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An interactive multimedia program, SmartBytes, that incorporated 

learning and instructional design theories to promote change in knowledge, self-

efficacy, attitude and food selection behaviors related to nutrient composition of 

food for vitamin A and iron was developed.  The program was tested in a 

controlled study with 418 introductory and 182 advanced level students enrolled 

in nutrition courses in 8 universities across the United States.  While control 

groups participated in traditional class work and assignments only, experimental 

groups completed SmartBytes in addition to the traditional curricula. 

Cognitive change was evaluated using 21 items for introductory and 33 

items for advanced students.  Fifteen attitude and 8 introductory or 12 advanced 

self-efficacy items were measured on a 5-point Likert type scale.  Food behaviors 
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were assessed for introductory students with two separate 24-hour food records 

completed at least one month apart, before and after the intervention. 

Mean change scores were calculated by subtracting post intervention 

scores from pre intervention scores.  Statistically significant differences between 

means were indicated by a p value of less than 0.05.  Cognitive and self-efficacy 

mean change scores differed significantly between the experimental and the 

control group for both the introductory and advanced students.  Mean attitude 

change scores for the two groups differed significantly for introductory students, 

but those for advanced students did not.  Average change in consumption of 

vitamin A per 1000 kcals differed significantly between the groups; however, 

change in iron intake per 1000 kcals did not. 

Instructional method was positively correlated with changes in cognition, 

attitude, self-efficacy and vitamin A/1000 kcal for introductory students. Positive 

correlations were present between instructional method and changes in cognition 

and self-efficacy for advanced students.  Approximately 80% of introductory 

level and 50% of advanced level students spent =45 minutes on each module; 

over 30% of advanced level students spent up to 90 minutes on each module.  

Time spent was positively correlated with cognitive gains for both groups.  

Feedback collected from experimental subjects at the post intervention measure 

indicated that a vast majority of both introductory and advanced level students 

found the entire program and individual modules to be helpful.  In summary 
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SmartBytes enhanced traditional nutrition curricula at both introductory and 

advanced level. 
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Chapter 1:  Introduction 

 The ultimate goal of nutrition education is to improve health of 

individuals or groups by promoting better eating habits.  Effective nutrition 

education provides meaningful and useable information to the target audience.  In 

addition, nutrition education can increase an individual’s sense of self-efficacy 

and facilitate the change process by motivating the learner to change attitudes and 

alter behaviors (1,2). 

The 1993 Survey of American Dietary Habits done by the American 

Dietetic Association (3) indicated that a growing number of Americans are aware 

of the importance of healthful eating; however, only about a third of those 

surveyed said that they were doing all they could to achieve a healthful diet (3).  

Dietary Guidelines for Americans and Healthy People 2000 both recommend a 

diet high in fruits, vegetable and whole grains and low in fat and sodium (4,5).  

The 1993 Survey by the ADA (3) showed that few Americans could identify 

specific dietary guidelines although the respondents considered themselves very 

knowledgeable on the topic.  On a positive note, final review of Healthy People 

2000 showed improvement in consumption of fruits, vegetables and grains; but 

even with this improvement, a majority of Americans were still not consuming 

the recommended amounts of fruits and vegetables, and their choices for 

vegetables and grains did not show sufficient variety (6).  Healthy People 2010 

continues to seek improvement in the American diet (7). 
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The ultimate goal of the current research was to assist Americans in eating 

a healthful diet.  Health education research has shown that many factors mediate 

behavioral change. Some important factors include knowledge, beliefs/attitudes 

and self-efficacy (8-10).  Knowledge is an important step in behavior change, but 

knowledge alone will not necessarily lead to the desired change (1).  Attitude 

toward the behavior contributes to behavior change either directly, or through 

other factors such as self-efficacy (11).  Self-efficacy, defined as the extent to 

which individuals believe themselves capable of performing a particular task, is a 

strong predictor of change (10,12,13). 

Statement of Problem 

Knowledge about nutrient composition of food can assist individuals in 

making informed choices in their diet.  Food composition was once a major topic 

in introductory and advanced nutrition courses at the university level.  However, 

as more information in the field of nutrition became available, including the 

explosion of new data in the area of molecular nutrition, the topic of food 

composition has been limited or even squeezed from the curricula.  Students were 

once exposed to some aspects of food composition knowledge when completing 

the diet analysis assignment frequently included in introductory nutrition courses.  

As students looked up foods in nutrient tables, often investigating the same food 

many times, they became familiar with the nutrient values.  The new 

technological age brought the ease and speed of performing this type of 

assignment on computers using diet analysis software.  However, this innovation 

cost students the opportunity to learn about the nutrient value of individual foods.  
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Students can now complete courses in nutrition with limited knowledge or 

appreciation of food composition. 

Interactive multimedia (IMM) has been shown as a successful method for 

including coursework outside of the classroom in many fields of study (14).  

Beerman (15) correctly pointed out that today’s students come from an electronic 

world.  Cartright (16) found particular value in IMM specifically because of its 

interactive nature.  He maintained that students need to have some control over 

what, when and how to study, and that IMM fits that need.  Jones and Smith (17) 

reported on the successful use of IMM to teach chemistry and chemistry 

laboratory techniques and concluded that educationally effective multimedia can 

use cutting edge technology to create environments in which learning is enhanced 

allowing faculty to cover other topics in lecture.  Woolf (2) reviewed IMM 

programs such as Cardiac Tutor, a program that teaches medical students about 

cardiac resuscitation, and stated that multimedia teaching can deliver active 

learning, which can lead to improved instruction. Kolasa (18) reviewed current 

nutrition software and encouraged nutrition educators to use technology in 

innovative ways. 

Overview of this Research 

The purpose of the current study was to develop and test an interactive 

multimedia teaching program for its effect on cognition, attitude, self-efficacy and 

behavior with regard to nutrient composition of food for vitamin A and iron.  The 

review of literature portion of this paper will explore prior research covering the 

effect of various styles of instruction on cognitive, attitude, self-efficacy and 
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behavior change as well as relationships between these factors.  Methods for this 

study are described including development of the intervention, development of 

measurement instruments, and data collection and management.  Results are 

reported for change in cognition, attitude, self-efficacy and behavior in 

measureme nts taken before and after experimental students were exposed to the 

IMM program.  Student feedback about the program and relationships between 

the factors are covered also. 

Hypothesis 

Use of a well designed interactive multimedia program for the teaching of 

nutrient composition of food used as an enhancement to traditional curricula will 

lead to improved cognition, attitude, self-efficacy and food related behavior for 

introductory and advanced level nutrition students exposed to the program. 
 

This study was funded by a USDA Higher Education Challenge Grant 

#96-38411-02827 with matching funds provided by the University of Texas at 

Austin.  Abstracts with preliminary data from the study have been published in 

the Journal of the American Dietetic Association (19-21). 
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Chapter 2:  Review of Literature 

The effectiveness of education has been studied in various ways.  In this 

paper the effect of education on cognitive change, attitude, self-efficacy and 

behavior will be reviewed and analyzed.  Special attention will be given to 

nutrition education and food behavior change.  Well-designed education in any 

form can improve knowledge.  The effectiveness of several different types of 

education for each of these factors will be discussed; specifically, print materials, 

lecture, computer assisted instruction (CAI) and multimedia will be addressed.  

Statistical results will be reported in the styles of the reference articles. 

COGNITIVE CHANGE 

 Edwards (22) evaluated the effectiveness of nutrition education on 

cognitive change with adults enrolled in a Red Cross nutrition education course.  

The instructor led a 6-module course that consisted of workbooks with additional 

reading.  Each subject took a pretest before beginning the course and a posttest 

immediately following the completion of the course.  Experimental subjects 

voluntarily enrolled in the course (n=1461 pre; n=1031 post).  Control subjects 

were enrolled in different Red Cross courses during the same time period (n=212 

pre; n=133 post).  Cognitive change was evaluated with 15 multiple-choice items.  

Pre and posttest means differed significantly for the experimental group (8.91 vs. 

10.87, p < 0.001) but not for the control group (8.09 vs. 8.19, p = NS) indicating 

that the classroom intervention had a positive effect on cognitive change for 

individuals enrolled in a Red Cross nutrition education course. 
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Picardi and Porter (23) found a significant gain in knowledge for 

experimental subjects when they tested a food and nutrition course with 11th and 

12th grade high school students in Boston.  The research design research included 

the use of both pre and posttests for each of the three control (n=54) and 

experimental (n=54) groups.  Average teaching time for the course was 

approximately 30 classroom hours.  Mean gains were significantly improved for 

each of the experimental groups, as well as for one of the control groups.  Mean 

gains from pretest to posttest experimental groups were 18.45 ± 13.24, 19.40 ± 

13.79 and 24.39 ± 8.12 (p < 0.05 for all).  Mean gains for pretest to posttest for 

control groups were 0.80 ± 8.29 (p = NS), 6.20 ± 10.33 (p < 0.05), and 1.63 ± 

10.00 (p = NS).  The rationale given for the significant improvement in one of the 

control groups was that that control group had the same teacher and met in the 

same room as one of the experimental groups.  Members of that group were 

interested in the material and asked questions.  Classroom nutrition education, 

therefore, had a positive impact on nutrition knowledge for high school students. 

 Mitchell (24) measured changes for students completing a college 

level introductory nutrition course.  No information was reported regarding style 

of teaching or course assignments.  The experimental group was composed of 159 

introductory nutrition students; 59 students in a general studies class functioned as 

a control group. Each subject completed pre and posttest questionnaires.  Total 

scores were not reported; however, mixed results from three nutrition knowledge 

questions were discussed.  A greater percentage of experimental subjects 

compared to control subjects gave correct answers to questions covering the best 
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source of iron (p < 0.001) and caloric density of the macronutrients (p < 0.05).  

No significant difference was seen between the groups on a question about 

calories in butter, margarine and catsup (p = NS).  Following 15 weeks of 

nutrition education, introductory nutrition students performed better than control 

subjects on two out of three nutrition knowledge questions.  

Rosander and Sims (25) studied the effect of nutrition education on 

Pennsylvania WIC participants.  Twenty-three experimental and 22 control 

subjects took a 17-item knowledge test after which the experimental, but not the 

control group, participated in the intervention.  The intervention consisted of 3 

lessons including classroom activities offered one month apart.  Topics included 

food sources and functions for the nutrients calcium, iron and folate.  Means for 

the experimental group differed significantly (p = 0.001) from pre to post test, 

10.14 to 14.52 respectively; while those for the control group did not, pre 

instruction 8.82 vs. post instruction 9.91.  Mean change score for the experimental 

group of 4.38 also differed significantly from that for the control group of 1.09 (p 

= 0.001).  Significant positive change was seen in nutrition knowledge for 

subjects that participated in a WIC based classroom intervention addressing 

nutrition education. 

Mann et al. (26) evaluated the effectiveness of an educational intervention 

on 59 practicing physicians in Nova Scotia for involvement in preventive 

cholesterol lowering practices for patients.  Intervention consisted of training 

workshops, printed material for the physicians, printed material to give to 

patients, video tapes of interviews and continued professional support for the 
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physician from a dietitian and a physician by phone.  Subjects were divided into 3 

groups.  The intervention only group, with 17 subjects, participated in the 

intervention.  The intervention plus cueing group, with 19 subjects, participated in 

the intervention and received additional cueing from office staff to discuss the 

topic with patients; finally, there was a control group of 15 subjects that did not 

participate in the intervention in any way.  Knowledge and attitude were 

measured three different times using a 60-item questionnaire.  Measures were 

taken before intervention, six weeks after intervention and again approximately 

15 months later.  Repeated measures indicated a group by time effect on the 

overall knowledge score (p = 0.002).  The effect was most pronounced in the 

second test where mean scores for the intervention groups were significantly 

higher than for the control group. Scores for the intervention only group were 

40.4 ± 3.3 and for the intervention plus cueing group were 39.9 ± 2.7; for the 

control group scores were 37.6 ± 3.0 (p = 0.02).  Physicians participating in the 

intervention improved their overall knowledge for working with patients to lower 

cholesterol. 

Yannakoulia et al. (27) studied the effect of nutrition education on 

cognitive change in 32 young female dance students in Greece.  Subjects 

completed a 25-item knowledge pretest first and then immediately and 6 months 

after completing 12 weekly 2-hour lessons including lecture, group discussions 

and workshops.  Means differed significantly between a pretest score of 14.8 and 

posttest score of 23.7 (p < 0.0001) and between the posttest score and 6-month 

follow-up score of 22.50 (p < 0.011).  Dance students evidenced improved 
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nutrition knowledge immediately following the extended intervention and 6 

months later.  Follow-up scores were higher than pretest scores but lower than 

scores immediately following intervention showing that students lost some 

ground during the post intervention period. 

Sejr et al. (28) reported knowledge change toward smoking risk factors in 

first year student nurses in Copenhagen following health education.  All subjects 

were first year students.  Experimental subjects received information on health 

consequences of smoking and smoking prevention while the control subjects 

received no education in reference to smoking. Knowledge was measured with a 

5-item questionnaire both before and 1 to 4 weeks after an intervention that 

consisted of 8 lectures given as part of general nursing training.  Mean change 

differed significantly (p = 0.04) between 110 control subjects with a change of 

0.29 ± 1.27 and 110 experimental subjects with a change of 0.78 ± 1.52.  Students 

given heath education on risk factors for smoking demonstrated improved 

knowledge on the subject compared to students who did not receive the education. 

Computer Assisted Instruction (CAI), also called Computer Based 

Instruction (CBI), refers to the use of a computer program for teaching and 

consists primarily of text and text based activities.  The addition of CAI to a 

traditional curriculum has been shown to improve cognitive performance in a 

variety of fields.  After Engle et al., (29) added a CAI program covering Diabetes 

Nutrition Education to a curriculum for third year medical students, scores 

measuring cognitive performance improved significantly.  Mean score for the 

pretest was 3.7 ± 1.7 and posttest was 6.4 ± 2.0 (p < 0.0001).  Kohlmeier et al. 
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(30) studied the effectiveness of required computer based instruction (CBI) 

covering cancer nutrition education on the knowledge of 156 first year medical 

students.  Students completed a 20-item knowledge test before intervention and 

again immediately after intervention.  The percent of correct answers improved 

significantly from 22.3 ± 9.9 for the pretest to 86.3 ± 10.7 at the posttest (p < 

0.001).  CBI was found to be an effective teaching method for delivering nutrition 

education for medical students in the areas of both diabetes and cancer nutrition 

education. 

Byrd-Bredbenner and Bauer (31) incorporated a CAI program that 

consisted of 7 modules as a complement to information presented in an 

Introductory Nutrition class.  Test subjects used the program while control 

subjects did not.  In addition, test subjects were allowed to miss one lecture for 

each module covered in order to account for the time spent with the program.  

Significant improvement was seen in students using the program as compared to 

those that did not.  Cumulative mean posttest scores for the test group were 37.62 

or 75% correct; which differed significantly from that of the control group at 

26.82 or 54% correct (p = 0.05).  The value of the CAI was apparent in that 

students using the CAI performed much better on tests than did controls. 

Multimedia (MM) expands on CAI by including additional components 

such as graphics, audio and video along with the text and text-based activities of 

CAI.  Interactive Multimedia (IMM) goes one step further by allowing or 

requiring the user to actively interface with the program.  Examples of 

interactions are “point and click” or “click and drag” activities and allowing the 
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user to choose self guided navigation to explore components of the program in 

any order chosen by the user.  MM and IMM are increasingly seen as effective 

teaching methods in nutrition education and other fields of study. 

MM has been successful in improving knowledge for college students.  

Beerman (15) tested the use of MM in the university classroom by comparing the 

scores of students taught using overheads with students taught using computer 

presentation software.  The average of four exam scores for students enrolled in 

an upper level introductory nutrition class over four different semesters was 

compared.  Mean test scores for students taught with overheads were significantly 

lower 77.05 ± 17.63 (n=67) and 76.6 ± 13.8 (n=75) than scores for students taught 

with the presentation software 81.6 ± 10.9 (n=79) and 84.2 ± 10.8 (n=68); p < 

0.05.  The author concluded that MM helps average and below average students 

to learn the material more effectively and theorized that use of MM contributed to 

higher scores for students possibly due to improved interest and attention. 

Medical students benefited from the addition of web based multimedia 

education on cardiovascular nutrition education as seen in improved knowledge 

scores for experimental as compared with control subjects.  Carson et al. (32) 

studied the efficacy of cardiovascular nutrition education for 4th year medical 

students at The University of Texas Southwestern.  Intervention consisted of 

resource materials, multimedia web-based cases and class discussion.  One 

hundred fifty six experimental subjects completed a 21-item knowledge test prior 

to completing the educational components and a posttest immediately upon 

completion.  Forty control subjects completed the pre and posttest without 
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participating in the intervention.  Means differed significantly between pre and 

posttests for the experimental subjects (10.3 ± 2.5 to 14.4 ± 2.5, p < 0.001) but not 

for control subjects (9.2 ± 2.0 to 9.8 ± 2.7, p = NS). 

 Use of MM has improved knowledge for subjects studied outside the 

academic setting.  An IMM program was developed and tested for WIC clients in 

Maine (33).  The program, named MOMS (Maine’s Original Multimedia 

System), functioned in a freestanding kiosk, and included text, graphics, audio 

and video.  The 728 subjects were allowed to choose which topic they wanted to 

study and were required to respond to questions during the use of the program.  

Subjects took a 66-item pre-test before using the program and a posttest 

immediately upon completion of their chosen module.  Though no statistical 

analysis was reported, an improvement was seen in more correct answers given at 

posttest than at pretest for 44 or 67% of the items.  The authors believe that some 

lack of improvement in the remaining 22 items may be attributed to the fact that 

scores for some items were high at baseline testing.  Use of the IMM program 

improved nutrition knowledge for WIC clients. 

StampSmart (34) is a tailored multimedia program for Food Stamp 

recipients.  The kiosk based program consisted of a soap opera style video and 

‘info-mercials’.  The story line taught the importance of dietary habits for heart 

health.  Info-mercials were used to elicit information from the user that could then 

be used to provide specific tailored feedback.  Both the 165 experimental and 212 

control subjects took a 6-item knowledge pre-test, after which experimental but 

not control subjects used the StampSmart program.  Posttest questionnaires were 
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given 1-3 months later in either a phone or office survey.  Mean pre vs. posttest 

scores differed significantly for the experimental group (4.29 vs. 5.08, p < 0.001) 

but not for the control group (4.13 vs. 4.33) indicating that subjects exposed to the 

the IMM program had greater gains in knowledge than subjects in the control 

group. 

Valdez et al. (35) studied breast cancer knowledge following multimedia 

education in low income Latinas in California.  Five hundred eighty three control 

and 614 experimental subjects used a touch screen kiosk to complete 5 interactive 

educational modules that included video, animation, images, music and narration 

in either English or Spanish.  The typical control and experimental method was 

not used, instead control subjects completed nine knowledge items only before 

using the program; experimental subjects completed the same nine knowledge 

items only after using the program.  Percentage of correct answers was 

significantly higher (p = 0.01) in the experimental group for 8 of the 9 items 

tested.  In addition, mean knowledge scores for the experimental group at 7.3 ± 

0.06 were significantly different than the scores of the control group at 6.5 ± 0.06 

(p < 0.0001).  Low income Latinas using a MM program performed significantly 

better on breast cancer knowledge items than those not exposed to the program. 

ATTITUDE 

Along with knowledge and self-efficacy, attitude plays a role in behavior 

change (8).  Rosander and Sims (25) measured attitude change in 23 experimental 

and 22 control subjects selected in Pennsylvania WIC centers.  Subjects were 

asked to rank their response to 2 items with 5 scales each.  Experimental subjects 
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completed the pretest and then participated in 3 lessons covering food sources and 

function of calcium, iron and folate.  Control subjects completed the pretest but 

did not participate in the lessons.  Both groups completed posttests.  Mean scores, 

pre to post, differed significantly for the experimental group for both items (p = 

0.01 each) but not for the control group.  In addition, mean posttest scores were 

significantly higher for the experimental than for the control group (p < 0.05 item 

1; p < 0.001 item 2).   Nutrition education improved the attitude of WIC 

participants about control over eating habits and food’s effect on health and 

feeling compared with participants that did not receive the education. 

Collison et al. (36) reported attitude change in female college students in 

Delaware following education covering both general nutrition and sports 

nutrition.  Twenty-eight athletes and 32 nonathletes completed a 25-item nutrition 

attitude test three times: 2 months before intervention, immediately after 

intervention and 3 months after intervention.  The athlete group consisted of 

varsity athletes; the nonathletes were students recruited from the undergraduate 

population at the university. Mean scores differed significantly for the athletes 

from 59.7 ± 27.1 on the pretest to 79.4 ± 23.1 on the posttest and 82.0 ± 18.5 at 

the 3 month follow-up (p < 0.0005 for each).  Although both groups received 

education, no significant changes were found for the nonathletes.  The rationale 

given for the lack of observed pre to post intervention or follow-up attitude 

change in the nonathlete group is that 28% of the subjects in this group were 

nutrition majors and had relatively positive attitudes before intervention. 
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In the study by Mann et al. (26) on the effectiveness of education on 

preventive practice education for patients for practicing physicians in Nova 

Scotia, repeated measures indicated a group by time effect on the overall attitude 

score (p = 0.03).  Two experimental groups received nutrition education and one 

of those groups got additional support from their office staff.  A third group 

functioned as control. Physicians that received intervention had more positive 

attitudes toward the role of diet management in high cholesterol than physicians 

that did not participate in the intervention. 

Sejr et al. (28) studied the effect of health education on preventive 

attitudes toward smoking in first year nursing students.  Experimental subjects 

attended 8 lectures about smoking while control subjects received no education on 

smoking.  A 6-item Likert style test was used to measure attitude before and after 

the intervention.  Mean change differed significantly between control subjects 

with a change of -0.78 ± 2.41 and experimental subjects with a change of 0.46 ± 

3.18 (p = 0.00).  More positive attitudes toward smoking prevention were seen in 

student nurses who received health education than in those that did not. 

Kohlmeier et al. (30) reported the positive effect of cancer nutrition 

education on the attitude of 1st year medical students.  Nutrition education was 

delivered by computer-based instruction.  Before using the program 78% of the 

medical students expressed a positive attitude on the essential nature of physicians 

knowing about nutrition issues involving cancer. Following completion of the 

program 89.5% of the students expressed a positive attitude about this material 
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(p< 0.05).  Although a large percentage of students evidenced a positive attitude 

before instruction, more did so after the intervention. 

Yannakoulia et al. (27) evaluated the effect of nutrition education on food 

attitude in 32 young female dancers at the Greek State School of Dance.  The 26-

item Eating Attitude Test was used to assess symptoms, concerns and attitude, 

with a score of 20 or above indicating abnormal eating behavior.  Intervention 

consisted of 12-weekly 2-hour lessons, which included lecture, group discussion 

and workshops.  In this study a lower score indicates improved attitudes.  Mean 

scores were 16.25 ± 12.25 at pre-intervention, 11.56 ± 10.56 immediately post-

intervention and 10.13 ± 7.9 at 6-month follow-up.  Means differed significantly 

from pre to post intervention (p < 0.001) and from pre intervention to 6-month 

follow-up (p < 0.01) indicating that attitudes associated with abnormal eating 

behavior improved following intervention and were maintained at the 6-month 

follow-up. 

 Williams et al. (11) studied the change in attitude toward alcohol 

consumption in 1,289 college students attending a freshmen seminar at a southern 

university.  Students completed a questionnaire including 10 attitude and belief 

questions measured on a 5-point Likert-type scale before and after an intervention 

that consisted of a 15 minute scripted presentation given by peers as part of a 

mandatory seminar.  Posttest means differed significantly from pre-test means for 

eight of the ten items (p < 0.05 for three items and p < 0.01 for 5 items).  Authors 

hypothesized that a ceiling effect was part of the reason the other two items did 
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not show significant change.  Attitude toward drinking was positively affected for 

students attending a freshmen seminar. 

Valdez et al. (35) studied breast cancer attitude following multimedia 

education in low income Latinas in California.  Six Likert scale items were used 

to measure attitudes about mammograms. Percentage of desirable answers was 

significantly higher in the experimental group for only 2 of the items tested (p < 

0.003 and p < 0.05).  The investigators believed the lack of significant differences 

on other items between the groups might be explained by the fact that many 

women had generally favorable attitudes toward mammography even before 

exposure to the multimedia program. 

Carson et al. (32) tested the effect of web based cardiovascular nutrition 

education along with resource material and class discussion all integrated with an 

ambulatory care clinical rotation on the attitude of 4th year medical students.   

Control and experimental subjects completed a 22-item attitude pre and posttest; 

only experimental subjects completed the cardiovascular nutrition education 

program.  Pre and posttest means differed significantly for the control group with 

pretest scores of 85.1 ± 8.7 and posttest scores of 87.5 ± 10 (p < 0.001).  Means 

also differed significantly for the experimental group with pretest scores of 90.0 ± 

8.6 and posttest scores of 92.4 ± 9.9 (p< 0.001).   The lack of a group effect (p = 

0.983) was attributed to the “leveling” effect of the clinic rotation on attitude. 

SELF-EFFICACY 

Self-efficacy can be defined as the extent to which an individual believes 

they can perform the task at hand (8,9).  This important concept is a determinant 
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in behavior (8,10).  The more an individual believes they can succeed with 

behavior, the more like they are to engage in that behavior.  Engel, et al. (29) 

measured self-efficacy in 41 3rd year medical students before and after use of a 

CAI program addressing diabetes education.  The 8-item self-efficacy 

measurement instrument used a 5-point Likert scale.  Mean scores for self-

efficacy increased significantly from 13.54 ± 5.1 on the pre test to 30.24 ± 5.9 

immediately after use of the CAI program (p < 0.001).  In addition, significant 

improvement was reported for all 8 items measured (p < 0.001).  Self-efficacy 

scores for make dietary prescriptions for patients with diabetes improved for 

medical students using the CAI program. 

Campbell et al. (34) measured the effect on self-efficacy of a multimedia 

program, StampSmart, among 165 experimental and 212 control female food 

stamp recipients in Durham, North Carolina.  Experimental but not control 

subjects were exposed to the program.  Both groups completed a single item 

Likert style self-efficacy instrument 3 times, before, immediately after and 1-3 

months after administration of StampSmart.  Mean scores differed significantly 

between the control group of 3.67 ± 0.07 and the experimental group of 4.10 ± 

0.08 on the immediate posttest (p < 0.001).  However, average scores were not 

significantly different between the groups either before intervention, 3.53 ± 0.08 

control vs. 3.55 ± 0.09 experimental nor 1-3 months post intervention, control 

3.83 ± 0.07 vs. experimental 3.94 ± 0.08.  These results indicated that self-

efficacy was significantly higher for the experimental groups immediately after 
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viewing the program, but that the level of improvement was not maintained over 

time. 

Kohlmeier et al. (30) studied the effect of computer-based instruction 

covering the topic of cancer nutrition education on the self-efficacy of 1st year 

medical students.  Students responded to items asking about their confidence in 

serving in their role as nutrition advisor for their patients.  The percentage of 

students with scores indicating improved confidence significantly increased 

following the use of the program: from 4.5% who considered themselves 

knowledgeable on the topic of cancer nutrition before completing the program to 

59.8% afterward (p < 0.01), from 5.7% who thought they could provide nutrition 

advice before the program to 66.9% afterward (p < 0.01) and from 5.2% who 

considered themselves prepared to provide advice before the program to 35.1% 

afterward (p < 0.01).  Use of the CBI had a substantial and positive effect on the 

self-efficacy toward nutrition issues involving cancer for 1st year medical 

students. 

 Carson et al. (32) also considered self-efficacy in medical students.  The 

study measured self-efficacy change for 4th year medical students following 

participation in a web based cardiovascular nutrition education program 

integrated with resource materials and class discussion.  Control and experimental 

subjects completed a 9-item self-efficacy pre and posttest; experimental subjects 

also completed the intervention.  Means for both the control and experimental 

groups differed significantly pre to post intervention. The control group scored 

25.8 ± 5.0 pretest and 29.9 ± 5.6 posttest (p < 0.001) while the experimental group 
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scored 26.2 ± 4.7 and 35.7 ± 5.4 posttest (p < 0.001).  The multimedia instruction 

was incorporated into a course completed by both control and experimental 

groups.  The experience included an ambulatory care rotation.  The investigator 

hypothesized that clinical experience increased the self-efficacy of both groups; 

however, the increase in self-efficacy for the experimental group was twice that of 

the control.  The increased amplitude of the change in the experimental group was 

attributed to the multimedia intervention. 

Thurston and Cauble (37) tested the effectiveness of interactive 

multimedia for building competencies in undergraduate social work students in 

the midwestern United States.  Students were asked to rate their self-efficacy on 

56 skills both before and after the use of four different IMM program modules.  

Use of the program lead to significantly improved scores for all modules with pre 

and posttest means differing significantly.  Social work I students (n=18) 

completed the module on Adolescence; scores for the pre test were 2.7 and for the 

posttest 4.1 (p < 0.0001).  Social work II students (n=29) completed three 

different modules.  Scores for Family-Based Treatment Strategies changed from 

an average of 2.4 before the intervention to 3.8 after (p < 0.0001); scores on the 

Social Workers in Court modules changed from 2.0 before the intervention to 4.0 

afterward (p < 0.0001); and scores on the Professional Development module 

changed from 2.8 prior to intervention to 4.2 post intervention (p < 0.0001).  The 

program was successful in improving self-efficacy for social work students at 

different points in their education. 
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Timlin et al. (38) evaluated the effectiveness of nutrition education on the 

self-efficacy of patients in cardiac rehabilitation programs in two Minnesota 

hospitals.  One hundred and four male and female adults with a mean age of 62 

participated in the study.  The control group (n=50) received inconsistent 

exposure to handouts, videotapes, recipes and reference books as well as group 

discussions lead by rehabilitation therapists during scheduled 1-hour sessions.  

Experimental subjects received two dietitian lead 1-hour group nutrition 

education classes and an individual diet counseling session with the same 

dietitian.  Subjects completed a 16-item, 5-point Likert scale self-efficacy 

questionnaire upon entry into the program, discharge from the 6-week program 

and at a 3-month follow-up.  Mean scores for the control group were 3.7 ± 0.7 

pretest, 3.8 ± 0.7 posttest and 3.6 ± 0.7 at follow-up.  Mean scores for the 

experimental group were 3.9 ± 0.6 pretest, 4.3 ± 0.6 posttest and 4.1 ± 0.6 at 

follow-up.  A significant group by time effect from entry to discharge occurred (p 

< 0.01) which indicated that overall the experimental group showed more 

improvement than the control group in their self-efficacy scores at discharge.  

However, the effect dissipated somewhat in the post discharge period. 

Mann et al. (26) studied the effect of educational intervention on self-

efficacy on promoting preventive practices for patients in 59 physicians in Nova 

Scotia and found mixed results.  Three groups participated in the study, two 

intervention groups, “workshop” and “workshop plus cueing”, and a control 

group. Self-efficacy was measured using a 14-item questionnaire.  No significant 

difference was seen in the total score means for subjects that received the 
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intervention and those that did not.  However, mean scores for intervention groups 

did differ significantly from the control group for 3 items including dietary 

counseling efforts (p = 0.0001 for both intervention groups), identifying patients 

that should be screened  (workshop p = 0.02, workshop plus cueing p = 0.03), and 

ability to interpret test results to the patient (workshop p = 0.02, workshop plus 

cueing p = 0.03). 

BEHAVIOR 

Healthful eating is the ultimate goal of nutrition education.  In fact 

educators in many fields aspire to promote behavioral change.  Although not 

every form or area of education has led to successful behavioral change, many 

studies do report success. 

Studies with university students taking courses in nutrition have shown 

positive change in food related and clinical skills behavior.  Hertzler and Frary 

(39) collected information from students to determine the extent to which they 

had made changes in dietary practice as a result of education they received in an 

introductory nutrition class.  Fifty percent of students reported increased 

consumption of milk products, 40% an increase for vegetables, 25% for fruit and 

23% for bread/cereals.  Smaller percentages of students reported increases in the 

intake of legumes, meat/fish/poultry and eggs.  Decreases in fat and sugar intake 

were reported by 50% of the subjects; 33% reported a reduction in the intake of 

salt and kcals while 20% reported a reduction in their intake of alcohol. 

Mitchell (24) also investigated changes in college students following 

participation in an introductory nutrition class compared with control subjects 
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enrolled in general studies courses.  Students completed a Food Frequency 

Questionnaire (FFQ) during the 1st week and the 15th week of the semester.  Only 

the type of milk consumed was found to be different between the control and 

experimental groups in this study with the nutrition students consuming more 

low-fat milk than the controls (p < 0.05).  The author speculated that perhaps milk 

consumption was among the easiest behaviors to affect in the college population. 

Skinner (40) evaluated behavioral change in university students following 

completion of an introductory nutrition class using 2 separate 3-day diet records.  

Data were analyzed separately for male and female subjects.  Pre and post 

instruction mean nutrient intake for males met the 1980 RDA for ages 19-22.  

There was a small but not significant decrease in kcal intake for males without a 

comparable decrease in vitamin or mineral intake.  Mean nutrient intake for 

females differed significantly for some nutrients from pre to post instruction; 

there was a decrease for fat and kcals, and an increase for calcium, potassium, 

vitamin A and vitamin C (p = 0.05 for each).  Even with the increase seen for 

calcium, both calcium and iron consumption for females were below the 1980 

RDAs at both the beginning and end of the class.  Although RDAs were not met 

for all nutrients, many positive food behavior changes were seen for students 

taking the introductory nutrition class. 

Raidl et al. (41) studied clinical reasoning skills in students enrolled in 

dietetics programs by adding a CAI program as an augmentation to lecture. The 

investigators found that use of the program led to a significantly higher mean 
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score on a simulation test for students using the CAI program than for those 

students that did not use the program (p < 0.05). 

Behavioral change also has been measured in populations other than 

university nutrition students.  Computer-tailored education requires the subject to 

provide information to the computer, often in terms of responses to 

questionnaires, but possibly by direct interaction with a computer program.  

Following the review of several computer-tailored programs, Brug et al. (42,43) 

suggests that computer-tailored nutrition education may be more successful in 

delivering meaningful nutrition information to the individual than traditional 

nutrition education.  In original research on the same topic, Brug reported 

successful dietary behavioral change in office employees in the Netherlands who 

were given individually tailored nutrition education focused on changes in fat, 

fruit and vegetable consumption.  Pre-test information for experimental subjects 

was entered into a computer and select printed material was chosen for each 

subject based on their responses.  Control subjects received general nutrition 

education materials.  Consumption of fat, fruits and vegetables was measured 

using a FFQ before and after the intervention.  Results indicated that mean fat 

scores for all subjects changed significantly; however, experimental subjects had 

significantly lower post intervention scores than control subjects (p < 0.05).  

Vegetable intake was significantly higher for all subjects following intervention 

(p < 0.05) with no significant difference between the groups.  No significant 

change was seen for fruit consumption for either group. 
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Campbell et al. (34) reported mixed results in changing low-fat eating 

behavior for female food stamp recipients in North Carolina following completion 

of a tailored multimedia info-mercial style program.  A computer provided 

specific feedback to experimental subjects based on their pretest answers.  Control 

subjects received no nutrition education.  Behavior was measured by 2 methods, a 

food behavior questionnaire and an 18-item FFQ.  Three of 6 questionnaire items 

related to low-fat eating showed significant improvement for experimental 

subjects indicating that those subjects were more likely to choose low fat-snacks 

(p < 0.01 for graham crackers and p < 0.01 for pretzels) and use low-fat cooking 

behaviors (p < 0.05) than the control subjects.  However, FFQs showed reduced 

fat intake for both groups with no differences between the groups. 

Campbell et al. (44) had success in improving fruit and vegetable intake as 

measured by FFQ for subjects participating in extensive church based nutrition 

education.  The multicomponent intervention included elements such as printed 

materials, tailored bulletins, gardening support and encouragement, educational 

sessions on the 5-a-day program, cooking, canning and freezing classes, 

cookbook and recipe tastings, addition of fruits and vegetables at church 

functions, lay advisors and church initiated activities. Control subjects received no 

intervention until the study ended.  No significant difference in the means 

between the experimental and control groups was present in pre intervention fruit 

and vegetable intake.  At post intervention, mean fruit and vegetable intake for the 

experimental group was significantly higher than for the control group (p < 

0.0001).  In a different analysis of the same data it was seen that only 23% of 
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either group was consuming the recommended five fruit and vegetable servings 

per day before intervention.  After intervention, while only 21% of the control 

group was eating 5-a-day, 33% of the experimental group was reaching this goal 

(p < 0.0001). 

Edwards et al. (22) studied the effect of nutrition education on diet 

conduct for adults attending Red Cross classes.  They reported a significant 

difference in the pre to posttest change score on a nutrition behavior scale for the 

experimental (p < 0.001) but not for the control subjects. 

Rosander and Simms (25) used a modified FFQ to calculate diet scores 

based on consumption of foods in 7 categories for WIC participants following 

nutrition education intervention.  Experimental subjects participated in 3 lessons 

offered 1 month apart that focused on food sources and function of calcium, iron 

and folate, while control subjects received no nutrition education. Mean change 

scores for the experimental subjects differed significantly from the control 

subjects for the dairy, green vegetable and bread/cereal groups and total dietary 

score (p = 0.05 for each category). 

Shannon et al. (10) analyzed 3-day food records to measure food behavior 

change for subjects following participation in a 10-week weight loss program for 

employees on a university campus.  Mean posttest scores for both kcal and fat 

intake differed significantly compared to pretest scores (p < 0.05 for each). 

Timlin et al. (38) studied diet change for patients participating in a cardiac 

rehabilitation program.  Both the experimental and control subjects received 

nutrition education with the difference being the extent of the intervention and the 
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participation of a registered dietitian for the experimental group.  From entry into 

the program until discharge, improvement was seen in the food behavior of both 

groups of subjects with subjects consuming less fat and more carbohydrate.  Mean 

scores for restaurant and recipe questions for both groups improved; however, the 

experimental group demonstrated a significantly greater improvement (p < 0.01). 

Yannakoulia et al. (27) used a 3-day food record and the Dutch Eating 

Behavior Questionnaire (DEBQ) to measure changes in eating behavior for young 

female dancers in Greece following nutrition education.  The DEBQ measured 

cognitive restraint from eating, emotional eating and eating in response to external 

food related stimuli.  Measures were taken before intervention, immediately after 

intervention and 6 months later.  Mean restraint scores improved significantly 

from pretest to immediate posttest (p = 0.001) and from pretest to follow-up (p = 

0.001).  Mean External Stimuli scores and total DEBQ improved significantly 

from pretest to follow-up (p < 0.001 each).  Dietary intake of macronutrients was 

assessed using 3-day food records.  The only change reported was a significant 

decrease in the intake of alcohol (p = 0.009).   These results indicate that the 

dance students reported improved food behaviors on the questionnaires after 

participation in the intervention, and the improvement was still present 6 months 

later.  However, the only change seen following analysis of food records was for 

alcohol intake.  When food records do not agree with responses to questionnaire 

items about eating habits it is reasonable to wonder if the reported change was due 

to an actual change in behavior or a result of the participants having learned the 

“right” answer on the test. 
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Mann et al. (26) conducted standardized patient interviews to evaluate the 

counseling skills of physicians that had participated in an education intervention 

focused on involving the physician in cholesterol lowering practices for their 

patients.  Mean scores were significantly higher for physicians that participated in 

the intervention than for the control group (p = 0.005).  Counseling skills 

improved for those physicians that participated in the education workshop. 

As indicated by the next 3 examples, not all research shows that education 

leads to change in behavior.  Allen and colleagues (45) studied behavior change 

for African American and Latino women following peer led breast cancer 

education at urban churches.  No significant change was seen in mammography 

behavior or intention.  However, the authors report that 85% of participants had 

received recent mammograms, which left little room for improvement on that 

behavior measure.  

Collison et al. (36) evaluated food behavior for female athlete and non-

athlete college students.  Both groups received nutrition education.  Analysis of 3-

day diet records showed no significant differences between the 2 groups.  Protein, 

carbohydrate and kcal intake met or exceeded nutrition recommendations.  

Inexplicably, percent intake of calcium and iron dropped from pre to posttest.  

Iron intake remained at or above 67% of the Recommended Dietary Allowance 

(RDA) for both groups; calcium intake varied from 45 to 73% of the RDA.  

Sejr et al. (28) studied the effect of health education on preventive 

behavior toward smoking.  All subjects were first year nursing students.  

Experimental subjects received 8 lectures focused on health consequences of 



 29 

smoking and smoking prevention.  Control subjects received no additional 

education about smoking.  Four patient situations where a nurse could advise 

against smoking were used to measure behavior before and after the intervention.  

Mean change did not differ significantly between control and experimental 

subjects.  In this study a lower score (4) indicates the best behavior and higher 

score (16) the worst behavior.  Scores for the control group were 6.22 before 

intervention and 6.34 after intervention indicating a slight, non-significant 

decrease in preventive behavior.  Scores did not change for the experimental 

group, remaining at 6.11 before and after intervention.  Although no significant 

difference was seen for either group, it should be noted that all means are near 

perfect and the lack of significant change may be explained by a ceiling effect. 

CORRELATION COEFFICIENTS 

Although it is assumed that education leads to behavioral change, this is 

not always the case.  Understanding relationships between variables that may 

predict behavior can supply helpful information to educators interested in 

ultimately affecting such changes. 

 Glanz et al. (46) analyzed data from the Working Well Study, which 

included a worksite health promotion intervention.  Consumption of fat and fiber 

was measured using two different Food Frequency Questionnaires (FFQ); the 

short version, 22 items, reported as fat and fiber grams (short FFQ) and a long 

version, 88 items, reported as percentage of energy from fat and grams of fiber 

(long FFQ).  Relationships between self-efficacy and behavior and between 

knowledge and behavior were evaluated for possible correlations.  Specifically, 
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possible correlations between self-efficacy of making low fat food choices, self-

efficacy of making high fiber food choices and self-efficacy for consuming more 

fruits and vegetables with behavior of choosing low fat foods and choosing high 

fiber foods were evaluated.  Also, possible relationships were examined for 

intakes of fat and intakes of fiber and knowledge on fat and knowledge on fiber.  

Positive correlations between low fat food choice self-efficacy and low fat intake 

were identified when measured with both versions of the FFQ (p = 0.0001).  A 

negative correlation with low fat food choice self-efficacy and fiber intake was 

seen only on the long FFQ (p = 0.05).  Positive correlations were also reported for 

fruit and vegetable consumption self-efficacy with fat intake (p = 0.05 short FFQ) 

(p = 0.05 long FFQ); however, correlation for fruit and vegetable consumption 

self-efficacy with fiber intake was not significant.  When looking at knowledge 

and intake only one significant relationship was reported: unexpectedly fat 

knowledge positively correlated with fiber intake (p = 0.05). 

Piaseu et al. (47) studied relationships between knowledge, attitude and 

self-efficacy following education on calcium intake, exercise and osteoporosis.  

Knowledge correlated with exercise behavior (p = 0.001).  However, the 

correlation between knowledge and calcium intake (p = NS) was only significant 

when mediated by self-efficacy.  That is, knowledge correlated with self-efficacy 

(p = 0.05) and self-efficacy correlated with calcium intake (p = 0.05).  In addition, 

knowledge correlated with attitude (p = 0.001), attitude correlated with self-

efficacy (p = 0.05) and self-efficacy correlated with both calcium intake 

(mentioned above) and exercise behavior (p = 0.05). 
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Mann et al. (26) studied relationships between knowledge, self-efficacy, 

attitude and counseling skills, as measured by questionnaires and patient 

interviews, in practicing physicians in Nova Scotia following nutrition education.  

Evaluation of posttest scores revealed that self-efficacy correlated with attitude 

scores (p = 0.001), counseling skills (p = 0.02) and the combination of knowledge 

and attitude scores (p = 0.001). 

Edwards (22) studied nutrition education for participants in Red Cross 

classes.  In this study knowledge, belief/attitude and behavior were correlated.  

The researcher found that the more knowledge improved the more belief (p = 

0.05) and behavior (p = 0.05) improved; also, the more belief improved the more 

behavior improved (p = 0.05). 

Correlations between knowledge, attitude and behavior have been 

analyzed also in many populations that have not participated in an intervention.  

Colavito et al. (48) analyzed data from the 1989-91 Continuing Survey of Food 

Intake by Individuals (CSFII) and found that knowledge was positively correlated 

with fiber intake for meal planners and their children both for meals eaten at home 

(p = 0.01) and when all meals were taken into account (p = 0.05).  Also, 

knowledge was positively correlated with fat intake for meals consumed at home 

(p = 0.05) but not when all meals were taken into account. 

Shepherd and Stockley (49) surveyed participants at a London food show 

about nutrition knowledge, attitude toward consuming certain foods, and food 

behavior.  Results revealed that attitude was a strong predictor of behavioral 

intention (r = 0.68).  Knowledge, however, did not correlate with attitude or with 
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behavioral intention.  Subjects with higher knowledge scores did not have more 

negative attitudes toward eating high fat foods, nor did they report eating less high 

fat food than subjects with lower knowledge scores. 

 Patterson et al. (50) studied relationships between cancer related 

belief/attitudes, knowledge and healthful diets in Washington state adults.  Data 

were collected via phone interviews.  Correlations were found between diet 

measures and knowledge of National Cancer Institute diet recommendations; 

correlations also were found between diet measures and knowledge of food 

composition.  

Most studies reported some form of correlation between knowledge and 

behavior change.  Many like Colavito (48) and Patterson (50) found direct 

correlations, others like Piaseu (47) and Mann (26) found that knowledge 

correlated with a mediating factor such as self-efficacy or attitude and that the 

mediating factor then correlated with behavior.  Only Shephard and Stockely (49) 

found no correlation between knowledge and attitude or knowledge and behavior; 

however, they did find a strong relationship between attitude and behavior. 

A review of literature on the effect of education on cognition, attitude, 

self-efficacy and behavior reveals that although education does not always lead to 

change, improvement is seen in many well designed studies.  Cognitive change is 

more straight forward than the other factors. Studies have successfully exploited 

varied approaches to get and keep the attention of the student during the learning 

process.  Among the factors, change in attitude has proven to be the most 

challenging to influence and to measure.  Attitude change is seen to follow change 
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in knowledge and change in self-efficacy.  Self-efficacy is receptive to 

improvement and is particularly enhanced when students have an opportunity to 

practice the skill being tested.  Behavior change often follows changes in 

knowledge and attitude or self-efficacy.  IMM is an effective instructional method 

for improving all of these factors. 

The present study plans to measure change in cognition, attitude, self-

efficacy and food behaviors for introductory and advanced level students before 

and after exposure to an IMM program designed to teach nutrient composition of 

food.  The study will test the hypothesis that each factor can be significantly 

improved for the group exposed to the program when compared students taking 

the same classes without enhancement of the IMM program.  In an effort to prove 

the hypothesis, an attractive educational IMM program will be developed that will 

gain and hold student attention with the goal of improving cognition.  Interactions 

will allow the subjects multiple opportunities to practice new skills with the goal 

of improving self-efficacy.  The goal of improving attitude will be achieved 

indirectly with improvement of cognition and self-efficacy.  Finally, the goal of 

improved food behavior will follow changes in the other factors.  Assessment of 

these outcomes will be measured with instruments designed to measure cognition, 

attitude and self-efficacy in both introductory and advanced level students, as well 

as 24-hour food records to evaluate food behavior changes in students at the 

introductory level. 
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Chapter 3:  Methods 

Pilot research performed during the Spring of 1997 indicated that students 

entering advanced clinical nutrition courses across the US had only a limited 

knowledge of food composition (19,20).  The findings suggested that a new or 

different educational strategy designed to enhance learning in this area was 

needed and an intervention was developed based on this assessment. 

The effect of interactive multimedia education as an enhancement to 

traditional curricula was studied at 8 universities across the US between Fall of 

2000 and Summer of 2001.  The interactive multimedia program, SmartBytes, was 

developed to teach nutrient composition of food for the nutrients iron, calcium, 

vitamin A and folate.  Modules were administered to classes at the lower division 

or introductory and upper division or advanced levels of college curricula.  

Cognition, attitude and self-efficacy related to each of the four nutrients were 

assessed early in the semester and again at least one month later after the 

experimental group had worked through the modules.  These parameters were 

evaluated with a questionnaire developed for this research.  Behavior change was 

measured by assessment of student completed food records collected at 

approximately the same time as the questionnaires.  Students taking advanced 

nutrition classes completed only the questionnaires, while students taking 

introductory nutrition classes completed both the questionnaires and food records.  

Control and experimental groups were studied for each of the class levels.  

Control groups participated in traditional class work and assignments.  
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Experimental groups completed SmartBytes in addition to the traditional 

curricula. 

Seven hundred twenty two introductory and 197 advanced level students 

were recruited into the study.  The universities participating in the research were: 

The University of Arkansas, California State University at Fresno, The University 

of Delaware, Florida International University, Purdue University, Iowa State 

University, Oklahoma State University and The University of Texas at Austin.  

These sites are geographically diverse.  Both introductory and advanced students 

participated at all but three sites.  Only introductory students participated from 

California State University at Fresno and The University of Arkansas, while only 

advanced level students participated from Iowa State University. 

The Human Subject Review Board at the University of Texas at Austin 

approved the research protocol and determined consent forms were not required 

because the study was included as part of regular course activities.  Human 

subject review committees at participating sites reviewed and approved protocols 

as well.  

DEVELOPMENT OF THE INTERVENTION 

NEEDS ASSESSMENT 

Pilot research on the need for additional education on nutrient composition 

of food was performed at six universities in spring of 1997.  Knowledge was 

assessed early in the semester using a 32-item questionnaire for introductory 

students and a 40-item questionnaire for advanced students. Results from that 

study indicated no significant difference in mean scores between the introductory 
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and advanced level students.  Mean scores were 10.0 ± 3.3 or 31% correct for the 

393 introductory students and 14.2 ± 2.9 or 44% correct for the 129 advanced 

students on the same 32 items.   The poor performance by the advanced students 

indicated that students entering advanced nutrition courses across the country had 

only a limited knowledge in food composition.  These findings suggested that a 

new or different educational strategy designed to enhance learning in the area of 

nutrient composition of food was needed.  The results from the needs assessment 

were presented a poster session at the 1997 American Dietetic Association 

Annual convention.  Published abstracts (19,20) maybe found in Appendix C. 

CHOICE OF NUTRIENTS 

Although vitamin A, iron, folate and calcium were chosen for inclusion in 

the multimedia education program, this paper will treat vitamin A and iron only.  

Folate and calcium are the subjects of another dissertation (51).  The choice of 

nutrients was based on two primary criteria; they were important for the target 

population and research indicated they were often deficient in the American diet.  

Results from the third National Health and Nutrition Examination Survey 

(NHANES III) (52) and the 1994-96 Continuing Survey of Food Intakes by 

Individuals (CSFII) (53) provide details that support these choices.  Both studies 

agree that the mean intake for males less than 30 years of age was 100% or more 

of the Recommended Dietary Allowances (RDA) (54) for each of the selected 

nutrients and that the average intake for females of the same age group was 83 to 

92% of the RDA for iron.  However, the percentage of the population consuming 

the RDA for each nutrient indicated considerable need for improvement.  
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According to CSFII, 87% of males, ages 20-29 met the RDA for iron but only 

30% of that group met the RDA for vitamin A.  In the same study females of the 

same age group faired less well.  Only 26% of females, age 20-29, met the RDA 

for iron and only 32% met the RDA for vitamin A.   Details from both studies are 

reported in Table 13, page 68 in the Results chapter. 

DEVELOPMENT, FORMATIVE EVALUATION AND IMPLEMENTATION OF 
SMARTBYTES 

SmartBytes was created using Authorware version 3.5 (55), a multimedia 

authoring program.  Following development of objectives and pilot measurement 

instruments and then needs assessment, design of the program began in the 

Summer of 1997.  Objectives can be found in Appendix A.  The vitamin A and 

folate sections were completed and tested first with fellow multimedia 

programmers, then with introductory nutrition students.  Preliminary results 

indicated that the program contributed to improved learning (21), and that 

students enjoyed using the program.  Revisions were made to the measurement 

instruments and the vitamin A and folate modules based on the feedback received.  

Taking feedback into consideration, the iron and calcium modules were 

developed.  Additional feedback was received from a professional in the area of 

multimedia education and further revisions were included.  SmartBytes was 

packaged and burned onto CDs in the Summer of 2000.  Data collection began in 

the Fall semester of 2000 and continued through the Summer of 2001. 



 38 

Topics included in SmartBytes 

The purpose of designing this interactive multimedia program was to build 

an educational tool that would attract and maintain the attention of the student 

with the use of graphics, audio, active interaction and multiple teaching strategies.  

Topics included in each module of the program were Nutrient Sources, 

RDA/DRI, Nutrient Density/Bioavailability, and Applications.  A screen image of 

the Vitamin A menu showing each of the program sections is shown in Figure 1.  

Each section presented information in a different way.  Nutrient Sources 

presented kcal and nutrient information per serving for different foods.  The 

section had multiple interactive activities designed to assist the user in evaluating 

the accuracy and efficacy of their learning for the material covered.  The 

RDA/DRI section compared different foods to a chosen index food for the 

nutrient being taught in order to illustrate relative nutrient content of various 

foods.  The Nutrient Density/Bioavailability section focused on the concept and 

practice of calculating Index of Nutrient Quality (INQ) for foods in the vitamin A, 

folate and calcium modules. The concept of bioavailability was covered in the 

calcium and iron modules.  Applications stressed opportunities for students to test 

the knowledge they had acquired.  The four subsections of the Application section 

were Mixed Dishes, Eating Out, Which Meal and Assessing Diet Histories.  

Mixed Dishes taught the user how to consider separate components of mixed 

dishes.  Eating Out asked the user to select nutrient rich items from restaurant 

menus.  The Which Meal section was actually called “Which Meal Has the Most 

(Nutrient Name)?”  This section asked the user to identify which of three meals 



 39 

contained the highest or lowest amount of a specified nutrient.  Finally, the 

Assessing Diet History section, which is intended primarily for the advanced 

nutrition students, asked the user to analyze sample diet histories and either make 

recommendations for improvement or select a meal that would best meet any 

remaining nutrient requirements for the day. 

 
 

 
Figure 1  Screen image of Vitamin A menu 
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Computer system 

 Hardware requirements for running SmartBytes included 24 

Megabyte RAM, 32 bit color, Pentium level processor for PCs, a CD-ROM drive, 

and speakers.  Headphones were recommended for use in a computer laboratory 

setting.  System requirements were Windows 95 or equivalent operating software 

system.  No participating sites expressed a desire for the program on the 

Macintosh platform.  Authorware software was not required to run the program. 

Learning Theory and Instructional Design 

SmartBytes was designed using a combination of learning theory and 

instructional design with a desire to maximize learning potential.  Table 1 details 

the some elements found in the program and the relationship with learning theory 

and instructional design. These disciplines converge to indicate a process that 

includes, but is not limited to the components of:  organizing the information, 

presenting the information in multiple ways to improve the possibility that the 

student will connect to the information, relating the information to the student’s 

prior knowledge, and surveillance for miscodes (56).  Multimedia is well suited to 

address each of these elements (57,58). 

Organization and Presentation of Information 

In the program, information was supplied in graphic, audio, animated and 

written form.  Additionally, information was offered sequentially, simultaneously 

and in multiple formats.  By offering the material in so many ways and 

encouraging exploration of different presentation methods, the student was very 

likely to come upon a method that best suited that individual’s particular learning 
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style even though the student previously may not have been aware of any 

particular preference for personal learning style. 

 
Table 1  Examples of Learning Theory and Interface Design Guidelines in the 

SmartBytes program 
Learning Theory Interface Design 

Guideline 
Program Elements 

Organize Material Grouping Food Source Screens 
Prior Knowledge Metaphor Restaurant Metaphors 
Present Multiple 

Methods 
Sequential/Simultaneous 

Presentation 
Food Sources Screen 

Rollovers and Click All 
Surveillance for 

Miscodes 
Interactions Interactions and 

Application Section 

Prior Knowledge 

Drawing on a student’s prior knowledge is an important strategy to use in 

any method of teaching (56).  Prior knowledge is the information already stored in 

the brain in the form of schema.  Connecting new information to prior knowledge 

makes information more meaningful, enhances the student’s interest in the topic, 

and allows the new information to be more easily encoded into memory.  

SmartBytes used a restaurant metaphor allowing the student the opportunity to 

learn in a familiar setting.  Because information was organized and offered in 

multiple ways, there was a greater chance that the students would encounter 

information that taps into their prior knowledge. 

Miscodes 

Miscodes occur when a learner incorrectly understands and then encodes 

new misunderstood information.  Unlike the classroom, which allows for 

instructor feedback, multimedia users must rely on feedback from the program 
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itself to know if they are correctly interpreting and comprehending the topics 

covered.   SmartBytes offered many interactive activities that provided immediate 

and appropriate feedback and allowed the student to test their comprehension.  

The program contained an entire section devoted to interactive application 

opportunities for each of the nutrients covered and was designed to assist the user 

in uncovering misunderstood information. 

MEASUREMENT INSTRUMENTS 

Measurement instruments formed the framework for the collection of pre 

and post intervention data for both groups of students.  Instruments were designed 

to measure change in knowledge, attitude and self-efficacy as those measures 

relate to nutrient composition of food.  Student generated food records, which 

were collected and analyzed for introductory students only, were used to assess 

behavioral change. 

Cognition, Attitude and Self-Efficacy Questionnaire 

Cognitive Items 

Cognitive change was assessed using multiple choice questions written to 

reflect learning objectives developed for SmartBytes.   Three nutrition professors 

and 3 registered dietitians reviewed the questions for content validity and 

provided feedback. 

The pilot version of the test contained 32 multiple choice items for the 

introductory and advanced level students and an additional 8 multiple choice 

items for the advanced level students only.  The instruments were first tested 

during needs assessment after which they were scored at the Measurement and 
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Evaluation Center at the University of Texas at Austin.  Results for the 

instruments and individual items were evaluated for internal reliability, difficulty, 

discrimination, frequency and descriptive statistics.  For questions with 5 answers 

the optimal index of difficulty was suggested to be 0.6 (59,60).  Items with a 

difficulty index value <0.6 or >0.9 or a coefficient of correlation index 

discrimination value of less than 0.3 were reevaluated.  Following this process 8 

of the 32 items for both introductory and advanced level students were deleted.  

The remaining 24 items were revised and tested for repeatability with university 

students enrolled in undergraduate nutrition, textiles or educational psychology 

classes at the University of Texas during the Summer and Fall of 1998.   The 

additional items for the advanced level students were revised and 10 items were 

pilot tested with advanced nutrition students at the University of Texas at Austin 

during the Fall of 1998.  In final form the cognitive section of the measurement 

instruments included 24 questions designed to measure knowledge of food 

composition among both introductory and advanced students and 10 additional 

questions for advanced students.  Final versions of the instruments can be found 

in Appendix E.  Because of clerical errors in the pretests questions 34 and 46 were 

deleted on the introductory tests and question 34 was omitted on advanced tests 

for scoring purposes. Internal reliability was assessed using Kuder-Richardson 20 

(KR 20), a specific type of Cronbach alpha used with dichotomous data.  The KR 

20 on the cognitive items was 0.57 for the 21 items in the introductory instrument 

and 0.63 for the 33 items in advanced level instrument.  Cognitive items are 

numbers 24-48 on the instrument for introductory students and numbers 28-61 for 
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advanced students on the pretest and numbers 27-51 for introductory students and 

numbers 27-62 for advanced students on the posttest.  An additional unscored 

item was added to the posttest for the purpose of differentiation.     

Questions were classified by topic using Bloom’s Taxonomy (61).  There 

were 15 knowledge questions and 9 application questions for both groups plus 10 

additional analysis questions for the advanced level students.  The distribution by 

item number including classification by nutrient may be found in Table 2. 

 
Table 2  Classification of cognitive items by nutrient and Bloom’s 

Taxonomy  
Nutrient Knowledge Application Analysis 
 Item Number 
Introductory    
Calcium 42 43,44,45,46,47  
Folate 36,37,38,39,40,41   
Iron 30,33,34,35 31,32  
Vitamin A 24,25,26,29  27,28  
    
Advanced    
Calcium 46 47,48,49,50,51, 52,53,57,59,60,61 
Folate 40,41,42,43,44,45  52,53,55,56,60,61 
Iron 34,37,38,39 35,36 54,57,58,59,60,61 
Vitamin A 28,29,30,33 31,32 54,55,56,58,60,61 

Attitude 

Fifteen items, items 1-15 on both advanced and introductory level 

measurement instruments found in Appendix E, were designed to measure 

attitude toward food sources and consuming a diet that contains the four nutrients 

covered by SmartBytes.  The 5-point Likert type items were adapted from Eating 

in America Today (62).  Possible responses were “Strongly Agree,” “Agree,” 

“Neutral,” “Disagree” or “Strongly Disagree”.  The research team reviewed the 



 45 

items for validity and items were tested for repeatability with students enrolled in 

undergraduate classes in nutrition, textiles or educational psychology classes at 

the University of Texas during the Summer and Fall of 1998.  Two items were 

revised after evaluation.    Scoring was reversed for attitude items 1, 4, 5, 6, 11, 

12, and 13, making “strongly agree” the highest ranked response.  A 

recommended minimum score for Cronbach alpha is 0.7.  Cronbach alphas for 

pre- and posttest scores on all 15 attitude items were 0.43 for introductory 

students and 0.31 for advanced students. 

Self-efficacy 

Self-efficacy was measured using 5-point Likert style questions with 

responses ranging from “Strongly Agree” to “Strongly Disagree”.  Eight items for 

the introductory students addressed the student’s belief that they could list foods 

or identify foods high in a specified nutrient.  Twelve items for the advanced 

students addressed the extent to which the student believed they could compare 

meals for nutrient content, assess nutrient content in a food diary and suggest 

foods to meet nutrient needs.  The research team reviewed the items for content.  

Cronbach alphas for pre and posttest scores on self-efficacy items were 0.89 for 

both introductory and advanced students, and thus met the recommendation for 

Cronbach alphas of at least 0.7.    Scoring was reversed for all self-efficacy items 

so that “strongly agree” was scored as 5.  Self-efficacy was addressed in items 16-

23 on the measurement instrument for introductory students and 16-27 for 

advanced students (Appendix E). 
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Demographic Information and Program Feedback 

The measurement instrument included questions that allowed for the 

collection of demographic information.  Students were asked to supply their 

gender, birthday, college major and years in college.  The posttest included 

questions used to collect feedback about SmartBytes from the experimental 

participants.  Feedback came in two forms:  answers to multiple choice questions 

and free style written comments.  Demographic information was collected in the 

personal data section of the Scantron sheet.    Written feedback comments were 

recorded and tallied by hand.  Feedback items were number 49-75 for 

introductory level students and 63-89 for advanced level students (Appendix E). 

DATA COLLECTION AND MANAGEMENT 

Distribution and collection of measurement materials 

A site preceptor at each university managed data collection.  Preceptors 

were contacted by one of the principal investigators and recruited into the 

research project; information was collected about the anticipated enrollment for 

classes participating in the project.  At the beginning of the data collection 

semester, investigators mailed a package including pre and posttest 

questionnaires, Scantron sheets for collecting answers, and instructions for 

administering the questionnaires and postage paid return envelopes to each site.  

Packages for experimental groups included copies of SmartBytes; control groups 

received the package without SmartBytes.  Packages for introductory classes also 

included floppy disks for collecting food record data.  Instructions for 

administering the questionnaires can be found in Appendix F.  Site preceptors 
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were asked to administer the pretest and collect the first food record, instruct the 

students in the use of SmartBytes if experimental, and then administer the posttest 

and collect the second food record at least one month later.  Materials were 

returned in postage paid packages. 

Questionnaires 

Returned Scantron sheets marked with cognitive, attitude, self-efficacy, 

demographic and feedback information were electronically scored and raw data 

results were provided in both printed and electronic form.  Electronic information 

from all sites was combined into one SPSS spreadsheet for analysis.  Researchers 

reviewed the raw data and SPSS files for accuracy.   

Food Records 

Introductory level students submitted two separate 24-hour food records.  

Experimental subjects submitted 1 food record before using SmartBytes and a 

second record at least one month later; control subjects completed 2 records at 

least 1 month apart without exposure to SmartBytes.  Records were submitted in 

one of multiple forms: print outs from a diet analysis program, as a word 

processing document, or hand written.  Three criteria were established in an effort 

to assure validity in the records used in the study (63).  First, records were paired 

for pre and post intervention; second the two records could not be identical.  

Finally, an average of the two records had to supply between 1000 kcals to 4000 

kcals per day for females or between 1300 kcals and 5500 kcals per day for males. 

A total of 117 control and 128 experimental subjects supplied food records that 

met the inclusion criteria.  Fourteen pairs of data failed to meet kcal inclusion 
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criteria; 2 additional pairs of data were eliminated due to duplication.  For 

analysis, all records were entered into the diet analysis program FoodWorks (64).  

The FoodWorks’ database was supplemented with additional nutrient information 

as needed to provide complete nutrient information on most foods consumed by 

the subjects.  Sources for additional information were the USDA database (65), 

food labels and recipe analysis.  Intake data were analyzed by three methods:  

absolute nutrient intake, intake as a percent of the 1989 RDA, and to control for 

energy intake as intake per 1000 kcals (63). 

Feedback 

As part of the posttest, introductory experimental subjects were asked to 

complete a feedback form containing 23 multiple choice items; advanced 

experimental subject were given one additional item multiple choice item. The 

feedback form may be found in Appendix E.  Responses ranged from “Very 

Helpful” to “Not Helpful”.  Three open-ended questions were included at both 

levels.  The purpose of the feedback questions was to assess how helpful the 

participants considered SmartBytes to be in affecting their food choices, how 

helpful they found each module, how helpful they found the module sections to be 

for learning food composition facts and concepts and how helpful they considered 

assorted aspects of the program. Students were queried about how much time they 

spent using each module and on the helpfulness of SmartBytes in comparison to 

components of the traditional curricula.  In addition to the electronically captured 

multiple choice scores in the feedback section of the questionnaire, students were 
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encouraged to provide written comments as well.  These comments were grouped 

by classification and included in the analysis. 

DATA ANALYSES 

All statistical analyses were performed using SPSS version 10 (66).  

Assessment of cognitive, attitude, self-efficacy and behavioral data as well as 

change scores for cognitive, attitude, self-efficacy and behavioral data was 

initiated by running independent samples t-tests.  Change scores were calculated 

by subtracting pre intervention scores from post intervention scores.  Independent 

t-tests were used also to run analysis on subsets of data such as cognitive data by 

category and by nutrient, and attitude and self-efficacy by nutrient.  Descriptive 

statistics were used to identify outliers, percentages and minimum/maximum 

scores.  Demographic information was analyzed primarily using frequencies.  

Relationships between cognitive, attitude, self-efficacy and behavior were 

investigated with Pearson’s correlation coefficients.  P values of < 0.05 for t-tests 

and Pearson correlations were considered statistically significant, p values of >/= 

0.05 and </= 0.10 indicated a trend toward significance. Reliability analysis of 

measurement instruments was measured by KR20 for cognitive scores or 

Cronbach alpha for attitude and self-efficacy scores.   
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Chapter 4.  Results 

An interactive multimedia (IMM) program was developed to teach 

nutrient composition of food for four nutrients, vitamin A, iron, folate and 

calcium.  This research reports the results for vitamin A and iron; results for 

calcium and folate are reported elsewhere (51).  The program, SmartBytes, was 

tested at 8 universities across the United States measuring change in cognition, 

attitude, self-efficacy and food behavior.  Students enrolled in introductory and 

advanced nutrition classes participated in the study.  Control subjects (n = 210 

introductory, n = 60 advanced) participated in traditional curricula (TC) including 

classroom lectures and discussion, textbook and class assignments.  Experimental 

subjects (n = 208 introductory, n = 122 advanced) participated in traditional 

curricula supplemented with SmartBytes (IMM).  Pre and post intervention 

measures in cognition, attitude and self-efficacy were completed at both levels.  

Behavior as indicated by consumption of vitamin A and iron was measured by 

analysis of two separate 24-hour food records completed before and after 

intervention.  Change data from pre and post administration of the measurement 

instrument were analyzed with independent t-test and additional testing by paired 

t-test when appropriate. Means, including means by location, are found in 

Appendix B and Appendix H.  Frequencies were employed to analyze 

demographic information and relationships were assessed with Pearson’s 

correlations.  P values of < 0.05 for t-tests and Pearson correlations were 
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considered statistically significant while p values of >/= 0.05 and </= 0.10 

indicated a trend toward significance. 

SUBJECTS 

A total of 600 students enrolled in introductory or advanced nutrition 

courses participated in the study.  Each subject fell into one of four groupings:  

introductory experimental (N=208), introductory control (N=210), advanced 

experimental (N=122) or advanced control (N=60).  All subjects participated in 

the traditional classroom curricula for their respective courses.  In addition, 

experimental subjects worked through SmartBytes, an interactive multimedia 

program on nutrient composition of food, in a self-paced manner.  Subjects 

participated in the study as part of their regular course work. 

DEMOGRAPHIC INFORMATION 

Demographic information, including gender, age, college major and years 

of education may be seen in Table 3. 

Six hundred subjects participated in the study, 450 females and 97 males.  

An additional 53 subjects did not report gender.  Females accounted for 82% of 

the subjects that specified gender.  Subjects were divided into 3 groups by age, 1) 

those less that 20 years of age, 2) those between 20 and 24 years old and 3) those 

older than 24 years of age.  Numbers in the different age groups were 200, 292 

and 52, respectively.  Ninety-five percent of the introductory group and 80% of 

the advanced group were 24 years old or less. 
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Less than half of all subjects participating in the study were nutrition 

majors.  Only 76 of 366 introductory students that reported majors designated 

nutrition.  In contrast, among advanced students 164 of 173 reporting were 

nutrition majors.  Of the students that responded to the question about years in 

school, 100% reported attending 18 years of school or less.  The range was from 

11 years to 18 years.  No introductory student reported attending more than 16 

years of school. 

COGNITIVE SCORES 

Cognitive questions were classified using Bloom’s (61) taxonomy, which 

is a structure available to assist instructors in categorizing questions based on 

skills needed by students to successfully answer test questions.  Bloom identified 

six categories from the simplest, knowledge, through comprehension, application, 

analysis, synthesis and finally evaluation.  Twenty-one questions administered to 

introductory subjects were classified as either knowledge or application.  

Questions for the advanced students included 23 knowledge and application 

items, and an additional 10 items categorized as analysis.  Knowledge questions 

included those requiring the memorization of facts; application questions required 

using information in new situations or using the information to solve problems 

while analysis questions required the student to identify or organize components 

or see patterns.  Questions were classified also by individual nutrients with 6 and 

5 items dealing with vitamin A and iron, respectively. 
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Introductory Subjects 

As seen in Table 4, mean changes among IMM subjects enrolled in 

introductory nutrition classes were significantly different from those of TC 

subjects for total cognitive (p < 0.01) scores as well as for the subsets of 

knowledge (p < 0.01) and application (p < 0.01) questions.  

  
Table 4  Mean change in cognitive total scores and subset scores for students 

enrolled in introductory nutrition classes 
Test items     Change in cognitive scores 
 TCa IMM pb 
          Mean ± standard deviation 
21 Cognitive items total score 1.3±3.1 2.4±3.6 < 0.01 
  14 Knowledge items 0.7±2.4 1.4±2.4 < 0.01 
    7 Application items 0.6±1.5 1.0±1.6 < 0.01 
    6 Vitamin A items c 0.5±1.4 0.9±1.7 < 0.01 
    5 Iron items 0.6±1.5 0.6±1.6 NSd 

a Traditional curriculum (TC), n=210; IMM enhanced curriculum (IMM), n=208 
b Independent t-test  
c Cognitive test items pertaining to vitamin A or iron 
d NS = Not significant 

On questions addressing individual nutrients, mean change for IMM subjects 

differed significantly from that of TC subjects on questions for vitamin A (p < 

0.01), but not for the questions on iron.  In addition, it should be noted that mean 

change scores for IMM subjects were almost twice that of TC subjects for all 

categories with the exception of iron. 
  

Advanced Subjects 

 As shown in Table 5, IMM subjects enrolled in advanced nutrition classes 

performed significantly better on all cognitive measures than did TC subjects.  

The mean change score for the IMM subjects on the 33-item total cognitive test, 
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the 14 knowledge questions and 9 application questions each differed 

significantly from that of the TC subjects (p < 0.001 each).  Mean change scores 

differed significantly between the IMM subjects and TC subjects on the 10 

analysis questions (p < 0.05) as well as on the 6 vitamin A questions (p < 0.05) 

and the 5 iron questions (p < 0.01).  Mean change scores were approximately 4 

times larger for IMM subjects than for TC on total cognitive, knowledge and 

application items.  The vitamin A change score was only about twice as large 

among IMM compared to TC subjects, but iron change was 7 times larger and the 

analysis items were 8 times larger for IMM than for TC groups. 
Table 5 Mean change in cognitive total scores and subset scores for students 

enrolled in advanced nutrition classes 
Test items        Change in cognitive scores 
 TCa IMM pb 
      Mean ± standard deviation 
        Change in scores 
33 Cognitive items total scorec   1.0±3.0 4.2±4.0 <.001 
  14 Knowledge items   0.6±1.8 2.2±2.4 <.001 
    9 Application items   0.3±1.5 1.2±1.7 <.001 
  10 Analysis itemsd   0.1±1.7 0.8±1.8   <.05 
    6 Vitamin A items e   0.6±1.4 1.1±1.6   <.05 
    5 Iron items   0.1±1.1 0.7±1.5  <.01 

a Traditional curriculum (TC), n=60; IMM enhanced curriculum (IMM), n=122 
b Independent t-test  
c 33 combined items:  14 knowledge, 9 application, and 10 analysis questions  

d 10 analysis of diet histories and selection of meals by nutrient content items 
e Cognitive test items pertaining to vitamin A or iron 

Introductory vs. Advanced Subjects 

Comparison of introductory and advanced level subjects for mean change 

in cognitive scores and subsets scores are reported in Table 6.  When examining 

the data for TC subjects, it is interesting to note that introductory students showed 

greater absolute change than advanced level students for 4 of the 5 variables 
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reported; however, the mean change differed significantly only for the items about 

iron (p < 0.05).  Among IMM subjects, advanced level students gained more 

absolute ground than their introductory level counterparts on all five measures 

and the changes differed significantly for total cognitive items (p < 0.05) and 

knowledge items (p < 0.05).  The finding that TC introductory students had 

greater gains than advanced students is reasonable in that the introductory 

students started with a more limited knowledge base than the advanced nutrition 

students.  The greater gain for the IMM advanced students compared to IMM 

introductory students may reflect improvement due to the advanced student’s 

greater readiness to take advantage of instruction available through the use of 

SmartBytes. 
Table 6 Mean change in cognitive scores and subset scores for students 

enrolled in introductory and advanced nutrition classes 
Test items   Change in cognitive scores 
 Introductory Advanced pa 
      Mean ± standard deviation 
Traditional curriculum (n=210) (n=60)  
21 Cognitive total itemsb 1.3±3.1 0.9±2.1 NSc 
  14 Knowledge items 0.7±2.4 0.6±1.8 NS 
    7 Application items 0.6±1.5 0.3±1.2 NS 
    6 Vitamin A itemsd 0.5±1.4 0.6±1.4 NS 
    5 Iron items 0.6±1.5 0.1±1.1 <.05 
    
IMM enhanced curriculum (n=208) (n=122)  
21 Cognitive total items 2.4±3.6 3.2±3.2 <.05 
  14 Knowledge items 1.4±1.0 2.2±2.4 <.05 
    7 Application items 1.0±1.6 1.1±1.5 NS 
    6 Vitamin A items 0.9±1.7 1.1±1.6 NS 
    5 Iron items 0.6±1.6 0.7±1.5 NS 

a Independent t-test 
b 21 item knowledge test: 14 knowledge and 7 application questions 
c NS = Not significant 
d Items pertaining to vitamin A or iron  
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However, change scores alone do not provide the complete picture.  Table 

7 reports mean cognitive total and subset scores for introductory and advanced 

level students.  Although mean change scores indicated more change for 

introductory TC students than for advanced TC students in many of the cognitive 

areas, data indicate that means differed significantly between advanced and 

introductory level subjects in both groups with advanced level subjects scoring 

higher in every case.  Therefore, although it is true that introductory level students 

gained more knowledge than advanced level students over the period of the study, 

pretest scores for advanced level students were usually noticeably higher than 

posttest scores for introductory level students for all items with the exception of 

iron for IMM subjects.  The results indicate not only information retention by 

advanced level students but also some cognitive gain in students on average 

between the initial and upper level courses in nutrition.  
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Table 7  Mean cognitive total and subset scores for students enrolled in 

introductory and advanced nutrition classes 
Test items Introductory  Advanced pa 
      Mean ± standard deviation 
Traditional curriculum (n=210) (n=60)  
21 Pretest cognitive itemsb 6.5±2.2   9.9±3.3 <.001 
21 Posttest cognitive items 7.8±2.8 10.8±3.2 <.001    
  14 Pretest knowledge items 4.5±1.7   6.5±2.3 <.001 
  14 Posttest knowledge items 5.2±2.1   7.1±2.2 <.001 
    7 Pretest application items 2.0±1.2   3.4±1.5 <.001 
    7 Posttest application items 2.6±1.3   3.7±1.5 <.001 
    6 Pretest vitamin A items c 1.7±1.2   2.8±1.7 <.001 
    6 Posttest vitamin A items 2.2±1.3   3.4±1.7 <.001 
    5 Pretest iron items 2.3±1.1   3.1±1.1 <.001 
    5 Posttest iron items 2.8±1.4   3.2±1.1 <.05  
    
IMM enhanced curriculum (n=208) (n=122)  
21 Pretest cognitive items 7.0±2.6  9.7±2.6 <.001 
21 Posttest cognitive items 9.4±3.7   12.9±3.2 <.001 
  14 Pretest knowledge items 4.8±1.8  6.3±1.8 <.001 
  14 Posttest knowledge items 6.2±2.6  8.5±2.5 <.001 
    7 Pretest application items 2.2±1.4  3.4±1.4 <.001 
    7 Posttest application items 3.2±1.6  4.4±1.3 <.001 
    6 Pretest vitamin A items 1.9±1.3  3.2±1.5 <.001 
    6 Posttest vitamin A items 2.7±1.6  4.3±1.4 <.001 
    5 Pretest iron items 2.4±1.2  2.9±1.3 <.01 
    5 Posttest iron items 3.0±1.3  3.5±1.2 <.001 

a Independent t-test 
b 21 item cognitive test: 14 knowledge and 7 application questions 
c Items pertaining to vitamin A or iron 

Summary of Cognitive Scores 

For introductory students mean change scores were significantly different 

between TC and IMM subjects on the total cognitive items and the subsets of 

knowledge, application and vitamin A items.  Only the iron items evidenced no 

significant difference in change scores between the instructional method groups. 

For advanced students mean change scores differed significantly between TC and 
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IMM subjects for total cognitive items and the subsets of knowledge, application, 

analysis, vitamin A and iron items.  Introductory students showed larger gains 

than advanced students on cognitive scores, but that is to be expected since 

introductory students have much more to learn.  It is interesting to note that scores 

for advanced students at the pretest approximated scores for the IMM 

introductory students at posttest.  In other words, students at the advanced level of 

nutrition education started with a knowledge base approximately equal to that of 

students completing an introductory nutrition class enriched with the IMM 

program. 

ATTITUDE SCORES 

Introductory and Advanced Subjects 

Attitude was measured with a total of 15 items on a 5-point Likert style 

scale.  Responses ranged from 1 for “Strongly Agree” to 5 for “Strongly 

Disagree.”  Positively stated items were reverse scored so that the maximum score 

was 75.  Of the 15 items covering attitude, 4 items specifically addressed vitamin 

A and 3 items addressed iron. 

Mean change scores as seen in Table 8 differed significantly between 

IMM and TC subjects for the 15 attitude items (p < 0.01) and the 4 vitamin A 

attitude items (p < 0.01) among introductory nutrition subjects.  A trend toward 

significant change was seen for vitamin A attitude items in advanced nutrition 

subjects (p < 0.06). However, mean change scores did not differ between groups 

for the subset of iron items for either introductory or advanced subjects.  
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Similarly, mean change scores for the total attitude scale of 15 items for advanced 

subjects were not significantly different. 

Mean change scores for IMM subjects were approximately twice those of 

TC subjects for total attitude scores and for vitamin A items in both the 

introductory and advanced level students. 

 
Table 8  Mean change in attitude scores and subset scores for students 

enrolled in introductory or advanced nutrition classes 
Test items Change in attitude scores 
 TCa IMM pb 
      Mean ± standard deviation 
Introductory (n=210) (n-208)  
15 Attitude items total scorec 1.9±5.2 3.3±5.4 <.01 
  4 Vitamin A attitude itemsd 0.6±1.7 1.1±2.1 <.01 
  3 Iron attitude items 0.4±2.2 0.1±2.4 NSe 
    
Advanced (n=60) (n=122)  
15 Attitude items total score 1.5±4.8 2.7±4.9 NS 
  4 Vitamin A attitude items 0.6±1.5 1.1±1.8 <.06 
  3 Iron attitude items     -0.7±2.0     -0.2±2.3 NS 

a Traditional curriculum (TC); IMM enhanced curriculum (IMM) 
b Independent t-test  
c 15 attitude items for both introductory and advanced students with maximum score of 75 
d Items pertaining to vitamin A and iron  

e NS = Not significant 

As seen in Table 9, the only significant difference in mean change scores 

for attitude when comparing advanced and introductory TC subjects was for iron.  

Introductory subjects had significantly higher change scores on iron attitude items 

than advanced subjects (p < 0.01).  Advanced TC students were apparently more 

resistant to change in attitude in reference to iron than were introductory students.  

In fact, at the advanced level, both TC and IMM students demonstrated negative 
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changes in iron attitude items though the IMM enrichment tended to mediate the 

negative change somewhat. 
 
Table 9  Comparison of mean change in attitude total score and subset 

scores for students enrolled in introductory and advanced 
nutrition classes with traditional and IMMa enhanced curricula 

Test items Change in attitude scores 
 Introductory Advanced pb 
      Mean ± standard deviation 
Traditional curriculum (n=210) (n=60)  
15 Attitude items total scorec 1.9±5.2 1.5±4.8 NSd 
  3 Vitamin A attitude items e 0.6±1.7 0.6±1.5 NS 
  3 Iron attitude items 0.4±2.2 -0.7±2.0 <.01 
    
IMM enhanced curriculum (n=208) (n=122)  
15 Attitude items total score 3.3±5.4 2.7±4.9 NS 
  3 Vitamin A attitude items 1.1±2.1 1.1±1.8 NS 
  3 Iron attitude items 0.1±2.4 -0.2±2.3 NS 

a Interactive multimedia = IMM 

b Independent t-test 
c 15 attitude items for both introductory and advanced students with maximum score of 75  

d NS = Not significant 
e Items pertaining to vitamin A or iron 
 

Individual item analysis of the three iron attitude items at both educational 

levels, seen in Table 10, revealed a significant difference in the mean change 

score between TC and IMM subjects for item 4 at both introductory and advanced 

levels.  Item 4 stated “A diet without meat is likely to be deficient in iron.”  The 

item was reverse scored so that “Strongly Agree” was scored with a “5.”  At the 

introductory level, TC subjects showed a greater increase in scores than IMM 

subjects on this item (p < 0.01).  Negative change was seen at the advanced level 

where TC subjects experienced a larger decrease in scores than IMM subjects (p < 

0.05) indicating some mediating effect of the educational intervention.  Mean 
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change scores were not different for item 7 which stated “A diet without meat can 

easily meet my nutrient needs” or for item 10 which stated “Most people get 

enough iron in their diet.” 
 

Table 10  Mean change in attitude scores for iron items for students enrolled 
in introductory and advanced nutrition classes 

Test itemsa Change in attitude scores 
 TCb IMM pc 
      Mean ± standard deviation 
Introductory (n=210) (n-207)  
Item 4 – A diet without meat is 
likely to be deficient in iron. 

0.41±1.3 0.04±1.2 <.01 

Item 7 –A diet without meat can 
easily meet my nutrient needs. 

0.15±1.2 0.04±2.1 NSd 

Item 10 – Most people get 
enough iron in their diet. 

-0.18±1.3 -0.08±1.1 NS 

    
Advanced (n=60) (n=122)  
Item 4 -0.45±1.2 -0.04±1.3 <.05 
Item 7 -0.17±1.3 -0.13±1.2 NS 
Item 10     -0.07±0.9     -0.03±1.1 NS 

a Test items were the same for introductory and advanced students 
b Traditional curriculum (TC); IMM enhanced curriculum (IMM) 
c Independent t-test  
d NS = Not significant 

Summary of Attitude Scores 

Significant differences were found in mean change scores between TC and 

IMM subjects for total attitude items at the introductory level.   A significant 

difference in mean change scores between TC and IMM subjects for vitamin A 

items for introductory students was present as was a trend toward difference on 

vitamin A items for advanced students.  No significant difference in mean change 

scores for iron items was observed at either level.  Analysis of the 3 individual 

iron items showed significant differences in mean change scores for only one of 
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these items.  Mean change scores were negative on all iron items for the advanced 

level students. However, on an absolute score basis change was less negative for 

the IMM than for the TC subjects indicating that SmartBytes diminished the 

negative movement in iron attitude.  

SELF-EFFICACY SCORES 

Introductory and Advanced Subjects 

As shown in Table 11, mean change scores for self-efficacy in IMM and 

TC subjects differed significantly on most measures.  Self-efficacy was measured 

with 8 items for introductory subjects and with 12 items for advanced subjects.  

Introductory students responded to 2 items each for vitamin A and iron, advanced 

students responded to 3 items for each nutrient.  All items were based on a 5-point 

Likert-type scale with choices ranging from “Strongly Agree” to “Strongly 

Disagree.”  For introductory subjects, mean self-efficacy change scores for IMM 

subjects differed significantly from that of the TC subjects for all items:  total 

score, vitamin A and iron (p < 0.001 each).  At the advanced level, mean self-

efficacy change scores differed significantly between IMM and TC subjects for 

total score (p < 0.01) and for the 3 iron items (p < 0.05).  Mean change scores for 

advanced level vitamin A items did not differ significantly between IMM and TC 

subjects; however, a trend was seen (p = 0.07). 

Comparison of TC and IMM self-efficacy change scores reveals mean 

change scores for IMM students at least 1 ½ to 2 times higher than the TC group 

among both introductory and advanced level students.  In addition, total self-

efficacy mean change score for advanced IMM students was more than 15 times 
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greater than that of the advanced TC students.  Students using SmartBytes as a 

supplement to their course work gained in self-efficacy over those students 

without exposure to the program. 

 
Table 11  Mean change in self-efficacy rating scores for students enrolled 

in introductory and advanced nutrition classes 
Test items   Change in self-efficacy scores 
 TCa IMM pb 
    Mean ± standard deviation 
Introductory   (n=210) (n=208)  
8 Self-efficacy items   4.3±5.7 8.5±5.8 <.001 
  2 Vit A self-efficacy items c   1.2±2.0 2.5±2.1    <.001 
  2 Iron self-efficacy items   1.3±1.9 2.0±1.9    <.001 
    
Advanced (n=60) (n=122)  
12 Self-efficacy items   0.2±7.1 3.1±6.7  <.01 
  3 Vit A self-efficacy items  0.6±2.3 1.2±2.0   <.07 
  3 Iron self-efficacy items   -0.2±2.0 0.5±2.0   <.05 

a Traditional curriculum (TC); IMM enhanced curriculum (IMM) 
b Independent t-test 
c Items pertaining to vitamin A or iron 

Self-efficacy items, unlike the items in the other sections of the total 

measurement instrument, were written in a way that could meaningfully address 

students at two different levels of nutrition practice.  Self-efficacy questions for 

the introductory students addressed the student’s belief that they could list foods 

that are a good source of a specific nutrient or identify good sources of a specific 

nutrient from a menu.  These tasks represent an appropriate challenge for a 

student new to the study of nutrient sources of food.  Advanced level students 

should have mastered those basic skills as part of their introductory nutrition 

courses and therefore different self-efficacy challenges were measured for the 

advanced level student.  These students were asked to report the extent to which 
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they could accomplish tasks such as compare meals for nutrient content, assess 

nutrient intake from a food diary and make food choice suggestions to meet 

nutrient needs.   Because of the different approaches taken to measure the two 

levels on this topic, discussion of the differences between introductory and 

advanced subjects for self-efficacy would not be meaningful. 

Summary of Self-Efficacy Scores  

Mean change scores for total self-efficacy items and for vitamin A and 

iron items differed significantly between TC and IMM groups in introductory 

level students.  Mean change scores also were significantly different between 

groups for total self-efficacy and iron items in advanced level students, while 

vitamin A items showed a trend toward significantly different change scores 

between the groups.  Mean change scores for total self-efficacy, vitamin A and 

iron items were at least 1 ½ to 2 times higher for IMM subjects than for TC 

students at the introductory level and 15 times higher for total self-efficacy scores 

among advanced students. 

BEHAVIOR CHANGE 

As part of the data collection process, introductory students submitted two 

24-hour food records at least one month apart.  The first record was completed 

before the IMM group was introduced to SmartBytes and a second record was 

collected at least one month later, after that group completed the program.  TC 

subjects completed two records spaced at least one month apart without exposure 

to SmartBytes.  Criteria were established in an effort to achieve validity for the 

records used in the study (63).  Paired records were validated for inclusion based 
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on reasonable energy reports of between 1000 and 4000 kcals for females or 1300 

and 5500 kcals for males as an average of the 2 records.  In addition, cases with 

identical records were eliminated.  A total of 117 control and 128 experimental 

subjects supplied food records that met the inclusion criteria.  Fourteen pairs of 

data failed to meet kcal criteria; 2 additional pairs of data were eliminated due to 

duplication.  Qualified food records were entered into FoodWorks (64), a diet 

analysis program; absolute nutrient intake, intake as a percentage of the 1989 

RDA and intake per 1000 kcals were evaluated (63).  Behavior change was 

assessed as the difference in reported consumption between the first and second 

food record.  Although different recommendations for the genders were presented 

in SmartBytes, i.e., 10 mg iron for males and 15 mg iron for females and 1000 RE 

vitamin A for males and 800 RE vitamin A for females, primary focus in teaching 

and activities was given to the higher value for each nutrient. 

 Results of the evaluation of nutrient intake are presented in Table 12.  

Absolute energy intake decreased for the IMM group and increased for the TC 

group so that nutrient density was noticeably higher at the end than at the 

beginning of the study for the IMM group.  Mean change in consumption for 

vitamin A intake per 1000 kcals for the IMM subjects was significantly higher 

than that for the TC subjects (p < 0.05). A trend toward significant change (p < 

0.08) was present for absolute consumption of vitamin A and intake as a percent 

of RDA.  No differences or trends were found between TC and IMM subjects for 

changes in iron intake.  Average changes in intake by IMM subjects were 4 to 7 
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times higher than those of TC subjects for vitamin A and 1 ½ to 5 times higher for 

iron.   
Table 12  Mean change in energy, vitamin A and iron intakes for students 

enrolled in introductory nutrition classes 
Nutrient TCa IMM pb 
      Mean ± standard deviation 
Energy (kcals) 50±859 -72±681 NSc 
    
Vitamin A (RE) 87±1274 372±1224 <.08 
  Vitamin A per 1000 kcal  30±655 221±695 <.05 
  Vitamin A % RDAd  9±127 37±122 <.08 
    
Iron (mg) 0.60±10.2 0.99±9.9 NS 
  Iron per 1000 kcal 0.22±3.7 1.09±6.0 NS 
  Iron % RDA 4.±68 7±66 NS 

a Traditional curriculum (TC), n=117; IMM enhanced curriculum (IMM), n=128 
b Independent t-test  
c NS = Not significant 
d 1989 Recommended dietary allowance: 1000 RE vitamin A, 15 mg iron 

A comparison of mean intake among the Health and Nutrition 

Examination Survey (NHANES) (52), the Continuing Survey of Food Intakes by 

Individuals (CSFII) (53), and SmartBytes pre intervention intake with 1989 

Recommended Dietary Allowances (RDA) (54) for energy, vitamin A and iron is 

presented in Table 13.  Table 31, page 133 reports mean intake pre and post 

intervention values for SmartBytes subjects.  It is interesting to note that for both 

control and experimental groups, mean intake by gender for vitamin A exceeded 

90% of the RDA in pre intervention measures with intakes for TC subjects of 

1458 RE for males and 1040 RE for female subjects and 936 RE for IMM males 

and 928 RE for IMM females subjects.  Intakes exceeded the RDA post 

intervention with TC male averaging 1911 RE and females 1039 RE compared to 

1531 RE and 1222 RE for male and female IMM subjects, respectively.  Average 
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intake for iron exceeded the RDA both pre and post intervention. Pre intervention 

intake for TC subjects was 22.5 mg iron for males and 15.2 mg for females while 

IMM subjects averaged 20 mg for males and 15.8 for females.  At post 

intervention measures TC subjects averaged 21.9 mg iron for males and 16.3 mg 

for females compared with IMM subjects at 21.0 mg for males and 16.6 mg for 

females.  Based on two major national intake studies, NHANES III and CSFII 

(52,53), iron intake for female subjects was not expected to meet the RDA before 

intervention.  This high initial iron consumption may have contributed to the lack 

of significant change in iron intake.  
Table 13 1989 RDA for energy, vitamin A and iron in comparison to mean 

intake from NHANES, CSFII (52),(53) and SmartBytes 
RDA and Studies Males Females 
 <20  20-29 <20 20-29 
1989 RDA a     
    Energy (kcals) 3000 2900 2200 2200 
    Vitamin A (RE) 1000 1000 800 800 
    Iron (mg) 12 10 15 15 
NHANES III b  Intake     
    Energy (kcals)  3097 3025 1958 1957 
    Vitamin A (RE)  959 1026 816 786 
    Iron (mg)  18.6 17.8 12.5 12.4 
CSFII c Intake     
    Energy (kcals)  2766 2821 1910 1841 
    Vitamin A (RE)  1086 994 798 855 
    Iron (mg)  19.8 19.5 13.8 13.5 
 Percentage population meeting RDA c    
    Vitamin A 36 30 31 32 
    Iron 83 87 28 26 
SmartBytesd Intake     
    Energy (kcals) 2761 2670 1893 1762 
    Vitamin A (RE) 984 1250 1072 749 
    Iron (mg) 21.2 20.9 16.4 13.7 

a Recommended Dietary Allowances 
b United States Dept. of Agriculture’s Continuing Survey of Food Intakes by Individuals 1994-96 
c Centers for Disease Control’s Health and Nutrition Examination Surveys III 1988-91  
d Pre intervention scores for TC and IMM introductory subjects 
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The nutrient intake data were further examined by dividing the subjects 

into groups based on intake compared to the RDA for appropriate age and gender.   

The three groups, shown in Figure 2, were defined as: 1) intake at less than 67% 

of the RDA, 2) intake at 67-100% of the RDA and 3) intake at greater than 100% 

of the RDA.  More students were in the group 3 than in group 1 or 2 for both 

nutrients at both pre and post intervention.  For vitamin A there was a noticeable 

shift in intake with a number of subjects moving from groups 1 and 2 and into 

group 3.  This change indicated that subjects consumed more vitamin A at the end 

of the study compared to the beginning of the study.  The same shift is not seen 

for iron where the distribution post intervention is virtually identical to that before 

intervention. The lack of change for iron indicated that either no change was seen 

in intake for the groups or that any shift toward higher intake by some subjects 

was matched by an equal shift toward lower intake for other subjects. 
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Figure 2  Distribution of nutrient intake 

Summary of Behavior Measures 

Behavior was measured by analysis of food records for introductory level 

students only.  Differences between pre and post intervention food records were 

analyzed in 3 ways:  absolute intake, intake per 1000 kcals, and intake as a 

percent of the RDA.  Mean change scores were significantly different between TC 

and IMM subjects only for vitamin A/1000 kcals.  A trend was present for 

absolute vitamin A intake and for %RDA for vitamin A.  No differences were 

observed between the groups for iron intake by any method.  It is interesting to 

note that mean intake for both nutrients was higher than the national average for 

this age group and that absolute intake exceeded 90% of the RDA before the 

study leaving little need for improvement.   

Iron Vitamin A 

< 67% RDA 67-100% RDA > 100% RDA 
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CORRELATION COEFFICIENTS 

Data were analyzed to determine possible relationships between 

instructional method, selected demographic information and change scores for 

cognition, self-efficacy and attitude.  Consumption per 1000 kcals for vitamin A 

and iron was added to the analysis for introductory level students.  

Introductory subjects 

Relationships of changes between total cognitive, attitude, and self-

efficacy scores as well as intakes of vitamin A and iron for introductory students 

are reported in Table 14.  Positive correlations were identified between 

instructional method and change in self-efficacy score (r = .34; p < 0.01), change 

in cognitive score (r = .17; p < 0.01), change in attitude score (r = .13; p < 0.01) 

and change in vitamin A intake per 1000 kcals (r = .14; p < 0.05).  Change in 

cognitive scores also correlated with change in self-efficacy scores (r = .33; p < 

0.01), change in attitude scores (r = .24; p < 0.01) and change in vitamin A intake 

per 1000 kcals (r = .17; p < 0.05).  Positive relationships were seen between 

change in self-efficacy score and change in attitude score (r = .33; p < 0.01), 

change in vitamin A consumption in RE per 1000 kcals (r = .15; p < 0.05) and 

change in iron in mg per 1000 kcals (r = .15; p < 0.05).  Change in attitude scores 

correlated with change in vitamin A intake in RE / 1000 kcals (r = .16; p < 0.05).  

Finally, a correlation was observed in changes for intakes of the two nutrients, 

vitamin A in RE / 1000 kcals and iron in mg, /1000 kcals (r = .28; p < 0.05).  No 

relationship was found between demographic information and other measures for 

introductory students. 
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Table 14  Relationships of instructional methods and changes in total 
cognitive, attitude and self-efficacy scores, and intakes of vitamin 
A and iron of subjects enrolled in introductory nutrition classes 

Variable 1  Variable 2 ra 
Introductory students   
Instructional method  Change in self-efficacy score .34** 
 Change in cognitive score .17** 
 Change in attitude .13** 
 Change in vitamin A/1000 kcalb .14* 
   
Change in cognitive score  Change in self-efficacy score .33** 
 Change in attitude score .24** 
 Change in vitamin A/1000 kcal .17**  
   
Change in self-efficacy score Change in attitude score .33** 
 Change in vitamin A/1000 kcal .15* 
 Change in iron /1000 kcal .15* 
   
Change in attitude score Change in vitamin A/1000 kcal .16* 
   
Change in vitamin A/1000 kcal Change in iron/1000 kcal .28* 

a Pearson product-moment coefficient 
b Vitamin A (RE) or iron (mg) per 1000 kilocalorie (kcal); vitamin A and iron change in intakes 
from pre and post intervention  food records 
*p<.05, **p<.01 

Advanced students 

Correlations between instructional methods, demographic information and 

changes in cognitive, attitude and self-efficacy scores for the advanced level 

students are reported in Table 15.  Among these students, instructional method 

correlated positively with change in cognitive scores (r = .38; p < 0.01) and 

change in self-efficacy scores (r = .20; p > 0.01).  Change in cognitive scores also 

correlated with change in self-efficacy scores (r = .28; p < 0.01).  Self-efficacy 

change scores were related to change in attitude scores (r = .28; p < 0.01).  Of all 

the demographic information measured, only years of education negatively 
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correlated with change in attitude (r = -.23; p < 0.05).  The more years of school a 

subject reported attending the less likely they were to demonstrate a positive 

change score for attitude. 

 
Table 15  Relationships of instructional methods, demographic information 

and changes in cognitive, attitude and self-efficacy scores of 
subjects enrolled in advanced nutrition classes 

Variable 1  Variable 2 ra 
Instructional method  Change in cognitive score  .38** 
 Change in self-efficacy score  .20** 
   
Change in cognitive score Change in self-efficacy score  .28** 
   
Change in self-efficacy score Change in attitude score  .28** 
   
Change in attitude score Years of education -.23* 

a Pearson product-moment coefficient 
*p<.05, **p<.01 

Summary of Relationships 

Instructional method positively correlated with change in cognitive scores 

and self-efficacy scores at both educational levels.  At the introductory level, 

instructional method also correlated with change in attitude scores and change in 

vitamin A intake in RE / 1000 kcals.  Change in cognitive scores was correlated 

with change in self-efficacy scores at both levels and with change in attitude 

scores and change in vitamin A intake in RE / 1000 kcals at the introductory level.  

Change in self-efficacy scores correlated with change in attitude scores in both 

introductory and advanced students, and with change in intake / 1000 kcals for 

both vitamin A in RE and iron in mg with introductory students.  Also among 

introductory students, change in attitude correlated with change in intake of 
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vitamin A in RE / 1000 kcals.  Finally, at the advanced level, change in attitude 

scores negatively correlated with years of education. 

FEEDBACK FOLLOWING USE OF SMARTBYTES 

As a part of post intervention data collection, experimental subjects were 

asked to evaluate the usefulness of SmartBytes and individual components of the 

program along with reporting time on task for each module of the program.  

Feedback was given with a response ranging from “Very helpful” to “Not 

helpful” on a five point Likert scale.  Students also were asked to rank several 

instructional methods in order of usefulness.   

The SmartBytes program is divided into individual modules covering each 

separate nutrient.  Each module contained sections covering nutrient 

requirements, sources and nutrient density or bioavailability.  User interactions 

were an integral part of each module and included activities that were interspersed 

throughout the program as well as menu analysis and dietary record analysis 

activities that were the focus of an application section for each nutrient.  

Components available throughout the entire program included information 

provided by audio, feedback to user response and tools such as nutrient tables and 

definitions. 

SmartBytes and Vitamin A and Iron Modules 

Results for feedback to items inquiring about the helpfulness of the 

SmartBytes program and specifically to the vitamin A and iron modules are 

reported in Table 16.  A vast majority of both introductory and advanced level 

students found the program as a whole, and the specific modules of vitamin A and 
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iron to be helpful.  In response to the question “When added to the regular 

coursework, how will SmartBytes affect your ability to do a better job of selecting 

a diet that supplies the recommended amount of calcium, iron, vitamin A and 

folic acid?” 80% of introductory and 85% of advanced level students said that the 

program was Very Helpful or Helpful.  By comparison, only 4% of introductory 

students and 3% of advanced level students considered the program to be Not 

Very Helpful or Not Helpful.  Students rated the individual modules of vitamin A 

and iron even more favorably than they did the overall program.  Single items 

requested feedback on each of the sections for vitamin A and for iron.  Eighty-

eight percent of introductory students and 85% of advanced students found the 

vitamin A module to be Very Helpful or Helpful, while 90% of introductory 

students and 86% found the iron module to be Very Helpful or Helpful.  Only 3% 

of introductory and 2% of advanced students found vitamin A to be Not Very 

Helpful or Not Helpful and only 2% of introductory and less than 1% of advanced 

students found iron to be Not Very Helpful or Not Helpful. 
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Table 16  Perceived helpfulness to students in introductory and advanced 
nutrition courses of SmartBytes multimedia program and individual 
modules on vitamin A and iron. 

Nutrient Introductory  a Advanced 
 Percent b 
SmartBytes Helpfulness   
  Very helpful/Helpful 80 85 
  Neutral 16 12 
  Not very helpful/Not helpful 4 3 
   
Vitamin A Module Helpfulness   
  Very helpful/Helpful 88 85 
  Neutral 10 13 
  Not very helpful/Not helpful 3 2 
   
Iron Module Helpfulness    
  Very helpful/Helpful 90 86 
  Neutral 9 13 
  Not very helpful/Not helpful 2 <1 

a Introductory level subjects, n=120; Advanced level subjects, n=121 
b Percentage of those responding may not total 100 because of rounding 

Nutrient requirements, nutrient sources and nutrient density and/or 
bioavailability 

Results for perceived helpfulness of module sections teaching nutrient 

requirements, nutrient sources and nutrient density or bioavailability to students 

enrolled in introductory and advanced nutrition courses are reported in Table 17.  

The primary focus of the nutrient requirement section involved comparing 

different foods with a chosen index food as a way of illustrating relative nutrient 

content in a variety of foods.  The nutrient requirement section was perceived as 

Very Helpful or Helpful by 78% of introductory level students and 80% of 

advanced level students; only 4% of introductory level students and 3% of 

advanced students reported the section to be Not Very Helpful or Not Helpful. 
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 The sources section used graphics and interaction to supply kcal and 

nutrient content for standard serving sizes of a variety of foods.  This section was 

reported to be Very Helpful or Helpful by 86% of introductory level students and 

88% of advanced level students; only 3% of introductory level students and less 

than 1% of advanced students reported the section to be Not Very Helpful or Not 

Helpful. 

 The nutrient density or bioavailability sections focused on teaching either 

Index of Nutrient Quality or factors effecting absorption and availability of 

nutrients consumed as part of a diet.  The vitamin A module included a section on 

nutrient density while the iron module included a section on bioavailability.  The 

nutrient density or bioavailability section was considered to be Very Helpful or 

Helpful by only 67% of introductory level students but by 73% of advanced level 

students; 8% of both introductory and advanced level students reported the 

section to be Not Very Helpful or Not Helpful.  Introductory students did not 

perform well on cognitive iron items for which the focus was iron bioavailability.  
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Table 17  Perceived helpfulness of module sections teaching nutrient 

requirements, nutrient sources and nutrient density or 
bioavailability to students enrolled in introductory and advanced 
nutrition courses. 

Nutrient Introductory  a Advanced 
 Percent b 
Nutrient Requirements    
  Very helpful/Helpful 78 80 
  Neutral 18 17 
  Not very helpful/Not helpful 4 3 
   
Nutrient Sources   
  Very helpful/Helpful 86 88 
  Neutral 11 12 
  Not very helpful/Not helpful 3 <1 
   
Nutrient Density / Bioavailability    
  Very helpful/Helpful 67 73 
  Neutral 25 19 
  Not very helpful/Not helpful 8 8 

a Introductory level subjects, n=120; Advanced level subjects, n=121 
b Percentage of those responding may not total 100 because of rounding 

Menu Analysis, Dietary Record Analysis and Interactive Program Activities 

Table 18 presents perceived value of modules covering menu analysis, 

dietary record analysis and interactive program activities to students enrolled in 

introductory and advanced nutrition courses.  The menu analysis section of the 

program allowed the user to interact with virtual restaurant menus in order to 

select meals that offered adequate amounts of selected nutrients.  Seventy-three 

percent of introductory students and 71% of advanced students found the menu 

section to be Very Helpful or Helpful.  Only 5% of introductory and 4% of 

advanced students found the section to be Not Very Helpful or Not Helpful. 
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The dietary record section asked the user to analyze diet records and 

recommend foods to complete the nutrient needs for the day.  The dietary record 

section was considered to be Very Helpful or Helpful by 63% of introductory 

students and 59% of advanced students.  Nine percent of introductory students 

and 8% of advanced students reported the section to be Not Very Helpful or Not 

Helpful. 
 

Table 18  Perceived helpfulness of menu analysis, dietary record analysis and 
program activities to students enrolled in introductory and 
advanced nutrition courses. 

Nutrient Introductory  a Advanced 
 Percent b 
Menu Analysis    
  Very helpful/Helpful 73 71 
  Neutral 17 19 
  Not very helpful/Not helpful 10 10 
   
Dietary Record Analysis   
  Very helpful/Helpful 63 59 
  Neutral 28 34 
  Not very helpful/Not helpful 9 8 
   
Interactive Program Activities    
  Very helpful/Helpful 79 82 
  Neutral 16 14 
  Not very helpful/Not helpful 5 4 

a Introductory level subjects, n=120; Advanced level subjects, n=121 
b Percentage of those responding may not total 100 because of rounding 

Interactive program activities interspersed throughout the program were 

designed to encourage the user to practice using information they had learned.  

Interactive activities were considered Very Helpful or Helpful by 79% of 

introductory students and 82% of advanced students.  They were considered Not 
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Very Helpful or Not Helpful by 5% of introductory students and 4% of advanced 

students. 

Audio, Feedback and Tools 
 

Perceived helpfulness of the program components, i.e., audio, feedback 

and tools, for students enrolled in introductory and advanced nutrition courses is 

presented in Table 19.  SmartBytes included audio at the beginning of each 

section, but the audio did not run throughout the instructional or interactive 

portion of the program.  Audio was considered Very Helpful or Helpful by only 

38% of introductory and 44% of advanced students.  This component was 

considered Not Very Helpful or Not Helpful by 17% of both introductory and 

advanced students.  Audio was ranked in the neutral category more than any other 

item with 45% of introductory and 39% of advanced students choosing neutral. 

Feedback was provided to inform the user about correct or incorrect 

responses to interactive activities.  Ideally this feedback allowed the user to 

discern if they were accurately learning the information.  Program feedback was 

rated as Very Helpful or Helpful by 78% of introductory and 73% of advanced 

level students.  Feedback was evaluated as Not Very Helpful or Not Helpful by 

4% of introductory and 7% of advanced students. 

Program tools included a calculator, nutrient tables, definitions, serving 

size information, program help and program navigation.  Tools were considered 

Very Helpful or Helpful by 76% of introductory and 78% of advanced level 

students.  Tools were selected as Not Very Helpful or Not Helpful by 6% of 

introductory and 4% of advanced level students. 
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Table 19  Perceived helpfulness of program components audio, feedback and 

tools for students enrolled in introductory and advanced nutrition 
courses. 

Nutrient Introductory  a Advanced 
 Percent b 
Program Audio   
  Very helpful/Helpful 38 44 
  Neutral 45 39 
  Not very helpful/Not helpful 17 17 
   
Program Feedback   
  Very helpful/Helpful 78 73 
  Neutral 18 21 
  Not very helpful/Not helpful 4 7 
   
Program Tools    
  Very helpful/Helpful 76 78 
  Neutral 18 18 
  Not very helpful/Not helpful 6 4 

a Introductory level subjects, n=120; Advanced level subjects, n=121 
b Percentage of those responding may not total 100 because of rounding 
 

Ranking of Instructional Methods 

Traditional curricula for introductory and advanced nutrition courses 

usually include classroom lecture with discussion, textbook, and particularly in 

introductory courses, a dietary analysis project.  Using a list that added 

SmartBytes, students were asked to rank the four instructional methods as “the 

most helpful” to “the least helpful” for their value in learning food composition 

for vitamin A, iron, calcium and folate.  Results of the ranking are presented in 

Table 20. 

Half of the introductory students selected classroom lecture with 

discussion as the most helpful instructional method, 20% of students selected text 
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as most helpful, 18% selected SmartBytes and 17% selected the dietary analysis 

project.  The advanced level students perceived SmartBytes as more valuable with 

41% selecting SmartBytes as most helpful.  Thirty-four percent of advanced level 

students selected classroom lecture and discussion and most helpful, 15% selected 

the text and 10% selected the dietary analysis assignment. 

  
Table 20  Percent of subjects enrolled in introductory and advanced 

nutrition classes selecting various instructional methods as “the 
most helpful” 

Instructional Method  Introductory  a Advanced 
 Percent b 
Class Text  20 15 
Classroom Lecture 50 34 
SmartBytes 18 41 
Dietary Analysis Project 17 10 

a Introductory level subjects, n=120; Advanced level subjects, n=121 
b Percentage does not total 100 due to subjects selecting more than 1 item as most helpful 

Time on Task 

Subjects were asked to report how much time they spent using each 

module.  Results from the time on task data are reported in Table 21.  Most 

students, both introductory and advanced level, spent 45 minutes or less on each 

module.   For vitamin A, a total of 80% of introductory and 60% of advanced 

students responded that they spent less than 30 minutes or 30-45 minutes on the 

module.  For iron, 83% of introductory students and 66% of advanced students 

spent 45 minutes or less on the module.  More advanced level students reported 

spending 45 minutes or more on a module compared to introductory level 

students.  While only 21% of introductory students spent more than 45 minutes on 

vitamin A and 17% spent more than 45 minutes on iron, 41% of advanced level 
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students spent more than 45 minutes on vitamin A and 34% of that group reported 

spending more than 45 minutes on iron. 

 
Table 21  Time on task for vitamin A and iron modules for subjects enrolled 

in introductory and advanced nutrition classes 
Time on Task Introductory  a Advanced 
 Percentb 
 Vit A Iron Vit A Iron 
Less than 30 minutes 39 43 28 31 
30 – 45 minutes 41 41 32 35 
45-60 minutes 15 13 28 26 
60 – 90 minutes 4 2 10 6 
More than 90 minutes 2 2 3 2 

a Introductory level subjects, n=120; Advanced level subjects, n=121 
c Percentage of those responding may not total 100 because of rounding 
 

Relationships of time on task and changes in other variables are reported 

in Table 22.  For introductory students, positive relationships were seen for time 

spent on all modules with change in cognitive scores (r = .36; p < 0.01), change in 

self-efficacy scores (r = .19; p < 0.01), change in attitude scores (r = .20; p < 0.01) 

and change in iron intake per 1000 kcals (r = .19; p < 0.05).  For advanced level 

students time spent on all modules positively correlated with change in cognitive 

scores (r = .20; p < 0.05) and change in attitude scores (r = .23; p < 0.05).  These 

data indicate that for both groups the more time a student spent using SmartBytes 

the more their cognitive and attitude scores improved.  For introductory students 

it was true also that more time spent with the program led to improved self-

efficacy scores and an increase in mg of iron consumed / 1000 kcals. 
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Table 22  Relationships of time on task and changes in cognitive, attitude 

and self-efficacy scores of subjects enrolled in introductory and 
advanced nutrition classes 

Variable 1  Variable 2 ra 
   
Introductory   
Time on task for all modules  Change in cognitive score  .36** 
 Change in self-efficacy score  .19** 
 Change in attitude score  .20** 
 Change in iron intake/1000 kcal  .19* 
   
Advanced   
Time on task for all modules Change in cognitive score  .20* 
 Change in attitude score  .23* 

a Pearson product-moment coefficient 
*p<.05, **p<.01 

Student Comments 

As a way of learning more about the student experience of using 

SmartBytes, subjects were asked to give free form answers to 3 items on the 

feedback form.   One item asked them to name the one most important thing they 

learned from the program, a second item asked them to name one thing they wish 

they had learned from the program but did not and the third item allowed them to 

offer comments of any nature.  A total of 238 students, 150 IMM introductory and 

88 IMM advanced level, provided a response to at least one of the written 

feedback items.  A summary of the most common answers may be seen in Figure 

3. 

Most of the comments were positive and often enthusiastic.  In response to 

the item asking about one thing learned from the program student responses 

included: “How to adequately evaluate food choices,” “The visuals were so good, 
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that it was easy to learn how concentrated vegetables were with vitamin A” and “I 

learned a fun way to learn about the vitamin content in foods.”  Students 

responses to what they wished they had learned included:  “Other important 

nutrients,”  “How this applies to fast food or dorm food” and from an especially 

optimistic student “It taught everything I needed to know.”   Additional comments 

included:  “I enjoyed learning on the SmartBytes program,” “Liked the visuals & 

menu style theme” and “Thought the program was clever and fun to work 

through.” 

  Negative comments about the program included complaints about the 

time required to do the program:  “This takes TIME.  If it is to be incorporated 

into a program, they must take care to use it in conjunction with other materials 

but avoid overloading students.”  Other concerns were that the program was 

boring and monotonous or not a good use of technology.  However, even some 

students with a complaint still saw value in the program, “[I wish I had learned] 

more. This study came at a time when I was very busy in school and didn’t have a 

lot of time to devote to it, unfortunately” or “Good program but very time 

consuming.” 

A major goal in creating SmartBytes was to effectively teach nutrient 

composition of food, making this one of the most meaningful comments to this 

researcher, “We have to learn about the food that contain certain nutrients, not 

just assume.” (underline included in the student comment). 
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Responses to "One important thing I learned from SmartBytes was:" 
 
 Sources of nutrients or nutrient content of specific foods (123 comments) 
 Dietary Reference Intake or importance of the nutrient (39 comments) 
 Selecting for nutrients from restaurant menus (32 comments) 
 Servings of foods (22 comments) 
 "About" 1 or all of the 4 nutrients (12 comments) 
  
 
Responses to "One thing I wish I had learned from SmartBytes was:" 
 
 About other nutrients (40 comments) 

Nothing or couldn't think of anything (20 comments) 
Related health an diet topics such as how to change diet habits, physical 
  fitness, supplements, vegetarian eating, or shopping (18 comments) 
More on 1 or more of the 4 nutrients in SmartBytes (15 comments) 

 Wish they had more time or spent more time (13 comments) 
Meal planning to include all the nutrients (11 comments) 
 
 

Responses to the request for additional comments: 
 

Helpful, useful (24 comments) 
Good, excellent, interesting (19 comments) 

 Enjoyed, liked; found it fast and easy and liked visuals, ease of use,  
   menus, working at own pace, narration (18 comments) 

  
Too much time, long, too much for the class workload, or contained 
   too much information (20 comments) 
Repetitive, redundant, monotonous (10 comments)  

  
Figure 3  Comments about the SmartBytes IMM program from students enrolled  

in introductory and advanced nutrition classes  

Summary of Student Feedback 

Student feedback indicated that SmartBytes was very well received.  

Eighty percent of introductory and 85% of advanced level students rated the 

program as a whole as “Helpful” or “Very Helpful”.  Those ratings improved 
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slightly for the vitamin A and iron modules when rated separately.  With the 

exception of the audio component of the program, more than 50% and as high as 

88% of students found the module sections, interactive program activities and 

program components to be “Helpful” or “Very Helpful”.  Among the advanced 

level students, when compared to lecture, text and the dietary analysis project 

SmartBytes was ranked more frequently than any other mode as the most valuable 

instructional method for learning nutrient composition of food.  Introductory level 

students ranked SmartBytes behind lecture and text.  Most introductory level 

students reported spending 45 minutes or less per module.  More advanced level 

students reported spending over 45 minutes on each module than introductory 

level students.  Overall, most students reported spending 30-45 minutes on each 

module.  Time spent using SmartBytes positively correlated with cognitive and 

attitude change scores for students at both levels, and with self-efficacy change 

scores and change in iron intake in mg / 1000 kcals for introductory students. 
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Chapter 5.  Discussion 

The effectiveness of SmartBytes, an interactive multimedia (IMM) 

program, in changing cognition, attitude, self-efficacy and food behavior in the 

area of the nutrient composition of food was investigated.  The study tested the 

hypothesis that subjects who completed a “stand-alone” IMM program, as an 

enhancement to the traditional curricula of an introductory or advanced level 

college nutrition class, would evidence significant improvement in each factor 

compared to students that did not experience the enhancement.  SmartBytes along 

with instruments designed to measure change in cognition, attitude and self-

efficacy were developed, pilot tested and revised.   Eight universities across the 

US participated in this research that included 418 introductory level and 182 

advanced level students.  Control (TC) and experimental (IMM) groups were 

studied for each of the class levels.  Control groups participated in traditional 

class work and assignments.  Experimental groups completed SmartBytes in 

addition to the traditional curricula. 

Findings will be grouped into three categories for ease of discussion.  

Total scores refer to scores measuring all nutrients; vitamin A scores and iron 

scores refer to scores measuring just the specific nutrient.  With the single 

exception of attitude measures for advanced level students, total change scores in 

all areas, i.e., cognition, attitude, self-efficacy and behavior, differed significantly 

between TC and IMM students at both levels.  Vitamin A change scores were 

either significantly different or demonstrated a trend toward significant difference 
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between TC and IMM subjects in all areas at both levels.  Measures for iron were 

mostly disappointing with significant differences in mean change scores between 

TC and IMM subjects only in self-efficacy at both levels.  Neither attitude nor 

behavior measures for iron differed between groups at either level. 

COGNITIVE CHANGE 

Assorted instructional methods including classroom lecture and 

discussion, generic and tailored printed material, computer assisted instruction 

(CAI), multimedia (MM) and interactive multimedia IMM have been shown to 

positively effect cognitive change in a variety of settings.  Classroom lecture and 

activities contributed to improved nutrition knowledge for high school students 

(23), students enrolled in university introductory nutrition classes (24), dance 

students (27), adults taking Red Cross education classes (22) and WIC 

participants (25).  Use of CAI programs improved knowledge for students taking 

an introductory nutrition course (31) and medical students studying diabetes 

nutrition education and cancer nutrition education (29,30).  MM and IMM 

programs improved nutrition knowledge for students in an introductory nutrition 

course (15), medical students (32), WIC participants (33), food stamp recipients 

(34) and breast cancer knowledge for low income Latinas (35). 

As shown in Tables 4 and 5, pages 54 and 55 the results of the current 

research, like the studies cited above, indicated that cognitive performance could 

be improved with effective educational intervention.  Significantly larger positive 

gains in cognition of IMM students as compared to TC study participants were 

evident at both levels and all topics except for iron at the introductory level (p = 
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NS).  There was a significant increase in mean change scores for iron items 

among IMM subjects when compared to the TC subjects (p < 0.01) at the 

advanced level.   

Introductory level students did not perform well on cognitive items 

addressing iron and use of SmartBytes did not contribute to change above that 

seen with traditional teaching methods.   Both TC and IMM students had mean 

change scores on the iron items of 0.6 (p = NS).  Examination of the test items 

revealed that four of the five iron items required students to apply concepts 

associated with iron bioavailability for correct responses with regard to dietary 

composition.  Although bioavailability is an important factor in iron absorption, 

and was treated in the program, it may be a particularly challenging topic for 

students at the introductory level. 

Improved cognitive performance seen in the present study replicates 

results for Mitchell (24), Beerman (15), Byrd-Bredbenner and Bauer (31) and 

Carson (32) although some differences exist.  Table 26 in Appendix B, reports 

percent correct answers on 21 cognitive items for introductory students.  Average 

number correct at posttest for introductory students was 7.8 of 21 or 37% for TC 

and 9.4 of 21 or 45% for IMM subjects.  At the posttest, introductory TC subjects 

had scores ranging from a low of 1 or 5% to a high of 14 or 67%, and 

introductory IMM subjects had scores ranging from 1 to 19 or a high of 90%.  

Percent correct answers on cognitive scores for advanced students are reported in 

Table 27, in Appendix B. Mean percent correct for advanced students on the 

posttest was13.8 of 33 or 42% for TC with a range from 6 or 18% to 22 or 67% 
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and 16.9 of 33 or 51% for IMM subjects with a range of 8 or 24% to 27 or 82%.  

Students worked through the program unsupervised and at their own pace.  

Students were asked to report the time they spent on each module.  As shown in 

Table 21, page 83 most students in both levels reported spending 45 minutes or 

less on each module.  Advanced level students tended to spend more time than 

introductory students with approximately one quarter of that group spending 

between 45 minutes and an hour per module. 

A comparison of the current research with four selected studies covered in 

the Chapter 1 will serve to bring focus to a discussion of areas of agreement or 

divergence between cognitive results found in the literature and those of the 

present study.  Mitchell (24) studied cognitive changes in introductory students 

following a traditional nutrition class; Beerman (15) studied a similar group of 

subjects but replaced traditional overheads with MM presentation software.  

Byrd-Bredbenner and Bauer (31), also working with introductory nutrition 

students, studied the effectiveness of adding a CAI program to the course while 

Carson (32) studied the effect of adding a web-based MM program to a clinical 

rotation with 4th year medical students. 

As reported, students using SmartBytes, on the average, failed to achieve 

what is generally considered to be a passing score.  Mean scores of less that 70% 

were seen by Carson (32), but not Beerman (15) or Byrd-Bredbenner (31).  

Several differences in the interventions could have contributed to the variation in 

scores.  Some of these differences include the use of different measurement 

instruments for each study, support for or instructor interest in the intervention, 
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time spent on instruction or program module and the absence or presence of 

grades associated with performance on the material.  

Different exams 

Different evaluation methods could have contributed to the wide range for 

scores reported in the literature and for the current study.  Each investigation 

evaluated cognitive change with unique measurement instruments.  Presumably 

exam items were matched with education paradigms, learning activities or study 

objectives for each investigation.  Education research seeks to evaluate the impact 

of information and/or its method of delivery. Education topics and instructional 

methods vary widely, and by nature require different measures. The end result 

may be an example of comparing apples to oranges, but it is certainly not a 

problem unique to the present study.  Although the concern of comparing scores 

from a variety of measurement instruments is an issue that needs to be considered, 

it is certainly not a problem to the extent that scores should be disregarded as a 

measure of cognitive change.  

Instructor interest/Program support 

A pattern emerges when comparing instructor interest or support of a 

computer program with posttest scores.  It would appear that the more interest or 

support given to material without regard to instructional method, the higher the 

final scores tend to be.  It is hoped that instructor interest can assumed to be high 

for Mitchell (24) and Beerman (15) given that their studies were generated from 

work in their classrooms.  Carson (32) generated scores of a mean of 69%, close, 

but less than 70 with direct course participation but no grades.  Although 
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instructor interest was not assessed in Byrd-Bredbenner’s (31) study, it is clear 

that the CAI program received a great deal of support. The Instructor Manual was 

designed to support the instructor in incorporating the program into their class and 

instructors reviewed the modules with students, and provided student handouts 

including objectives, progress guide and follow-up assignments.  Finally, students 

using the program were dismissed from one class per module used, an 

accommodation that is very rare on college campuses.  Support was also evident 

in Carson’s (32) study in that the program was included in requirements for 

successful completion of the rotation.  In contrast, SmartBytes was expected to be 

a self-sufficient stand-alone program, in that preceptors were asked to include the 

program in their course, but no additional materials were provided and no need 

for special instructor support for the program was anticipated. As mentioned 

earlier, average posttest scores on a percentage basis for SmartBytes were lower 

than those seen in any of the cited studies.  Beerman’s (15) classroom scores were 

highest, followed by the well-supported program in Byrd-Bredbenner’s (40) study 

and Carson’s (32) program that was a required portion of the medical school 

curricula.    

Time 

When comparing cognitive scores reported among studies using computer 

programs outside the classroom, an expected pattern emerges.  More time spent 

using the program translates to higher scores.  It should be pointed out that the 

programs were designed with different intentions and time expectations in mind.  

Byrd-Bredbenner (31) planned to replace one 75-minute lecture with an equal 
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amount of time spent on the program but found that students spent 2.5 hours or 

twice the expected amount of time on each module.  Carson (32) provided free 

time for students to work on the program and reported an average of 2.3 hours 

spent completing the two computer cases. SmartBytes was designed with an 

expectation that students would spend 30 minutes to an hour per module.  It was 

reported that most students spent 45 minutes or less per module.  Data reported in 

Table 22, page 84 indicated that time on task positively correlated with cognitive 

change scores, such that students who reported spending more time working 

through SmartBytes had greater improvement in cognitive scores.  A noticeable 

difference is seen in time on task and posttest scores for each of these programs. 

Grades 

 The topic of grades invites discussion.  Although it is true that some  

students have a high level of intrinsic motivation, that is, they take pleasure in 

learning for its own reward, many other students require an extrinsic motivator, 

such as an assigned grade, to compel them to study material well enough to 

achieve academic success.  With this in mind, a better performance would be 

expected on exams that are part of a class grade than on quizzes covering material 

not expressly said to be covered in an exam – think of the number of times 

instructors have been asked “will this be on the test?”   The highest average scores 

reported among the articles under discussion came from Beerman, (15) who used 

MM presentation software in support of class lecture and reported results from 

exams on which the course grades were based.  Average posttest scores under this 

paradigm were 77 and 77 for classes taught using overheads, and 82 and 84 for 
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classes taught using presentation software.  Average scores of 75% for students 

using the CAI program in Byrd-Bredbenner’s (31) study would be considered 

passing or better in most academic settings.  Although the reported scores were 

not from class exams, it appears the material covered by the modules was 

intended to be included on such exams since the Instructor Manual accompanying 

the CAI included exam questions.  Although completion of the MM web-based 

program was a requirement for successful completion of the rotation for medical 

students in Carson’s (32) study, no grades was assigned to the material, and the 

author pointed out that the relatively low scores on the cognitive instrument were 

similar to scores for a pass/fail exam given to a comparable group of students.  As 

mentioned earlier, although cognitive scores for students exposed to SmartBytes 

improved significantly in pre to post intervention measures, final scores of 37% 

for introductory students and 45% for advanced students are below a level that 

most would consider adequate academic achievement.  No grades were assigned 

in conjunction with using SmartBytes although some preceptors indicated they 

might offer bonus points for completion of the program.   Therefore in response to 

that enduring question “Will this be on the test?” students using SmartBytes were 

told no, and unfortunately it appears that motivation to excel on the material 

covered in the program may have been lost for many students.  Some change was 

seen for TC subjects, as expected given the results of Mitchell’s work showing 

cognitive change in a traditional nutrition course.  The fact that IMM subjects 

showed greater change when compared to TC subjects, even though no grades 

were involved, indicates that SmartBytes was successful in getting students to 
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learn about nutrient composition of food relying on intrinsic factors and perhaps 

motivation associated with the innovative instructional method. 

Introductory vs. Advanced Subjects 

Mean cognitive scores for introductory and advanced level students are 

reported for the 21-items common to both levels in Table 7, page 58.  Advanced 

level students performed better on cognitive items than did introductory level 

students.  This was not surprising considering that advanced level students should 

have been exposed to information about nutrient composition of food during their 

introductory nutrition class, and have probably had an opportunity to put some of 

this knowledge into practice in subsequent courses or laboratories.  It also might 

be expected that students in introductory courses showed greater gains in 

cognitive scores than advanced level students in that the introductory students 

started with a lower knowledge base and thus experienced no ceiling effect. 

Table 23 reports a comparison of mean cognitive scores for introductory 

students at the posttest and advanced level students on the pretest for the same 21 

knowledge and application items.  This comparison reveals an interesting pattern.  

Mean cognitive posttest scores for introductory students closely approximate 

mean cognitive pretest scores for advanced students.  This indicates that advanced 

students in the present study began the semester with approximately the same 

knowledge base regarding nutrient composition of food as introductory level 

students had when the semester ended.  For all items, with the sole exception of 

iron for IMM students, advanced level students had pretest scores slightly higher 

than those of the introductory posttest scores.  This could signify that advanced 
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level students added to their knowledge of the topic at some point between the 

end of their introductory nutrition class and the current advanced level class.  

The pattern of posttest introductory scores approximating pretest advanced 

level scores is seen for both TC and IMM subjects; however, because IMM 

introductory students had higher posttest scores compared with TC introductory 

students the match between introductory and advanced students scores is closer 

for IMM than TC subjects.  SmartBytes appears to have helped elevate 

introductory IMM subjects to a level of knowledge that the advanced level 

students evidenced only after additional instruction and practice added to their 

knowledge following completion of an introductory nutrition class. 
Table 23  Comparison of mean cognitive total and subset scores for posttest 

scores of students enrolled in introductory nutrition classes with 
pretest scores of students enrolled in advanced nutrition classes 

Test items Introductory 
Posttest  

Advanced 
Pretest 

      Mean ± standard deviation 
Traditional curriculum (n=210) (n=60) 
21 Cognitive items a 7.8±2.8   9.9±3.3 
  14 Knowledge items 5.2±2.1   6.5±2.3 
    7 Application items 2.6±1.3   3.4±1.5 
    6 Vitamin A itemsb 2.2±1.3   2.8±1.7 
    5 Iron items 2.8±1.4   3.1±1.1 
   
IMM enhanced curriculum (n=208) (n=122) 
21 Cognitive items 9.4±3.7  9.7±2.6 
  14 Knowledge items 6.2±2.6  6.3±1.8 
    7 Application items 3.2±1.6  3.4±1.4 
    6 Vitamin A items 2.7±1.6  3.2±1.5 
    5 Iron items 3.0±1.3  2.9±1.3 

a 21 item cognitive test: 14 knowledge and 7 application questions 
b Items pertaining to vitamin A or iron 
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ATTITUDE CHANGE 

Attitude along with knowledge and self-efficacy plays a part in behavior 

change.  Several studies have reported positive attitude change following 

education.  Attitude improvement was measured in WIC clients, student athletes, 

medical students, physicians and dance students following nutrition education 

(25-27,30,36).  Improvement was also reported for attitudes toward smoking for 

nursing students following health education, and drinking in college freshmen 

following a short intervention on alcohol consumption (11,28).   

Not all studies reported success with attitude change, however.  Positive 

change was seen for some, but not all measures addressing attitude toward 

mammography in Latinas (35).  In this case, the investigators pointed out that 

attitudes were generally favorable before the intervention leaving little room for 

improvement on some items.  Finally, positive attitude change was measured in 

medical students following web based nutrition education (32).  However, it was 

noted that a similar change occurred in both control and experimental subjects 

indicating that other factors in the rotation rather than the intervention probably 

were responsible for attitude change. 

The current research found mixed results in regard to attitude measures as 

reported in Table 8, page 60.  Mean change scores for total attitude were 

significantly different between TC and IMM subjects at the introductory but not 

the advanced level.  Vitamin A mean attitude change scores differed significantly 

between TC and IMM subjects at the introductory level and demonstrated a trend 

toward significance at the advanced level.  No significant difference in means was 
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evidenced for mean change scores on the iron items for either group.  Iron change 

scores for advanced students stand out in that they indicate negative change for 

those items in both groups with TC subjects having a greater negative change than 

IMM subjects. 

Smith and Lopez (67) sampled 63 research reports on nutrition education 

and found only 13 articles assessed attitude.  Further they reported that of the 13, 

only 1 article claimed to be effective in changing attitude.  Perhaps this is an 

indication that attitude can be difficult to change and that change in attitude can 

be challenging to measure.  Carruth discussed the challenges and difficulty in 

measuring attitude and attitude change (68).  

Attitude items were tested for reliability along with the entire 

measurement instrument.  Test-retest measures completed by non-nutrition 

students indicated that the instrument was stable.  However, internal reliability 

measures indicated a possible weakness in the attitude measures.  Although a 

recommended minimum score for Cronbach alpha is 0.7, Cronbach alphas as low 

as .46 are reported in the literature (22).  Additionally, one study stated that due to 

a low reliability coefficient, attitude measures for one topic, those data were not 

used. However, the unacceptable coefficient is not reported (69).  In the present 

study Cronbach alphas for pre- and posttest scores on all 15 attitude items were 

only 0.43 for introductory students and 0.31 for advanced students.  This may 

very well have impacted the internal reliability of the attitude measurements 

especially for advanced level students.  Therefore, caution should be given to 

placing too much confidence in the attitude scores from the current study. 
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Setting aside the issue of the possible problems with the measurement 

instrument with a word of caution, other factors may have contributed to the 

disappointing results for attitude changes.  This would seem to be especially true 

for the iron items.  Mean changes in attitude scores are found in Tables 8 and 9, 

pages 60 and 61.  It is interesting to note that negative change was measured for 

the iron attitude items at the advanced level.  Course syllabi were not collected as 

part of this study.  Without more information about specific topics covered in the 

advanced level classes, speculation about the causes of this unexpected negative 

change was difficult.  However, one possibility could be that as students advance 

in their education and see themselves as nutrition experts, they may develop 

stronger personal positions on various topics such as iron needs and meat 

consumption.  Iron attitude items and associated mean change scores can be found 

in Table 10, page 62.  Two of the 3 items are associated with meat.  SmartBytes 

stressed the challenge associated with meeting iron needs when meat is not part of 

the diet.  The iron module included an entire section on bioavailability as it relates 

specifically to iron.  However, advanced level students may have decided that in 

spite of the information offered, they “knew better.” 

Other possible explanations include the idea that students chose not to 

review the bioavailability section since chronologically it was at the end of the 

module.  Also, since experts may read questions differently than novices, it is 

possible that advanced level students responded differently to the iron items on 

the measurement instrument than the more naïve students at the introductory 

level. 
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SELF-EFFICACY CHANGE 

Self-efficacy, or the extent to which an individual believes they can 

perform the task at hand, is an important determinant in behavior (8-10).  

Individuals are more likely to attempt a behavior if they believe they will be 

successful.  Factors that contribute to enhancing self-efficacy include vicarious 

experience or learning by watching others perform the skill or behavior, verbal 

persuasion or receiving verbal encouragement from a respected source and 

performance accomplishment or successful experiences with the behavior (8).  

Practice and feedback are powerful components of the learning process that can 

contribute to performance accomplishment. Interactive multimedia (IMM) is well 

suited to allow the individual an opportunity to practice the target behavior in a 

low risk environment (57). 

When assessing self-efficacy change, mixed results are reported in the 

literature.  Improved self-efficacy scores were reported for medical students 

following the use of a CAI program teaching diabetes or cancer nutrition (29), 

(30) and undergraduate students studying social work (37).  Improvement was 

seen also for medical students following the completion of a web-based 

cardiovascular nutrition multimedia program (32). A time by group interaction 

was seen indicating that not only the intervention, but perhaps the rotation in 

ambulatory care, contributed to improved self-efficacy scores. 

Both patients in a cardiac rehab program and food stamp recipients 

exhibited improved self-efficacy scores following nutrition education; however, 

follow-up measures indicated that the improvement dissipated over time (34,38).  
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Improved scores were reported for only 3 of 14 items measuring self-efficacy in 

physicians after completion of a workshop on promoting cholesterol lowering 

practices in their patients (26). 

SmartBytes had a positive effect on self-efficacy.  At both introductory 

and advanced educational levels students differed except for vitamin A at the 

advanced level where a trend toward significant difference was observed.  Items 

measuring self-efficacy at the introductory levels addressed beginning level skills 

while items for advanced level students addressed higher level skills.  By 

supplying not just information, but opportunities to practice applying that 

information in a variety of activities, SmartBytes successfully improved self-

efficacy for IMM subjects.   

  The success of practice opportunities available to students working with 

interactive multimedia is evident in the improved self-efficacy scores for students 

following exposure to the interactive educational computer programs studied by 

Kohlmeier (30), Carson (32) and Thurston (37). 

  SmartBytes included many interactive activities that provided the user 

with opportunities to test whether they had accurately learned the information 

presented and to practice skills in applying that information.  Activities were 

followed by feedback designed to support the user in recognizing success in 

learning the material or identifying mistakes in understanding the information 

presented.  A few examples of activities included in the program follow. 
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Figure 4 shows a bioavailability activity.  After a section that detailed 

issues of iron bioavailability, students were asked to choose a dish that supplies 

not just the most iron, but the dish that supplies the most bioavailable iron.  This 

activity tests a more advanced level of knowledge in that students were now being 

asked to identify foods with high amounts of a nutrient and take issues associated 

with absorption into account. 

 
 

 
Figure 4  Screen image of Bioavailability activity  

Figure 5 shows a feedback screen that follows the bioavailability activity.  

Once the student has selected a dish, SmartBytes provided feedback about the 

selection.  Feedback was given in general terms in the text to the right of the 
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screen, and in specific terms in calculations shown next to each dish.  If the 

student selected the correct dish, this feedback was designed to reinforce their 

confidence in making the selection.  However, if the student selected the incorrect 

dish, the feedback not only indicated that a wrong choice had been made but also 

explained why the choice was wrong. 

 
 

 
Figure 5  Screen image of Bioavailability activity with feedback 

Figure 6 shows one of the menu activities from the Eating Out section in 

the program.  These activities were in the Application section of the program and 

were designed to give the student an opportunity to practice the skill of making 

good choices when selecting from restaurant menus.  Based on student feedback, 
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these activities were enjoyed and considered helpful to the student.  Multiple 

cuisines were included in the activity in order to reflect the wide variety of dining 

choices available to the American public.  Students were allowed to practice with 

as many cuisines as they choose.  This activity required that the student use 

higher-level skills in a real world simulation.  By practicing the skill of choosing 

nutrient dense items from a restaurant menu, and getting feedback to indicate how 

well those choices were made, self-efficacy for the skill was improved. 

SmartBytes afforded the user many opportunities to attain performance 

accomplishment and thereby succeeded in improving self-efficacy. 

 
 

 
Figure 6  Screen image of Menu activity 
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BEHAVIOR CHANGE 

Educational interventions have had varied results in affecting behavior.  

Few studies report complete success in achieving all behavior change targeted.  

One of the exceptions is the success of Campbell et al. (42) following an 

extensive intervention aimed at improving fruit and vegetable intake in members 

of black churches.  Other studies, such as Brug et al. (42) and Skinner (40), 

reported success in changing only some targeted behaviors.  Some studies 

reported changes in behavior for both control and experimental groups (25,34).  

Rosander and Sims (25) measured behavior change with a modified FFQ before 

and after nutrition education focused on calcium, iron and folate with WIC 

participants. The authors reported significant differences between control and 

experimental subjects for only 3 of 7 food groups measured, while improvement 

for control subjects was reported for 4 food groups.  Campbell (34) measured fat 

intake with a FFQ and an eating behavior questionnaire in food stamp recipients.  

Experimental but not control subjects experienced an interactive multimedia 

program.  Both groups reported lower fat intake at the posttest with no significant 

differences between the groups.  One possible explanation for this phenomenon 

may be that merely asking control subjects to respond to questions about food 

intake may lead those individuals to seek information and make changes in their 

diets.  Finally, some studies report no change or even negative change in targeted 

behavior following intervention (28,36,45).  In some cases where change was not 

reported, the authors pointed out that high behavior scores on the pre intervention 

measure left little room for scores to improve (40,45). 
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Behavior change related to SmartBytes was analyzed using two separate 

24-hour food records.  In the present study, mean changes pre and post 

intervention period differed significantly for vitamin A per 1000 kcals but not for 

iron.  As discussed by others, the lack of change may be explained at least in part 

by the high intake at the pre intervention measure. 

Table 13, page 68 shows a comparison of mean intake for energy, vitamin 

A and iron among the Health and Nutritional Examination Survey (NHANES) 

(52), the Continuing Survey of Food Intake by Individuals (CSFII) (53) and 

SmartBytes with the 1989 Recommended Dietary Allowances (RDA) (54). In 

general, consumption of energy was lower and intake of vitamin A and iron were 

higher in the present study than in previous reported studies (52,53).   Mean 

intake for vitamin A and iron at pre intervention as shown in Table 13 were 

greater than 90% of the RDA for each nutrient, indicating little room for change. 

All subjects in the current study were university students enrolled in 

nutrition classes and therefore may have had a higher interest in healthful eating 

than found in the general population.  This characteristic of the SmartBytes’ 

population may explain why intake levels exceeded those found in national 

surveys. 

Table 31, page 133 reports mean pre and posttest intake by gender for 

energy, vitamin A and iron.  Examination of these data reveals a pattern for IMM 

subjects that indicates a decrease in energy levels from pre to post intervention 

while at the same time showing an increase in vitamin A and iron intake.  The 

same pattern is not apparent for TC subjects.  Though these changes may not be 
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significant, the pattern itself indicates that diets for IMM subjects tended to be 

more nutrient dense for vitamin A and iron at posttest than at pretest. 

CORRELATION COEFFICIENTS 

Reports in the literature on correlations between the variables of 

knowledge, attitude, self-efficacy and behavior vary a great deal.  Some 

investigators have reported a direct relationship between knowledge and behavior 

(22,48).  Others found that knowledge correlated with self-efficacy (47) or that 

knowledge correlated with attitude (22,47) and that either self-efficacy (26,47) or 

attitude (49) related to behavior.  That is, some researchers found direct 

correlations between knowledge and behaviors while others found that behavior 

change is not directly related to knowledge but rather influenced by either the 

variable of attitude or self-efficacy and that those variables are related to 

knowledge. 

Relationship data in the current study were consistent with a combination 

of studies reported in the literature.  Like Colavito (48), Patterson (50), Edwards 

(22), Glanz (46) and Piaseu (47), relationships were found directly between 

knowledge and behavior in this case vitamin A intake.  However, no direct 

correlation was found between knowledge and iron intake.  Instead, like Piaseu 

(47), knowledge in this case iron intake related to self-efficacy and self-efficacy 

related to the behavior.      Like Mann (26), an association was found between 

self-efficacy and attitude, and like Mann (26), Glanz (46) and Piaseu (47), the 

current study found relationships between self-efficacy and behavior.  Again, the 

current study agreed with Piaseu (47) and also Edwards (22) in finding an 
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association between knowledge and attitude.  Finally, a correlation was found 

between attitude and behavior, which agreed with Sheppard (49) and Edwards 

(13). 

In truth it is difficult to find a message in this jumble of relationships.  It 

appears that more research will be required before it becomes clear which variable 

or variables are the most essential in the effort to effect behavior change.  

SmartBytes was designed taking each of the variables into consideration, and as 

such was successful in impacting behavior change both directly and indirectly. 

TIME ON TASK AND INSTRUCTIONAL METHOD PREFERENCE 

As part of the feedback form used in data collection at the posttest 

measurement, students were asked about several experiences in using SmartBytes.  

A difference was seen between introductory and advanced level students on the 

feedback item asking students to report time spent on each module, or time on 

task.  As seen in Table 21, page 83 most students spent 45 minutes or less per 

module.  Advanced level students were more likely to spend greater time with the 

program than introductory students.  SmartBytes contained activities, such as 

assessing diet histories that were designed with the more advanced level student 

in mind.  Such activities allowed the advanced level student to practice higher-

level skills, but could have been frustrating to the introductory student.  All 

students were allowed to visit this section of the program, but advanced level 

students might have found it to be a more valuable exercise than introductory 

level students and therefore have might chosen to spend more time working 

through the section.  Also, just as advanced and introductory level students would 
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probably approach many learning opportunities differently due to their different 

level of familiarity with background material, it is possible that advanced level 

students found other activities in the program to be more meaningful than 

introductory level students and again chose to give those activities additional 

time. 

Table 20, page 82 reports the ranking of four instructional methods for 

their value in learning food composition for the nutrients covered in SmartBytes.  

Differences in rankings by educational level are apparent.  One half of 

introductory level students ranked classroom lecture as most valuable and an 

additional 20% selected the classroom text.  Informal surveys by this research 

team indicate that food composition may receive limited class time, particularly at 

the advanced level.  Introductory level textbooks cover information on nutrient 

composition of food and usually include food composition tables.  Perhaps this is 

what introductory level students found to be helpful. 

It is hoped that SmartBytes will be integrated into nutrition classrooms 

across the country.  If that occurs, an issue to be addressed is whether the program 

would be best included in introductory or advanced level classes.  Approximately 

40% of advanced level students ranked SmartBytes as most useful followed by 

lecture at 34%.  Both levels of students benefited from the program as seen in 

improved cognitive scores, as well as some positive changes for attitude, self-

efficacy and behavior.  The fact that advanced level students ranked the program 

as more useful could be due to many things such as greater familiarity with the 

topic, less class time given to the topic, activities designed to build higher level 
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skill or the novelty of addressing “old” material in new ways.  Perhaps the best 

answer to the question is that students at both levels should use the program.  

Introductory level students could use the entire program and advanced level 

students could focus attention primarily on the application sections. 

STRENGTHS OF THE STUDY AND AREAS FOR IMPROVEMENT 

Strengths reflect the successful areas of the current study and especially 

the effectiveness of SmartBytes in improving knowledge, attitude, self-efficacy 

and food selection behaviors.  Areas for improvement reflect on subjects that 

might have the potential to lead to even greater gains.  Since topics often contain 

both positive and less than positive aspects, they will be discussed together. 

Program support 

With the increase in nutrition information, including the explosion in the 

area of molecular nutrition, treatment of the topic of nutrient composition of food 

in nutrition curricula has been limited.  SmartBytes was designed to function as a 

self-sufficient stand-alone program as a way to bring the important topic back to 

the student while not requiring use of class time. While the stand-alone nature of 

the program has the advantage of including the topic of food composition in 

course work without requiring effort from the instructor beyond assigning the 

modules as part of class, there are disadvantages associated with minimal 

instructor involvement.  Instructors have the opportunity to bring enthusiasm for a 

topic to their students.  As mentioned earlier in this chapter, the level of support 

given by the instructor to any instructional method appears to impact exam scores 

for the students (15,24,31,32).  Although SmartBytes was designed to stand on its 
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own, and gains were seen in subjects that used the program, there is reason to 

suspect that even greater improvement could have been promoted with more 

instructor involvement. 

Motivation/Grades 

Few, if any points were given for SmartBytes assignments during this 

research.  Some instructors indicated that they would probably assign some extra 

credit points to their students for completion of the program.  However, many 

instructors had students complete the pre and post intervention measurement 

instruments, work through the modules and, in the case of introductory students, 

supply food records, all with no associated course grade.  Through the eyes of the 

extrinsically motivated student, it may look as though they did all that work “for 

nothing.”  Many students may be more inclined to spend time on the program, and 

spend effort to learn the material if a grade were at stake.  The association 

between time on task and cognitive change shown among subjects in the present 

study indicate that extra time and effort are likely to lead to even greater 

improvement in scores. 

Objectives 

Part of the program development process included writing learning 

objectives that can be seen in Appendix A.  The clearest objectives addressed the 

variables of knowledge and self-efficacy.  There is probably no coincidence in the 

fact that those are the areas of greatest improvement following the use of 

SmartBytes.  Although attitude and behavior change were measured, no clear 

objectives were written to cover those variables.  Greater gains may occur in the 
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areas of attitude and behavior change when objectives are added for those 

variables and program changes are made to address those objectives. 

Learning styles 

A committee of 4 nutrition educators, each with a different learning style, 

participated in the development of SmartBytes.  That process, along with 

academic insights gained through study of learning theory, instructional design, 

health education, motivation and interface design, contributed to the construction 

a program that valued different styles of learning and methods for teaching.  The 

program was designed to actively engage the student, in order to get and keep 

their attention during the learning process. Strategies included using text, 

graphics, audio, animation, tables, and many practice activities to offer the user of 

the program learning opportunities that matched their personal learning style.   

Program Evaluation 

Process evaluation and program revisions contributed to the effectiveness 

of SmartBytes.  In addition to the 4 members of the research team, nutrition 

students, preceptors involved in the research, laypersons associated with the 

research team, multimedia students and multimedia professionals evaluated the 

program.  Each group brought a new perspective to the project and together their 

insights helped to make a good teaching program into something even better. 

FUTURE DIRECTION 

Both formal and informal feedback supplied some ideas for future 

developments evolving from the current research.  Other ideas for future 
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development come from reflection about the current project, what worked, what 

did not work, and what would be changed if faced in the future. 

Support Material 

As mentioned in the previous discussion, improved program support might 

contribute to greater gains for users.  Materials could be developed to assist the 

instructors in integrating SmartBytes into their classes.  Such materials could 

include handouts for students, suggested activities or assignments for use after 

completion of the program and test questions to be included on exams. 

Other Applications 

Although the program was designed for use in nutrition classes on college 

campuses, SmartBytes, either in its current incarnation or with revisions 

mentioned previously such as new objectives and support materials, could be used 

in multiple settings.  SmartBytes has been exhibited at several professional 

meetings including an annual meeting of the American Dietetic Association and 

an area meeting of the Dietetics Educators Practice Group.  Nutrition 

professionals in the areas of community nutrition, foodservice and nutrition 

education have expressed interest in applying SmartBytes in their area of practice.  

Community nutrition professionals envision the program contributing to nutrition 

education required for WIC (women, infant, children) participants, foodservice 

professionals can see a place for SmartBytes as part of the in-service training 

required for foodservice employees, and educators can envision the program 

being used by high school students and other members of the public. 
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Specialized Messages 

With revisions, the program could be made to fit into more specialized 

areas of nutrition education such as nutrition for prevention of cancer which 

emphasizes consumption of fruits and vegetables.  SmartBytes currently includes 

sections pointing out nutrient amounts in many items from these food groups.  

Relatively few changes would be required in order to shift the focus of the 

program to reflect the cancer nutrition message. 

Internet  

A natural progression for the interactive multimedia program is to make it 

available on the Internet.  Making SmartBytes available on the web would have 

advantages.  As mentioned, the program was written using the 1989 RDA for 

vitamin A and iron.  After the program was completed, burned onto CDs and 

distributed to the campuses participating in this study, new recommendations 

were released for these nutrients.  Revisions to the program reflecting these new 

recommendations are under way.  While it is not possible to track down and 

reclaim the CDs containing outdated information, it is possible to avoid creating 

similar problems in the future.  Making revisions, either to style or content, would 

be simplified if the program were on the web.  In addition, if the program were on 

the web it would be accessible to nutrition professionals, their clients and the 

general public. 

Additional Modules 

Finally, feedback from students, preceptors, and others reviewing the 

program indicates that there is interest in seeing SmartBytes expanded to cover 
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other vitamins and minerals including vitamin C, vitamin E and zinc.  Expansion 

might also include modules covering fat, carbohydrates, protein and alcohol. 

Summary of Strengths, Improvements and Future Directions 

The current research has many strengths, the most important of which is 

that SmartBytes was successful in improving knowledge and self-efficacy for 

nutrition students at both the introductory and advanced levels and attitude and 

food selection behaviors for students at the introductory level.  Evaluation of the 

current research revealed areas for improvement that have the potential to 

increase the level of success.  Reflections on the present state of the program, 

along with feedback from individuals that have either used or seen the program 

exhibited, provide ideas for future developments.  
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Chapter 6. Conclusions 

The hypothesis for the current research theorizes that use of a well 

designed interactive multimedia (IMM) program for the teaching of nutrient 

composition of food used as an enhancement to traditional curricula would lead to 

improved cognition, attitude, self-efficacy and food related behavior for 

introductory and advanced level nutrition students.  The program, SmartBytes, 

was developed and tested as an enhancement to traditional curricula with 418 

introductory (Intro) and 182 advanced (Adv) level students enrolled in nutrition 

courses in 8 universities across the United States.  Control  (TC) groups 

participated in traditional class work and assignments.  Experimental (IMM) 

groups completed SmartBytes in addition to the traditional curricula. 

Cognitive change was assessed with 21 multiple choice items for Intro and 

33 multiple choice items for Adv students.  Attitude and self-efficacy were 

measured on a 5-point Likert type scale.  Attitude was measured using 15 items 

for both groups and self-efficacy was measured using 8 items for Intro students 

and 12 items for Adv students.  Food behavior measures were collected from only 

Intro subjects who completed two separate 24-hour food records at least one 

month apart, before and after the experimental group used SmartBytes. 

Mean change scores on 21 total cognitive items for Intro and 33 total 

cognitive items for Adv in the TC subjects were 1.3 ± 3.1 for Intro and 1.0 ± 3.0 

for Adv.  Scores improved for IMM students to 2.4 ± 3.6 for Intro and 4.2 ± 4.0 at 

the Adv level.  Although cognitive change for students at both levels was 
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significantly different between the TC and IMM groups (p < 0.001 each), final 

scores failed to reach levels that would be considered passing in an academic 

setting.  Most instructors participating in the current study did not assign grades 

for using SmartBytes.  The program was designed to function as a stand-alone 

program that offered an opportunity to teach food composition without impinging 

on class time.  Thus, support materials were not supplied to instructors. These two 

issues, separately or together, may have had a negative impact on the student’s 

motivation toward learning the material covered in the program.  Enhanced 

motivation could be expected to improve scores beyond the current level.  

Possible strategies to explore would be additional instructor support for 

SmartBytes and grades assigned to posttest measures. 

Poor reliability, as indicated by a Cronbach alpha of 0.43 for Intro and 

particularly 0.31 for Adv, for the 15 attitude items on the measurement instrument 

may have contributed to the disappointing results in this area.  Mean change 

scores for attitude of 1.9 ± 5.3 for TC subjects and 3.3 ± 5.4 for IMM subjects 

differed significantly at the Intro level (p < 0.01) but not for Adv students with 

scores of 1.5 ± 4.8 for TC subjects and 2.7 ± 4.9 for IMM subjects (p = NS).  

Mixed results in this area may indicate that attitude is both difficult to change and 

challenging to measure.  Adding learning objectives that directly focus on attitude 

and making revisions to SmartBytes which address these new objectives may help 

to improve attitude scores. 

Many interactions in SmartBytes provided opportunities for students to 

test their knowledge and to try new skills requiring application of this knowledge.  
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SmartBytes was successful in improving self-efficacy for subjects using the 

program.  Mean self-efficacy change scores differed significantly between TC 

subjects at 4.3 ± 5.7 and IMM subjects 8.5 ± 5.8 at both the Intro level (p < 0.001) 

and the Adv (p < 0.01) level where scores were 0.2 ± 7.1 for TC subjects and 3.1 

± 6.7 for IMM subjects.  Students were able to practice real world skills such as 

ordering from a restaurant menu, and this practice led to improved self-efficacy 

scores. 

Following use of SmartBytes, a significant difference was seen in changes 

of food selection behavior between TC and IMM subjects for mean intake of 

vitamin A as measured by RE / 1000 kcals (p < 0.05) but not iron as measured in 

mg / 1000 kcals (p = NS). Change in intake for vitamin A / 1000 kcals was 87 RE 

± 1274 for TC subjects and 372 ± 1224 for IMM subjects and change in iron 

/1000 kcals was 0.60 ± 10.2 for TC subjects and 0.99 ± 9.9 for IMM subjects.  

Intake for most students met or exceeded the goal of 67% of the RDA for both 

nutrients on the pre intervention measure leaving little need for improvement.  

Instructional method was positively correlated (p < 0.01) with changes in 

cognition (r = 0.17), attitude (r = .13), self-efficacy (r = .34) and vitamin A with 

an r of .14 (p < 0.05) for Intro students.  Positive relationships were identified 

between instructional method and changes in cognition (r = .38) and self-efficacy 

(r = .20) for Adv students (p < 0.01). 

Feedback collected with the post intervention measures indicated that 

students enjoyed using SmartBytes and found it to be helpful in learning the topic 

of food composition.  In response to the question “When added to the regular 
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coursework, how will SmartBytes affect your ability to do a better job of selecting 

a diet that supplies the recommended amount of calcium, iron, vitamin A and 

folic acid?” 80% of introductory and 85% of advanced level students selected 

either Very Helpful or Helpful as their response.  As part of the feedback, students 

were asked to rank four instructional methods as to which they found to be most 

helpful in learning food composition. Half of Intro students preferred learning 

from lecture, 20% more from text, 18% selected SmartBytes and 17% selected the 

diet analysis project as most helpful.  By comparison, over 40% of Adv students 

chose the program as most helpful in learning food composition, 34% selected 

lecture, 15% chose their text and 10% selected the diet analysis project.  Most 

students, at both levels, reported spending 45 minutes or less on each module.   

More Adv students reported spending additional time on the modules than Intro 

students.  Time spent on the program was positively related to change in cognition 

(r = 0.36), self-efficacy (r = 0.19) and attitude (r = 0.20) (p < 0.01) as well as 

change in iron intake as measured in mg / 1000 kcals (r = 0.19) (p < 0.05) for 

introductory students.  Time on task positively correlated with changes in 

cognition (r = 0.20) and attitude (r = 0.23) (p < 0.05) for Adv students. 

 SmartBytes was successful in contributing to positive change in cognition, 

self-efficacy and vitamin A food selection behavior in nutrition students above 

that seen in a class taught with traditional curricula.  Difficulty in measuring 

attitude may have contributed to the lack of observation of change for Adv 

students.  High initial intake of iron may explain the lack of change in food 

selection behavior associated with that nutrient. The SmartBytes program was 
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considered to be helpful to students in learning about food composition.  

Additional attention to learning objectives and program revisions with a focus on 

attitude, as well as revision of test instruments to more accurately measure 

attitude are needed in order to determine if IMM can effectively improve attitude 

for nutrition students.  Taking steps to improve student motivation may help to 

improve cognitive scores to academically acceptable levels. 
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PROGRAM OBJECTIVES 
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VITAMIN A OBJECTIVES 
 
RDA SECTION 
Identify the RDA as 800 RE for an adult female and 1000 RE for an adult male. 
 Identify Retinol Equivalents (RE) as the units of measure for vitamin A. 
 Identify foods that contain at least 250 RE vitamin A in a single serving. 
 Choose 3-6 foods that, when combined, meet 50% of the RDA for  

vitamin A. 
 
SOURCES SECTION 
 Identify the mini carrot as the key food source for vitamin A. 
 State that one mini carrot contains 250 RE of vitamin A. 
 Know that one mini carrot contributes 25% of the RDA for vitamin A. 
 Identify "good" vitamin A sources providing 10% of the RDA per serving. 
 Identify vitamin A sources providing at least 5% of the RDA per serving. 

Rank foods by vitamin A content, relative to the mini carrot. 
 
NUTRIENT DENSITY SECTION 
 Recognize that processing and storage methods have little effect on the  
  vitamin A content of foods. 
 Identify the effects of fortification on vitamin A content. 

Calculate the Index of Nutrient Quality for vitamin A of a given food. 
Rank foods according to nutrient density. 

 
APPLICATIONS SECTION 
 Choose the meal highest in vitamin A from a given selection. 
 Identify the approximate percentage of the RDA for vitamin A from a diet  

history. 
 Based on client recall, identify at least 2 ways to increase the intake of  

vitamin A to meet 90% of the RDA. 
 Identify components of mixed dishes and estimate the vitamin A content  

of the dish. 
 Select a meal that meets 50% of the RDA for vitamin A from a restaurant  

menu. 
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IRON OBJECTIVES 

 
RDA SECTION 
 Identify the RDA for iron for adult men (10 mg), pregnant women (30 mg)  
  and non-pregnant adult women (15 mg).  
 Know that iron is measured in milligrams (mg). 
 Identify foods that contain at least 3 mg iron in a single serving. 
 Choose 3 foods that, when combined, meet 50% of the RDA for iron for  
  non-pregnant women. 
 
SOURCES SECTION 
 Identify the beef tenderloin as the key food source for iron. 
 Know that 3 oz of beef tenderloin contains 3 mg of iron. 
 State that beef tenderloin contains 20% of the adult female RDA for iron. 
 Identify "good" iron sources providing 10% of the RDA per serving. 
 Identify iron sources meeting at least 25% of the RDA per serving. 
 
BIOAVAILABILITY SECTION 
 Define the term “bioavailable”. 

Recognize that the two different forms of iron are heme and nonheme. 
List vitamin C and meat factor as two dietary components that increase 
 iron absorption. 
List oxalates, phytates, fiber, tannins and minerals as dietary components 
 that can reduce iron absorption. 
Given examples, select which meal will provide the higher amount of  
 bioavailable iron. 

 
APPLICATIONS SECTION 
 Choose the meal highest in iron from a given selection. 
 Identify the approximate percentage of the RDA for iron from a diet 

 history. 
 Based on client recall, identify at least two ways to increase the intake  

of iron to meet 90% of the RDA. 
 Identify components of mixed dishes and estimate the iron content of  

the dish. 
 Select a meal that meets 50% of the RDA from a restaurant menu. 
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TABLES FOR RESULTS AND DISCUSSION 
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Table 24  Mean cognitive total and subset scores for students enrolled in 

introductory nutrition classes 
Test items Knowledge scores 
 TCa IMM pb 
      Mean ± standard deviation 
21 Pretest cognitive items 6.5±2.2 7.0±2.6 < .05 
21 Posttest cognitive items 7.8±2.8 9.4±3.7 <.001 
  14 Pretest knowledge items 4.5±1.7 4.8±1.8 NSc 
  14 Posttest knowledge items 5.2±2.1 6.2±2.6 <.001 
    7 Pretest application items 2.0±1.2 2.2±1.4 < .07 
    7 Posttest application items 2.6±1.3 3.2±1.6 <.001 
    
    6 Pretest vitamin A itemsd 1.7±1.2 1.9±1.3 NS 
    6 Posttest vitamin A items 2.2±1.3 2.7±1.6 <.001 
    5 Pretest iron items 2.2±1.0 2.4±1.2 NS 
    5 Posttest iron items 2.8±1.4 3.0±1.3 NS 

a Traditional curriculum (TC), n=210; IMM enhanced curriculum (IMM), n=208 
b Independent t-test  
c NS = Not significant 
d Cognitive test items pertaining to vitamin A or iron 
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Table 25  Mean cognitive total and subset scores for students enrolled in 
advanced nutrition classes 

Test items       Knowledge scores 
 TCa IMM pb 
      Mean ± standard deviation 
33 Pretest cognitive items totalc 12.7±4.0 12.7±3.0 NSd 
33 Posttest cognitive items total 13.8±3.6 16.9±4.0 <.001 
   14 Pretest knowledge items   6.5±2.3   6.3±1.8 NS 
   14 Posttest knowledge items   7.1±2.2   8.5±2.5 <.001 
     9 Pretest application items   3.6±1.5   3.6±1.6 NS 
     9 Posttest application items   4.0±1.7   4.8±1.4 <.001 
   10 Pretest analysis items e   2.6±1.6   2.8±1.3 NS 
   10 Posttest analysis items   2.7±1.3   3.6±1.4 <.001 

    
    6 Pretest vitamin A items f   2.8±1.7   3.2±1.5   NS 
    6 Posttest vitamin A items   3.4±1.7   4.3±1.4 <.001 
    5 Pretest iron items   3.1±1.1   2.9±1.3 NS 
    5 Posttest iron items   3.2±1.1   3.5±1.2 NS 

a Traditional curriculum (TC), n=60; IMM enhanced curriculum (IMM), n=122 
b Independent t-test  

c 33 items:  14 knowledge, 9 application, and 10 analysis  
d NS = Not significant 
e analysis items required analysis of diet histories and selection of meals by nutrient content 
f Items pertaining to vitamin A or iron  
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Table 26  Percent correct for cognitive total scores and subset scores for 
students enrolled in introductory nutrition classes 

Test items     Change in cognitive scores 
 TCa IMM pb 
          Mean ± standard deviation 
Percent Correct Cognitive Score    
  Pretest 31±11 33±12 <.05 
  Posttest 37±14 45±18  <.001 
Percent Correct Vitamin A items c    
  Pretest 29±20 31±22 NSd 
  Posttest 36±22 46±27 <.001 
Percent Correct Iron items    
  Pretest 45±22 48±24 NS 
  Posttest 56±27 59±27 NS 

a Traditional curriculum (TC), n=210; IMM enhanced curriculum (IMM), n=208 
b Independent t-test 
c Cognitive test items pertaining to vitamin A or iron  

d NS = Not significant 
 
 
Table 27  Percent correct for cognitive total scores and subset scores for 

students enrolled in advanced nutrition classes 
Test items     Change in cognitive scores 
 TCa IMM pb 
          Mean ± standard deviation 
Percent Correct Cognitive Score    
  Pretest 39±12 38±9 NSc 
  Posttest 42±11 51±12 <.001 
Percent Correct Vitamin A itemsd    
  Pretest 46±28 52±24 NS 
  Posttest 56±27 71±24 <.001 
Percent Correct Iron items    
  Pretest 62±23 57±25 NS 
  Posttest 65±23 71±24 NS 

a Traditional curriculum (TC), n=210; IMM enhanced curriculum (IMM), n=208 
b Independent t-test  

c NS = Not significant 
d Cognitive test items pertaining to vitamin A or iron 
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Table 28  Mean attitude total and subset scores for students enrolled in 

introductory and advanced nutrition classes 
Test items Attitude scores 
 TCa IMM pb 
      Mean ± standard deviation 
Introductory (n=122) (n=208)  
15 Pre-intervention attitude items 52.7±4.5 53.3±4.7 NSc 
15 Post-intervention attitude items 54.5±4.8 56.6±4.8  <.001 
    3 Pretest vitamin A itemsd 10.8±1.5 11.1±1.5 <.05 
    3 Posttest vitamin A items 11.4±1.6 12.3±1.8  <.001 
    3 Pretest iron items 9.8±2.1 9.6±2.2 NS 
    3 Posttest iron items 10.2±2.0 9.7±2.1 <.02 
    
Advanced (n=60) (n=122)  
15 Pre-intervention attitude items 55.8±4.9 55.7±4.5 NS 
15 Post-intervention attitude items 57.3±4.3 58.4±4.4 NS 
    3 Pretest vitamin A items 11.7±1.6 11.6±1.6 NS 
    3 Posttest vitamin A items 12.4±1.6 12.8±1.4 <.05 
    3 Pretest iron items 9.3±2.5 9.5±2.1 NS 
    3 Posttest iron items 8.6±2.2 9.3±2.4 <.06 

a Traditional curriculum (TC); IMM enhanced curriculum (IMM) 
b Independent t-test  

c NS = Not significant 
d  Attitude items pertaining to vitamin A or iron 
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Table 29  Mean score for iron attitude items for students enrolled in 

introductory and advanced nutrition classes 
Test itemsa Mean iron attitude scores 
 TCb IMM pc 
      Mean ± standard deviation 
Introductory (n=210) (n-207)  
Pretest 
Item 4 – A diet without meat is 
likely to be deficient in iron. 

3.29±1.1 3.38±1.1 NSd 

Posttest   Item 4 3.70±1.0 3.42±1.1 <.01 
Pretest 
Item 7 –A diet without meat can 
easily meet my nutrient needs. 

3.12±1.2 3.14±1.2 NS 

Posttest  Item 7 3.27±1.1 3.18±1.1 NS 
Pretest 
Item 10 – Most people get 
enough iron in their diet. 

3.38±1.0 3.16±1.0 <.05 

Posttest  Item 10 3.20±1.0 3.09±1.0 NS 
    
Advanced (n=60) (n=122)  
Pretest   Item 4 3.50±1.1 3.25±1.2 NS 
Posttest  Item 4 3.05±1.2 3.21±1.2 NS 
Pretest    Item 7 2.63±1.3 2.98±1.1 <.07 
Posttest  Item 7 2.47±1.1 2.84±1.2 <.05 
Pretest    Item 10 3.15±1.0 3.29±1.1 NS 
Posttest  Item 10 3.08±1.1 3.25±1.1 NS 

a Test items were the same for introductory and advanced students 
b Traditional curriculum (TC); IMM enhanced curriculum (IMM) 
c Independent t-test 
d NS = Not significant 
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Table 30 Mean self-efficacy total scores and subset scores for students 

enrolled in introductory and advanced nutrition classes 
 Self-efficacy scores 
 TCa IMM pb 
      Mean ± standard deviation 
Introductory (n=210) (n=208)  
8 Pretest self-efficacy total items 23.2±5.5 23.0±5.3 NSc 
8 Posttest self-efficacy total items 27.6±4.7 31.5±4.7 <.001 
  2 Pretest vit A self-efficacy itemsd   5.4±1.7   5.4±1.7 NS 
  2 Posttest vit A self-efficacy items   6.6±1.6   7.9±1.5 <.001 
  2 Pretest iron self-efficacy items   6.1±1.8   6.1±1.9 NS 
  2 Posttest iron self-efficacy items   7.4±1.4   8.1±1.3 <.001 
    
 Advanced (n=60) (n=122)  
12 Pretest self-efficacy total items 43.2±7.5 44.8±6.7 NS 
12 Posttest self-efficacy total items 43.4±6.2 47.9±5.9  <.001 
  3 Pretest vit A self-efficacy items 9.7±2.5 10.8±2.2 <.01 
  3 Posttest vit A self-efficacy items 10.2±1.9 12.0±1.6  <.001 
  3 Pretest iron self-efficacy items   11.3±2.0 11.6±1.7 NS 
  3 Posttest iron self-efficacy items 11.1±1.6 12.1±1.8  <.001 

a Traditional curriculum (TC); IMM enhanced curriculum (IMM) 
b Independent t-test  

c NS = Not significant 
d Self-efficacy items pertaining to vitamin A or iron 
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Table 31  Mean intake by gender of vitamin A and iron for students enrolled 
in introductory nutrition classes 

Nutrient TCa IMM pb 
      Mean ± standard deviation 
Energy (kcals)    
  Males  Pretest 2755±859 2667±921 NSc 
             Posttest 2875±1004 2500±678 NS 
  Females Pretest 1926±688 1720±507 <.05  
                Posttest 1980±753 1636±554 <.01 
    
Vitamin A (RE)    
  Males d Pretest 1458±1884 936±680 NS 
             Posttest 1911±1725 1531±1348 NS 
  Females e Pretest 1040±911 928±844 NS 
                 Posttest  1039±1024 1222±1166 NS 
    
Iron (mg)    
  Males Pretest 22.5±9.6 20.0±11.0 NS 
            Posttest 21.9±9.7 21.0±10.5 NS 
  Females Pretest 15.2±8.5 15.8±6.6 NS 
                Posttest 16.3±9.1 16.6±8.6 NS 

a Traditional curriculum (TC), n=117; IMM enhanced curriculum (IMM), n=128 
b Independent t-test  
c NS = Not significant 
d RDA for males = 10 mg iron, 1000 RE vitamin A 
e RDA for females = 15 mg iron, 800 RE vitamin A 
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ABSTRACT 
 

TITLE:  ACQUISITION OF FOOD COMPOSITION DATA—A LIMITED 

RETENTION PHENOMENON 

AUTHOR(S):  L.O. Michalsky,  M.A.,  R.D.,  M. Meadows,  R.D,  L.D.,  

B. Gillham, PhD., R.D., L.D., R. Loop, Ph.D. 

LEARNING OUTCOME:   Participants will recognize that students at six 

institutions across the country are very similar in their knowledge of food 

composition and that retention in knowledge between beginning and advanced 

students are small. 

ABSTRACT:   Registered dietitians are the acknowledged translators of nutrition 

information; they must acquire and retain information about food composition to 

effectively and quickly interact with clients regarding food choices. Traditional 

sources of student’s food composition knowledge include course work and 

applications such as dietary analyses, menu planning, and label comparisons.   

The purpose of this study was to determine the time line and complexity of 

knowledge acquisition as measured by the ability to recall and manipulate food 

composition data in two groups of students:  beginning and advanced.   If the 

often tedious and labor intensive reference to food composition manuals or 

nutrient data bases used in the past helped imprint food composition values in 

students’ memories, major increments in knowledge should be associated with the 

classes that stress this process.   However, when computer-based nutrient analysis 

replaces the former, such increments may not occur.  Food composition 

knowledge of beginning and advanced students at The University of Texas at 
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Austin and at five other locations across the country was assessed.  The testing 

instrument utilized multiple choice items for vitamin A, folic acid, calcium, and 

iron that were developed in Fall 1996 and administered early in the Spring 

semester, 1997.  Retesting at the end of the semester will indicate knowledge 

acquisition under current instructional methods.  Pre-test mean raw score for the 

32 items for 472 students, 393 beginning and 129 advanced, did not differ 

significantly (p< 0.11).  Beginning students scored 10 ± 3, or 31 ± 10% (mean ± 

SD); advanced students scored 14 ± 3, or 44 ± 9%.  Mean raw scores for students 

at the six institutions ranged from 8 to 11 for beginning students and 18 to 20 for 

advanced.  Since advanced students have completed the introductory course, there 

appears to be limited retention of food composition knowledge gained.  It is 

possible that alternate instructional methods, more attention to repetition of major 

themes or additional applied experience could enhance retention of knowledge. 

Funded in part by USDA Higher Education Challenge Grant 
 
 
J Am Diet Assoc.  1997;97:A36. 
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ABSTRACT 
 

TITLE:  FOOD COMPOSITION KNOWLEDGE OF ADVANCED 

NUTRITION STUDENTS 

AUTHOR(S):  M.R. Meadows R.D., , L.O. Michalsky, R.A., R.D., R. Loop, 

Ph.D., B. Gillham, Ph.D., R.D., L.D. 

LEARNING OUTCOME:  To assess the competency of comprehension 

knowledge versus application skills of students beginning an upper division 

course in medical nutrition therapy. 

ABSTRACT:  Food composition is the unique skill that the registered dietitian 

brings to the health care team.   With the explosion of scientific knowledge and 

crowding of the curricula opportunity for hands on application of new information 

is reduced.  Students can learn and recite information given in lecture or found in 

their textbook, but applying this information is not a skill many of the students 

acquire.  Enhancing food Selection Behaviors of Americans with Individualized 

Multimedia Curricula is a project funded by a USDA higher education challenge 

grant to create and test a multimedia program for food composition.  The design 

Multimedia Curricula will allow students to practice application skills as they are 

acquired. Objectives for modules on vitamin A, folic acid, calcium and iron were 

developed and multiple choice pretests designed during fall, 1996.  Pretests were 

administered spring, 1997 to students at six universities across the United States.  

Upper division students taking a beginning class in Medical Nutrition Therapy 
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were evaluated on their performance of the comprehension versus the application 

questions of the pretest.  Comprehension was defined as identifying, recalling and 

deducing information.  Application was defined as comparing, analyzing and 

evaluating information.  The students had a mean score of 10.79 on the 

comprehension questions (with a standard deviation of 2.296).   The mean score 

on the application questions was only 7.8 (with a standard deviation of 2.2).  

Student’s t-test indicates that this is a significant difference with p < .001.  We 

anticipate that scores in both areas will improve with the posttest.  We further 

anticipate there will be a narrowing in the difference between the comprehension 

and application evaluations in the posttest; with an even greater narrowing 

evidenced in testing following use of the Multimedia Curricula. 

 
J Am Diet Assoc.  1997;97:A36. 
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PRETEST ON FOOD COMPOSITION 
 

VITAMIN A 
 
1) One-half of a fresh medium carrot (1.25 oz) supplies approximately what percent of the 

RDA for adult males for Vitamin A? 
 A) 10 C) 50 E) 200 
 B) 25 D) 100 
  
 
2) Approximately how many retinal equivalents are found in 1/2 of a fresh medium carrot? 
 A) 2000 C) 500  E) 100 
 B) 1000 D) 250 
  
 
3) Which of the following foods are higher in Vitamin A than 1/2 of a fresh medium carrot? 
 A) Broccoli - 1 c. steamed   D)  Green beans - 1 c. steamed cooked  
 B) Cantaloupe - 2 c. pieces   E)  Milk - 8 oz. fresh skimmed fortified  
 C) Spinach - 1 c. microwaved   
 
4) Taking into account the important concept of nutrient density, which of the following 

foods is the best choice to get Vitamin A.  (Assume that standard - not reduced fat- 
recipes have been used.) 

 A) Caesar salad, 2 c.  D)  Spinach salad, 2 c. with ½ hard cooked 
 B) Spinach lasagna, 4 oz.         egg and 3 T. hot bacon dressing 

 C) Broccoli cheese soup, 1 c.  E)  1 medium baked sweet potato with 1 T.  
           butter 

 
5) Taking into account the important concept of nutrient density, which of the following 

foods is the best choice to get Vitamin A.  (Assume standard serving sizes and that 
standard - not reduced fat- recipes have been used.) 

 A) Pumpkin pie D) Carrot cake  
 B) Peach crisp E) Cherry cobbler 
 C) Apricot cheesecake 
 
6) Which of the following foods MUST be fortified with vitamin A? 
 A) Oatmeal C) Skim milk  E) Enriched bread  
 B) Orange juice  D) Non-fat yogurt  
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IRON 
 
7) One 3 oz serving of cooked lean beef supplies approximately what percent of the RDA of 

iron for an adult female? 
 A) 100 C) 50 E) 10 
 B) 75 D) 20 
 
8) Approximately how many milligrams of iron are found in one 3 oz serving of cooked 

lean beef? 
 A) 1 C) 5 E) 15 
 B) 3 D) 7 
 
9) Rank these food from high to low for iron content. 
 1) Roasted pork loin, 3 oz.  4)  Broiled ground beef patty, 3 oz. 
 2) Baked flounder, 3 oz  5)  Roasted turkey breast, 3 oz. 
 3) Broiled beef tenderloin, 3 oz. 
 
 A) 2,4,1,3,5 C) 4,5,3,1,2 E) 3,4,1,5,2  
 B) 3,1,2,4,5 D) 3,4,5,2 
 
10) Which of the following foods contain three or more milligrams of iron? 
 A) Raisins - 2 tablespoons   D)  Pinto beans - 1 c. cooked  
 B) Whole wheat bagel, 2 oz. Toasted E)  Enriched pasta - 1 c. cooked  
 C) Cabbage - 1/2 c. cooked  
  
11) The iron in meat is how many times more available than the iron in vegetables and 

grains. 
 A) 1  C) 5 E) 15 
 B) 3  D) 10  
 
12) Which of the following decreases the body's absorption of iron? 
 A) Consuming animal tissue protein 
 B) Concurrent consumption of vitamin C 
 C) Very high fiber diets 
 D) Physiological need for iron 
 E) Increased gastric acidity 
 
13) Which of the following statements best describes the meaning of an INQ (Index of  
 nutritional quality) of 1.6 for iron for a serving of a casserole? 
 A) The casserole is a poor source of iron. 
 B) The RDA for iron will be met if one eats enough casserole to provide 2000 kcal. 
 C) The casserole contains a lot of fat. 
 D. The casserole provides 1.6 mg of iron for every 100 kcal. 
 E. The amount of iron in the casserole per kcal is 1.6 times better than the total diet 
  Needs to be in order to supply adequate iron. 
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   FOLATE 
 
14) How many micrograms of folic acid per day are required to meet the current RDA for  
 for an adult male? 
 A. 100 C. 300 ug/day E) 800 ug/day 
 B. 200 D. 400 ug/day  
 
15) A 4 oz orange provides what percent of the current RDA for folate for an adult male? 
 A. 100  C. 50  E) 5% 
 B. 75 D. 25 
 
16) How many 4 oz fresh oranges do you need to meet the current RDA for folate for a 30 
 year-old pregnant woman? 
 A. 16 C. 4 E) 1 
 B. 8 D. 2 
 
For items 17-22, select the answer which best represents how the folate content of each of the 
following foods compare to that of a 4 oz fresh orange?   
 A.  Greater than the orange B.  Same as the orange C.  Less than the orange 
 
17) Freshly squeezed orange juice, ½ c.? 
 
18) Medium banana, 1 medium? 
 
19) Spinach, 1 c fresh chopped? 
 
20) Pinto beans, 1 c. cooked? 
 
21) Oatmeal, 1 c. cooked? 
 
22) Folate is currently added to which of the following foods? 
 A. Ready-to-eat, fortified breakfast cereal   
 B. Enriched bread D. Fortified skim milk  
 C. Enriched flour E. Fortified refrigerated orange juice 
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   CALCIUM  
 
23) How many milligrams of calcium per day are required to meet the current RDA for  
 a 19 year-old male? 
 A. 600 C. 1000 E.  1400 
 B. 800 D. 1200 
 
24) One cup of skim milk provides about what fraction of the current RDA for calcium for a  
 19 year-old male? 
 A. 1/4 C. 1/2 E) 3/4 
 B. 1/3 D. 2/3 
 
25) How many cups of  skim milk does a 28 year-old pregnant woman need to meet the  
 current RDA for calcium? 
 A. 8 C. 4 E. 1 
 B) 6 D. 2 
 
26) Rank the following in order of most to least calcium content: 
 1. Cheddar cheese, 1 oz.   4.  Skim milk, 1 c. 
  2. Plain yogurt, 1 c.   5.  Cottage cheese, ½ c. 
 3. Ice cream, 1 c. 
 
 A  2, 4, 1, 3, 5 C. 4, 2, 1, 5, 3 E) 4, 5, 2, 1, 3 
 B. 2, 4, 5, 3, 1 D. 5, 4, 1, 2, 3 
 
27) Which food supplies the most calcium per kcal? 
 1. Cheddar cheese, 1 oz.   4.  Skim milk, 1 c. 
  2. Regular strawberry yogurt, 1 c.  5.  Cottage cheese, ½ c. 
 3. Ice cream, 1 c  
 
For numbers 28 - 32, select the answer representing the approximate amount of the listed food that 
one would need to eat to obtain the calcium equivalent of 1 c. of skim milk.  Do not assume 
enrichment or fortification of any of these foods with calcium. 
 
A.   <1 cup  B.   1 cup  C.  ≥ 2 cups 
 
28) Cooked pinto beans? 
 
29) Steamed broccoli? 
 
30) Dry roasted peanuts? 
 
31) Orange juice? 
 
32) Cooked enriched macaroni? 
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Additional test questions for advanced students 
 
 

Evaluation of Dietary Records 
  
For items 33-40, select the answer that best represents a reasonably accurate evaluation that might 
be made without the use of computer analysis or food composition tables of the dietary record 
provided for the listed nutrient. 
 A) Adequate – supplies >= two-thirds of the DRI 
 B) Inadequate – supplies < two-thirds of the DRI 
 C) Insufficient information to assess 
  
MA is a 23-year-old adult female.  Her 24-hour recall indicates that he consumes  4 8-oz glasses 
of 2% milk, 1 oz. of Wheaties with 1 banana, a donut, 2 hamburgers (2 oz. Meat, enriched bun, 
pickles, mustard, and catsup each), 2 oz. French fries, 1 c. enriched spaghetti with ½ c. meat sauce, 
½ c. green beans, 2 oz. raw carrot sticks , 1 c. vanilla ice cream and 2 cokes daily. 
 
33. Vitamin A? 
 
34. Iron? 
 
35. Folate? 
 
36. Calcium? 
 
JJ is a 76-year-old male who participates in a congregate meals program at the local Senior 
Activities Center.   At the center, the lunch usually provides a 3 oz. serving of meat, ½ c. potatoes 
or rice, a cooked vegetable, 1 enriched or whole wheat roll, 1 t. margarine, 8 oz. 2% milk, a baked 
dessert, and coffee.  At home, he eats 1 c. cooked oatmeal with ¼ c. whole milk, 2 slices enriched 
white toast with 2 t. butter and 2 t. jelly, and 2 c coffee with 2 t. sugar for breakfast and a frozen 
TV dinner (2 oz. meat, ½ c. starch, ½ c. cooked vegetable) plus 2 slices enriched white bread and 
coffee.  Daily snacks include 1 c. of apple juice or peach nectar and an occasional bowl of 1 c. ice 
cream or 2 c. popcorn. 
 
37. Vitamin A? 
 
38. Iron? 
 
39. Folate? 
 
40. Calcium? 
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MULTIMEDIA PRETEST (for Introductory Nutrition Classes) 

 
For research data, please fill in all the personal data section of the Scantron sheet. 
*Name  *Grade or Educ (years of education completed)  
*Sex  *Social security number (optional) 
*Birthdate  *Test form - blacken the letter B 
*In the first column of Special Codes, blacken: 

Nutrition Majors blacken 1    Non-majors blacken 2 
 
SECTION I 
On the Scantron sheet, please mark one of the five responses based on your attitude regarding 
each statement below. 
 
 1.   All foods eaten in moderation provide the nutrients needed for good health. 
  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
2. Trying to eat a balanced diet is too complicated and confusing. 

  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 3. All fruits and vegetables contain approximately the same amount of vitamin A. 
  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 4. A diet without meat is likely to be deficient in iron. 
  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 5. The color of the flesh of a fruit or vegetable is a good indicator of the vitamin A content. 
  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 6. It is easy to eat a diet with adequate amounts of folate. 
  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
7. A diet without meat can easily meet my nutrient needs. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
 8. Adults do not need to include milk in their diet. 
  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 9. All fruits and vegetables have approximately the same amount of folate. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
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10. Most people get enough iron in their diet. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
11. It is easy to eat a diet with adequate amounts of vitamin A. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
12. When eating at restaurants, it is easy to order meals rich in both vitamin A and folate. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
13. Enriched cereal is a good source of vitamins and minerals. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
14. I can easily get adequate calcium from my diet without eating dairy products. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
15. A diet high in calcium is also high in fat. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
16. I can list four food sources that provide at least 200 mg of calcium per serving. 
  (A) Strongly Agree (B) Agree  (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
17. I can list four food sources that provide at least 250 RE of vitamin A per serving. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
18. I can list four food sources that provide at least 1.5 mg of iron per serving. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
19. I can list four food sources that provide at least 100 mcg of folate per serving. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
20. I am able to identify foods high in iron from a restaurant or cafeteria menu. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
21. I am able to identify foods high in vitamin A from a restaurant or cafeteria menu. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
22. I am able to identify foods high in folate from a restaurant or cafeteria menu. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
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23. I am able to identify foods high in calcium from a restaurant or cafeteria menu. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
 
SECTION 2 
On the Scantron sheet blacken in the best answer to each question. 
 
24. One fresh mini carrot (1/3 oz. - approximately 1/8 of a large carrot) supplies approximately  
 what percent of the RDA for adult males for vitamin A?  

 A)   10% D)   100% 
 B)   25% E)    200% 
 C)  50% 
 
25. Which of the following foods is the richest source of vitamin A? 
 A) Cooked corn, 1/2 cup D)   Fresh Bing cherries, 1 cup 
 B) Avocado, 1/2 small E)   Cooked winter squash, 1/2 cup 
 C) Orange, 1 medium 
  
26. Which of the following foods the richest source of vitamin A? 
 A)  Steamed broccoli, 1/2 cup  D)   Steamed green beans, 1/2 cup 

B)  Cantaloupe, 1/2 cup  E)    Fortified skim milk, 8 oz. 
C)  Romaine lettuce, 1 cup 
 

27. Taking into account the concept of nutrient density, which of the following foods is the best 
choice to get vitamin A.  (Assume that standard - not reduced fat- recipes have been used.) 

 A)  Caesar salad, 2 cup D)   Spinach salad, 2 cup with 1/2  
 B)  Spinach lasagna, 4 oz.        hard cooked egg and hot bacon dressing 
  C)  Broccoli cheese soup, 1 cup E)   Sweet potato, 1 medium baked  

        with 1 Tbsp. butter 
 
28. Taking into account the concept of nutrient density, which of the following foods is the best 

choice as a source of vitamin A.  (Assume standard serving sizes and that standard - not 
reduced fat- recipes have been used.) 

 A)  Pumpkin pie D)   Carrot cake  
 B)  Peach crisp E)   Cherry cobbler 
 C)  Apricot cheesecake 
 
29. Which of the following foods MUST be fortified with vitamin A?  
 A) Oatmeal, traditional quick cooking D)   Non-fat yogurt 
 B) Orange juice E)   Enriched bread 
 C) Skim milk 
  
30. One 3 oz. serving of cooked lean beef supplies approximately what percent of the RDA 
 A)  100%  D)   20% 
 B)   75% E)   10% 
 C)   50% 
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31. Which food is highest in bioavailable (most easily absorbed and utilized) iron? 
 A) Raisins, 1/4 c. D)   Cooked pinto beans, 1/2 cup 
 B) Cooked salmon, 3 oz. E)   Skim milk, 1 cup 
 C) Fresh spinach, 1 cup 
 
32. Which food is highest in bioavailable (most easily absorbed and utilized) iron? 
 A) Pinto beans, 1 1/2 cup D)   Baked pork chop, 3 oz. 
 B) Baked flounder, 3 oz. E)   Roasted turkey breast, 3 oz. 
 C) Broiled beef tenderloin, 3 oz. 
 
33. Which of the following foods contain three or more milligrams of iron? 
 A)  Raisins, 1/4 cup D)   Cooked pinto beans, 1 cup 
 B)  Regular yogurt, 1 cup E)   Cooked enriched pasta, 1 cup 

C)  Cooked cabbage, 1/2 cup 
 

34. The iron in meat is how many more times available for absorption in the body than the iron 
in vegetables and grains? 

 A) 1 to 2 times D)  They are equally available. 
 B) 3 to 5 times E)   Iron from plant sources is more  
 C) 6 to 8 times  available. 
 
35. Which of the following DECREASES the body's absorption of iron? 
 A) Eating meat, poultry, or fish D) The body's need for iron 
 B) Increased stomach acid E)  Eating foods high in vitamin C 
 C) Eating very high fiber diets      with the meal 
 
36. A 3 inch diameter orange provides approximately what amount of the current  
 DRI for  non-pregnant adults for folate? 
 A) 3/4 D)  1/8 
 B) 1/2 E)  1/16 
 C) 1/4 

 
37.  Which of these foods provides the most folate? 
 A)   Orange juice from frozen, 3/4 cup  D)   Red grapefruit, 1/2 
 B)   Grape juice from frozen, 3/4 cup  E)   Banana, 1 medium 
 C)   Cantaloupe, 1/2 cup   
  
38. Which pair of foods has the most folate?  (Assume standard serving sizes are  
 used.)   
 A)  Cooked broccoli and cooked corn  D)   Cooked peas and raw carrots 
 B)   Cooked kale and iceberg lettuce  E)   Romaine lettuce and fresh  
 C)   Fresh spinach and fresh tomato         spinach 
  
39. Which of these foods provides the most folate? 
 A)   Tofu, 3 oz.    D)   Hard cooked egg, 1 
 B)   Cooked pinto beans, 1/2 cup   E)   Roasted chicken thigh, 3 oz. 
 C)   Almonds, 1 oz.     
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40. Which of these foods provides the most folate? 
 A)  Tortilla chips, 1oz   D)   Popcorn, 3 cups, popped 
       (smallest individual bag)   E)   Pretzels, 1oz  
 B)  Graham crackers, 2 rectangles         (smallest individual bag) 
 C)  Saltine crackers, 5 saltines with 1 oz cheese 
  
41. Folate is added to which of the following foods? 
 A)  Ready-to-eat, enriched breakfast cereal D)   Fortified skim milk 
 B)  Fortified margarine E)   Fortified refrigerated orange juice 
 C)  Iodized salt   
 
42. One cup of skim milk provides about what fraction of the current DRI for  calcium for a  
 21-year-old female? 
 A)  1/5  D)   3/8 
 B)  1/4  E)   1/2 
 C)  3/10 
 
43. Rank the following in order of most to least calcium content: 
 1)   Cheddar cheese, 1 oz 4)   Skim milk, 1 cup 
 2)   Sour Cream, 2 Tbsp. 5)   Cottage cheese, 1/2 cup  
 3)  Ice cream, 1 cup  
   
 A)  4, 1, 3, 5, 2  D)   1, 4, 5, 2, 3 
 B)  4, 5, 3, 1, 2  E)   4, 5, 1, 2, 3  
 C)  4, 1, 5, 3, 2 
 
44. Which food supplies the most calcium per kcal? 
 A)  Cheddar cheese, 1 oz  D)   Skim milk, 1 cup  
 B)  Regular strawberry yogurt, 8 oz.  E)   Cottage cheese, 1/2 cup  
 C)  Ice cream, 1 cup  
 

  45. About how much steamed broccoli is needed to obtain the calcium equivalent of 1 cup of  
 skim milk? 

 A)   2 cups  D)   8 cups 
 B)   4 cups  E)  10 cups 
 C)   6 cups 
  

 47. A serving of a hot fudge sundae has 200 mg calcium and 500 kcal.  What is the INQ for the 
   sundae? 
  A)    .2    D)   2.5 
  B)    .8    E)   5.0 
  C)  1.2 
 
 48. Which of the following statements best describes the meaning of an Index of Nutritional  
  Quality (INQ) of 1.6 for calcium for a serving of a casserole. 

 A)   The casserole is a poor source of calcium for the kcal it provides. 
 B)   The DRI for calcium will be met if one eats enough casserole to provide 500 kcal. 

 C)   The casserole contains a lot of fat. 
D) The casserole provides 1.6 mg of calcium for every 100 kcal. 

E) The amount of calcium in the casserole per kcal is 1.6 times better than the total 
diet needs to be in order to supply adequate calcium. 
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CHANGES FOR INTRODUCTORY POSTTEST  

 
For research data, please fill in all the personal data section of the Scantron sheet. 
*Name  *Grade or Educ (years of education completed)  
*Sex  *Social security number (optional) 
*Birthdate  *Test form - blacken the letter D 
*In the first column of Special Codes, blacken: 

Nutrition Majors blacken 1    Non-majors blacken 2 
 
Number 30 corrected: 
 
30. One 3 oz. serving of cooked lean beef supplies approximately what percent of the RDA 
  for iron? 
 A)  100%   D)   20% 
 B)  75%   E)   10% 
 C)  50% 
 
 
47 and 48 numbered correctly:  
 

 46. A serving of a hot fudge sundae has 200 mg calcium and 500 kcal.  What is the INQ for the  
   sundae? 
  A)    .2     D)   2.5 
  B)    .8     E)   5.0 
  C)  1.2 
 
 47. Which of the following statements best describes the meaning of an Index of Nutritional  
  Quality (INQ) of 1.6 for calcium for a serving of a casserole. 

 A)   The casserole is a poor source of calcium for the kcal it provides. 
 B)   The DRI for calcium will be met if one eats enough casserole to provide 500 kcal. 

 C)   The casserole contains a lot of fat. 
D) The casserole provides 1.6 mg of calcium for every 100 kcal. 
E) The amount of calcium in the casserole per kcal is 1.6 times better than the total diet 

needs to be in order to supply adequate calcium. 
 
Extra question added to differentiate pre- and posttests; not included in cognitive scores: 
 
62.  Which nutrient needs increase in pregnancy for adult (19-55 years of age) females? 
 A)  Iron and calcium  D)   Calcium and vitamin A 
 B)  Iron and folate   E)   Calcium and folate 
 C)    Iron and vitamin A   
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MULTIMEDIA PRETEST (for Advanced Nutrition Classes) 

For research data, please fill in all the personal data section of the Scantron sheet. 
*Name  *Grade or Educ (years of education completed)  
*Sex  *Social security number (optional) 
*Birthdate  *Test form - blacken the letter A 
*In the first column of Special Codes, blacken: 

Nutrition Majors blacken 1    Non-majors blacken 2 
 
SECTION I 
On the Scantron sheet, please mark one of the five responses based on your attitude regarding 
each statement below. 
 
 1.   All foods eaten in moderation provide the nutrients needed for good health. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
2. Trying to eat a balanced diet is too complicated and confusing. 

  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 3. All fruits and vegetables contain approximately the same amount of vitamin A. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 4. A diet without meat is likely to be deficient in iron. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 5. The color of the flesh of a fruit or vegetable is a good indicator of the vitamin A content. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 6. It is easy to eat a diet with adequate amounts of folate. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
7. A diet without meat can easily meet my nutrient needs. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
 8. Adults do not need to include milk in their diet. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 9. All fruits and vegetables have approximately the same amount of folate. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
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10. Most people get enough iron in their diet. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
11. It is easy to eat a diet with adequate amounts of vitamin A. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
12. When eating at restaurants, it is easy to order meals rich in both vitamin A and folate. 
  (A) Strongly Agree (B) Agree  (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
13. Enriched cereal is a good source of vitamins and minerals. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
14. I can easily get adequate calcium from my diet without eating dairy products. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
15. A diet high in calcium is also high in fat. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
16. When comparing two or more meals, I am able to select the one that supplies the most 

calcium. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
17. When comparing two or more meals, I am able to select the one that supplies the most folate. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
18. When comparing two or more meals, I am able to select the one that supplies the most iron. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
19. When comparing two or more meals, I am able to select the one that supplies the most 

vitamin A. 
  (A) Strongly Agree (B) Agree (C) Neutral 

 (D) Disagree (E) Strongly Disagree 
 
20. I can look at a food diary and estimate the amount of folate someone has consumed in a day. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
21. I can look at a food diary and estimate the amount of calcium someone has consumed in a 

day. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
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22. I can look at a food diary and estimate the amount of vitamin A someone has consumed in a 
day. 

  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
23. I can look at a food diary and estimate the amount of iron someone has consumed in a day. 
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
24. I am able to suggest food choices that will increase the amount of vitamin A supplied by a  
 food diary so that it will meet the RDA.  
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
25. I am able to suggest food choices that will increase the amount of iron  supplied by a food 
 diary so that it will meet the RDA.  
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
26. I am able to suggest food choices that will increase the amount of calcium supplied by a food  
 diary so that it will meet the RDA.  
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
27. I am able to suggest food choices that will increase the amount of folate supplied by a food  
 diary so that it will meet the RDA.  
  (A) Strongly Agree (B) Agree (C) Neutral 
  (D) Disagree (E) Strongly Disagree 
 
 
 
SECTION 2 
On the Scantron sheet blacken in the best answer to each question. 
 
28. One fresh mini carrot (1/3 oz. - approximately 1/8 of a large carrot) supplies  
 approximately what percent of the RDA for adult males for vitamin A?  

 A)   10% D)   100% 
 B)   25% E)    200% 
 C)  50% 
 
29. Which of the following foods is the richest source of vitamin A? 
 A) Cooked corn, 1/2 cup D)   Fresh Bing cherries, 1 cup 
 B) Avocado, 1/2 small E)   Cooked winter squash, 1/2 cup 
 C) Orange, 1 medium 
  
30. Which of the following foods the richest source of vitamin A? 
 A) Steamed broccoli, 1/2 cup  D)   Steamed green beans, 1/2 cup 

B) Cantaloupe, 1/2 cup  E)    Fortified skim milk, 8 oz. 
C) Romaine lettuce, 1 cup 
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31. Taking into account the concept of nutrient density, which of the following foods is the best 
choice to get vitamin A.  (Assume that standard - not reduced fat- recipes have been used.) 

 A) Caesar salad, 2 cup D)   Spinach salad, 2 cup with 1/2  
 B) Spinach lasagna, 4 oz.        hard cooked egg and hot bacon dressing 
  C) Broccoli cheese soup, 1 cup E)   Sweet potato, 1 medium baked  

                  with 1 Tbsp. butter 
 
32. Taking into account the concept of nutrient density, which of the following foods is the best 

choice as a source of vitamin A.  (Assume standard serving sizes and that standard - not 
reduced fat- recipes have been used.) 

 A) Pumpkin pie D)   Carrot cake  
 B) Peach crisp E)   Cherry cobbler 
 C) Apricot cheesecake 
 
33. Which of the following foods MUST be fortified with vitamin A?  
 A) Oatmeal, traditional quick cooking D)   Non-fat yogurt 
 B) Orange juice E)   Enriched bread 
 C) Skim milk 
  
34. One 3 oz. serving of cooked lean beef supplies approximately what percent of the RDA 
 A)  100%  D)   20% 
 B)  75%  E)   10% 
 C)  50% 
 
35. Which food is highest in bioavailable (most easily absorbed and utilized)  
 iron? 
 A)  Raisins, 1/4 c.  D)   Cooked pinto beans, 1/2 cup 
 B)  Cooked salmon, 3 oz. E)   Skim milk, 1 cup 
 C)  Fresh spinach, 1 cup 
 
36. Which food is highest in bioavailable (most easily absorbed and utilized) iron? 
 A)  Pinto beans, 1 1/2 cup D)   Baked pork chop, 3 oz. 
 B)  Baked flounder, 3 oz. E)   Roasted turkey breast, 3 oz. 
 C)  Broiled beef tenderloin, 3 oz. 
 
37. Which of the following foods contain three or more milligrams of iron? 
 A) Raisins, 1/4 cup  D)   Cooked pinto beans, 1 cup 
 B)  Regular yogurt, 1 cup E)   Cooked enriched pasta, 1 cup 

C)  Cooked cabbage, 1/2 cup 
 

38. The iron in meat is how many more times available for absorption in the body than the iron 
in vegetables and grains? 

 A)  1 to 2 times  D)   They are equally available. 
 B)  3 to 5 times  E)   Iron from plant sources is more  
 C)  6 to 8 times         available. 
 
39. Which of the following DECREASES the body's absorption of iron? 
 A)  Eating meat, poultry, or fish D) The body's need for iron 
 B)  Increased stomach acid E) Eating foods high in  
 C) Eating very high fiber diets      vitamin C with the meal 
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40. A 3 inch diameter orange provides approximately what amount of the current DRI for   
 non-pregnant adults for folate? 
 A)  3/4  D)  1/8 
 B)  1/2  E)  1/16 
 C)  ¼ 
 
41.  Which of these foods provides the most folate? 
 A)   Orange juice from frozen, 3/4 cup  D)   Red grapefruit, 1/2 
 B)   Grape juice from frozen, 3/4 cup  E)   Banana, 1 medium 
 C)   Cantaloupe, 1/2 cup   
  
42. Which pair of foods has the most folate?  (Assume standard serving sizes are used.)   
 A)  Cooked broccoli and cooked corn  D)   Cooked peas and raw carrots 
 B)   Cooked kale and iceberg lettuce  E)   Romaine lettuce and fresh  
 C)   Fresh spinach and fresh tomato                spinach 
  
43. Which of these foods provides the most folate? 
 A)   Tofu, 3 oz.    D)   Hard cooked egg, 1 
 B)   Cooked pinto beans, 1/2 cup   E)   Roasted chicken thigh, 3 oz. 
 C)   Almonds, 1 oz.     
  
44. Which of these foods provides the most folate? 
 A)  Tortilla chips, 1oz   D)   Popcorn, 3 cups, popped 
       (smallest individual bag)   E)   Pretzels, 1oz  
 B)  Graham crackers, 2 rectangles         (smallest individual bag) 
 C)  Saltine crackers, 5 saltines with 1 oz cheese 
  
45. Folate is added to which of the following foods? 
 A)  Ready-to-eat, enriched breakfast cereal D)   Fortified skim milk 
 B)  Fortified margarine E)   Fortified refrigerated orange juice 
 C)  Iodized salt 
 
46. One cup of skim milk provides about what fraction of the current DRI for  calcium for a 
  21-year-old female? 
 A)  1/5  D)   3/8 
 B)  1/4  E)   1/2 
 C)  3/10 
 
47. Rank the following in order of most to least calcium content: 
 1)   Cheddar cheese, 1 oz 4)   Skim milk, 1 cup 
 2)   Sour Cream, 2 Tbsp. 5)   Cottage cheese, 1/2 cup  
 3)  Ice cream, 1 cup  
   
 A)  4, 1, 3, 5, 2  D)   1, 4, 5, 2, 3 
 B)  4, 5, 3, 1, 2  E)   4, 5, 1, 2, 3  
 C)  4, 1, 5, 3, 2 
 
48. Which food supplies the most calcium per kcal? 
 A)  Cheddar cheese, 1 oz  D)   Skim milk, 1 cup  
 B)  Regular strawberry yogurt, 8 oz.  E)   Cottage cheese, 1/2 cup  
 C)  Ice cream, 1 cup  
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  49. About how much steamed broccoli is needed to obtain the calcium equivalent of 1 cup of  
 skim milk? 

 A)   2 cups  D)   8 cups 
 B)   4 cups  E)  10 cups 
 C)   6 cups 
  

 50. A serving of a hot fudge sundae has 200 mg calcium and 500 kcal.  What is the INQ for the  
   sundae? 
  A)    .2    D)   2.5 
  B)    .8    E)   5.0 
  C)  1.2 
 
 51. Which of the following statements best describes the meaning of an Index of 

 Nutritional Quality (INQ) of 1.6 for calcium for a serving of a casserole. 
 A)   The casserole is a poor source of calcium for the kcal it provides. 
 B)   The DRI for calcium will be met if one eats enough casserole to provide  
   500 kcal. 

 C)   The casserole contains a lot of fat. 
D)  The casserole provides 1.6 mg of calcium for every 100 kcal. 
E)  The amount of calcium in the casserole per kcal is 1.6 times better than the total diet 

needs to be in order to supply adequate calcium. 
 
Continued on next page 



 158 

This last set of questions gives the breakfast, lunch and snack for a person and a list of possible 
dinners.  Select the dinner that allows the person to meet the nutrient needs specified.  On the 
Scantron sheet, blacken the letter for the meal you select.  For each of these questions assume 
standard portion sizes unless otherwise indicated.   
 
52. Select the dinner that will allow Robert, a 30 year old male, to meet the DRI for FOLATE 
 and CALCIUM.  He had the following for Breakfast, Lunch and Snack: 
  
 BREAKFAST LUNCH SNACK 
 Fortified Cereal Cheeseburger Bagel 
 Skim Milk French Fries                       Cream Cheese 
 Grapefruit  Cola 
 
 DINNER CHOICES: 
 
  (A) (B) (C) 
 Bean and Cheese Nachos Meatloaf Tuna Melt  
 Crispy Beef Taco Mashed Potatoes    (Rye Bread,  
 Iced tea Steamed Broccoli     Tuna Salad 
  Coffee    Swiss cheese 
   Corn Chips 
   Iced tea 
 (D) (E) 
 All meet the needs  None meet the needs  
 
53. Select the dinner that will allow Mary, an 18 year old female, to meet the DRI for  
 FOLATE and CALCIUM.  She had the following for Breakfast, Lunch and Snack: 
 
 BREAKFAST LUNCH SNACK 
 Peanut Butter Sandwich Cheeseburger                       Cheddar Cheese 
    on Enriched Bread French Fries Apple 
 Banana Cola 
 2% Milk 

 
 DINNER CHOICES: 
  
 (A)     (B) (C)   
 Grilled Shrimp (6 oz) Meatloaf (3 oz) BBQ Chicken     
 Romaine Salad Romaine Salad Romaine Salad 
 Steamed Asparagus Steamed Carrots Steamed Broccoli 
 Ice Cream Sundae Chocolate Malt Fresh Orange Juice  
 Coffee        
  
 (D)  (E) 
 All meet the needs  None meet the DRI 
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54. Select the dinner that will allow Danielle, a 25 year old female, to meet the RDA for  
 VITAMIN A and IRON.  She had the following for Breakfast, Lunch and Snack: 
 
 BREAKFAST  LUNCH  SNACK   
 2 Poached Eggs      Chef Salad including Apple    
 2 Slices Bacon     2 cups Romaine,  Nonfat Yogurt 
 Skim Milk     Tomatoes Carrot Strips 
 Pink Grapefruit     1 oz each: Ham, Turkey, Cheese 
   Crackers 
   Lemonade   
 
 DINNER CHOICES: 
 (A) (B) (C) 
 Fried Clams (5 oz)             Fried Shrimp (5 oz)     Grilled Salmon (6 oz) 
 Baked Potato with Coleslaw  Spinach Salad 
     Cheese & Butter French Fries                                 Seasoned Rice 
 Caesar Salad Chocolate Milk Shake (10 oz)         Iced tea 
 Chocolate Cake    
 Cola   
 
         (D)   (E)   
 All meet the needs                        None meet the needs 
 
 
55. Select the dinner that will allow Ross, a 19 year old male, to meet the RDA for VITAMIN A  
 and the DRI for FOLATE.  He had the following for Breakfast, Lunch and Snack: 

 
BREAKFAST LUNCH SNACK   

         Peanut Butter on Ham and Cheese Sandwich       Glazed Donuts (2) 
   English Muffin                      on Whole Wheat Peach 
  Skim Milk Potato Chips 
  Vegetable Soup 
   Iced tea 

 
 DINNER CHOICES: 
    
         (A) (B)                                                   (C) 
 Spaghetti with Meat sauce Chef Salad                                      Beef Tenderloin (6 oz) 
 Caesar Salad    (2 cups Romaine and                   Baked Potato with
 Lemon Ice                                           Iceberg plus, 1 oz each:  1 tsp butter 
 Iced tea      turkey, cheddar, ham                 Steamed Broccoli               
       one egg carrot strips,   with 1 tsp butter 
       avocado and tomato)                 Pumpkin Pie 
  Crackers                                          Coffee 
  Lemonade 
 

(D) (E)   
All meet the needs None meet the needs 
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56. Select the dinner that will allow Carrie, a 20 year old female, to meet the RDA for  
 VITAMIN A and the DRI for FOLATE.  She had the following for Breakfast, Lunch and  
 Snack: 

  
 BREAKFAST LUNCH SNACK   
        Enriched Toast          Crispy Beef Taco        Peanut Butter on  
 Apricots Beef and Bean Burrito    White Bread 
 Nonfat Yogurt Apple Skim Milk 
                           Cola 
 
 DINNER CHOICES: 
  
 (A) (B) (C) 
 Pork Chop  Grilled Salmon Steak Vegetable Bean Soup 
  Spinach Salad Romaine Salad Caesar Salad (2 cups)    
 Green Beans Steamed Summer Squash Grilled Chicken Breast 
 Corn Bread Enriched Dinner Roll Garlic Toast 
       
 (D)   (E)     
         All meet the needs                        None meet the needs 
 
 
57. Select the dinner that will allow Lisa, a 19 year old female, to meet the RDA for IRON and  
 the DRI for CALCIUM.  She had the following for Breakfast, Lunch and Snack: 
 
 BREAKFAST LUNCH SNACK 
 Regular Yogurt 2 Slices Pepperoni Pizza Orange 
 Strawberries Romaine and Iceberg Salad             Chocolate Chip  
 Whole Wheat Toast Orange Soda   Cookies 
 Coffee 
 
 DINNER CHOICES: 
  
 (A) (B) (C) 
 Beef Stew Grilled Chicken Breast Sweet & Sour Pork 
 Cornbread  Steamed Asparagus  Steamed Rice 
 Cola  Zucchini Won Ton Soup  
   Seasoned Rice Iced tea 
   Iced tea 

     
(D) (E)                               
All meet the needs                         None meet the needs 
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58. Select the dinner that will allow Tiffany, an 18 year old female, to meet the RDA for IRON  
 and VITAMIN A.  She had the following for Breakfast, Lunch and Snack: 
 
 BREAKFAST LUNCH SNACK 
 Whole Wheat Toast Chicken Breast                   Nonfat Yogurt 
 Cantaloupe Romaine Salad (1 ½ cups) Apple 
 Skim Milk   Tomato, Cucumber, Radish  

    (½ cup total)              
  Enriched roll    
  Iced tea 
 
         DINNER CHOICES: 
  
 (A) (B) (C) 
 Pork loin (5 oz) Roast Beef (5 oz) Pinto Beans (1 cup) 
 Buttered Green Peas Spinach Salad Rice (1 cup) 
 Mashed Potatoes Baked Potato with Romaine Salad  
 Pumpkin Pie Cheese and Butter Sunflower Seeds  
 Coffee Buttered Broccoli  Cornbread 
  Pecan Pie Apple Pie 
  Coffee Coffee  
   
 (D) (E) 
         All meet the needs                         None meet the needs 
 
 
59. Select the dinner that will allow Julie, a 32 year old female, to meet the RDA for IRON and  
 DRI for CALCIUM.  She had the following for Breakfast, Lunch and Snack: 
 
 BREAKFAST LUNCH SNACK 
      Fortified Toasted Oats Cereal Open Faced Tuna Salad on      Regular Yogurt 
 Banana Whole Wheat Graham Cracker 
 Skim Milk Grapes 
 Fresh Orange Juice Onion Soup 
  Diet cola 
 
 DINNER CHOICES: 
  
 (A) (B) (C) 
 Spaghetti with Marinara Sauce Beef Enchilada Chicken Vegetable  
 Tossed Salad             Guacamole Salad (1/2 cup)    Stir Fry 

  (Romaine, Tomato, Carrot) Tortilla Chips (4 oz) Egg Drop Soup                          
Garlic Toast  Cola  Tea 

 Iced tea                                                 
  
 (D) (E)   
       All meet the needs None meet the needs 
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60. Select the dinner that will allow Kirk, a 20 year old male, to meet the RDA for IRON and  

VITAMIN A and the DRI for CALCIUM and FOLATE.  He had the following for 
Breakfast, Lunch and Snack: 
 

 BREAKFAST LUNCH  SNACK 
 Regular (non-fortified) Oatmeal Meat & Veggie Pizza (2 slices)   Regular Yogurt   Skim 

Milk Romaine Salad  Orange  
 Cantaloupe Garlic Toast and Soda 
 
 DINNER CHOICES: 
  
 (A) (B) (C) 
 Beef Chili with Beans                   Grilled Shrimp (6 oz) Cheeseburger  
 Cornbread Iceberg Salad   (1/4 pound) 
 Romaine Salad Steamed Asparagus French Fries  
 Cola Enriched Dinner Roll Orange Juice  
  Iced tea   from Frozen 
 
 (D)   (E) 
         All meet the needs None meet the needs 
 
 
61. Select the dinner that will allow Andrew, a 27 year old male, to meet the RDA for  
 VITAMIN A and IRON and the DRI for CALCIUM and FOLATE.  He had the following  
 for Breakfast, Lunch and Snack: 
 
 BREAKFAST LUNCH SNACK 
 Poached Eggs (2) Roast Beef Sandwich Banana 
 Whole Wheat Toast                 on a Submarine Roll                     Skim Milk 
 With Margarine                with Lettuce and Tomato 
  Calcium Fortified Orange Juice   Vegetable Soup 
  Potato Chips 
  Iced tea 
 
 DINNER CHOICES: 
  
 (A) (B) (C) 
 Combination Fried Rice                Tortilla Soup Tomato Basil 
    With 1 cup Rice, Egg, Beef Fajita Salad     Cream Soup 
    Beef, Chicken, Shrimp,    With 1 cup Romaine, Tomato, Chicken Parmesan 
    Peas and Soy Sauce    Avocado, Cheese and    (Breaded Baked, 
 Iced tea    Tortilla Chips    Chicken Breast) 
  Iced tea Iced tea 
 
 (D) (E) 
 All meet the needs None meet the needs 
 
 
 
 



 163 

CHANGES FOR ADVANCED POSTTEST  
 

For research data, please fill in all the personal data section of the Scantron sheet. 
*Name  *Grade or Educ (years of education completed)  
*Sex  *Social security number (optional) 
*Birthdate  *Test form - blacken the letter C 
*In the first column of Special Codes, blacken: 

Nutrition Majors blacken 1    Non-majors blacken 2 
 
Number 30 corrected: 
 
34. One 3 oz. serving of cooked lean beef supplies approximately what percent of  
 the RDA for iron? 
 A)  100%   D)   20% 
 B)  75%    E)   10% 
 C)  50% 
 
Extra question to differentiate pre- and posttests; not included in cognitive scores: 
 
62.  Which nutrient needs increase in pregnancy for adult (19-55 years of age) females? 
 A)  Iron and calcium D)   Calcium and vitamin A 
 B)  Iron and folate E)   Calcium and folate 
 C)     Iron and vitamin A   
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INTRODUCTORY POSTTEST FEEDBACK FORM 

 
Please mark on the Scantron sheet, one of the five responses closest to your 
attitude regarding each statement below. 
 
49.  I found the instructions for using the SmartBytes were:  
 (A)  Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E)  Not helpful  
 
50.  I found the SmartBytes section on vitamin A:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
51.  I found the SmartBytes section on iron:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
52.  I found the SmartBytes section on folate:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
53.  I found the SmartBytes section on calcium:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
54.  When added to the regular coursework, how will SmartBytes affect your  
  ability to do a better job of selecting a diet that supplies the recommended 
  amount of calcium, iron, vitamin A and folic acid?  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
55.  I found the SmartBytes section on learning nutrient requirements:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
56.  I found the SmartBytes section on learning nutrient sources:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
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57.  I found the SmartBytes section on learning nutrient density and  
  bioavailability concepts:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
58.  I found the SmartBytes section on analyzing menus:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
59.  I found the SmartBytes section on analyzing dietary records:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
60.  I found the audio in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
62.  I found the activities in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
63.  I found the feedback in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
64.  I found the tools (e.g., tables, definitions) in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
For questions 65-68 please rank class lecture, class text, dietary analysis activity, 
and SmartBytes for their value in learning food composition.  Each choice may be 
used only once. 

 
65.  Class text  _____     (A) The most helpful 
       (B) The second most helpful 
66.  Class lectures/discussions _____   (C) The third most helpful 

   (D) The least helpful 
67.  SmartBytes _____ 
 
68.  Diet analysis activity _____ 
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69.  About how much time did you spend working on the calcium module of  
      SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes               (C)  45-60 minutes 
 (D)  60-90 minutes            (E) >90 minutes  
 
70.  About how much time did you spend working on the folate module of 
      SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes               (C)  45-60 minutes 
 (D)  60-90 minutes            (E) >90 minutes  
 
71.  About how much time did you spend working on the iron module of  
      SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes               (C)  45-60 minutes     
 (D)  60-90 minutes            (E) >90 minutes  
 
72.  About how much time did you spend working on the vitamin A module of  
       SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes               (C)  45-60 minutes 
 (D)  60-90 minutes            (E) >90 minutes  
 
On the back of the Scantron sheet, please answer the following questions: 
 
73.  One important thing I learned from SmartBytes was: 
 
74.  One thing I wish I had learned from SmartBytes was: 
 
75.  Additional comments: 
      (Use the rest of this sheet if there is not enough space on the Scantron sheet.) 
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ADVANCED POSTTEST FEEDBACK FORM 
 

Please mark on the Scantron sheet, one of the five responses closest to your 
attitude regarding each statement below. 
 
63.  I found the instructions for using the SmartBytes were:  
 (A)  Very helpful (B)  Helpful (C)  Neutral   
 (D)  Not very helpful (E)  Not helpful  
 
64.  I found the SmartBytes section on vitamin A:  
 (A) Very helpful (B)  Helpful (C)  Neutral  
 (D)  Not very helpful (E) Not helpful  
 
65.  I found the SmartBytes section on iron:  
 (A) Very helpful (B)  Helpful (C)  Neutral  
 (D)  Not very helpful (E) Not helpful  
 
66.  I found the SmartBytes section on folate:  
 (A) Very helpful (B)  Helpful (C)  Neutral  
(D)  Not very helpful (E) Not helpful  
 
67.  I found the SmartBytes section on calcium:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
68.  When added to the regular coursework, how will SmartBytes affect your  
  ability to do a better job of selecting a diet that supplies the recommended 
  amount of calcium, iron, vitamin A and folic acid?  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
69.  When added to the regular coursework, how will SmartBytes affect your  
  ability to do a better job of analyzing diet histories for calcium, iron,  
  vitamin A and folic acid?  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
70.  I found the SmartBytes section on learning nutrient requirements:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
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71.  I found the SmartBytes section on learning nutrient sources:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
72.  I found the SmartBytes section on learning nutrient density and  
  bioavailability concepts:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
73.  I found the SmartBytes section on analyzing menus:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
74.  I found the SmartBytes section on analyzing dietary records:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
75.  I found the audio in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
76.  I found the activities in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
77.  I found the feedback in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
 
78.  I found the tools (e.g., tables, definitions) in SmartBytes:  
 (A) Very helpful  (B)  Helpful (C)  Neutral 

(D)  Not very helpful (E) Not helpful  
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For questions 79-82 please rank class lecture, class text, dietary analysis activity, 
and SmartBytes for their value in learning food composition.  Each choice may be 
used only once. 
 
79.  Class text  _____     
            (A) The most helpful 
80.  Class lectures/discussions _____           (B) The second most helpful 
            (C) The third most helpful 
81.  SmartBytes _____           (D) The least helpful 
 
82.  Diet analysis activity _____ 
 
83.  About how much time did you spend working on the calcium module of  
  SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes             (C)  45-60 minutes 
 (D)  60-90 minutes            (E) >90 minutes  
 
84.  About how much time did you spend working on the folate module of  
  SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes             (C)  45-60 minutes 
 (D)  60-90 minutes            (E) >90 minutes  
 
85.  About how much time did you spend working on the iron module of  
 SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes             (C)  45-60 minutes 
 (D)  60-90 minutes            (E) >90 minutes  
 
86.  About how much time did you spend working on the vitamin A module of  
  SmartBytes:  
 (A) <30 minutes            (B)  30-45 minutes             (C)  45-60 minutes 
 (D)  60-90 minutes            (E) >90 minutes  
 
On the back of the Scantron sheet, please answer the following questions: 
 
87.  One important thing I learned from SmartBytes was: 
 
88.  One thing I wish I had learned from SmartBytes was: 
 
89.  Additional comments: 
 (Use the rest of this sheet if there is not enough space on the Scantron 
sheet.) 
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PRECEPTOR INSTRUCTIONS 
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Instructions for Measurement Instruments for SmartBytes Program 
Experimental Groups 

 
The package of materials for collecting data to be used with the SmartBytes 
Program includes: 
 Pretest (Introductory classes in white- Medical Nutrition Therapy in yellow) 
 Posttest (same color code) 
 Scantron Sheets  
 Floppy disks (IBM compatible) for Introductory classes only 
 SmartBytes CDs (10) containing the program (IBM compatible) 
 
• Please administer the pretest to your classes during the first weeks of the 

semester – preferably before the nutrients of calcium, folate, iron or vitamin 
A have been covered in class. 

 
• During the same time period, please have the introductory students save1-day 

dietary record to disk the using the program they are using to complete any 
course dietary analysis assignment. In the absence of an assignment, please 
have them the save to disk a 24-hour food record using whatever software is 
available on your campus.  They should save in that program’s format, not as 
a Word document.  If by chance you do not have a dietary analysis software 
program available, please have them type up a 24-hour record and save it on 
the floppy disk in Microsoft Word for the PC.  Word should only be used if 
there is no dietary analysis program available.  Specific instructions for the 
diet recall are at the end of these instructions and will be e-mailed for 
electronic distribution. 

 
PLEASE HAVE THEM WRITE THEIR NAMES ON THE FLOPPY DISK! 

It will be used for a second recall after the posttest. 
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• Please return the pretest scantron sheets in the postage paid envelope after the 
pretests have been administered.  The students will keep the floppy disks to 
use for collection of a 24-hour record in conjunction with the posttest. 

 
• Please allow at least four weeks before administering the posttest. 
 
• At the same time, have the students use their floppy disk to collect a second 

1-day food record. 
 
Please have the students use this code when saving their dietary records:  
  For the pretest --- DAY1 (their 3 initials) 
      For the postest – DAY2 (their 3 initials) 
 
• When you have all of this information, please return it in the postage paid 

envelope mailer.  Please return the floppy disks (with both pre- and posttest 
information) in the other postage paid envelope or box we have supplied, 
separately from the posttests. 

 
 We have covered the cost of a delivery confirmation receipt for the materials  
 when they are mailed.  Please ask the person handling your mail to get it to 
 the post office to activate this confirmation process. 
 
 

THANK YOU SO MUCH FOR YOUR PARTICIPATION 
IN OUR RESEARCH! 
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INSTRUCTIONS FOR SECOND DIET RECALL 
 
• Use the same SmartBytes floppy disk that you used for your first diet 

recall.  You may use any dietary analysis program you use for your 
nutrition class 

 
• List all foods and beverages consumed. 
•  
• List portion sizes. 
•  
• Be detailed when entering information. 

For example – DO SAY:  1 cup Corn Flakes with ½ cup whole  
      milk and banana 

  DO NOT SAY:  cereal  with milk and fruit 
 
• Save your 24-hour recall in the program form.  Do not save it as a Word 

file or copy your list to Word. 
 
• Save your recall as DAY2 plus your initials. 
 
 



 174 

Instructions for Measurement Instruments for SmartBytes Program 
Control Groups 

 
The package of materials for collecting data to be used with the SmartBytes 
Program includes: 
 Pretest (Introductory classes in white- Medical Nutrition Therapy in yellow) 
 Posttest (same color code) 
 Scantron Sheets  
 Floppy disks (IBM compatible) for Introductory classes only. 
 
• Please administer the pretest to your classes during the first weeks of the 

semester – preferably before the nutrients of calcium, folate, iron or vitamin 
A have been covered in class. 

 
• During the same time period, please have the introductory students save1-day 

dietary record to disk the using the program they are using to complete any 
course dietary analysis assignment. In the absence of an assignment, please 
have them the save to disk a 24-hour food record using whatever software is 
available on your campus.  They should save in that program’s format, not as 
a Word document.  If by chance you do not have a dietary analysis software 
program available, please have them type up a 24-hour record and save it on 
the floppy disk in Microsoft Word for the PC.  Word should only be used if 
there is no dietary analysis program available.  Specific instructions for the 
diet recall are at the end of these instructions and will be e-mailed for 
electronic distribution. 

 
PLEASE HAVE THEM WRITE THEIR NAMES ON THE FLOPPY DISK! 

It will be used for a second recall after the posttest. 
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• Please return the pretest scantron sheets in the postage paid envelope after the 
pretests have been administered.  The students will keep the floppy disks to 
use for collection of a 24-hour record in conjunction with the posttest. 

 
• Please allow at least four weeks before administering the posttest. 
 
• At the same time, have the students use their floppy disk to collect a second 

1-day food record. 
 
Please have the students use this code when saving their dietary records:  
  For the pretest --- DAY1 (their 3 initials) 
      For the postest – DAY2 (their 3 initials) 
 
• When you have all of this information, please return it in the postage paid 

envelope mailer.  Please return the floppy disks (with both pre- and posttest 
information) in the other postage paid envelope or box we have supplied, 
separately from the posttests. 

 
 We have covered the cost of a delivery confirmation receipt for the materials  
 when they are mailed.  Please ask the person handling your mail to get it to 
 the post office to activate this confirmation process. 
 
 

THANK YOU SO MUCH FOR YOUR PARTICIPATION 
IN OUR RESEARCH! 
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INSTRUCTIONS FOR SECOND DIET RECALL 
 
• Use the same SmartBytes floppy disk that you used for your first diet 

recall.  You may use any dietary analysis program you use for your 
nutrition class 

 
• List all foods and beverages consumed. 
•  
• List portion sizes. 
•  
• Be detailed when entering information. 

For example – DO SAY:  1 cup Corn Flakes with ½ cup whole  
      milk and banana 

  DO NOT SAY:  cereal  with milk and fruit 
 
• Save your 24-hour recall in the program form.  Do not save it as a Word 

file or copy your list to Word. 
 
• Save your recall as DAY2 plus your initials. 
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INFORMATION FOR USE OF SMARTBYTES PROGRAM 

 
The program is on the CDs you have received.   

 
The program will work best if it is copied from the CD to the computer hard drive.  To do this -- 
go to the CD drive – when you see the program copy it – then move to the desktop (or desired 
folder) and paste.  Please set the monitor to 16 bit High Color or better.  Lower settings will distort 
the images in the program. 
 
We suggest that you have the program put onto multiple computers in your 
computer lab if possible.  In addition, you may allow students to copy the 
program to use on their personal computers if you would like.  The program will 
fit onto CD or 250MB  Zip disks.  You have our permission to burn additional 
copies of the program for your students if your lab has that capability. 
 
The program includes information that will allow the student to learn how to 
move through the program in order to get the most from it.  We hope they will not 
require additional information in order to effectively use the program. 
 
 

THANK YOU SO MUCH FOR YOU PARTICIPATION 
IN OUR RESEARCH! 
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Appendix G 

PROGRAM DEVELOPMENT FEEDBACK FORMS 
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Fall 1997, Multi-media Module Evaluation 
 

1 How often do you use multi-media 
programs? 

daily weekly monthly rarely never 

       
2 How easy was this program to use: 

 
     

   Pretest very easy easy about 
right 

difficult too 
difficult 

   Pyramid sections very easy easy about 
right 

difficult too 
difficult 

   RDA sections  very easy easy about 
right 

difficult too 
difficult 

   Sources sections very easy easy about 
right 

difficult too 
difficult 

   Nutrient density sections very easy easy about 
right 

difficult too 
difficult 

   Comments: 
 

     

       
3 How much time did this program 

take: 
     

   Vitamin A <30 min. <45 min. <60 min. <1 1/2 hrs >2 hrs 
   Folate <30 min. <45 min. <60 min. <1 1/2 hrs >2 hrs 
   Pretest <30 min. <45 min. <60 min. <1 1/2 hrs >2 hrs 
       

4 How helpful to learning were the 
activities: 

     

   click and drag very good good ok poor confusing 
   multiple choice very good good ok poor confusing 
   type in your answer very good good ok poor confusing 
   number ranking very good good ok poor confusing 
       

5 How helpful to learning were the 
sections: 

     

   Pyramid very good good ok poor confusing 
   RDA very good good ok poor confusing 
   Sources very good good ok poor confusing 
   Nutrient Density very good good ok poor confusing 
   Help section (leave blank if 
    didn’t use) 

very good good ok poor confusing 

   Tables section (leave blank if  
     didn't use) 

very good good ok poor confusing 

       
6 How easy was it to move within the 

program? 
very easy easy about 

right 
difficult too 

difficult 
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7 How helpful were: very good good ok poor confusing 
   food pictures very good good ok poor confusing 
   sound effects (more to be added) very good good ok poor confusing 
   Activities very good good ok poor confusing 
   Objectives very good good ok poor confusing 
   end of section questions very good good ok poor confusing 
       

8 Please add any comments to improve the 
program. 
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Preceptor Questionnaire 
 
1. Are you willing to participate in the project? __Yes  No 
 
2, If yes, will you or any of your participating colleagues be able to review the 

folate module in a formative education mode in May and/or early June?  
Target ship date is May 10 with a target return of comments by June 15. 

  Yes    No 
 
3. If so, do you need Mac or PC format in a CD or do you need a Zip disk? 

  Zip  CD  PC  Mac 
 
4. Will you/your school participate in the   Introductory Course? 

        MNT? 

        Both? 

 If possible, we would like 30 to 50 students from each level.  However, we 
will work with whatever numbers you can recruit. 

5. Assuming that you are willing to participate, what text is being used in your 
Introductory Nutrition course?        

6. Is a diet analysis assigned as a part of the introductory course?  If so, what 
software is used for the analyses?        
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Preceptor Feedback 

 
Thank you for taking the time to review this part of our program.  The complete 
program will include similar information on vitamin A, calcium and iron. Your 
feedback will allow us to know if the program is comfortable to use and if we are 
focusing on the right type of information.  As you answer these questions, please 
feel free to give us your feedback – both positive and negative – as well as other 
thoughts you think will be helpful as we complete this “work in progress”. 
 
Navigating the program 
Were you able to move through the program without trouble? 

 Yes     No -   Please identify what caused you the most trouble. 
 
 

Were the following helpful?  Note:  The "You Are Here" map is intended to 
reflect where the user is in the program, and which sections were completed when 
all sections of the program are completed. 
 Folate Menu    Yes  No 
 Top pulldown menu bar  Yes  No 
 Calculator    Yes  No 
 Nurtient Tables   Yes  No 
 Servings    Yes  No 
 Definitions    Yes  No 
    Comments: 
 
 
How much time did it take you to complete the sections? 
 
_______________Pretest   Comments: 
 
_______________DRI 
 
_______________Pyramid 
 
_______________Sources 
 
_______________Nutrient Density 
 
_______________Applications 
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Was the amount of time to complete the program appropriate for students?  
 Note:  The completed program will have the pretest, posttest and nutrient 
modules (folate, vitamin A, calcium and iron).   
   Yes   No - please comment: 
 
 
(Optional) Do you consider yourself: 
_____A computer novice (some experience with spreadsheets/word processing).  
_____Somewhat experienced (at ease with spreadsheets/word processing, or other  
 programs or limited multimedia experience) 
_____Experienced (easily use multimedia programs) 
 
Content 
How was the scope of information?   Please supply specific details that would be 
helpful. 
 
DRI/RDA   Too Broad About Right Too Limited 

Servings to meet 100 mcg Too Broad About Right Too Limited  
 Figure 100 mcg servings Too Broad About Right Too Limited 
 
 
Pyramid   Too Broad About Right Too Limited  
 
 
Sources   Too Broad About Right Too Limited 
 
 
Nutrient Density   Too Broad About Right Too Limited  

Processing    Too Broad About Right Too Limited  
Fortification   Too Broad About Right Too Limited  
INQ   Too Broad About Right Too Limited 
mcg/kcal   Too Broad About Right Too Limited  
mcg/100 g   Too Broad About Right Too Limited  
Math Help   Too Broad About Right Too Limited 

 
 
Applications   Too Broad About Right Too Limited 
 Mixed Dishes   Too Broad About Right Too Limited 
 Which meal has the most folate 

 Too Broad About Right Too Limited  
 Eating Out Too Broad About Right Too Limited 
 Diet History Too Broad About Right Too Limited 
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Please rank the importance of each of the sections.  1 is most important, 5 the 
least. 
 
____ DRI   Comments: 
 
____Pyramid 
 
____Sources 
 
____Nutrient Density   
 
____Applications 
 
 
What sections you would eliminate?  Why (if not explained above)? 
 
 
What additional information would you include? 
 
 
Did you find any inaccurate information in the program? 
  No  Yes - please give details: 
 
 
Were explanations concise yet understandable? 
  Yes  No - please explain:  
 
 
What was your favorite activity? 
 
 
What activity did you like the least? 
 
 
Was the variety of activities to be sufficient?  
  Yes  No - please give suggestions: 
 
 
Were the examples used helpful and appropriate? 
  Yes  No - please explain: 
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What did you find unhelpful or confusing in the program? 
 
 
Do you think the students will get value for the time spent on the program? 
  Yes  No - please explain: 
 
 
Please list any other suggestions you have for improving the program. 
 
 
Finally, we would like to take advantage your knowledge if we can!  During the 
writing of our program we discovered some nutrient composition information that 
we are at a loss to explain.  Does anyone out there know 1) why canned pumpkin 
is so much higher in vit A than raw pumpkin (condensation doesn’t seem to 
explain it)  2) Why French fries have so much more folate than a raw potato?  
3) Why potato chips have so much more folate than a potato? 4) Why clams have 
such a high iron content? 
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Appendix H 

RESULTS BY LOCATION 
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Table 34  Mean cognitive total pretest and posttests scores of students 

enrolled in introductory nutrition classes by location 
Location/Group       n Pretesta Posttest pb 
             Mean ± standard deviation 
AR TCc 54 6.0±1.7   6.2±2.4 NSd 
DE TC 52 6.8±2.6   7.1±2.5 NS 
FL TC 18 5.9±2.1   7.0±2.0 NS 
TX TC 86 6.7±2.3   9.4±2.7 <.001 
      
AR IMM 48 6.3±2.2   6.8±2.2 NS 
CA IMM 14 8.1±2.5   9.8±3.2 < .05 
DE IMM 22 7.5±2.9 10.6±3.5 < .01 
FL IMM 24 5.5±2.0   8.1±3.8 < .01 
IN IMM 35 8.3±2.7 13.2±3.7 <.001 
OK IMM 28 5.8±1.8 8.8±3.0 <.001 
TX IMM 37 7.7±2.3 9.7±2.6 <.001 
      
Totals TC 210 6.5±2.2   7.8±2.8 <.001 
 IMM 208 7.0±2.6   9.4±3.7 <.001 

a 21-item cognitive test 
b Paired t-test 
c Traditional curriculum (TC), IMM enhanced curriculum (IMM) 
d NS = Not significant 
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Table 35  Mean cognitive total scores and change in cognitive scores 

for students enrolled in advanced nutrition classes by 
location 

Location   Group      n Pretesta Posttest pb 
     Mean ± standard deviation 
IA TCc 17 13.5±4.2 14.6±4.0 NSd 
IN TC 24 13.2±3.4 13.9±3.8 NS 
TX TC 19 11.5±4.5 13.1±3.1 NS 
      
DE IMM 24 12.1±2.2 14.8±3.2 <.001 
FL IMM 20 13.5±2.1 15.2±3.2 < .05 
IA IMM 25 13.4±3.0 18.7±3.3 <.001 
IN IMM 18 13.9±3.5 15.7±4.1 < .05 
OK IMM 24 11.5±3.4 18.8±4.5 <.001 
TX IMM 11 11.7±3.5 19.8±4.1 <.001 
      
Totals TC 60 12.7±4.0 13.8±3.6 < .01 
 IMM 122 12.7±3.0 17.1±4.1 <.001 

a 33 items:  14 knowledge, 9 application, and 10 analysis  
b Paired t-test 
c Traditional curriculum (TC); IMM enhanced curriculum (IMM)  

d NS = Not significant 
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Table 36  Total attitude scores of students enrolled in introductory and 

advanced nutrition classes by location 
Location    Group      n Pretesta Posttest pb 
Introductory         Mean ± standard deviation 
AR TCc 54 53.6±4.5 54.1±5.5 NSd 
DE TC 52 53.9±4.5 53.9±4.1 NS 
FL TC 18 52.2±3.5 53.2±3.1 NS 
TX TC 86 52.7±4.5 56.1±4.7 < .001 
      
AR IMM 48 53.3±3.8 55.2±5.0 < .01 
CA IMM 14 54.4±4.1 57.1±4.4 NS 
DE IMM 22 52.6±3.6 55.2±3.0 < .01 
FL IMM 24 52.9±3.9 56.0±3.6 < .01 
IN IMM 35 56.0±3.3 57.5±4.4 < .08 
OK IMM 28 52.5±7.2 56.5±4.1 < .01 
TX IMM 37 55.2±4.3 56.6±4.9 < .08 
      
Total TC 210 53.2±4.5 54.8±4.7 < .001 
Total IMM 208 53.8±4.6 56.2±4.4 < .001 
      
Advanced      
IA TC 17 57.7±5.4 58.1±6.3 NS 
IN TC 24 57.5±3.3 56.5±3.5 NS 
TX TC 19 54.1±4.2 56.8±5.0 <.05 
      
DE IMM 24 57.8±5.4 58.1±4.5 NS 
FL  IMM 20 53.8±5.1 56.4±5.0 < .01 
IA IMM 25 57.9±3.2 58.7±2.8 NS 
IN IMM 18 56.5±5.0 58.1±4.7 NS 
OK IMM 24 55.8±3.3 56.7±3.2 NS 
TX IMM 11 55.3±5.4 60.1±4.7 < .08 
      
Total TC 60 56.5±4.5 57.1±4.9 NS 
Total IMM 122 56.8±4.2 57.8±4.2 < .01 

a 15 attitude questions 
b Paired t-test 
c Traditional curriculum (TC); IMM enhanced curriculum (IMM)  

d NS = Not significant 
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Table 37  Mean total self-efficacy scores of students enrolled in 

introductory and advanced nutrition classes by location 
Location      Group    n Pretesta Posttest pb 
Introductory         Mean ± standard deviation 
AR TCc 54 22.9±4.9 26.7±4.8 <.001 
DE TC 52 24.7±5.0 25.9±4.1 < .05 
FL TC 18 24.3±6.2 27.7±4.6 < .05 
TX TC 86 22.3±5.9 29.1±4.6 <.001 
      
AR IMM 48 22.1±5.1 29.2±4.6 <.001 
CA IMM 14 24.5±6.2 31.1±3.0 < .01 
DE IMM 22 22.8±5.3 32.4±4.9 <.001 
FL IMM 24 22.6±4.3 31.1±3.3 <.001 
IN IMM 35 25.3±4.5 35.3±4.4 <.001 
OK IMM 28 20.5±6.0 30.8±4.4 <.001 
TX IMM 37 23.7±4.9 31.2±4.8 <.001 
      
Total TC 210 23.2±5.5 27.6±4.7 <.001 
Total IMM 208 23.0±5.3 31.5±4.7 <.001 
      
Advanced      
IA TC 17 44.4±7.4 42.6±6.2 NSd 
IN TC 24 44.8±5.8 42.8±5.3 NS 
TX TC 19 40.1±8.8 44.7±7.3 < .05 
      
DE IMM 24 47.0±6.9 47.4±6.6 NS 
FL IMM 20 47.2±6.9 49.2±6.2 NS 
IA IMM 25 45.5±4.2 46.0±5.7 NS 
IN IMM 18 44.6±7.0 47.6±5.4 < .05 
OK IMM 24 42.4±7.0 48.2±4.5 <.001 
TX IMM 11 39.3±4.7 50.8±6.8 <.001 
      
Total TC 60 43.2±7.5 43.4±6.2 NS 
Total IMM 122 44.8±6.7 47.9±5.9 <.001 

a 8 introductory self-efficacy items with a maximum score of 40;  
  12 advanced self-efficacy items with a maximum score of 60 
b Paired t-test 
c Traditional curriculum (TC); IMM enhanced curriculum (IMM) 
d NS = Not significant 
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Glossary 

 
The following abbreviations were used in the text of this document. 
 
CAI Computer-assisted Instruction 
 
CBI   Computer-based Instruction 
 
CSFII/DHKS Continuing Survey of Food Intakes by Individuals and Diet 
 and Health Knowledge Survey  
 
IMM Interactive Multimedia 
 
NHANESIII National Health and Nutrition Examination Survey 
 
RDA Recommended Dietary Allowances  
 
TC Traditional curriculum 
 
USDA United States Department of Agriculture 
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