shown in Table 5. 

Table 9 reveals the waste difference by sex on a selected 

day. 

Using this data, average male waste was 120 oz, while 

average female waste was 119 oz. A comparison of these three menus 

indicated no difference in waste patterns was apparent. It was not 
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Table 8 

One Way Analysis of Variance for Pre-Intervention (1984) 
vs• Post-Intervention (1985) 

P-Values by Food Group 

School Meat Bread Fruit Veg. Milk Dessert 

1 .277 .513 .064 .078 .354 

2 . .210 .183 .073 .158 .897 

3 .025* .008* .002* .012* .241 ____ 

* - Significant at the .05 level. 
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Table 9 

Waste Difference by Sex on a Selected Day for Three Schools* 

oz waste by component 
School Hales Females Meat Bread Fruit Vege. Milk 

1 64 13 37 33 67 121 
58 21 48 28 54 185 

2 180 42 74 114 246 524 
178 70 61 171 217 451 

3 89 66 86 134 42 203 
79 79 107 105 35 158 

*During the one collection day at School 4, it was not possible to 
count male and females due to shortage of help. 
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possible to count the number of male and female participants more 

than one time at each school, due to the shortage of volunteers 
J 

assisting with this project. 

Research Questions 

This section will address in summary the answers to the 

research questions as outlined in Chapter 1. 

1. Does the "Offer Vs. Serve" method change the amount of 

plate waste significantly? 

Total waste prior to implementation of this program was 

30% while after implementation, total waste was 24%. 

This decrease was statistically significant (p = .029). 

2. Is the amount of waste dependent upon the ethnic 

composition of the four schools? 

This data is suggestive that waste may be dependent on 

ethnic composition, but cannot be isolated. Economics 

and education levels may equally be as important. The 

school with a higher number of enrolled Anglo students 
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had 38% waste pre-treatment which dropped to 25% waste 

post-treatement, while the school with a higher number 

of enrolled Hispanic students had 44% waste pre-

treatment which dropped to 30% in the post-treatment 

phase. Waste could not be related to the ethnicity of 

the children, in the other two schools. 

3. Will the percentage of waste by food components be 

different before and after implementation of "Offer Vs. 

Serve"? 

As outlined in Tables 5 and 6, waste both BEFORE and 

AFTER are different. In comparing BEFORE and AFTER, 

the following changes were noted: 

24% Decrease in waste with the meat component (p=.102) 

after program implementation 

32% Decrease in waste with the bread component 

(p=.014). 

39% Decrease in waste with the fruit component 

(p=.047). 

58% Decrease in waste with the vegetable component 

(p«.006). 
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17% Increase in waste with the milk component (p=.289). 

30% Increase in waste with the dessert component 

(p=.843). 

4. Does implementation of "Offer Vs. Serve" require 

student education by a Nutritionist for optimal 

benefit? 

For optimal benefit, the implementation of "Offer Vs. 

Serve" does require the assistance of a trained 

Nutritionist. This program appears to be most 

effective with grades third through sixth and/or with 

children who are used to making choices. 



CHAPTER V 

SUMMARY, RECOMMENDATIONS, CONCLUSIONS, AND IMPLICATIONS 

This final chapter will include Summary, Recommendations, 

Conclusions and Implications. The first section will summarize this 

study, while the second section will include the author's 

recommendations. The last section addressed conclusions and 

implications. 

Summary 

Food waste within the school lunch program has long been an 

issue. With the mandation of "Offer Vs. Serve" in the High School 

program, waste began to decrease. Recent studies suggest these 

findings are consistent when implemented in the elementary schools. 

Though waste is inevitable in institutional food systems, the 

purpose of this study was to determine whether this program would be 

instrumental in decreasing plate waste in an Arizona School 

District. 

Waste was collected for 13 lunch menus in four ethnically 

diversified elementary schools in Tucson, AZ. Uneaten food was 

63 
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scraped from all student trays into buckets (separated by food 

component and by sex), and was then weighed and recorded. After 

implementation of "Offer Vs. Serve" in each scool, waste was again 

colected, weighed and recorded, with the original 13 menus. 

Total post-treatment waste decreased significantly (p=.029) 

as compared with pre-treatment waste, indicating "Offer Vs. Serve" 

was effective in modifying waste. A paired two-tailed t-test on 

ratio of waste resulted in statistically significant decreases in 

the bread (pa=.014), fruit (p = .047), and vegetable (p = .006) 

components. In addition, meat waste decreased considerably. 

Consumption of four food components increased after 

implementation of the program, implying that food selected by 

students was consumed. The researchers noted students were 

enthusiastic about the opportunity to make their own lunch 

selections. The most marked decrease in waste occurred at the 

predominantly Anglo middle-class school. Variables such as weather 

conditions, monitor attitude, ethnic composition, milk flavor 

choices, food sales during lunch, and nutrition education all 

impacted on the results of this study. Though it would have been 

interesting to look at waste between kindergarten through second 

grade versus waste between third through sixth grade, this was not 

possible in this study because of overlapping grade levels within 

lunch runs. Likewise, an assessment of male waste versus female 
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waste would have provided interesting data, however, logistics 

prevented evaluating this. Cafeteria workers, as well as the Plate 

Waste Survey Team, however, noted higher overall waste with the 

kindergarten through second graders than with the older students. 

Reducing the portion size as allowed by Federal guidelines, could 

possibly remedy this. 

Recommendat ions 

The "Offer Vs. Serve" program is effective in decreasing 

plate waste within the National School Lunch Program. To ensure 

that students, teachers and cafeteria personnel fully understand the 

program, a trained Nutritionist should visit classrooms explaining 

the procedure and guidelines. Three of the four schools utilized in 

this study did have the Nutritionist's visit; however, in the school 

which did not have the visit, waste did not decrease after 

implementation of this program, suggesting a lack of understanding. 

It is recommended that a presentation be given during a Parent 

Teacher Organization meeting by the Nutritionist to ensure that 

parents also understand the program. 

In this study, milk waste did not decrease after 

implementation of this program. Because osteoporosis is so 

prevalent in our society, adequate consumption of dairy products is 
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imperative throughout life. Poor bone mineral status in the younger 

years predisposes to bone shortening, fracturing, and other problems 

in the latter years; therefore, the author recommends that milk be 

mandatory and that chocolate milk be offered as an alternative to 

white milk. 

Since vegetables were observed as being the component most 

students did not select, the Food Service Department should focus 

Nutrition Education lessons on the necessity of including these food 

daily. The author recommends introducing new vegetables in a 

"Tasting Party" atmosphere to ensure students are acquainted with 

this item before it is served. 

As mentioned in Chapter IV, one of the unavoidable variables 

influencing the amount of food waste is the sales of other food 

items (i.e., popcorn, ice cream) during the lunch period. Waste 

increases on days during which these items are sold; therefore, to 

ensure the necessary nutrients are consumed at lunchtime, the author 

recommends the sale of snack items be confined to afterschool. 

Local doctors have found that accidents involving children most 

frequently occur between 4 and 6 pm among children who are 

prohibited to snack between meals. This is due to a normal 

hypoglycemic reaction which results when no food is eaten for a long 

period of time. Thus, offering snacks after school may reduce the 



67 

risk of late after noon accidents as well as ensuring that more of 

the lunch would be consumed. 

The researchers observed in one school, that monitors were 

"rushing" the students outside and therefore not allowing adequate 

time to consume their lunches. The author recommends that the 

Principals promote a more relaxed environment. 

Adjusted portion servings may decrease waste among the 

younger students. Since younger children have been found to waste 

more, adjusting portions to better meet the needs of these children 

(kindergarten through second) is warranted. 

The author recommends follow up visits in all schools in 

which the "Offer Vs. Serve" program was implemented, be made 

periodically. This would ensure that the program is achieving its 

goal. 

Conclusions and Implications 

Realizing children's taste preferences vary, "Offer Vs. 

Serve" affords students the opportunity to select their food items 

for lunch, giving them some freedom from the otherwise structured 

learning environment. Students in TUSD have responded favorably to 

the implementation of this program, as demonstrated by decreased 

waste. Bread, fruit, vegetable and meat waste decreased while there 
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was increased consumption of food selected. For optimal and 

achievable benefit and understanding, a Food Service Nutritionist 

should assist in the implementation phase of "Offer Vs. Serve". The 

one school in this study which did not include Nutritionists' 

intervention showed no decrease in waste, indicating the importance 

of nutrition education with implementation of this program. 

This study reports the greatest decrease in waste in the 

post-treatment results, when compared to the pre-treatment, in the 

school with the lowest percentage of Free and Reduced paying 

students suggesting that these students may be more accustomed to 

making choices. 

Other factors, however, may have impacted on School 3 data. 

Some parents with children in Free or Reduced lunch programs may 

strongly encourage their children to take everying, since it's 

"free" or less costly. The author believes there is an American 

ethic, which is the higher the price, the less waste; the lower the 

price, the more wasted. Substantiating this ethic, McCorman and 

Cummings (16) found the Free and Reduced students wasted slightly 

more. Childrens' waste patterns appear representative of family 

waste patterns as noted by Rathje. 

Another factor such as the co-operation exhibited by the 

school staff, may have been influential on these results. The staff 
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at School 3 was positive and supportive of the new program, possibly 

affecting the students' perception. 

An informal one month survey in TUSD in April, 1985, 

revealed a savings of $16,377 worth of food was not wasted with 51 

schools on "Offer Vs. Serve" (Apendix G). The savings with 65 

schools over a years time could be expected to exceed $140,000 per 

year in food costs alone; Thus decreasing food costs result when 

food production and serving records are consulted prior to 

preparation. 

The implications of these results can be summarized. First, 

the decreased waste and decreased food costs afford the potential 

for a viable School Lunch Program irregardless of budget cuts. 

Because expenses are reduced, a decrease in funding is required. 

Second, these findings which report the greatest decrease in 

waste was found with bread, fruit, and vegetables, supports those of 

the "Garbage Project" commonly associated with the University of 

Arizona. Data revealed by this source states that the three most 

wasted hosehold items are the same three found wasted in the School 

Lunch program. 

Third, the results of this study suggest the need for 

further studies to be performed in other districts, and in other 

areas of the United States as well as with students in Jr. and Sr. 

High School. 
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Because of the increased accountability required and the 

emphasis on decreasing health care costs, further studies may be 

warranted in the area of hospital/health care facilities and the 

waste generated in these settings. 

Finally, increased participation in the School Lunch Program 

has been cited by many (11,20,45) as a benefit of implementation of 

"Offer Vs. Serve". Students are enthusiastic about having the 

opportunity to choose. "Offer Vs. Serve" affords many benefits to a 

school district. Decreased food waste, increased participation, and 

decreased food costs resulted with the implementation in this one 

district. The benefits for other districts could be equally as 

positive. 
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R E V I S E D  

(For Use of School's Determining Official Only) 

USDA CHILD NUTRITION PROGRAM 

INCOME GUIDELINES 

July I, 1984 - June 30, 1983 

Family Size 

1 

2 

Each Additional 
Member Add 

FREE REDUCED 

•Year ••Month ••Week •Year ••Month ••Week 

$ 6,474 $ 500 $ 123 $ 9,213 $ 768 $ 178 

8,736 728 168 12,432 1,036 240 

10,998 917 212 13,631 1,303 301 

13,260 1,103 233 18,870 1,573 363 

13,322 1,294 299 22,089 1,841 425 

17,780 1,082 342 23,308 2,109 487 

20,046 1,671 386 28,327 2,378 549 

22,308 1,839 429 31,746 2,646 611 

2,262 189 44 3,219 269 62 

*Annualize only for those not having a regular monthly income. 
••Monthly and Weekly income arrived at by dividing annual rate by 12 and/or 32 and rounding up. 
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TUCSON UNIFIED SCHOOL DISTRICT 
FOOD SERVICES DEPARTMENT 

2150 East Fifteenth Sheet v 
Tucaon, Arizona B571B 

Date: 

Dear Parent: 

Beginning . our school will be Involved In a new 
progrea called "Offer vs. Serve" for the lunch progran. This 
option Is made available by the United States Department of Agricul
ture to help reduce plate waste In the school lunch program. 

Students will be able to choose three of the five food Items they 
will eat and not take those they will not. The coat of the lunch 
will remain 75c. 

Commodity foods and federal funds support the lunch program for all 
atudents. The 73c cost Is over 90Z labor to prepare and serve the 
meal. This expense will continue In this new program. 

He believe "Offer vs. Serve" has poaltlve educational value by giving 
the students the opportunity to make choices. 

Thank you for your help In promoting this new progran. If you have 
any questlona, please call. 

Sincerely, 

Principal 

Elementary School 

AN EQUAL OPPORTUNITY EMPLOYER 
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School 'OFFER VS SERVE"PROJECT 
Date 

Daily Data Sheet 

FOOD COMPONENTS WEIGHT OF FOOD WASTED (.25 oz.) 
Menu 

Meat/Meat Alternate 
M F 

Bread 

Fruit 

Vegetable 

Milk 

Dessert 

TOTAL Weight 

Variables 

Day (circle one): 
Monday Tuesday Wednesday Thursday Friday 

Weather (circle one): 
Hot Cold Rainy Sunny 

Monitors (attitude): 

Atmosphere of Lunchroom: 

Before After Implementation (circle one) 

Other Comnents: 

Ethnic Breakdown Weights of weighing containers 

Container WT 

ENROLLMENT: 
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Before and After Sheet 

Before 

% Waste 

Meat 

Bread 

Fruit 

Veg. 

Milk 

Dessert 

After 

% Waste 

(Percent waste *» oz waste divided by oz served) 
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Menus Served for Study 

School 1 

Menu 1 Menu 2 Menu 3 Menu 4 

Beef pattie Steakette SI Joe Chicken nuggets 
Bun Roll Bun Cornbread 
Fries Bk. Potato Corn Green Beans 
Peaches Peaches Pears Pears 
Milk Milk Milk Milk 
Cookie 



School 2 

Menu 5. 

Hot dog 
Bun 
Fries 
Peaches 
Milk 

School 3 

Menu 8. 

Fish 
Cornbread 
Green Beans 
Applesauce 
Milk 

Menu 12 

Steakette 
Biscuit 
Green Beans 
Cinnamon 
Applesauce 
Milk 

Menu 6. Menu 7. 

Beef pattie Steakette 
Bun Bread with butter 
Fries Bk. Potato 
Frt. Cocktail Peaches 
Milk Milk 
Choc. Chip 
Cookie 

Menu 9 Menu 10 Menu 11 

Chicken nug. 
Cheese Bis. 
Green Beans 
Pineapple 
Milk 

SI. Joe 
Bun 
Corn 
Pears 
Milk 

Corn dog 
(Corn-wrap) 
Fries 
Applesauce 
Milk 



School 4 

Menu 13 

Chicken nuggets 
Cornbread 
Peas and Carrots 
Pears 
Milk 
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Comparison of Ounces Consumed "Before" vs "After" "Offer vs. 
Serve" within Component by School 

School 1 

Menu 1 Menu 2 Menu 3 Menu 4 

B1 Al B2 A2 B3 A3 B4 A4 

Meat 207 184 269 172 307 298 416 451* 

Bread 266 197 171 168 144 143 141 193* 

Fruit 310 151 189 128 425 377 280 113 

Veg. 311 428* 332 312 250 218 355 280 

Milk 831 858* 255 547* 854 730 731 748* 

Desert 140 102 ___ 
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School 2 

Menu 5 Menu 6 Menu 7 

B5 A5 B6 A6 B7 A7 

Meat 607 651* 481 650* 866 963 

Bread 470 439 603 907* 279 433 

Fruit 468 645* 495 550* 748 1350 

Veg. 998 722 403 1240* 457 658' 

Milk 2378 2125 2685 2582 2220 2413 

Dessert 241 392 ___ ___ — 



School 3 

Menu 8 Menu 9 Menu 10 

B8 A8 B9 A9 BIO A10 

Meat 172 227* 242 184 186 376 

Bread 235 201 156 207* 112 245" 

Fruit 103 213* 50 262* 71 253* 

Veg. 274 562* 74 189* 13 246* 

Milk 975 1036* 1048 1041 896 90l" 

Dessert 

Menu 11 Menu 12 

Bll All B12 A12 

445 582* 323 4511 

130 241* 136 346 

109 164* 117 275 

50 165* 255 165 

1220 1530* 1164 401 



School 4 

Menu 13 

B13 A13 

Meat 838 1167 

Bread 487 740 

Fruit 618 696 

Veg. 344 114 

Milk 1999 2425' 
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TUCSON UNIFIED SCHOOL DISTRICT 
FOOD SERVICES DEPARTMENT 

2150 EAST 15TH STREET 
TUCSON. ARIZONA 

»71M3ie 

TO: All Food Service Employees 

FROM: Patty Narduccl 
Nutritionist p,_) 
Food Service ' 

DATE: April 22, 1985 

SUBJECT: Results of "Offer vs Serve" survey 

Below is a summary of the amount of food saved as calculated from 
the "Offer vs Serve" surveys completed by 51 elementary schools 
(on "Offer vs Serve") for one month: 

gallons 499 
cans 2,545 
bread/buns/biscuits 6,961 
bags 29 
boxes 285 
pounds 2,812 
PB bars 198 
trays (cake) 23 
cookies 563 
single items; 23,101 
banana \ 
steakette I 
baked potatoJ 

This translates into a savings of $16,377 worth of food not being 
thrown away. 

' Had the previous system been in effect, whereby each child was 
given all items, the cost of the 19 meals amounted to $80,290.74. 
With the savings of $16,377.61 worth of food not served at the 
Intended time, the actual cost to the Food Service Department was 
$63,913.13. 

Again, this Involved 51 elementary schools for only one month and 
does not include savings from milk not selected. Since March, 
six more schools have begun "Offer vs Serve". The actual 
savings, then, is even greater than this report depicts. 

PN/vg 
1770 
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