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ABSTRACT

Objective: This research was conducted to me.isure the efFec-
tiveiiess of interactive multimedia (IMM) with li)w-inconie His-
panic persons.

Design: The effectiveness of the program was examined using
a quasi-experimental pretest/post-test comrol group design.

Setting: Subjects were recruited from nutrition, health, and
English as a Second Language (ESL) programs in Colorado.

Participants: Thirty-six intervention and 34 control partici-
pants formed a convenience sample of low-income and pre-
dominantly Hispanic persons.

Intervention: Intervention participants received a 15-minute
module abont breakfast. Control participants received a non-
nutrition-related IMM module.

Main Outcome Measures: I'rimary variables included knowl-
edge, attitude, and stage of change scores.

Analysis: ('aired and independent sample I tests, chi-square
analysis, and repeated-measures analysis of covariance
(ANCOVA) were used.

Results: Intervention participants significantly increased
knowledge, attitude, and total scores (P < .001) between pretest
and post-tc-st and had significantly greater increases than the
control group {P < .001).
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Conclusions: The results support using IMM to disseminate
nutrition education to the target population and the feasibility
of using computer-based cpiestionnaires to evaluate the effec-
tiveness of IMM nutrition education programs.

Implications: This research provides the basis for the contin-
ued development of computer-based assessment tools,
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INTRODUCTION

Interactive Multimedia The use of computers to deliver
education has grown substantially over the last 2 decades.'•-
Data from the US C ênsus Bureau revealed that as of August
2000, 41.5% of American homes have personal computers.
As computer use across the country continues to increase, it
is important to determine their effects on knowledge, atti-
tude, and behavior. The field of nutrition education has
begun to use computers over the last 5 years, especially inter-
active multimedia (IMM).^" Interactive multimedia uses
audio, text, video, and/or graphics to facilitate 2-\vay com-
munication between a user and a computer. In addition, using
audio, video, and graphics decreases the literacy requirement
of the user compared t(5 text-based computer programs. La
Cocina Sahtdcibk, an IMM program consisting of 6 modiiles
teaching basic nutrition topics aimed at iow-income and His-
panic mothers, is an example of an IMM program tbat uses
extensive audio and graphics, thereby minimizing tbe liter-
acy requirement of tbe user.̂

Initial studies have shown tbat IMM is an effective means
for delivering nutrition education.''""* However, the out-
comes reported from these studies are primarily qualitative.
For example, Maine's Original Multimedia System (MOMS)
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is a nutrition education program targeted ;it low-income
women. Within this program, 93% of participants reported
positive feelings toward using IMM to learn inforniation.The
results also showed improvement in 67% of the survey ques-
tions from pretest to post-test. However, further conclusions
concerning the effectiveness of the program in increasing
knowledge and changing attitude and hehavior are difficult
to ascertain.

Most IMM programs have been developed tor ciiil-
dren.''""'"'"'^ Only a few programs target adults; even fewer
target Hispanic adults.The La Cocina Sahiitahle IMM project
has heen well received hy low-income and Hispanic persons
in Colorado.^ The program is hased on a 6-unit curriculum
initially designed to he delivered by ahuelas (Hispanic grand-
mothers). Research showed that the original curriculum
was effective in increasing knowledge, skills, and intended
behavior in the participants.-- Because recruitment and
retention of participants and abuclas were difficult, IMM was
pursued as an .ilternate method for delivering the content
included in the La Codiui SaUidabh' program. Research
revealed that tlie first 2 IMM modules were effective in
increasing knowledge and attitude and intended hehavior
scores frt)in pretest to post-test.^ Iu both the ahuela and IMM
La Codiui Sdhidahic programs, researchers have consistently
noted that paper and pencil evaluations have been a challenge
with low-nicome Hispanic populations.**-^ Computers have
been suggested as a possible means for overcoming the liter-
acy harriers since all questions and responses can be presented
by audio to the participant, and graphics, especially pho-
tographs, can be used to enhance understanding.--'

"Make a CIreat Start" is the final module of the La Codtia
Saiudable IMM program. It teaches hreakfast concepts and
integrates concepts from the other 5 modules in the program,
including the Food Guide Pyramid, modifying recipes, food
safety, child nutrition, and budgeting and shopping skills.The
"Make a Great Start"' IMM nutrition education module dif-
fers from other IMM programs in 3 primary ways; its con-
tent, the use of reliable and valid computer-based evaluation
tools, and the use of a control group in the research design.

First, the progratii covers the importance of hreakfast and
how to plan a healthful breakfast.The addition of a breakfast
component has enabled the program to he used in the US
Department of Agriculture's Expanded Food and Nutrition
Education Program (EFNEP) and the Food Stamp Nutrition
Education Program (FSNEP).

Second,"Make a Great Start" was evaluated using reliable
and valid computer-based questionnaires to assess changes in
knowledge, attitude, and stage of change. Previous studies
examinmg the effectiveness of IMM have used paper and
pencil—hased evaluation instruments or a combination of
computer and paper and pencil-hased instruments.**-'--'̂ --'
The lack of a consistent evaluation instrument was noted as
a limitation in one study.'-

Finaliy, the "Make a Great Start" module was evaluated
using a control group. Again, the use of a control group has

been limited in the evaluation of IMM nutrition education
programs. The use of a control group in this study allowed
the researchers to more effectively determine the benefits of
the module on participants'knowledge, attitude, and stage of
change while controlling for secular changes.

Theoretical Framework Educational theory was incor-
porated into a!! stages of the IMM program development to
promote optimal behavior change. The Stages of Cliange
model was first described by Prochaska and DiCUemente to
explain behavior change in smokers.''^The Stages of Ghange
theory postulates that self-changing individuals move
through a series of 5 stages to change a beliavior: precon-
templation, contemplation, preparation, action, and mainte-
nance.The second main dimension of the Stages of Change
model IS the 10 processes of change. These processes help
explain how people shift from one stage to another as well
as provide avenues to help individuals move toward a higher
stage. Over the last decade, the model has been applied
extensively to nutrition education.-*'"'' However, its applica-
tion has been limited in computer-based nutrition education
programs, especially IMM computer programs.

Objectives There were three primary objectives.The first
objective was to develop the IMM module "Make a Great
Start" based on the La Codna SaludaHe curriculum and
Prochaska and Di CMemente's Stages of Change theoretical
model for use with low-income Hispanic clients.The second
ohjective was to develop computer-based assessment tools
and test the tools for reliability and vahdityThe final objec-
tive was to evaluate the "Make a Great Start" module using
the computer-based assessment toots to determine its effec-
tiveness in increasing knowledge, attitude, atid stage of change
scores among the target population.The null hypotheses were
that there would be no difference from pre- to post-test in
percent means and that there would be no difference in mean
scores (post-test % to pretest %) hetween the intervention
group and the control group.

METHODS

Module Development The "Make a Great Start" unit
was adapted to IMM format through a multistep process that
included the development of scripts, storyboards, graphics,
translations, and audio. All key concepts from the original
unit were included in the IMM module. Graphics were
added to convey key messages and reduce the length of the
unit.

Several processes of change from Prochaska's Stages of
Ghange model were incorporated throughout the program.
For example, questions were asked in each module to raise
consciousness ahout dietary hehavior, especially for partici-
pants in the precontemplative and contemplative stages.The
unit also emphasized the benefits and barriers of eating break-
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fast to address decisional balance. Emotional arousal/dramatic
relief was addressed by emphasizing the import:ance of nutri-
tion for family members, especially for children. Finally, self-
efficacy was incorporated by ineludmg activities to practice
skills such as reading food labels and choosing foods from ciif-
ferent sections of the Eood Guide Pyramid.

A second IMM program (budgeting module) was devel-
oped for the control group that covered general budgeting
topics, such as setting goals, figuring income and expenses,
and suggestions for reducing expenses. The program con-
tained the same components as the "Make a Great Start"
module, including graphics, audio, and buttons to move
between the sections of the program. Furthermore, the pro-
gram was approximately 15 minutes long, the same length as
the "Make a Great Start" module. The purpose of the bud-
geting program was to present information not related to
nutrition, using a format similar to the one used in the "Make
a Great Start" module.This was done to tiiinimize the effects
of differences in computer skills between the intervention
and control groups. There was no overlap in the content of
the 2 niodules.

Questionnaire Development A computer-based ques-
tionnaire was developed to assess the participant's knowledge,
attitude, and stage of change (dependent variables) relating to
hreakfast. An example is displayed in the Figure. Each ques-
tion and all responses were presented on the computer using
text, graphics, and audio. No reading skills were required to
answer the questions. Participants indicated their response by
touching the appropriate answer on the computer screen.
Questions addressing key concepts were included in the
IMM module. The original questionnaire included 7 knowl-
edge, 3 attitude, and 4 behavior questions, as well as 1 ques-
tion concerning barriers to eating hreakfast and 1 multipart
question to assess the participant's stage of change. Stage of

Figure. Sample screen from the computer-based assessment lool
of tfie "Make A Great Start" module of La Cocina Saiudable inter-
active multimedia nufrifion education program.

change was assessed using the general question, "I.)o you eat
breakfast?" Based on the participant's response, further ques-
tions were asked to determine the duration of the behavior
or intention to eat breakfast.

The evaluation questions were tested for both reliability
and validity. Reliability was assessed using the test-retest
method (n = 18). Participants were recruited at English as a
Second Language (ESL) and parenting classes at a family
learning center. Participants were given the questionnaire
once (test) and again 7 to 1 (I days later (retest). Gontent valid-
ity was measured by presenting the instrument to an IMM
development team and to the professionals and paraprofes-
sionals who used the original La Codna Saiudable curriculum.
Griterion validity of the knowledge questions was estahlished
by administering the evaluation questions to students taking
upper-level classes in the Department of Food Science and
Human Ntitrition at Colorado State University and members
of the target audience. Upper level was defined as a senior or
graduate course, indicating a broad hase of nutritional knowl-
edge. Gomparison data from the target audience came from
the test portion of the previously described reliahility assess-
ment.The two groups were used to determine if the question
could distinguish between someone who was knowledgeable
about nutrition and someone who was not knowledgeable. All
evaluation protocols were approved by the Human Research
Gomniittee at the sponsoring institution.

Module Evaluation Evaluation of the "Make a Great
Start" module consisted of hoth formative and summative
processes. Eormative evaluation took place throughout the
development phase. Members of the development team con-
sistently provided feedback relating to the content, graphics,
and presentation of the material. A worksheet listing each
screen of the "Make a Great Start" program was used to orga-
nize all feedback. Once an initial version of the program was
completed, two groups evaluated the module: upper-level
nutrition students and the professionals and paraprofession-
als who are famiUar with the La Codna Saiudable program and
research project. Both groups were asked to complete a 2-
page formative evaluation survey. The first page of the sur-
vey included 5-point Likert scale questions regarding flow,
program speed, usefulness and value of the activities, ease of
navigation, and quality, understandahility, and effectiveness of
the graphics and messages. The second page of the survey
included open-ended questions ahont what the user liked
and disliked, what the user rememhered most, suggestions for
improvement, and comments.

The efficacy of the program (summative evaluation) was
evaluated using a quasi-experimental pretest, post-test control
group design.The program was tested with the target popu-
lation at 5 sites throughout the state of Colorado, ranging
from 5 to 15 participants per site. Evaluation sites included
county health departments. Special Supplemental Nutrition
Program for Women, Infants and Children (WIG) clinics, and
ESL classes. Sites were selected hased on the number of low-
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income and Spanish-speaking clients to assess both tlie Eng-
lish and Spanish versions. Only sites with a predominantly
Hispanic lovv-iiicoine population were selected. Each site was
determined to bt- .m intervention or .i control site, equally dis-
tributed between northern and southern C^olorado. Partici-
pants were recruited by personal contact at the individual
sites. Akhotig;h the program was targeted :it low-income and
Hispanic mothers, any person over the age of 18 who had
children was asked to participate. Over 80% of persons
approached about the program agreed to participate in the
research study.Thc research design was identical between the
experimental and control groups, except for the IMM instruc-
tional module received. Each group received the computer-
based demogn-iphics questionnaire, followed by the "Make a
CIrcat Start" compiitcr-hased .issessinent (pretest), followed by
a 15-minute instructions! module, followed immediately by
the "Make a (Jreat Start" comptiter-ba.sed assessment (post-
test). For the instructional module, the experimental group
received the "Make a Great Start" module, and the eontrol
group received the bucigetiiig module.This was the only dif-
ft-rence in the experimental design betwx'en the two groups.

On-line tracking data were collected as each participant
moved through the program. The computer recorded every
program hutton that .i participant touched; thus, it was possi-
ble to obtain extensive data. Average time to complete (for each
questionnaire and the module), numher of on-screen huttons
touched, and depth of exploration at specific points through-
out the unit were analyzed. On-line tracking data were used to
determine which parts of the program were most accessed and
the expected time to complete the module and evaluations.

Statistical Analysis A combination of Microsoft Access,
Microsoft Excel (Microsoft C:orp, Seattle,Wash), and SPSS for
Windows (SPSS Inc, Englewood Cliffs, NJ) was used to ana-
lyze the data. Microsoft Access was used to create the data-
hase and calculate on-line tracking data. Microsoft Excel was
used to enter the data into a spreadsheet. The data were
miported into SPSS and were analyzed using paired t tests,
independent sample t tests, chi-square tests, McNemar chi-
square tests, and repeated-measures analysis of covariance
(ANCOVA),-^2The level of significance for al! tests was set at
.05, A stepwise regression analysis was performed to deter-
mine the significance of demographic characteristics and
control versus intervention (independent variables) on post-
test results. None of the demographic characteristics (includ-
ing language, education, income, use of food assistance pro-
grams, and whether the participant had children 5 years of
age or younger) were found to he significant ctwariates;
therefore, the only covariate retained was the pretest score.

RESULTS

Reliability and Validity of the Evaluation Question-
naire Eighteen participants completed both the test and

retest components of the computer-based evaluation ques-
tionnaire to test its reliability. A total test score and a total
retest score were calculated for each participant. A paired /
test between the test anti retest scores resulted in a correla-
tion coefficient of .932 (P < .001).The mean total test score
was 16.52 (S!) = 6.9) and the mean total retest score was
16,1 1 (SI) = 7.2) of a possible 34 points. Furthermore, per-
centage agreement was calculated for each evaluation ques-
tu)n, Oniy questions with a percentage agreement ahove 80%
(13 ot 15 questions) were kept in the final questionnaire.

To estabhsh the criterion validity of the knowledge ques-
tions. 29 members of the target population and 25 upper-level
nutrition students completed the evakiation questionnaire on
the comptiter. Mean scores were calculated for each question
tor each group, and the group means were compared using
independent sample t tests for each question.There were sig-
nificant differences between the 2 groups {P < .05) for all
questions except one, indicating that the questions couid dis-
tinguish between someone who was knowlecigeable ahout
nutrition and someone who was not knowledgeable.

Formative Evaluation Twenty upper-level nutrition stu-
dents and 5 professionals or paraprofessionals who use the La
C:odiia Saiudable program completed the 2-page formative
evaiuation survey. Overall, responses were very positive, aver-
aging 4.3 on a 5-point Likert scale for :iil ohjective questions.
Adjustments were made based on the results, including
improving several graphics to clarify concepts, increasing the
speed .slightly, adding audio prompts to hnprove the flow of
the program, and activating several navigation buttons to give
the participant more choice as he or she moved through the
program.

Summative Evaluation: Demographic Characteristics
Thirty-six participants were included in the intervention
group and 34 m the control group.The program was specif-
ically targeted at Hispanic and/or low-mcome mothers of
preschool children receiving food assistance, Overaii, the
target population was reached. Both groups were primarily
Hispanic and low income (less than US $15000 per year).
They reported .i high sehool education or less and had tised
nutrition assistance programs m the past. Additionally, only
halt ot the total participants reported eating breakfast "on
most days." C:hi-square tests indicated that there were no sig-
niticant ditFerences in demographic characteristics between
the "Make a Great Start" and control groups (Table 1).

"Make a Great Start" Module Impact The mean total
pretest score was 51.1 tor the intervention group and 51.5 for
the control group. The intervention group significantly
improved total score at post-test, with a mean of 83,3 (P =
.000).The mean post-test score for the control group was 47,4
and was not signiticantly ditferent from the pretest score (P =
.07). In the intervention group ("Make a Great Start"),94,4%
ot participants improved their combined knowledge and atti-



2,56 jantz et al/COMPUTEIVBASEt:) ASSESSMENT OH tNTERACT'lVE MULTIMEDIA FOR LOW-INCOME HISI'ANIC LEAti^NERS

Table 1. Comparison ot Intervention and Control Groups on Selected Demographic Characteristics (%)

Gender

Male

Female

Location of birth

United States

Other country

Children < 5 years old

Pregnant

Spanish speaking

Education

Less than 9th grade

9th-12th grade

Diploma or GED

Some college credit

Bachelor's degree

Other

Yearly household income

< $10 000

$10000-$15000

$15 001-$20 000

$20 001-$30 000

> $30 000

Unemployed

No, ot persons income supports

1-3

4-6

> 6

No. ot persons income teeds

1-3

4-6

> 6

Use ot assistance programs'

WIC

Head Start

Food Stamps

School Breaktast/Lunch

EFNEP/FSNEP

CSFP

SHARE Colorado

Migrant Health Services

Total (use 1 or more)

Intervention (n = 36}

0 (0.0)

36 (100.0)

28 (77.8)

8 (22.2)

25 (69.4)

4 (11.1)

15 (41.7)

5 (13.9)

11 (30.6)

8 (22.2)

8 (22.2)

3 (8.3)

1 (2.8)

14 (38.9)

6 (16.7)

5 (13.9)

8 (22,2)

3 (8.3)

8 (22,2)

12 (33.3)

22 (61,1)

2 (5.6)

12 (33.3)

21 (58.3)

3 (8.3)

21 (58.3)

12 (33.3)

13 (36.1)

13 (36,1)

0 (0.0)

10 (27.8)

6 (16.7)

0 (0.0)

31 (86,1)

Control (n = 34)

3 (8.8)

31 (91.2)

30 (88.2)

4 (11,8)

20 (58.8)

9 (26,5)

13 (38.2)

4 (11.8)

16 (47.1)

7 (20,6)

4(11.8)

1 (2.9)

2 (5.9)

16 (47.1)

8 (23,5)

7 (20.6)

3 (8.8)

0 (0.0)

6 (17.6)

19 (55.9)

15 (44.1)

0 (0.0)

13 (38,2)

16 (47.1)

5(14.7)

22 (64.7)

9 (26.5)

18 (52.9)

13(38.2)

0 (0.0)

4 (11,8)

4 (11.8)

1 (2.9)

32 (94.1)

Differences (P Value)

.068

,246

,354

.064

,520

.591

.201

,839

.088

,560

.584

.531

.157

,854

.094

.558

.300

.264

*WIC indicates Special Supplemental Nutrition Program tor Women, Intants and Children; EFNEp Expanded Food and Nutrition Education Pro-

gram; FSNEP, Food Stamp Nutrition Education Program; CSEP, Commodity Supplemental Food Program.

tude score from pretest to post-test. In the control group, only between the intervention and control groups. Table 2 shows
14.7% of participants improved their score from pretest to the percent knowledge, attitude, and total scores at pretest and
post-test. Approximately 32% of control participants decreased post-test for the intervention and control groups,
theirscorefrompretest to post-test. No significant differences Overall, significant differences in outcome measures
in knowledge, attitude, or total pretest î cores were seen (P < .001) were attributed only to the participant's group
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Table 2. Comparison ot Pre and Post Mean Knowledge, Attitude, and Total Scores Within the "Make A Great Start" Participants and the Control

Group" Using ANCOVA, % t SEM

Knowledge scores

Control group

Intervention group

Attitude scores

Control group

Intervention group

Total scores

Control group

Intervention group

Pretest Scores

36.275 ±4.191

30.556 ± 3.287

74.265 ±4.154

81.944 ±4.297

51.471 ±2.868

51.111 ±2.445

Post-test Scores

30.882 ± 3.384

79.630 ± 3.878

72.059 ± 4.449

88.889 ±3.914

47.353 ± 2.681

83.333 ± 2.391

P Value

.133

.000

.083

.006

.070

.000

"Control group (n = 34); intervention group (n - 36)

(intervention versus control). Broken down hy category. Sig-
nificant differences were .seen in mean knowledge, mean atti-
tude, and mean total scores between groups. Power calcula-
tions were used to deterniine whether enough statistical
power was available to detect real differences between the
"Make a Great Start" and control groups in adjusted post-test
knowledge (100% power), attitude (95.9% power), and total
scores (100% power).

The most significant changes in the intervention group
from pretest to post-test were seen in knowledge scores.
Knowledge scores vi/cre reported as the percent correct
responses. The mean knowledge scores increased from 30%>
correct at pretest to H0% correct at post-test in the inter-
vention group. Because tbe increase was so high, the knowl-
edge score was reanalyzed by individual question tising
McNemar's chi-square tests. When analyzed by question,
each question significantly improved trom pretest to post-test
oniy in the intervention group.

There wjis not a significantly greater increase in the par-
ticipant's stage of change (as measured by the previotisly
described multipart question) in the intervention group
when compared with the control group. However, a trend
toward greater increases in stage of change was seen in the
intervention grotip when controlled tor demographic char-
acteristics and pretest score {P = .055). In the "M^ke a Cireat
Start" group, 22.2% of participants increased their stage of
change from pretest to post-test. Only 2.9% ofeontroi par-
ticipants increased their stage of change.

On-line tracking ttata were analyzed to determine the aver-
age time for each component and interactivity as measured hy
the average number of program buttons or objects touched.The
average time taken to complete the "Make a (ireat Start"' mod-
ule was approximately 15 minutes. The average time to com-
plete each of the demographic and "Make a Great Start" com-
puter-based questionnaires was approximately 2.5 minutes.The
average number of buttons or objects touched in the "Make a
Great Start" module was 49, indicating extensive interaction.

DISCUSSION

On-line Evaluation Tools On-line data analysis showed
thiit the average completion time for the "Make a Cireat Start"
module was approximately 15 minutes. Furthermore, both the
demographics questionnaire and evaluation questionnaire took
approximately 2.5 to 3 niiiuites.The completion time tor IMM
delivery is shorter than the time for delivery by an educator.
This may be especially applicahle to overcoming the barriers
to nutrition education among iow-income and Hispanic per-
sons, barriers that have heen noted include conflicts with work
or school, lack of transp{)rtation, and child care. Interactive
nitiitiniedia not only decreases time htit also may by used
within a food assistance clinic in the presence of cliildren. thus
eliminating additional transportation and child care needs.

C^onipleting the demographics and evaluation question-
naires on the computer saves time and may eiiminato some
of the anxiety associated with a paper and pencil evaluation
tool. A general discontent with evaluation instruments has
heen reported by many researchers.̂ '•"''"•̂ ^ C'oinpletiug the
evaluation on the computer may be less intimidating, espe-
cially tor low-literate audiences. This was especially true in
this study because audio files were used to relate all questions
and possihie responses to the participant. No reading skills
were required to answer the questions. Ftirthermore. a brief
demonstration was given and a practice question was
included in the demographics questionnaire to decrease anx-
iety.A few participants commented on how much they liked
the computer-based assessment.They felt that it was quicker
and more private than compieting an assessment on paper.
The challenges ot computer-based evaluation include the
initial time and cost-intensive nature of assessing validity and
reliability. Specifically, linnted computer access for testing and
recruiting participants for the test and retest portions made
assessing reliahility and validity ditTicuit. However, the ben-
efits of computer-based assessments appeared to overcome
the drawbacks. These results are of interest since few nutri-
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tion cducatiof] interventions have used the computer for
demographic and evakiaCion questionnaires.

Effect of "Make a Great Start" Module on Knowledge
and Attitude Scores It was noted that only half of the total
participants ate breaktast "on most days." This confirms the
need for nutrition education abcuit breakfast in tbis popula-
tion. Overall, the "Make a Great Start" tnodule was effective
in increasing knowledge and attitude scores about breakfast
among program participants. Over 94% of participants
improved their total knowledge and attitude score from pretest
to post-test. Given tbe magnitude of the ditferenees, it is
unHkely that the 3 men in tbe control group intiuenccd the
results. On average, tbe participants increased their knowledge
scores from 30% at pretest to H()% at post-test.Tbis finding was
similar to tbat reported by Taylor and colleagues when mea-
suring knowledge change among piuticipants who were taught
the La Codna Saludahle curru:ulum by an abuda trained as a
nutrition educator.--These results indicate tbat IMM format
is a comparable alternative to nutrition education taught by an
abuela. The magiutude ot knowledge increases was higher
than reported by Gould and Anderson.^ Tbis study examined
the effectiveness of adapting tbe first 2 modules ot the La
Codna Saiudable curriculum to an IMM format.There are sev-
eral possible explanations for the greater knowledge increases
seen in participants exposed to IMM versus the classroom ver-
sion, including the incorporation of interactive activities and
the addition of a review section to reinforce key concepts.

Other researcb projects using IMM have shown similar
positive increases in knowledge and/or attitude scores fol-
lowing an intervention. Campbell and colleagues reported
significant increases in knowledge of low-fat foods and self-
efficacy among participants completing the Stamp Smart
program, a nutrition education program targeted at low-
income, high-risk audiences.'- Furthermore, Carroll and
colleagues reported improvement in 67% of responses from
pretest to post-test among participants using an IMM nutri-
tion education program.'•'The results from these studies, in
conjunction with those from the current study, suggest that
IMM is an effective tool for increasing nutrition-related
knowledge among low-income persons.

Stage of Change Theory-driven nutrition education has
been shown to improve behavior.- '̂' Specifically, Proehaska
and colleagues' Stages of Change model has been successfully
applied to nutrition interventions to change dietary behav-
JQj. 26-31 jj^ (-|̂ ĵ study, significantly greater increases in stage of
change were not seen among program participants when
compared to controls. This is not surprising, however, when
considering the intensity and duration of the program.
According to Prochaska and colleagues, movetnent through
the stages is a function of time.-"'" For many addictive behav-
iors, cbange may take from months to years. Brug and col-
leagues reported similar insignificant changes in behavior fol-
lowing computer-tailored intervention.'-''

Although tbe instrument used to determine the partici-
pant's stage of change was tested for reliability and validity, it
may not bave measured the participant's stage of change accu-
rately. It! tbe summative evaluation, the results indicated tbat
4 of 36 participants in the intervention group moved from die
precontemplative stage at pretest to the action stage at post-
test. This is very unlikely, considering tbe duration and con-
tent of the program. The inherent nature of self-report or tbe
tendency to report desired behavior change instead of actual
behavior changes may have caused these discrepancies.This is
often referred to as tbe "yeab-saying'" phenomenon. More
extensive questions are likely needed to determine a partici-
pant's stage of cbange and movement in stage from pretest to
post-test.This sttidy showed that assessing stage of change may
be feasible using IMM; however, a participant's stage of change
must be measured over a longer period

Limitations Tbere were 4 limitations of this study that
should be noted. First, the participants were not randomly
assigned to experimental or control groups. The study used
a convenience sample from the preselected sites. Participants
could refuse partieipation; therefore, equal numbers were not
obtained at eacb site. Potential differences between demo-
graphic characteristics and evaluation site were tested and
found to be insignificant. Second, all information received
from participants was self-reported. Although the instruments
used were reliable and valid, there was no way to confirm the
accuracy of the participants' responses. Language of choice,
rather than ethnicity, was the criterion used to assess the
effectiveness of both the English and Spanish versions. This
variable was chosen to ensure an adequate number of par-
ticipants to evaluate the Spanish version of the program. Litn-
ited representativeness was another limitation of the study.
Data were collected during the winter and early spring, from
December through April. In Colorado, seasonaUty affects the
availability of certain members of the target population.
Specifically, Hispanie tnigrant farm workers, who are promi-
nent in Colorado during the summer months, were not
included in this study. Finally, owing to small sample size and
nonrandomized design, the results of this study may not be
generalized to other populations.

IMPLICATIONS FOR RESEARCH AND
PRACTICE

Overall, IMM is a comparable alternative to other methods
of delivering nutrition education. The use of IMM conveys
several advantages over otber methodologies. A primary
advantage is the ease of access owing to computers tbat are
positioned in waiting areas of agencies serving low-income
populations. In tbe future, computers will be positioned in
other community settings where people congregate, such as
laundromats, churches, and community centers. Otber advan-
tages include decreased instructional time, wbich helps to
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overcome transportarion and child care barriers, cost effec-
tiveness, incorporation of interactive games and activities, and
the use of computer-based evaluations that require no read-
ing skills."

The use of computer-based evaluations may be especially
valuable for lovi'-income and low-literate populations. Com-
puter evaluations decrease both participant completion time
and researcher analysis time. Additionally, participants may
feel iess intimidated by completing a questionnaire on the
touch-screen computer. Questions with muitiple parts can he
easily programmed on a computer so that the participant
only answers relevant questions. Each of these advantages is
important to overcome the discontent with paper-based
assessments and literacy barriers to evaluating the effective-
ness of nutrition education programs for low-income and
low-literate Hispanic persons.

Future research should concentrate on the development
and evaluation of a computer-based tool to measure behav-
ior change in the target population. Although the results of
this study showed highly significant changes in knowledge
and attitude after using the module, a complete evaluation
would ideally include a behavior component. It would be
interesting to determine the effects of the program long
term on dietary hehavior. Possible evaluation tools tnight
include a food frequency cjuestionnaire or a 24-hour recall
survey adapted for use with IMM. The addition of a tool to
measure hehavior change would enhance the reported effec-
tiveness of the module. Furthermore, it would increase the
scope of its use m nutrition assistance programs as many pro-
grams require a behavior measurement as part of program
evaluation.
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