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ABSTRACT. Objective: This study used a two-group randomized
design to assess the validity of measuring self-reported alcohol con-
sumption among college students using the Handheld Assisted Network
Diary (HAND), a daily diary assessment administered using wireless
mobile devices. Method: A convenience sample of college students was
recruited at a large, public university in the southeastern United States
and randomized into two groups. A randomly assigned group of 86 stu-
dents completed the daily HAND assessment during the 30-day study
and a Timeline Followback (TLFB) at 30-day follow-up. A randomly as-
signed group of 82 students completed the paper-and-pencil Daily Social
Diary (DSD) over the same study period. Data from the daily HAND
assessment were compared with the TLFB completed at follow-up by
participants who completed the HAND using 95% limits of agreement

analysis. Furthermore, individual growth models were used to examine
differences between the HAND and DSD by comparing the total drinks,
drinking days, and drinks per drinking day captured by the two assess-
ments over the study period. Results: Results suggest that the HAND
captured similar levels of alcohol use compared with the TLFB com-
pleted at follow-up by the same participants. In addition, comparisons
of the two study groups suggest that, controlling for baseline alcohol
use and demographics, the HAND assessment captured similar levels
of total drinks, drinking days, and drinks per drinking day as the paper-
and-pencil DSD. Conclusions: The study findings support the validity
of wireless mobile devices as a daily assessment of alcohol use among
college students. (J. Stud. Alcohol Drugs 70: 771-775, 2009)

EAVY ALCOHOL USE among college students is a

public health problem in the United States (Substance
Abuse and Mental Health Services Administration, 2004;
Wechsler et al., 2000). Despite significant advances in alco-
hol surveillance, prevention, and intervention research, the
measurement of alcohol use among college students remains
a challenge for alcohol researchers because students’ drink-
ing behaviors are characterized by infrequent, heavy drinking
episodes (Dawson, 2003; Greenfield, 2000; Substance Abuse
and Mental Health Services Administration, 2004).

In part to overcome some of the methodological limita-
tions of existing assessments of alcohol use, the National
Institute on Alcohol Abuse and Alcoholism identified the
need to determine the most effective uses of computer-based
technologies to help prevent dangerous alcohol use in college
settings (Task Force for the National Advisory Council on
Alcohol Abuse and Alcoholism, 2002). For instance, wireless
mobile devices (MDs) such as handheld computers, cellular
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phones, and smart phones provide a number of advantages
over traditional paper-and-pencil methods of measurement
and thus may be useful in improving the assessment of alco-
hol use among college students (Bernhardt et al., 2001).
Previous research has demonstrated that the use of MDs,
such as handheld computers, for collection of sensitive be-
havioral data (e.g., drug and alcohol use, sexual behavior)
from students resulted in substantially fewer missing data
points compared with paper-and-pencil questionnaires and
face-to-face interviews (van Griensven et al., 2006). Re-
search also suggests that electronic daily diaries may be a
useful method for alcohol assessment; however, only a few
prior studies have used the wireless capabilities of MDs for
alcohol assessment among college students (Bernhardt et
al., 2007; LaBrie et al., 2006; Weitzel et al., 2007). By us-
ing existing daily reporting methods of alcohol assessment
and incorporating innovative wireless mobile technology, it
may be possible to create an accurate assessment of drinking
behaviors among college students and provide opportunities
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to apply this technology for tailored interventions (Bernhardt
et al., 2005, 2007; Weitzel et al., 2007).

This study sought to evaluate the validity of measuring
self-reported alcohol consumption among college students
using daily Handheld Assisted Network Diary (HAND)
assessments for alcohol use administered on wireless MDs
by comparing data collected using the HAND with two
validated methods of alcohol assessment. First, reported
alcohol use on the HAND was compared with a paper-and-
pencil, self-completed Timeline Followback (TLFB; Sobell
et al., 1986) assessment completed at follow-up by the same
participants. Second, data collected using the HAND assess-
ment were compared with data collected among a randomly
assigned comparison group of participants who completed
a paper-and-pencil Daily Social Diary (DSD) over the same
30-day period.

Method
Design and procedures

The study used a pre-test, post-test design with random-
ized group assignment to examine the validity of the HAND
for measuring alcohol use among college students at a large,
public university in the southeastern United States. The study
procedures were approved by the institutional review board
at the participating institution, and all participants provided
signed informed consent before taking part in the study.

The methods of the study are described in detail else-
where (Arriola et al., 2009). Briefly, a convenience sample
of college students (n = 170) was randomly assigned to
complete a daily assessment of their drinking using either
the HAND (Bernhardt et al., 2007; Weitzel et al., 2007) or
the paper-and-pencil DSD each day for 30 days. Participants
were asked to complete a baseline TLFB, the daily HAND or
DSD for 30 days, and a follow-up TLFB after 30 days.

Measures

Daily drinking was measured on the TLFB, HAND, and
DSD by asking participants whether they drank alcohol
on the previous day and, if so, how many standard drinks
they consumed. Standard drinks were consistently defined
across the three assessments as 12 oz of beer, 5 0z of wine
or champagne, 3 oz of fortified wine, or 1.5 oz of distilled
spirits. Conversion factors were also provided to estimate the
number of standard drinks consumed based on state-specific
alcohol distribution laws at that time that required drinking
establishments to serve distilled spirits in single-serving
bottles rather than using conventional serving methods.

The TLFB administered at baseline and follow-up was
self-completed (i.e., paper-and-pencil). Similar to prior
research (Maisto et al., 2008), participants were provided

with the TLFB calendar and instructions and were asked to
complete information about their alcohol use each day for
the previous 30 days. The reliability of the TLFB has been
previously established by comparing it with electronic forms
of measurement, including handheld computers, interactive
voice response programs, computer-based assessments, and
telephone interviews (Carney et al., 1998; Searles et al.,
2000; Sobell et al., 1996).

The questions examining drinking on the daily HAND
and DSD assessments were identical; the only difference be-
tween the two assessments was the mode of administration.
The DSD was based on the drinking self-monitoring log, a
validated daily diary-type assessment for alcohol use (Sobell
et al., 1989), and was administered in paper-and-pencil for-
mat. At baseline, DSD group participants received a packet
containing a one-page assessment for each day of the study
period to be completed over the course of the study, which
they then turned in when completing the follow-up TLFB.

The HAND was designed using EntryWare Designer
software (Techneos Systems, Inc., Vancouver, BC) and ad-
ministered using Palm Tungsten W smart phones (Palm Inc.,
Sunnyvale, CA), which were enabled to wirelessly transmit
data to a secure web-based server after each assessment was
completed. Participants who did not complete the HAND
assessment by 12:00 pm each day were sent an automated
email from the researchers reminding them to complete the
HAND. Participants who still had not completed the assess-
ment by 5:00 pm each day received an automated phone call
from the researchers reminding them to complete the HAND.
Between administrations of the daily HAND assessments,
the MDs were locked at a waiting screen until the next day’s
assessment was available, which prevented participants from
completing multiple HAND assessments in 1 day.

Statistical analyses

Data were analyzed using SAS 9.2 (SAS Institute, Cary,
NC). Variables created for the HAND, DSD, and TLFB
assessments included total drinks consumed, number of
drinking days, and drinks per drinking day. The 95% limits
of agreement method (Bland and Altman, 2003) using a cor-
rection factor for sample sizes of less than 100 (Ludbrook,
2002) was used to assess agreement between the HAND and
the follow-up TLFB.

Three individual growth models were created using PROC
MIXED (Singer, 1998) to compare differences in total
drinks, drinking days, and drinks per drinking day between
the HAND and DSD. Each outcome variable was aggregated
at weekly intervals (Weeks 1 and 2 with 7 days, Weeks 3 and
4 with 8 days), totaling four time points for each individual
growth model. The primary independent variable of inter-
est was a group variable coded as “1” for the HAND group
and “0” for the DSD group. Individual growth models also
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TaBLE 1. Unstandardized parameter estimates and 95% confidence intervals (Cls) comparing the
Handheld Assisted Network Diary (HAND) to the Daily Social Diary (DSD) for alcohol-related

variables
Total drinks Drinking days Drinks/drinking day

Variable b (95% CI) b (95% CI) b (95% CI)
Assessment (1 = HAND,

0=DSD) -0.15(-2.52,2.21)  -0.09 (-0.37, 0.19) 0.50 (-0.41, 1.41)
Baseline TLFB

Log (1 + total drinks)® 7.45% (6.06, 8.90) - -

Drinking days - 0.187(0.14, 0.23)

Drinks/drinking day -
Gender (1 = male,

0 = female)
Age 0.42 (-0.38, 1.35)
Null model %2 =90.9,
likelihood 9 df,
ratio test p<.001

-2.97* (-5.41,-0.54) -0.25 (-0.53, 0.04)

0.66" (0.49, 0.83)

-0.58 (-1.52, 0.37)

0.14* (0.03,0.24)  0.29 (-1.52, 0.37)

x?=105.41 %2 =50.07
9 df, 9 df,
p=.001 p=.001

Notes: TLFB = Timeline Followback. “Natural log transformation was applied because the baseline

total drinks variable was strongly kurtotic.

included age, gender, and the corresponding baseline TLFB
drinking-variable controls. The total drinks variable from the
baseline TLFB was transformed using a natural logarithm
(natural log + 1) because it was strongly kurtotic (Emerson
and Soto, 1983). Two participants were excluded from the
analyses reported because they had extreme outlier values
on all assessments of alcohol use.

Results
Participants

Of the participants included in the analyses (n = 168),
50.3% were female, the majority were white (77.7%), and
the mean (SD) age was 19.96 (1.35) years. Demographic
characteristics did not differ significantly between the two
study groups. Among the participants in the DSD group (n =
82), the mean number of completed daily assessments on the
DSD was 29.29 (0.91), with an average completion rate of
97.6%. Among participants in the HAND group (n = 86), the
mean number of completed assessments on the HAND was
25.75 (5.90), with an average completion rate of 85.8%.

Comparison of the HAND with the TLFB

Overall, the mean total drinks (p = .21), drinking days (p
=.56), and drinks per drinking day (p = .54) captured on the
HAND and TLFB, respectively, did not differ significantly.
The mean difference in drinks per drinking day between
the HAND and TLFB was 0.07. The adjusted 95% limits of
agreement using the small sample size (n < 100) correction
factor (Ludbrook, 2002) were -3.68 to 3.83 standard drinks.
In total, 94.2% of data (81/86 respondents) fell within this
agreement interval.

Comparison of the HAND with the DSD

When controlling for the respective alcohol-use variables
on the baseline TLFB, age, and gender, there were no statis-
tically significant differences between the HAND and DSD
in total drinks, drinking days, or drinks per drinking day
captured each week during the 30-day study period (Table

1).
Discussion

This study sought to evaluate the validity of measuring
self-reported quantity and frequency of alcohol use among
college students using the MD-based HAND. Our analyses
suggest that the HAND assessment captured similar levels
of alcohol use over the course of the study compared with
two valid paper-and-pencil assessments of alcohol use, the
TLFB and DSD. This study contributes to a growing body of
literature on the assessment of alcohol consumption using a
number of different communication technologies (Dawson,
2003). Specifically, this study suggests that wireless MDs
may represent a valid method of assessment of daily drinking
among college students.

Technical aspects of the design of the two daily assess-
ments may have affected the comparisons reported. For ex-
ample, the average completion rate among DSD participants
(98%) was substantially higher than among HAND partici-
pants (86%). However, the design of the HAND prevented
participants from completing assessments that were missed,
and HAND group participants received reminders to com-
plete daily assessments. Neither of these features was incor-
porated into the design of the DSD, which likely contributed
to the observed differences in completion rates in particular.
These technical aspects notwithstanding, the completion rate
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observed for the HAND indicates that, despite the potential
burden for participants of completing the daily HAND as-
sessment, the HAND can be completed daily with little
deviation.

Although research suggests that technology such as wire-
less MDs offers many benefits for behavioral assessment
(Bernhardt et al., 2001, 2005), the evolving technology of
wireless MDs, including enhanced multimedia and improved
wireless capabilities of more recent MDs, may expand the
benefits of applying such technology for alcohol assessment.
In particular, although preliminary evidence suggests that
wireless MDs may be an effective tool for delivering indi-
vidually tailored messages to reduce drinking among college
students (Weitzel et al., 2007), future research is needed to
examine both the assessment and intervention capabilities of
more recent, more advanced wireless MDs over longer time
periods.

The results of this study should be considered in the
context of several limitations. The study used a convenience
sample of college students; therefore, generalizations to
broader populations should be made with caution. All drink-
ing behaviors are based on participant self-reports. Although
research suggests that self-report assessments are reliable
(Del Boca and Darkes, 2003), the results should be inter-
preted with this limitation in mind. Because of the nature
of the DSD, it could not be determined when the daily as-
sessment was completed, thereby limiting the comparisons
that can be drawn between the DSD and the HAND. Finally,
participants’ reported alcohol use on the follow-up TLFB
may have been affected by the fact that they completed a
daily assessment of alcohol use over the preceding 30 days.
The comparisons of the HAND with the follow-up TLFB
in particular should be interpreted with this limitation in
mind.

Two primary research implications should be considered
based on the present study. First, future research is needed
to examine both the alcohol assessment and intervention
capabilities of MDs, in particular investigating their use
over longer study periods. In addition, research is needed to
examine how advanced multimedia and communication ca-
pabilities of more recent wireless MDs can be incorporated
into assessment and intervention methods for alcohol use
and potentially other behaviors.
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