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Abstract

Background: Brief, valid, and reliable dietary and physical activity assessment tools are needed, and interactive computerized
assessments (ie, those with visual cues, pictures, sounds, and voiceovers) can reduce administration and scoring burdens commonly
encountered with paper-based assessments.

Objective: The purpose of this pilot investigation was to evaluate the comparative validity and reliability of interactive multimedia
(IMM) versions (ie, IMM-1 and IMM-2) compared to validated paper-administered (PP) versions of the beverage intake
questionnaire (BEVQ-15) and Stanford Leisure-Time Activity Categorical Item (L-Cat); a secondary purpose was to evaluate
results across two education attainment levels.

Methods: Adults 21 years or older (n=60) were recruited to complete three laboratory sessions, separated by three to seven
days in a randomly assigned sequence, with the following assessments–demographic information, two IMM and one paper-based
(PP) version of the BEVQ-15 and L-Cat, health literacy, and an IMM usability survey.

Results: Responses across beverage categories from the IMM-1 and PP versions (validity; r=.34-.98) and the IMM-1 and IMM-2
administrations (reliability; r=.61-.94) (all P<.001) were significantly correlated. Paired t tests revealed significant differences
in sugar-sweetened beverage (SSB) grams and kcal (P=.02 and P=.01, respectively) and total beverage kcal (P=.03), on IMM-1
and IMM-2; however, comparative validity was demonstrated between IMM-2 and the PP version suggesting familiarization
with the IMM tool may influence participant responses (mean differences: SSB 63 grams, SEM 87; P=.52; SSB 21 kcal, SEM
33; P=.48; total beverage 65 kcal, SEM 49; P=.19). Overall mean scores between the PP and both IMM versions of the L-Cat
were different (both P<.001); however, responses on all versions were correlated (P<.001). Differences between education
categories were noted at each L-Cat administration (IMM-1: P=.008; IMM-2: P=.001; PP: P=.002). Major and minor themes
from user feedback suggest that the IMM questionnaires were easy to complete, and relevant to participants' typical beverage
choices and physical activity habits.

Conclusions: In general, less educated participants consumed more total beverage and SSB energy, and reported less engagement
in physical activity. The IMM BEVQ-15 appears to be a valid and reliable measure to assess habitual beverage intake, although
software familiarization may increase response accuracy. The IMM-L-Cat can be considered reliable and may have permitted
respondents to more freely disclose actual physical activity levels versus the paper-administered tool. Future larger-scale
investigations are warranted to confirm these possibilities.

(JMIR Res Protoc 2013;2(2):e40) doi: 10.2196/resprot.2830
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Introduction

Assessment Methods
Multiple unannounced 24-hour recalls, food records, and
physical activity recalls have historically been recognized as
gold standard approaches to assessing dietary and physical
activity behaviors [1-3]. However, these assessment methods
often require trained staff to administer and analyze, and are
labor-intensive for both researchers and participants [1,2]. For
these reasons, other valid methods of diet and physical activity
assessments have been developed, such as food-frequency
questionnaires as well as brief assessments of diet and physical
activity. Recently, computerized diet and physical activity
assessments have emerged as a way to decrease literacy barriers
for participants, as well as decrease the research burden of
processing paper-based surveys in large studies [4-8]. However,
attention to the reliability, validity, and usability of computerized
approaches to assessing diet and physical activity behaviors are
imperative.

Due in part to the increased use and accessibility of computers
in multiple settings (eg, homes, libraries, churches, recreational
community centers, grocery stores, and schools) [7,9], the use
of Web and computer-based assessments in large research trials
have increased over the past 10 years [4,6,10]. The National
Institutes of Health has recognized the need for novel/innovative
assessment methods using technological advances in physical
activity and dietary assessment (eg, PAR-12-198). There is no
consensus to whether a paper-based assessment is superior to
a computerized one [11]; however, computer-based tools can
provide an alternative means to collect and analyze data [12]
and may be appealing to practitioners and researchers because
of their proposed benefits. Computer-administered assessments
may overcome difficulties sometimes associated with
paper-based surveys as they allow for interactivity-two-way
communication between computer and participant through
photographs, videos, and displayed text with or without audio
[7]. Other advantages of computerized questionnaire
administration include-complete responses (ie, prompting
individuals to answer all questions), written and narrated text,
visual cues of portion sizes, immediate and rapid data entry and
scoring, decreased scoring errors, increased attentiveness from
participants, instantaneous feedback, and a greater ability to
access understudied populations [6,8,10,13,14]. Additionally,
multi-part questions of computerized assessments can be
programmed to reduce administration time by providing only
relevant data and information for the participant [7]. In low
health literacy populations, computerized questionnaires may
be advantageous since text can be narrated and visual aids can
be used, which may reduce response errors and the necessity
of advanced reading skills [7]. Another potential advantage of
computer-based assessments is that response-bias and
intimidation may be reduced with computer-administered
surveys, although additional research addressing this possibility
is needed [5,7,15]. However, when using identical computerized
versions of paper assessments comparability cannot be assumed
because interface characteristics like font size, line length,
scrolling ability, and amount of information visible on the screen
can all influence user performance [16,17].

Two Paper-Based Questionnaires
Prior research has demonstrated the reliability and validity of
two self-administered paper-based questionnaires. One assesses
habitual beverage intake (BEVQ-15) [18], and the other
measures usual physical activity level, Stanford Leisure-Time
Activity Categorical Item 2.2 (L-Cat) [19]. There are several
computerized nutrition education delivery [7,20,21] and dietary
assessment tools [8,13,22-28] and a few Web-based physical
activity questionnaires [12,29,30] currently available; however,
to the best of our knowledge, no computer-based beverage intake
questionnaire exists. The recently developed Automated
Self-Administered 24-hour Recall [31] is computer-based and
does contain questions about beverage intake; however, results
on its validity and usability have yet to be published [32]. The
purpose of this pilot investigation was to evaluate the
comparative validity and reliability of newly developed
interactive multimedia (IMM) versions compared to validated
paper-administered (PP) versions of the BEVQ-15 [18] and
L-Cat [19]. Individuals with lower educational attainment and/or
health literacy levels may be at increased risk for health
complications associated with poor dietary and health behaviors
such as obesity, diabetes, hypertension, and coronary heart
disease [33]. Therefore, a secondary purpose of this investigation
was to evaluate the validity and reliability of the major
BEVQ-15 categories, for example, total water, sugar-sweetened
beverage (SSB), and total beverage grams and kcal, and L-Cat
category across two education levels, in order to determine the
suitability of the IMM versions for individuals from varying
educational backgrounds.

Methods

Recruitment
Adults 21 years or older (n=60) were recruited from several
community settings (a local university community, free medical
clinic, area Community Services building, and church
congregation) between January and August 2012 in southwest
Virginia. The Virginia Tech Institutional Review Board
approved the study protocol and participants provided written
informed consent prior to enrollment.

Protocol
Participation entailed three laboratory sessions with three to
seven days between each session. Sessions were completed in
one of two randomly assigned visit sequences that differed in
questionnaire administration format (ie, taking the paper or
computerized instruments initially). Randomization was done
to avoid a potential effect of session order on study outcomes.
In addition to providing demographic information, each
participant completed a total of two identical self-administered
IMM BEVQ-15 [18] and L-Cat [19] questionnaires (denoted
IMM-1 for the first administration and IMM-2 for the second
administration), one PP BEVQ-15 and L-Cat (ie, one set being
BEVQ-15 and L-Cat at each of the three lab sessions), the
Newest Vital Sign tool to assess health literacy [34], and an
open-ended feedback survey on the IMM questionnaire to
address usability; a total of five questionnaires were completed
by each participant. Responses from the feedback survey were
either "yes" or "no", or rated on an ordered-response scale
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(1=easy, 5=hard) with open-ended areas for comments following
each question. Investigators supervised the assessments and
provided limited instructions, but were available to answer
questions during the survey if needed. Participants were
compensated in the form of a $25 gift card upon completion of
all three study visits.

Measurements
Participants provided information on demographic
characteristics (ie, age, race/ethnicity, income level, and highest
education level attained), and this was used to categorize
participants into one of two education categories: (1) less than
high school/high school, and (2) some college/college degree.
Prior research suggests that the level of education reached can
be a strong socioeconomic determinant of beverage intake
[33,35]. Descriptive measurements were conducted by a
graduate research assistant who is a registered dietitian (SKR)
and a trained research assistant (ACP) and included the
following-height measured in meters without shoes using a wall
mounted stadiometer (Seca 216, Hamburg, Germany); body
weight measured in light clothing without shoes to the nearest
0.2 kg using a digital scale (Scale-Tronix, Wheaton, IL); and

body mass index (BMI), calculated as kg/m2. The Newest Vital
Sign (NVS) is a valid and sensitive tool that was used to assess
health literacy and includes six questions based upon
information contained in a nutrition facts label for a pint of ice
cream. The scores range from 0-6 (0=limited health literacy,
6=adequate health literacy) [34].

The BEVQ-15 and L-Cat
The BEVQ-15 [18] is a brief, valid, and reliable quantitative
food frequency questionnaire providing an estimate of habitual
beverage intake across 15 beverage categories, which evaluates
total beverage and SSB intake (ie, grams and kcal) over the past
30 days. Details regarding the development and evaluation of
the BEVQ-15 have been previously published [18,36]. The PP
BEVQ took 2 minutes-15 seconds to complete during its initial
testing [18]. Self-reported physical activity was assessed using
the brief L-Cat [19]. This tool was developed from the Stanford
Brief Activity Survey [37-39] and consists of six descriptive

categories (eg, 3="About three times a week, I did moderate
activities such as brisk walking, swimming, or riding a bike for
about 15-20 minutes each time. Or about once a week, I did
moderately difficult chores such as raking or mowing the lawn
for about 45-60 minutes. Or about once a week, I played sports
such as softball, basketball, or soccer for about 45-60 minutes.")
ranging from inactive (1=I did not do much physical activity)
to very active (6=Almost daily, that is five or more times a
week, I did vigorous activities). In a randomized trial involving
267 obese women, the L-Cat was found to be valid and reliable
[19]. The paper versions of these tools were read and completed
by the study participants independently with an investigator
available for questions throughout the administration.

Using the validated PP versions of these two tools, computerized
versions were developed. The IMM BEVQ-15 began with
narrated text and graphic on-screen directions taking
approximately three to four minutes. For each drink category,
which replicated the paper-based BEVQ-15 in content and
sequence, a photo of the beverage was presented on-screen
(Figure 1 shows an example of the water intake category).
Silhouettes of portion sizes with the quantities they represented
in fluid ounces and cups were presented for each beverage
category. For example, a soft drink can silhouette was pictured
with other beverage containers with the text stating, "a typical
beverage can represents 12 fluid ounces or 1 ½ cups." Once the
IMM BEVQ-15 was completed, the participant was directed to
an instructional page with narrated text (approximately 25
seconds) describing the L-Cat. As with the IMM BEVQ-15, the
IMM L-Cat provided audio for each category wherever the
mouse's cursor was placed. When the participant chose the
physical activity/leisure time activity statement that best
reflected their usual physical activity level another completion
page was displayed which informed the participant that they
were through with the computerized assessment. Completion
time was covertly monitored for the IMM BEVQ and L-Cat.
After finishing the first IMM administration, participants were
invited to complete a user feedback survey that contained seven
questions with ordered-response (eg, 1=easy and 5= hard), "Yes"
or "No," and open-end response formats.
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Figure 1. Screenshot example of the water beverage category from the interactive multimedia Beverage Intake Questionnaire-15.

Statistical Analysis
Statistical analyses were performed using SPSS statistical
analysis software (version 20.0 for Macintosh, 2011, IBM
Corporation, Chicago, IL). Demographic characteristics and
mean daily beverage consumption (grams, kcal) for the two
IMM and one PP BEVQ are reported as mean and standard
error of the mean (SEM) or as frequencies (categorical
variables). Paired sample t tests and bivariate correlations
(Pearson's r) were used to assess validity (first IMM
administration vs PP) and reliability (first vs second IMM
administration, or IMM-1 vs IMM-2). Due to multiple t tests
being conducted, data were reanalyzed to evaluate major
outcomes using repeated measures analysis of variance with
covariates where appropriate (eg, education), and results were
consistent across analytical approaches. Chi square analyses
and independent sample t tests were used to assess differences
between education groups on categorical variables (eg, gender,
race/ethnicity) and continuous variables (eg, BMI, beverage
consumption), respectively. The alpha level was set a priori at
P≤.05. Responses from the open-ended ease of use questions
on the IMM feedback survey were grouped into themes and
quantified. Major themes were considered similar responses
from ≥50% of participants (≥30 of 60 participants), while minor
themes were considered similar responses from 25%-49% of
participants (15 to 29, of 60 participants) [40]. A second
investigator independently verified themes.

Results

Demographic Characteristics
Demographic characteristics of the study sample are presented
in Table 1. Participants were predominantly white (88%, 53/60
participants), but balanced with respect to gender (55% female,
33/60 participants). Age ranged 21 to 70 years, with a mean age
of 37 (SEM 2) years. There were no significant differences
between education categories for age (P=.38), gender (P=.17),
or race/ethnicity (P=.33); however, there were differences in
BMI (P=.01), income (P<.001), and health literacy (P<.001)
with those in the lower educational category having a higher
BMI, and lower income level and health literacy score compared
to those in the higher educational category. Differences were
found by testing sequence, which was attributed to an
unintentional greater random allocation of more participants in
the "less than high school/high school" education group being
assigned to one of the two sequences.

Completion times for the PP, IMM-1 BEVQ-15 and L-Cat, and
IMM-2 BEVQ-15 and L-Cat were approximately three, five,
and four minutes, respectively. The paper-based questionnaire
time to completion was significantly shorter than both IMM-1
and IMM-2 (both P<.001). Time to completion on IMM-2 versus
IMM-1 was also significantly different (P<.001) with the IMM-1
administration taking longer. There were no differences between
education categories for time to completion between the PP
(P=.69) and the computer-administered versions (IMM-1: P=.44;
IMM-2: P=.73).
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Table 1. Participant demographic characteristics.a

Full Sample

N=60

Some College/College Degree

n=39

Less Than High School/High School

n=21

Gender, n (%)

27 (45)15 (39)12 (57)Male

33 (55)24 (62)9 (43)Female

37 (SEM 2)36 (SEM 2)39 (SEM 3)Age, years

Race/Ethnicity, n (%)

53 (88)34 (87)19 (91)White

3 (5)1 (3)2 (10)Black/African-American

3 (5)3 (8)0Asian

1 (2)1 (3)0Other

28.2 (1.1)26.3 (0.7)31.8 (2.7)BMI, kg/m2b, mean (SEM)

BMI Category (kg/m 2 ), n (%)

2 (3)1 (3)1 (5)Underweight (<18.5)

21 (35)15 (39)6 (29)Normal (18.5-24.9)

18 (30)14 (36)4 (19)Overweight (25-29.9)

19 (32)9 (23)10 (48)Obese (≥30)

5.25.84.1Newest Vital Sign (Scorec)d

Total Annual Household Income, n (%) d

27 (45)8 (21)19 (90)≤$25,000 e

10 (17)9 (23)1 (5)$25,000-50,000

23 (38)22 (56)1 (5)≥$50,000

aFrequency variables are expressed as n (%), other variables are expressed as mean (SEM).
bSignificant difference between education groups (P=.01).
cScored from 0-6, with 0-1 (high likelihood of limited health literacy), 2-3 (potential limited health literacy), and 4-6 (adequate health literacy) representing
the number of correct responses.
dSignificant difference between education groups (P<.001).
eRepresentative of a family of four at or below the current federal income guidelines [41].

Comparative Validity of the IMM BEVQ-15 and L-Cat
Results from the comparative validity (ie, comparison of the
responses from the IMM BEVQ-15 with the validated PP
BEVQ-15) assessment of IMM and PP tools for beverage
categories are presented in Table 2. Responses from all beverage
categories from the IMM-1 and PP versions were correlated
(r=.34-.98, all P<.001), and SSB and total beverage gram and

kcal responses were correlated on IMM-1 and PP versions
(r=.92-.95, all P<.001). Between IMM-1 and the PP version,
no significant differences in beverage category responses were
noted. The mean scores for the PP and IMM-1 L-Cat were 3.5
(SEM 0.2) and 2.4 (SEM 0.2), respectively. The paper-based
and IMM-1 L-Cat responses were correlated (r=.85, P<.001),
but mean values were different (P<.001).
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Table 2. Comparative validity of the IMM BEVQ-15: a comparison of the individual beverage category responses from the first IMM administration
to the PP BEVQ-15.

Validity

Difference with

IMM-1a
PaperIMM-1Beverage category

Correlation (r)Mean (SEM)Mean (SEM)Mean (SEM)

.866b-79 (45)725 (66)804 (87)Water (g)

100% Fruit juice

.827b-14 (14)87 (17)101 (23)g

.827b-8 (8)50 (9)58 (13)kcal

Juice drinks

.817b-45 (28)92 (13)137 (47)g

.817b-21 (13)43 (15)64 (22)kcal

Whole milk

.981b0 (8)75 (35)75 (30)g

.981b0 (6)56 (26)56 (23)kcal

Reduced-fat milk

.339c32 (34)84 (36)52 (16)g

.339c19 (21)51 (22)32 (10)kcal

Fat-free milk

.829b15 (11)83 (19)68 (19)g

.829b6 (4)31 (7)26 (7)kcal

Regular soft drinks

.951b38 (23)361 (75)324 (73)g

.951b17 (10)160 (33)143 (32)kcal

Diet soft drinks

.828b-8 (37)255 (57)263 (65)g

.828b-1 (0)3 (1)3 (1)kcal

Sweet tea

.879b-25 (26)186 (52)211 (54)g

.879b-8 (8)60 (17)68 (17)kcal

Sweetened coffee

.823b-21 (34)277 (57)298 (59)g

.831b-6 (9)77 (16)83 (16)kcal

Regular coffee/tea

.762b78 (39)246 (60)168 (48)g

.758b1 (1)3 (1)2 (1)kcal

Beer

.983b-3 (6)98 (32)101 (32)g

.983b-1 (2)34 (11)35 (11)kcal
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Validity

Difference with

IMM-1a
PaperIMM-1Beverage category

Correlation (r)Mean (SEM)Mean (SEM)Mean (SEM)

Liquor

.936b3 (4)19 (10)17 (8)g

.936b6 (9)45 (23)39 (19)kcal

Wine

.745b-5 (4)18 (6)23 (6)g

.745b-3 (3)13 (4)16 (4)kcal

Energy drinks

.780b-47 (30)73 (35)120 (47)g

.780b-21 (13)33 (16)54 (21)kcal

Sugar-sweetened beverage

.944b-177 (72)989 (182)1107 (212)g

.945b-44 (28)373 (70)417 (82)kcal

Total beverage

.918b-115 (106)2678 (263)2792 (261)g

.938b-25 (42)657 (122)682 (116)kcal

aMean difference according to paired sample t test; slight difference may be noted from the preceding columns due to rounding, as whole numbers are
presented in the table.
bP<.001
cP=.01

Test-Retest Reliability of the IMM BEVQ-15 and
L-Cat
All beverage category responses on IMM-1 and IMM-2
administrations were correlated (Table 3; r=.61-.94, all P<.001).
SSB and total beverage gram and kcal responses were correlated
on both IMM versions (r=.73-.96, all P<.001). No significant
differences in beverage category responses were noted between
IMM-1 and IMM-2 with the exception of SSB grams and kcal
(P=.02 and P=.01, respectively) and total beverage kcal (P=.01).

However, when comparing the responses from the paper and
IMM-2 questionnaire administrations on these categories there
were no significant differences (mean differences: SSB 63
grams, SEM 87; P=.52; SSB 21 kcal, SEM 33; P=.48; and total
beverage 65 kcal, SEM 49; P=.19). The mean L-Cat score on
IMM-2 was 2.5 (SEM 0.2), and the IMM L-Cat responses were
correlated (r=.86, P<.001). No significant differences were
observed between L-Cat responses on the IMM-1 and IMM-2
questionnaires (P=.72); however, differences were noted in
IMM-2 and PP L-Cat responses (P<.001).

JMIR Res Protoc 2013 | vol. 2 | iss. 2 | e40 | p. 7http://www.researchprotocols.org/2013/2/e40/
(page number not for citation purposes)

Riebl et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Reproducibility of the IMM BEVQ-15: Comparison of the first and second IMM administrations.

Reliability

Difference with IMM-1aIMM-2IMM-1Beverage Category

Correlation (r)Mean (SEM)Mean (SEM)Mean (SEM)

 

.721b-47 (62)756 (76)804 (87)Water (g)

100% Fruit juice

.666b-24 (18)76 (17)101 (23)g

.665b-13 (10)44 (10)58 (13)kcal

Juice drinks

.888b-3 (23)134 (48)137 (47)g

.888b-1 (10)63 (22)64 (22)kcal

Whole milk

.898b-20 (13)54 (26)75 (30)g

.898b-15 (10)41 (20)56 (23)kcal

Reduced-fat milk

.807b-19 (10)33 (10)52 (16)g

.807b-12 (6)20 (6)32 (10)kcal

Fat-free milk

.811b6 (11)74 (18)68 (19)g

.811b2 (4)28 (7)26 (7)kcal

Regular soft drinks

.881b-35 (35)289(69)324 (73)g

.881b-15 (15)128 (31)143 (32)kcal

Diet soft drinks

.784b-16 (42)246 (63)263 (65)g

.784b0 (0)3 (1)3 (1)kcal

Sweet tea

.834b-39 (31)172 (53)211 (54)g

.834b-12 (10)55 (17)68 (17)kcal

Sweetened coffee

.676b-44 (45)254 (52)298 (59)g

.689b-13 (12)71 (14)83 (16)kcal

Regular coffee/tea

.616b31 (44)199 (51)168 (48)g

.610b0 (1)2 (1)2 (1)kcal

Beer

.830b19 (24)121 (42)101 (32)g

.830b7 (8)42 (15)35 (11)kcal

Liquor
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Reliability

Difference with IMM-1aIMM-2IMM-1Beverage Category

Correlation (r)Mean (SEM)Mean (SEM)Mean (SEM)

.944b3 (3)19 (8)17 (8)g

.944b6 (6)45 (19)39 (19)kcal

Wine

.827b1 (4)24 (6)23 (6)g

.827b1 (3)17 (4)16 (4)kcal

Energy drinks

.771b-42 (30)78 (34)120 (47)g

.771b-19 (14)35 (14)54 (21)kcal

Sugar-sweetened beverage

.944b-180 (71c)927(189)1107 (212)g

.948b-65 (26d)351 (75)417 (82)kcal

Total beverage

.731b-38 (207)2755 (296)2792 (261)g

.955b-91 (34 d)592 (107)682 (116)kcal

aMean difference according to paired sample t test; slight difference may be noted from the preceding columns due to rounding, as whole numbers are
presented in the table.
bSignificant correlations (P<.001)
cSignificant difference between IMM-2 and IMM-1 (P=.02).
dSignificant difference between IMM-2 and IMM-1 (P=.01).

Comparative Validity and Reliability Within
Educational Categories
Figures 2-4 show the results of the major beverage outcomes
(water, SSB, total beverage intake) and L-Cat according to
educational level. The IMM version of the beverage
questionnaire demonstrated comparative validity across the
major beverage outcomes with the exception of water intake in
the "some college/college degree" participants (mean difference
between PP and IMM-1 119, SEM 59; P=.048) with correlation
coefficients ranging from .76-.95 (all P<.001). However,
responses to the L-Cat were significantly higher with the PP
version in both educational groups (mean differences between
PP and IMM-1 in less than high school/high school 0.9, SEM

0.2; and in some college/college degree 1.1, SEM 0.1; both
P<.001).

No differences were noted in repeated IMM responses for
beverage intake or physical activity. Differences were noted in
the repeated IMM responses from the "less than high school/high
school" participants for SSB grams and kcal (both P=.02) and
total beverage energy (P=.03), with lower intake reported on
the second administration. However, pair samples t tests results
revealed no significant differences between the PP and IMM-2
tools (mean differences–SSB 99 grams, SEM 245; P=.69; SSB
24 kcal, SEM 92; P=.79; total beverage 152 kcal, SEM 134;
P=.27). There were no significant differences on L-Cat
responses in the "less than high school/high school" participants
(P=.67).
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Figure 2. Beverage intake in grams for education categories. The following abbreviations mean: Low Ed=Less than high school/high school; High
Ed=Some college/college degree; SSB=Sugar-sweetened beverages; IMM=Interactive Multi-media, 2 separate administrations; and PP=Paper and
Pencil version. The "Water" "Low Ed" solid black and solid grey bars and the "Total Beverage" "Low Ed" grey-striped bar show a significant difference
from "High Ed" group (P=.02). The "SSB" "Low Ed" solid black, solid grey, and grey-striped bars and "Total Beverage" "Low Ed" solid black and
solid grey bars show a significant difference from "High Ed" group (P<.001).

Figure 3. Beverage intake in calories (kcal) for education categories. The following abbreviations mean: Low Ed=Less than high school/high school,
High Ed=Some college/college degree; SSB=Sugar-sweetened beverages; IMM=Interactive Multi-media, two separate administrations; and PP=Paper
and Pencil version. The six "Low Ed" solid black, solid grey, and grey-striped bars show a significant difference from "High Ed" group (P<.001).

Comparison of Lower and Higher Educational Groups
Differences in water consumption between education categories
on the first IMM and PP questionnaire administrations were
significant (both P=.02), but not on the second IMM (P=.14),
with the "less than high school/high school" participants
reporting significantly lower water consumption than the "some

college/college degree" participants (Figure 2). Daily SSB
(grams and kcal) and total beverage consumption (grams and
kcal) were different between education categories at each
questionnaire administration (IMM-1, IMM-2, PP) (Figures 2
and 3). Differences between education categories were noted
at each L-Cat administration (IMM-1: P=.008; IMM-2: P=.001;
PP: P=.002) (Figure 4).

JMIR Res Protoc 2013 | vol. 2 | iss. 2 | e40 | p. 10http://www.researchprotocols.org/2013/2/e40/
(page number not for citation purposes)

Riebl et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Comparison of education group responses on the Stanford Leisure-Time Activity Categorical Item (L-Cat). The following abbreviations
mean: Low Ed=Less than high school/high school; High Ed=Some college/college degree; IMM=Interactive Multi-media, two separate administrations;
and PP=Paper and Pencil version. The "Low Ed" top black solid bar shows the significant difference from the "High Ed" group (P=.008). The "Low
Ed" center grey solid bar shows the significant difference from the "High Ed" group (P=.002). The "Low Ed" bottom grey-striped bar shows the
significant difference from the "High Ed" group (P=.001). The "Low Ed" and "High Ed" center solid grey bars show the significant difference from
"IMM-1" and "IMM-2" (both P<.001).

User Feedback
Of the 60 participants, 59 completed the feedback survey. Major
themes were as follows. Most believed that the IMM BEVQ-15
was "easy"(mean ordered-response rating 1.2, SEM 0.1; n=54),
that it was "clear" or "straightforward"(mean 1.4, SEM 0.1;
n=30), and that it covered beverages consistent with their usual
intake habits (mean 1.1, SEM 0.0; n=56). Most also reported
that the computerized L-Cat was "easy" (mean 1.2, SEM 0.1;
n=49), and that they were able to identify a physical activity
statement relating to their lifestyle with the L-Cat (mean 1.1,
SEM 0.1; n=49). Minor themes were that the graphics, images,
and voiceover made completing the questionnaires "easy" (mean
1.4, SEM 0.1; n=15), and that nothing needed to be changed in
the IMM BEVQ-15 (mean 1.0, SEM 0.1; n=22). Many
participants reported that the IMM L-Cat assessment was "clear"
or "straightforward" (mean 1.6, SEM 0.1; n=23), and
recommended changing nothing about the IMM L-Cat (mean
1.0, SEM 0.1; n=23). Eighteen participants of 60 (30%)
suggested that the speed of the narrated text be increased on
both the IMM BEVQ-15 and L-Cat. Only two participants (one
in each education category) reported the computerized BEVQ-15
as being "hard."

Discussion

Comparative Validity and Test-Reliability of the IMM
BEVQ-15 and L-Cat
With the exception of reduced-fat milk, all correlations were
greater than .74 (Table 2) and this can be considered superior
to other validation studies where typical r values range from .4
to .7 [3], and consistent with initial BEVQ testing [36]. The
lower correlation coefficient for reduced-fat milk may be due
to participants not being familiar with the form of milk they
consume. Some participants may not be the primary food
shoppers in their home and not read product packaging prior to
consumption; they may not know if the milk they choose to
consume is skim, 1%, 2%, or whole milk, and thus choose an
option arbitrarily on the questionnaire. The differences between
PP and IMM-1 for total beverage intake were 25 kcal, and
between PP and IMM-2, while higher at approximately 90 kcal,
were not statistically significant. However, we recognize that
a 90 kcal difference can be clinically significant at the individual
level. Compared to the original BEVQ validation studies, the
present differences are higher than what was observed for SSB
and total beverage kcal intake. The lower mean age, smaller
sample size, and the beverage intake patterns of the "less than
high school/high school" education group may have contributed
to differences across studies. Future investigations including a
larger sample size could provide greater insight into this
possibility.
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While no significant differences in beverage category responses
were noted between IMM-1 and the PP version, mean values
were different on the PP and both IMM physical activity items
(both P<.001). Computer-based tools can be perceived as more
private and less intimidating [7]. If this were so in the present
study, the IMM L-Cat responses may be more reflective of
actual physical activity levels. Participants may have felt more
comfortable reporting a less socially desirable level of physical
activity on the computerized assessment versus on the
paper-based tool since, when taking the paper version, responses
were immediately observable to study personnel, while
computerized responses would be accessed following the
participant's departure. Overall, the findings of this pilot
investigation indicate that the IMM BEVQ-15 is a valid measure
of beverage intake when compared to the PP version. Further
research is warranted to assess the comparative validity of the
IMM L-Cat.

Differences were observed between SSB grams and kcal and
total beverage intake (P=.02 and P=.01, respectively) and total
beverage kcal (P=.01) between IMM-1 and IMM-2; however,
no differences were apparent when comparing these responses
on the paper and IMM-2 responses. Thus, the lower responses
for the reported usual intake on the second IMM administration
were closer to that reported in the PP tool. This may be attributed
to a familiarity effect as observed in other computerized
assessments [42-44]. In a trial investigating how test mode may
impact assessment outcomes, content familiarity and not
computer familiarity, gender, or competitiveness positively
influenced test performance [16].

Food frequency questionnaires are considered reliable with
correlations ranging from .5 to .7 [3,45,46], and many of the
coefficients observed for reliability testing of the IMM
questionnaires are within or exceed this rage. Thus, the IMM
BEVQ-15 and L-Cat can be considered reliable measures of
habitual beverage intake and physical activity patterns.

Comparative Validity and Reliability Within
Educational Categories
With the exception of water intake in the "some college/college
degree" group, the IMM version of the BEVQ-15 demonstrated
comparative validity across the major beverage categories. As
depicted in Figure 4, both educational groups responded
significantly higher on the paper version versus the
computerized version of the L-Cat. Since the layout and
appearance of computerized surveys can impact participant
responses [16,17], differences between the IMM and PP modes
of assessment may have occurred in the present investigation.
Although lower intakes of SSB grams, kcal, and total beverage
kcal were reported on IMM-2 compared to IMM-1 from the
"less than high school/high school" participants, no differences
were observed between the paper and IMM-2 tools. These
results may be attributed to participants being more familiar
with the IMM version at the second administration, as stated
earlier. Participants potentially had a greater awareness of the
upcoming beverage categories within the IMM tool, and thus
were able to answer each question more accurately, better
reflecting their usual consumption habits.

Comparison of Lower and Higher Educational Groups
In the present investigation, the "less than high school/high
school" participants reported significantly lower water
consumption than the "some college/college degree" participants
(Figure 2). Similarly, the National Health and Nutrition
Examination Surveys from 1999-2006 revealed that adults with
higher education attainment had a higher plain water intake
[47]. In addition, daily grams and kcal were different between
educational categories at each questionnaire administration
(Figures 2 and 3). Consistent with prior research addressing the
influence of educational level and health literacy on beverage
consumption patterns [48-50], participants in the lower
educational category consumed significantly more total beverage
and SSB (grams, kcal). This is noteworthy since excessive SSB
consumption has been related to the development of some
chronic diseases [51-54]. Similar to the discrepancies observed
between physical activity engagement and education attainment
in a recent report from the American Heart Association Statistic
Committee and Stroke Statistics Subcommittee [55], the "less
than high school/high school" category reported lower physical
activity engagement than those with "some college/college
degree" (Figure 4). However, neither group reported a level of
physical activity that met current guidelines [56], exemplifying
the need for continued efforts to promote the benefits of regular
participation in physical activity.

Usability and User Feedback
Although no differences in completion time were observed
between educational categories, the IMM-1 administration took
significantly more time to complete versus IMM-2. This is
possibly due to unfamiliarity with page-to-page navigation and
questionnaire content at the first IMM administration [16].

Participants found the IMM questionnaires easy to use, and that
they "fit" their usual beverage intake and leisure-time activity
habits. Our results are comparable to others who have reported
positive feedback with IMM delivery of nutrition education and
dietary and physical activity assessments [7,8,12,14], suggesting
acceptability and promise for the use of computer-administered
surveys in future research. One area for potential improvement
in the IMM tools is the speed of narrated text. Analogous to
prior research [7], approximately one-third (n=18) of participants
suggested that the speed of the voiceover be increased. The
present study received positive feedback overall; however,
improvements can be made with the IMM itself (eg, touch
screens) [7], which may further increase ease of use and
administration.

Limitations
Strengths of this pilot investigation include the random
assignment of participants to study session sequences, the novel
method to assess dietary intake and physical activity
engagement, and the inclusion of participants with lower and
higher educational attainment levels. However, several
limitations are recognized. The short duration between
participant sessions could have caused acclimatization to the
questionnaires or participants to be more aware of their beverage
intake patterns, thus biasing their responses. Subsequent trials
should consider both familiarity with computers and
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questionnaire content [16,57,58] during participant screening
and longer intervals between study sessions. Second, we used
validated paper versions of the BEVQ-15 and L-Cat as our
comparative criterion; however, self-reported diet and physical
activity assessments may not reflect an individual's true intake
[1,3,59] or physical activity engagement [60]. In addition, some
consider paper versions of computerized surveys to be anything
but a "gold standard" when assessing computerized versions of
similar assessments [6]. Future studies should not only use
validated paper forms of computerized questionnaires, but
multiple modes of dietary and physical activity assessment (eg,
24 hour recalls and doubly labeled water) for the greatest degree
of accuracy. Although different circumstances may impact
beverage intake from day to day (eg, illness, activity level, social
events), we do not believe this influenced our overall findings,
since the BEVQ-15 has been found valid in estimating group
habitual beverage intake [18]. Another potential limitation of
the present investigation is the limited racial representation and
small sample size. Subsequent larger-scale investigations should
include a more diverse sample in terms of race/ethnicity and
educational attainment.

Conclusions
There is a need for reliable and valid dietary and physical
activity assessment tools that are brief and easily administered
[61]. As many as 20% of American adults read at a fifth-grade
level or less [62,63], and health literacy is thought to better

predict a person's health than ethnicity, employment status, age,
income, and education level [64]. Using computer-based
assessments can overcome some common barriers preventing
the collection of complete dietary data [13], particularly in
populations with lower educational achievement [8]. Interactive
multimedia versions of dietary and physical activity
questionnaires have the potential to decrease participant and
study personnel burden, allowing for high quality data to be
collected and analyzed [6-8,10,13,14]. Further, computerized
assessments could be advantageous for large epidemiological
studies [6] as they may reduce costs [8] by streamlining data
collection and analysis [4,6-8,13,14]. Overall, the results of the
present investigation show that the IMM BEVQ-15 may be used
to evaluate habitual beverage intake; although, familiarizing
participants with the software prior to data collection may assist
in obtaining more accurate data. Respondents may have
answered differently on the IMM L-Cat due to computerized
tools being considered more confidential and less intimidating
[7]. Further research is necessary to fully evaluate the validity
of the IMM L-Cat due to its consistency between IMM
measures, but differences from the PP version. Future
investigations are warranted to include more participants from
racially diverse and hard-to-reach audiences (ie, low educational
and health literacy levels), develop assessment tools that may
be administered to both younger and older individuals (eg,
children, adolescents, seniors), and utilize contemporary
technological features to further reduce participant burden.

Acknowledgments
This work was supported in part by National Institutes of Health grant R01 CA154364-01. BD, JZ, PE, and VH designed the
experiments. SR and AP collected the data. SR, JZ, PE, BD, and VH analyzed and interpreted the data. All authors wrote the
manuscript.

Conflicts of Interest
None declared.

References

1. Monsen ER, Horn L, Van Horn L, Johnson RK, Yon BA, Hankin JH. Dietary Assessment and Validation. In: Research:
successful approaches. Chicago: American Dietetic Association; 2008:187-203.

2. Shephard RJ. Limits to the measurement of habitual physical activity by questionnaires. Br J Sports Med 2003
Jun;37(3):197-206; discussion 206 [FREE Full text] [Medline: 12782543]

3. Thompson FE, Subar AF. Chapter 1 - Dietary Assessment Methodology. Nutrition in the Prevention and Treatment of
Disease (Third Edition): Academic Press; 2013:5-46.

4. Ekman A, Dickman PW, Klint A, Weiderpass E, Litton JE. Feasibility of using web-based questionnaires in large
population-based epidemiological studies. Eur J Epidemiol 2006;21(2):103-111. [doi: 10.1007/s10654-005-6030-4] [Medline:
16518678]

5. Ekman A, Klint A, Dickman PW, Adami HO, Litton JE. Optimizing the design of web-based questionnaires--experience
from a population-based study among 50,000 women. Eur J Epidemiol 2007;22(5):293-300. [doi: 10.1007/s10654-006-9091-0]
[Medline: 17206467]

6. Ekman A, Litton JE. New times, new needs; e-epidemiology. Eur J Epidemiol 2007;22(5):285-292. [doi:
10.1007/s10654-007-9119-0] [Medline: 17505896]

7. Jantz C, Anderson J, Gould SM. Using computer-based assessments to evaluate interactive multimedia nutrition education
among low-income predominantly Hispanic participants. J Nutr Educ Behav 2002;34(5):252-260. [Medline: 12559060]

8. Zoellner J, Anderson J, Gould SM. Comparative validation of a bilingual interactive multimedia dietary assessment tool.
J Am Diet Assoc 2005 Aug;105(8):1206-1214. [doi: 10.1016/j.jada.2005.05.011] [Medline: 16182635]

9. INTERNET USAGE STATISTICS The Internet Big Picture. World Internet Users and Population Stats URL: http://www.
internetworldstats.com/stats.htm [accessed 2013-07-09] [WebCite Cache ID 6I0vRNJsh]

JMIR Res Protoc 2013 | vol. 2 | iss. 2 | e40 | p. 13http://www.researchprotocols.org/2013/2/e40/
(page number not for citation purposes)

Riebl et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://bjsm.bmj.com/cgi/pmidlookup?view=long&pmid=12782543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12782543&dopt=Abstract
http://dx.doi.org/10.1007/s10654-005-6030-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16518678&dopt=Abstract
http://dx.doi.org/10.1007/s10654-006-9091-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17206467&dopt=Abstract
http://dx.doi.org/10.1007/s10654-007-9119-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17505896&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12559060&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2005.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16182635&dopt=Abstract
http://www.internetworldstats.com/stats.htm
http://www.internetworldstats.com/stats.htm
http://www.webcitation.org/

                                                6I0vRNJsh
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Bälter KA, Bälter O, Fondell E, Lagerros YT. Web-based and mailed questionnaires: a comparison of response rates and
compliance. Epidemiology 2005 Jul;16(4):577-579. [Medline: 15951679]

11. Noyes JM, Garland KJ. Computer- vs. paper-based tasks: are they equivalent? Ergonomics 2008 Sep;51(9):1352-1375.
[doi: 10.1080/00140130802170387] [Medline: 18802819]

12. Bonn SE, Trolle Lagerros Y, Christensen SE, Möller E, Wright A, Sjölander A, et al. Active-Q: validation of the web-based
physical activity questionnaire using doubly labeled water. J Med Internet Res 2012;14(1):e29 [FREE Full text] [doi:
10.2196/jmir.1974] [Medline: 22356755]

13. Kohlmeier L, Mendez M, McDuffie J, Miller M. Computer-assisted self-interviewing: a multimedia approach to dietary
assessment. Am J Clin Nutr 1997 Apr;65(4 Suppl):1275S-1281S [FREE Full text] [Medline: 9094933]

14. Touvier M, Méjean C, Kesse-Guyot E, Pollet C, Malon A, Castetbon K, et al. Comparison between web-based and paper
versions of a self-administered anthropometric questionnaire. Eur J Epidemiol 2010 May;25(5):287-296. [doi:
10.1007/s10654-010-9433-9] [Medline: 20191377]

15. Illner AK, Freisling H, Boeing H, Huybrechts I, Crispim SP, Slimani N. Review and evaluation of innovative technologies
for measuring diet in nutritional epidemiology. Int J Epidemiol 2012 Aug;41(4):1187-1203 [FREE Full text] [doi:
10.1093/ije/dys105] [Medline: 22933652]

16. Clariana R, Wallace P. Paper-based versus computer-based assessment: key factors associated with the test mode effect.
Br J Educ Technol 2002 Nov;33(5):593-602. [doi: 10.1111/1467-8535.00294]

17. Wang H, Shin CD. Test, Measurement & Research Services Bulletin. Computer-Based Paper-Pencil Test Comparability
Studies URL: http://www.pearsonassessments.com/NR/rdonlyres/93727FC9-96D3-4EA5-B807-5153EF17C431/0/Bulletin_9.
pdf [accessed 2013-07-09] [WebCite Cache ID 6I0wrDQAs]

18. Hedrick VE, Savla J, Comber DL, Flack KD, Estabrooks PA, Nsiah-Kumi PA, et al. Development of a brief questionnaire
to assess habitual beverage intake (BEVQ-15): sugar-sweetened beverages and total beverage energy intake. J Acad Nutr
Diet 2012 Jun;112(6):840-849. [doi: 10.1016/j.jand.2012.01.023] [Medline: 22709811]

19. Kiernan M, Schoffman DE, Lee K, Brown SEM, Fair JM, Perri MG, et al. The Stanford Leisure-Time Activity Categorical
Item (L-Cat): a single categorical item sensitive to physical activity changes in overweight/obese women. Int J Obes (Lond)
2013 Apr 16. [doi: 10.1038/ijo.2013.36] [Medline: 23588625]

20. Oenema A, Brug J, Lechner L. Web-based tailored nutrition education: results of a randomized controlled trial. Health
Educ Res 2001 Dec;16(6):647-660 [FREE Full text] [Medline: 11780705]

21. Riley WT, Beasley J, Sowell A, Behar A. Effects of a Web-based food portion training program on food portion estimation.
J Nutr Educ Behav 2007;39(2):70-76 [FREE Full text] [doi: 10.1016/j.jneb.2006.08.028] [Medline: 17346654]

22. Baranowski T, Islam N, Baranowski J, Cullen KW, Myres D, Marsh T, et al. The food intake recording software system
is valid among fourth-grade children. J Am Diet Assoc 2002 Mar;102(3):380-385. [Medline: 11902371]

23. Beasley JM, Davis A, Riley WT. Evaluation of a web-based, pictorial diet history questionnaire. Public Health Nutr 2009
May;12(5):651-659 [FREE Full text] [doi: 10.1017/S1368980008002668] [Medline: 18547450]

24. Labonté MÈ, Cyr A, Baril-Gravel L, Royer MM, Lamarche B. Validity and reproducibility of a web-based, self-administered
food frequency questionnaire. Eur J Clin Nutr 2012 Feb;66(2):166-173. [doi: 10.1038/ejcn.2011.163] [Medline: 21934698]

25. Matthys C, Pynaert I, De Keyzer W, De Henauw S. Validity and reproducibility of an adolescent web-based food frequency
questionnaire. J Am Diet Assoc 2007 Apr;107(4):605-610. [doi: 10.1016/j.jada.2007.01.005] [Medline: 17383266]

26. Probst YC, Tapsell LC. Overview of computerized dietary assessment programs for research and practice in nutrition
education. J Nutr Educ Behav 2005;37(1):20-26. [Medline: 15745652]

27. Raper N, Perloff B, Ingwersen L, Steinfeldt L, Anand J. An overview of USEMA's Dietary Intake Data System. Journal
of Food Composition and Analysis 2004 Jun;17(3-4):545-555. [doi: 10.1016/j.jfca.2004.02.013]

28. Vandelanotte C, De Bourdeaudhuij I, Brug J. Acceptability and feasibility of an interactive computer-tailored fat intake
intervention in Belgium. Health Promot Int 2004 Dec;19(4):463-470 [FREE Full text] [doi: 10.1093/heapro/dah408]
[Medline: 15522947]

29. De Vera MA, Ratzlaff C, Doerfling P, Kopec J. Reliability and validity of an internet-based questionnaire measuring lifetime
physical activity. Am J Epidemiol 2010 Nov 15;172(10):1190-1198 [FREE Full text] [doi: 10.1093/aje/kwq273] [Medline:
20876666]

30. Namba H, Yamaguchi Y, Yamada Y, Tokushima S, Hatamoto Y, Sagayama H, et al. Validation of Web-based physical
activity measurement systems using doubly labeled water. J Med Internet Res 2012;14(5):e123 [FREE Full text] [doi:
10.2196/jmir.2253] [Medline: 23010345]

31. National Cancer Institute. Applied Research: Cancer Control and Population Sciences. 2013. ASA24 Automated
Self-administered 24-hour Recall URL: http://appliedresearch.cancer.gov/tools/instruments/asa24/ [accessed 2013-10-05]
[WebCite Cache ID 6KAdLSbGD]

32. Subar AF, Kirkpatrick SI, Mittl B, Zimmerman TP, Thompson FE, Bingley C, et al. The Automated Self-Administered
24-hour dietary recall (ASA24): a resource for researchers, clinicians, and educators from the National Cancer Institute. J
Acad Nutr Diet 2012 Aug;112(8):1134-1137. [doi: 10.1016/j.jand.2012.04.016] [Medline: 22704899]

JMIR Res Protoc 2013 | vol. 2 | iss. 2 | e40 | p. 14http://www.researchprotocols.org/2013/2/e40/
(page number not for citation purposes)

Riebl et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15951679&dopt=Abstract
http://dx.doi.org/10.1080/00140130802170387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18802819&dopt=Abstract
http://www.jmir.org/2012/1/e29/
http://dx.doi.org/10.2196/jmir.1974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356755&dopt=Abstract
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=9094933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9094933&dopt=Abstract
http://dx.doi.org/10.1007/s10654-010-9433-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20191377&dopt=Abstract
http://ije.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22933652
http://dx.doi.org/10.1093/ije/dys105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22933652&dopt=Abstract
http://dx.doi.org/10.1111/1467-8535.00294
http://www.pearsonassessments.com/NR/rdonlyres/93727FC9-96D3-4EA5-B807-5153EF17C431/0/Bulletin_9.pdf
http://www.pearsonassessments.com/NR/rdonlyres/93727FC9-96D3-4EA5-B807-5153EF17C431/0/Bulletin_9.pdf
http://www.webcitation.org/

                                                6I0wrDQAs
http://dx.doi.org/10.1016/j.jand.2012.01.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22709811&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2013.36
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23588625&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=11780705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11780705&dopt=Abstract
http://europepmc.org/abstract/MED/17346654
http://dx.doi.org/10.1016/j.jneb.2006.08.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17346654&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11902371&dopt=Abstract
http://europepmc.org/abstract/MED/18547450
http://dx.doi.org/10.1017/S1368980008002668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18547450&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2011.163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21934698&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2007.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17383266&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15745652&dopt=Abstract
http://dx.doi.org/10.1016/j.jfca.2004.02.013
http://heapro.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15522947
http://dx.doi.org/10.1093/heapro/dah408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15522947&dopt=Abstract
http://aje.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20876666
http://dx.doi.org/10.1093/aje/kwq273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20876666&dopt=Abstract
http://www.jmir.org/2012/5/e123/
http://dx.doi.org/10.2196/jmir.2253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23010345&dopt=Abstract
http://appliedresearch.cancer.gov/tools/instruments/asa24/
http://www.webcitation.org/

                                                6KAdLSbGD
http://dx.doi.org/10.1016/j.jand.2012.04.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22704899&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Kant AK, Graubard BI. Secular trends in the association of socio-economic position with self-reported dietary attributes
and biomarkers in the US population: National Health and Nutrition Examination Survey (NHANES) 1971-1975 to NHANES
1999-2002. Public Health Nutr 2007 Feb;10(2):158-167. [doi: 10.1017/S1368980007246749] [Medline: 17261225]

34. Weiss BD, Mays MZ, Martz W, Castro KM, DeWalt DA, Pignone MP, et al. Quick assessment of literacy in primary care:
the newest vital sign. Ann Fam Med 2005;3(6):514-522 [FREE Full text] [doi: 10.1370/afm.405] [Medline: 16338915]

35. Comber DL, Respress V, Estabrooks P, Almeida F, Davy BM. Abstract presented at: Obesity Society Annual Meeting;
October 24-28; Washington DC. 2009. URL: http://scholar.lib.vt.edu/theses/available/etd-05092011-000751/ [accessed
2013-10-07] [WebCite Cache ID 6KC7y6tdV]

36. Hedrick VE, Comber DL, Estabrooks PA, Savla J, Davy BM. The beverage intake questionnaire: determining initial validity
and reliability. J Am Diet Assoc 2010 Aug;110(8):1227-1232 [FREE Full text] [doi: 10.1016/j.jada.2010.05.005] [Medline:
20656099]

37. Taylor-Piliae RE, Fair JM, Haskell WL, Varady AN, Iribarren C, Hlatky MA, et al. Validation of the Stanford Brief Activity
Survey: examining psychological factors and physical activity levels in older adults. J Phys Act Health 2010 Jan;7(1):87-94.
[Medline: 20231759]

38. Taylor-Piliae RE, Haskell WL, Iribarren C, Norton LC, Mahbouba MH, Fair JM, et al. Clinical utility of the Stanford brief
activity survey in men and women with early-onset coronary artery disease. J Cardiopulm Rehabil Prev 2007;27(4):227-232.
[doi: 10.1097/01.HCR.0000281768.97899.bb] [Medline: 17667019]

39. Taylor-Piliae RE, Norton LC, Haskell WL, Mahbouda MH, Fair JM, Iribarren C, et al. Validation of a new brief physical
activity survey among men and women aged 60-69 years. Am J Epidemiol 2006 Sep 15;164(6):598-606 [FREE Full text]
[doi: 10.1093/aje/kwj248] [Medline: 16840522]

40. Bogdan R, Biklen SK. Qualitative research for education: an introduction to theories and methods. Boston, Mass: Pearson
A & B; 2007.

41. Health and Human Services Department. Federal Register:The Daily Journal of the United States Government. 2013.
Annual Update of the HHS Poverty Guidelines URL: http://www.federalregister.gov/articles/2013/01/24/2013-01422/
annual-update-of-the-hhs-poverty-guidelines [accessed 2013-10-03] [WebCite Cache ID 6K7nT7rxM]

42. Bennett RE, Braswell J, Oranje A, Sandene B, Kaplan B, Yan F. The Journal of Technology, Learning, and Assessment.
Does it matter if I take my mathematics test on computer? A second empirical study of mode effects in NAEP URL: http:/
/ejournals.bc.edu/ojs/index.php/jtla/article/view/1639/1472 [accessed 2013-10-03] [WebCite Cache ID 6K7nUjh3m]

43. Pomplun M, Frey S, Becker DF. The Score Equivalence of Paper-and-Pencil and Computerized Versions of a Speeded
Test of Reading Comprehension. Educational and Psychological Measurement 2002 Apr 01;62(2):337-354. [doi:
10.1177/0013164402062002009]

44. Pomplun M, Ritchie T, Custer M. Factors in Paper-and-Pencil and Computer Reading Score Differences at the Primary
Grades. Educational Assessment 2006 May;11(2):127-143. [doi: 10.1207/s15326977ea1102_3]

45. Willett W. Nutritional Epidemiology (Monographs in Epidemiology and Biostatistics). New York: Oxford University Press,
USA; 2012.

46. Willett WC. Future directions in the development of food-frequency questionnaires. Am J Clin Nutr 1994 Jan;59(1
Suppl):171S-174S [FREE Full text] [Medline: 8279418]

47. Kant AK, Graubard BI, Atchison EA. Intakes of plain water, moisture in foods and beverages, and total water in the adult
US population--nutritional, meal pattern, and body weight correlates: National Health and Nutrition Examination Surveys
1999-2006. Am J Clin Nutr 2009 Sep;90(3):655-663 [FREE Full text] [doi: 10.3945/ajcn.2009.27749] [Medline: 19640962]

48. Ferguson K, Davy B, Zoellner J, You W. Digital Library and Archives. 2011. Demographic factors and beverage consumption
patterns: Health literacy, education and income level. The Digest, Research Dietetic Practice Group newsletter.Summer-Fall
URL: http://scholar.lib.vt.edu/theses/available/etd-05062011-101103/ [accessed 2013-10-05] [WebCite Cache ID 6KAia8BGg]

49. Zoellner J, You W, Connell C, Smith-Ray RL, Allen K, Tucker KL, et al. Health literacy is associated with healthy eating
index scores and sugar-sweetened beverage intake: findings from the rural Lower Mississippi Delta. J Am Diet Assoc 2011
Jul;111(7):1012-1020 [FREE Full text] [doi: 10.1016/j.jada.2011.04.010] [Medline: 21703379]

50. Thompson FE, McNeel TS, Dowling EC, Midthune D, Morrissette M, Zeruto CA. Interrelationships of added sugars intake,
socioeconomic status, and race/ethnicity in adults in the United States: National Health Interview Survey, 2005. J Am Diet
Assoc 2009 Aug;109(8):1376-1383 [FREE Full text] [doi: 10.1016/j.jada.2009.05.002] [Medline: 19631043]

51. de Koning L, Malik VS, Kellogg MD, Rimm EB, Willett WC, Hu FB. Sweetened beverage consumption, incident coronary
heart disease, and biomarkers of risk in men. Circulation 2012 Apr 10;125(14):1735-1741, S1 [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.111.067017] [Medline: 22412070]

52. de Koning L, Malik VS, Rimm EB, Willett WC, Hu FB. Sugar-sweetened and artificially sweetened beverage consumption
and risk of type 2 diabetes in men. Am J Clin Nutr 2011 Jun;93(6):1321-1327 [FREE Full text] [doi: 10.3945/ajcn.110.007922]
[Medline: 21430119]

53. Malik VS, Popkin BM, Bray GA, Després JP, Hu FB. Sugar-sweetened beverages, obesity, type 2 diabetes mellitus, and
cardiovascular disease risk. Circulation 2010 Mar 23;121(11):1356-1364 [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.109.876185] [Medline: 20308626]

JMIR Res Protoc 2013 | vol. 2 | iss. 2 | e40 | p. 15http://www.researchprotocols.org/2013/2/e40/
(page number not for citation purposes)

Riebl et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1017/S1368980007246749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17261225&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=16338915
http://dx.doi.org/10.1370/afm.405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16338915&dopt=Abstract
http://scholar.lib.vt.edu/theses/available/etd-05092011-000751/
http://www.webcitation.org/

                                                6KC7y6tdV
http://europepmc.org/abstract/MED/20656099
http://dx.doi.org/10.1016/j.jada.2010.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20656099&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20231759&dopt=Abstract
http://dx.doi.org/10.1097/01.HCR.0000281768.97899.bb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17667019&dopt=Abstract
http://aje.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=16840522
http://dx.doi.org/10.1093/aje/kwj248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16840522&dopt=Abstract
http://www.federalregister.gov/articles/2013/01/24/2013-01422/annual-update-of-the-hhs-poverty-guidelines
http://www.federalregister.gov/articles/2013/01/24/2013-01422/annual-update-of-the-hhs-poverty-guidelines
http://www.webcitation.org/

                                                6K7nT7rxM
http://ejournals.bc.edu/ojs/index.php/jtla/article/view/1639/1472
http://ejournals.bc.edu/ojs/index.php/jtla/article/view/1639/1472
http://www.webcitation.org/

                                                6K7nUjh3m
http://dx.doi.org/10.1177/0013164402062002009
http://dx.doi.org/10.1207/s15326977ea1102_3
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=8279418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8279418&dopt=Abstract
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=19640962
http://dx.doi.org/10.3945/ajcn.2009.27749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19640962&dopt=Abstract
http://scholar.lib.vt.edu/theses/available/etd-05062011-101103/
http://www.webcitation.org/

                                                6KAia8BGg
http://europepmc.org/abstract/MED/21703379
http://dx.doi.org/10.1016/j.jada.2011.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21703379&dopt=Abstract
http://europepmc.org/abstract/MED/19631043
http://dx.doi.org/10.1016/j.jada.2009.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631043&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=22412070
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.067017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22412070&dopt=Abstract
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=21430119
http://dx.doi.org/10.3945/ajcn.110.007922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21430119&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=20308626
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.876185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20308626&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB. Sugar-sweetened beverages and risk of metabolic
syndrome and type 2 diabetes: a meta-analysis. Diabetes Care 2010 Nov;33(11):2477-2483 [FREE Full text] [doi:
10.2337/dc10-1079] [Medline: 20693348]

55. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, American Heart Association Statistics
CommitteeStroke Statistics Subcommittee. Heart disease and stroke statistics--2013 update: a report from the American
Heart Association. Circulation 2013 Jan 1;127(1):e6-e245. [doi: 10.1161/CIR.0b013e31828124ad] [Medline: 23239837]

56. United States Department of Health and Human Services. U.S. Department of Health and Human Services. 2008. Physical
Activity Guidelines for Americans URL: http://www.health.gov/paguidelines/guidelines/default.aspx [accessed 2013-07-08]
[WebCite Cache ID 6I0wzFIIq]

57. Wallace P, Clariana R. Journal of Information Systems Education. 2000. Achievement predictors for a computer-applications
module delivered via the world-wide web URL: http://jise.org/Volume11/Pdf/013.pdf [accessed 2013-10-05] [WebCite
Cache ID 6KAj5omrm]

58. Watson DB. Key factors affecting conceptual gains from CAL materials. Br J Educ Technol 2001 Nov;32(5):587-593.
[doi: 10.1111/1467-8535.00227]

59. Schoeller DA, Thomas D, Archer E, Heymsfield SB, Blair SN, Goran MI, et al. Self-report-based estimates of energy intake
offer an inadequate basis for scientific conclusions. Am J Clin Nutr 2013 Jun;97(6):1413-1415. [doi:
10.3945/ajcn.113.062125] [Medline: 23689494]

60. Taber DR, Stevens J, Murray DM, Elder JP, Webber LS, Jobe JB, et al. The effect of a physical activity intervention on
bias in self-reported activity. Ann Epidemiol 2009 May;19(5):316-322 [FREE Full text] [doi:
10.1016/j.annepidem.2009.01.001] [Medline: 19230711]

61. Yaroch AL, Tooze J, Thompson FE, Blanck HM, Thompson OM, Colón-Ramos U, et al. Evaluation of three short dietary
instruments to assess fruit and vegetable intake: the National Cancer Institute's food attitudes and behaviors survey. J Acad
Nutr Diet 2012 Oct;112(10):1570-1577. [doi: 10.1016/j.jand.2012.06.002] [Medline: 23017567]

62. Kirsch IS. Adult Literacy in America: A First Look at the Results of the National Adult Literacy Survey. Washington, DC:
Educational Testing Service; 1993. URL: http://www.eric.ed.gov/PDFS/ED358375.pdf [accessed 2013-07-10] [WebCite
Cache ID 6I0yN5Q5k]

63. Kirsch I. The International Adult Literacy Survey (IALS): Understanding What Was Measured. Princeton, NJ: Educational
Testing Service; 2001. URL: https://www.ets.org/Media/Research/pdf/RR-01-25-Kirsch.pdf [accessed 2013-07-09] [WebCite
Cache ID 6I0zKAfpM]

64. Parker RM, Williams MV, Baker DW, Weiss BD, Davis TC, Doak CC, et al. Health literacy: report of the Council on
Scientific Affairs. Ad Hoc Committee on Health Literacy for the Council on Scientific Affairs, American Medical Association.
JAMA 1999 Feb 10;281(6):552-557. [Medline: 10022112]

Abbreviations
BEVQ: beverage intake questionnaire
BEVQ-15: beverage intake questionnaire
BMI: body mass index
IMM: interactive multimedia
L-Cat: Stanford Leisure-Time Activity Categorical Item
NVS: Newest Vital Sign
PP: paper-administered
SSB: sugar-sweetened beverage

Edited by G Eysenbach; submitted 16.07.13; peer-reviewed by B Lohse; comments to author 28.08.13; revised version received
08.09.13; accepted 11.09.13; published 22.10.13

Please cite as:
Riebl SK, Paone AC, Hedrick VE, Zoellner JM, Estabrooks PA, Davy BM
The Comparative Validity of Interactive Multimedia Questionnaires to Paper-Administered Questionnaires for Beverage Intake and
Physical Activity: Pilot Study
JMIR Res Protoc 2013;2(2):e40
URL: http://www.researchprotocols.org/2013/2/e40/
doi: 10.2196/resprot.2830
PMID: 24148226

JMIR Res Protoc 2013 | vol. 2 | iss. 2 | e40 | p. 16http://www.researchprotocols.org/2013/2/e40/
(page number not for citation purposes)

Riebl et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/20693348
http://dx.doi.org/10.2337/dc10-1079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20693348&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0b013e31828124ad
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23239837&dopt=Abstract
http://www.health.gov/paguidelines/guidelines/default.aspx
http://www.webcitation.org/

                                                6I0wzFIIq
http://jise.org/Volume11/Pdf/013.pdf
http://www.webcitation.org/

                                                6KAj5omrm
http://www.webcitation.org/

                                                6KAj5omrm
http://dx.doi.org/10.1111/1467-8535.00227
http://dx.doi.org/10.3945/ajcn.113.062125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23689494&dopt=Abstract
http://europepmc.org/abstract/MED/19230711
http://dx.doi.org/10.1016/j.annepidem.2009.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19230711&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2012.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23017567&dopt=Abstract
http://www.eric.ed.gov/PDFS/ED358375.pdf
http://www.webcitation.org/

                                                6I0yN5Q5k
http://www.webcitation.org/

                                                6I0yN5Q5k
https://www.ets.org/Media/Research/pdf/RR-01-25-Kirsch.pdf
http://www.webcitation.org/

                                                6I0zKAfpM
http://www.webcitation.org/

                                                6I0zKAfpM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10022112&dopt=Abstract
http://www.researchprotocols.org/2013/2/e40/
http://dx.doi.org/10.2196/resprot.2830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24148226&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Shaun K Riebl, Allyson C Paone, Valisa E Hedrick, Jamie M Zoellner, Paul A Estabrooks, Brenda M Davy. Originally published
in JMIR Research Protocols (http://www.researchprotocols.org), 22.10.2013. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org,
as well as this copyright and license information must be included.

JMIR Res Protoc 2013 | vol. 2 | iss. 2 | e40 | p. 17http://www.researchprotocols.org/2013/2/e40/
(page number not for citation purposes)

Riebl et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

