
A

K

p
b
m
i

f
o

1
d

Original article

Use of audio-enhanced personal digital assistants for school-based
data collection

Erika S. Trapl, M.S.a, Elaine A. Borawski, Ph.D.a,*, Paul P. Stork, M.B.A.b,
Loren D. Lovegreen, M.A.a, Natalie Colabianchi, Ph.D.a, Maurice L. Cole, B.A.a,

and Jacqueline M. Charvat, M.S.c
aCenter for Health Promotion Research, Department of Epidemiology and Biostatistics, Case Western Reserve University, Cleveland, Ohio

bWeatherhead School of Management, Case Western Reserve University, Cleveland, Ohio
cFrances Payne Bolton School of Nursing, Case Western Reserve University, Cleveland, Ohio

Manuscript received May 7, 2004; manuscript accepted March 25, 2005

bstract Purpose: To review the different data collection options available to school-based researchers and
to present the preliminary findings on the use of audio-enhanced personal digital assistants (APDA)
for use in school-based data collection.
Methods: A newly developed APDA system was used to collect baseline data from a sample of
645 seventh grade students enrolled in a school-based intervention study. Evaluative measures
included student response, time to completion, and data quality (e.g., missingness, internal consis-
tency of responses). Differences in data administration and data quality were examined among three
groups of students: students newer to the United States speaking English as a second language;
special education students; and students not newer to the United States receiving regular education.
Results: The APDA system was well received by students and was shown to offer improvements
in data administration (increased portability, time to completion) and reduced missing data. Al-
though time to completion and proportion of missing data were similar across the three groups of
students, psychometric properties of the data varied considerably.
Conclusions: The APDA system offers a promising new method for collecting data in the middle
school environment. Students with cognitive deficits and language barriers were able to complete the
survey in a similar amount of time without additional help; however, differences in data quality
suggest that limitations in comprehension of the questions remained even though the questions were
read to the respondents. More research on the use of APDA is necessary to fully understand the
effect of data collection mode with special populations. © 2005 Society for Adolescent Medicine.
All rights reserved.
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Researchers often turn to the school environment as the
rimary venue for collecting surveillance data on sensitive risk
ehaviors among adolescents [1–3]. Schools are also a com-
on venue for health behavior interventions aimed at prevent-

ng or reducing risk behavior such as drug and alcohol use,
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iolence, or unprotected sexual activity. To collect surveillance
ata or to assess the effectiveness of behavioral interventions,
esearchers need a flexible and cost-effective method for
ollecting sensitive data from a large number of adolescents
n a short period of time, in a way that is the least intrusive
o the school schedule and environment.

For many years, researchers relied on the self-administered,
aper-based survey (SAQ) to collect data within the school
nvironment. However, the SAQ has numerous limitations,

ost of which are owing to the reliance on reading compe-

rights reserved.
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ency and command of the English language, neither of
hich are guaranteed in today’s diverse urban school set-

ing. Computerized methods (i.e., audio-computer assisted
elf-interviewing, A-CASI) have been designed to address
hese limitations; however, these methods are not always
onducive to the school environment.

The purpose of this article is to review the different data
ollection options currently available to school-based re-
earchers and to present the development and preliminary
ndings on the extension of the A-CASI system to personal
igital assistants (PDA), or small handheld computers, for
se in school-based data collection. This data collection
ystem was designed not only in response to the investiga-
ors’ desire to integrate technological advances into the data
ollection process, but also to create a more flexible and
ransportable computer-based data collection system to be
sed in schools. The newly developed system was imple-
ented and evaluated as part of a school-based intervention

tudy conducted among urban middle school students.

ackground

chool-based data collection methods

School-based research and surveillance typically uses
aper–pencil self-administered questionnaires (SAQ) for
ata collection. SAQs allow researchers to reach the largest
umber of respondents in the most economic way, requiring
ne survey administrator for a large number of students.
owever, the SAQ requires a moderate reading level and

ufficient cognitive ability to accurately interpret skip pat-
erns typically found in risk behavior research. If these
atterns are unsuccessfully navigated, the amount of miss-
ng and inconsistent data increases. This, in turn, increases
he chances of the student with cognitive or language dif-
culties being excluded from the study, either as an outright
xclusion or as an analytic exclusion (i.e., cases with miss-
ng data are dropped from the analyses by default). In
ddition, the inability to navigate branching patterns in the
AQ can expose students to developmentally inappropriate
uestions (e.g., exposure to condom-use questions when
espondent has never engaged in sexual intercourse).

Interviewer-administered surveys, including face-to-face
nterviews or telephone surveying, seemingly address many
f the limitations of self-administered questionnaires; the
nterviewer reads the survey to the student and navigates the
omplicated branching patterns, reducing missing data and
nconsistent responses. However, extensive research with
dolescents has shown that interviewer-administered tech-
iques are more likely to yield decreased reports of sensitive
ehaviors when compared with self-administered methods
4–10]. Further, this method can be cost-prohibitive when
onducting a large scale surveillance or intervention study.

The most desirable solution is a methodology that draws

n the strengths of both personal interviewing and self- t
dministered questionnaires, realized in audio-supported,
omputer-assisted self-interviewing (A-CASI). A-CASI reads
he questions to the respondent, thereby reducing literacy
emands. A-CASI allows for the programming of difficult
ranching patterns, and provides a level of privacy at least
omparable to that of SAQ [10]. This method has the benefit
f standardization across the study population because the
ame survey and voice files are used [10]. A-CASI also
rovides several data quality improvements over SAQ, in-
luding faster data entry and fewer nonresponses and data
onsistency checks [11]. Children are quick to pick up the
echnology and can complete surveys with minimal assis-
ance [12]. With few exceptions [13], surveys completed by
dolescents using A-CASI elicited increased reporting of
exual behavior when compared with face-to-face inter-
iews, phone interviews, and self-administered paper–pen-
il surveys [12,14,15]. In survey research, methods yielding
igher reporting of sensitive risky behaviors are believed to
e more accurate as these methods presumably address
ssues of social desirability [16]. Thus, increased reports of
ensitive behavior collected via A-CASI are believed to be
ore accurate than SAQ reports.
To facilitate A-CASI data collection in school-based

esearch, researchers either rely on currently existing school
esources, such as computer labs, or build their own porta-
le data collection system using laptop computers. Utiliza-
ion of existing school resources requires less expenditure
n the part of the researcher. However, the researcher is
estricted to the availability of the existing resources, thus
liminating some prospective study sites owing to lack of
esources [13] and potentially increasing selection bias. Use
f school resources may also be perceived as less private to
tudents who may fear that their responses could be acces-
ible to school administrators and teachers [13]. Although
reating a portable data collection system (i.e., with laptops)
oes require a substantial initial investment by the researcher,
t reduces selection bias of schools and standardizes equipment
cross all study participants. However, researchers still need to
e concerned with finding an adequate testing site with suf-
cient flat-top space and electrical outlets, neither of which
re widely available in most urban schools. Equally impor-
ant are issues of transportation and security of an expensive
ystem that requires substantial research staff.

ersonal digital assistants

Personal digital assistants (PDA) became widely avail-
ble in the 1990s. PDAs fit easily into an individual’s hand
nd have a screen size approximately the size of one’s palm.

stylus, an instrument similar to an inkless pen, is used to
avigate the touch-sensitive screen of the PDA. PDAs sup-
ort multimedia, providing a color screen and volume con-
rol. A rechargeable battery can generally run several hours
efore requiring charging, although a lithium back-up bat-

ery is generally included to prevent loss of data.
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PDAs offer several equipment-specific advantages over
oth desktop and laptop computers for data collection. First,
DAs cost substantially less than a laptop or desktop com-
uter ($300 vs. $1000�, respectively). Second, owing to
heir size, PDAs are easier to transport than laptop comput-
rs, placing less physical burden on research staff.

Third, PDAs allow for greater flexibility in the testing
enue compared with laptops. Laptops require flat surfaces
nd ample electric supply, whereas PDAs are charged be-
ore data collection and are able to run for six hours before
eeding to be recharged. PDAs can be used in a variety of
ettings with and without tabletop access, including class-
ooms, libraries, cafeterias, media centers, and auditoriums.
ecause there is little limitation in the venue, it is easier to
reate larger spaces between students that may contribute to

greater sense of privacy and increase the validity of
eporting by the student [13]. However, owing to the small
ize of the PDA, security of the equipment is a larger issue.

Fourth, PDAs create a natural interface for the student as
hey fit easily into the palm of one’s hand, allowing students
hysical control over the privacy of their answers through
oving the PDA or physically shifting positions. Further,

he stylus is reminiscent of a pen, creating a familiar re-
ponse mechanism for survey respondents.

The most commonly used research settings for the PDA-
ased data collection have been marketing and clinical set-
ings, where a single interviewer/clinician uses one PDA to
ollect data on a number of respondents/patients. Recently,
here have been a number of published reports on the use of
DAs as electronic diaries in areas ranging from the assess-
ent of pain [17–19] and mood [20–23] to health-related

uality of life [24]. Palermo et al [18] compared the use of
lectronic PDA-based pain diaries to paper pain diaries,
nding that the PDA-based diary was feasible to use with
hildren and that children were more compliant and accu-
ate in their PDA-based diary entries when compared with
aper diaries. Whalen and colleagues [20–23] have used
DA-based diaries to collect behavior, social context, and
ood data from adolescents in a longitudinal adolescent

ealth study. However, to our knowledge, there are no
ublished reports on the use of PDAs in school-based re-
earch.

One of the barriers to using PDAs in school-based re-
earch has been the availability of software needed to de-
elop surveys for the PDA. Although there are currently a
umber of survey design packages available that contain
DA-based data collection modules [25–33] , many options
eeded for self-administered surveys are not in place, such
s the ability to link voice files or to “lock” the respondents
nto the survey and out of other programs on the PDA. To
ddress these and other shortcomings of current PDA software
ackages, we developed a new software package, Surveyor, for
esigning and executing audio-enhanced, PDA-based (APDA)
urveys with support from the National Institute of Child

ealth and Human Development (NICHD). Details regard- m
ng the development of Surveyor are available elsewhere
34].

One of the more significant contributions of Surveyor is
he ability to link audio files (e.g., *.wav files) to each of the
uestions in the survey. These files can be recorded from a
uman or computer-generated voice. In addition, the pro-
ram locks the student into the survey, deactivating the
enu bars and hardware buttons (i.e., student can’t access

ther programs on the PDA) and requires a password to exit
rom the program. Students have the ability to scroll both
orward and backward in the survey, and are alerted when
hey’ve left a question unanswered, although Surveyor will
llow students to leave questions unanswered. Students’
esponses are temporarily saved at each section break in the
urvey defined by the survey programmer, with a final *.txt
le containing the completed results file in a comma-delim-

ted format. In the case of hardware or software failure, the
emporary results file can be reloaded and students restart at
he beginning of the section where they had left off. Similar
o A-CASI, Surveyor also allows the programming of com-
lex skip patterns, which minimizes unnecessary exposure
f students to sensitive questions.

By eliminating one of the major barriers to PDA-based
urvey administration through the creation of a customized,
udio-capable, survey design software program similar to
hose used with A-CASI, we have enabled an initial exam-
nation of the feasibility of the APDA system and the impact
n data administration and data quality in school-based
urvey research.

valuation of APDA in the Middle
chool Environment

The second half of this article describes our observations
f using APDA in the middle school environment. The
tudy in which the APDA was used is a school-wide inter-
ention study aimed at influencing adolescent sexual behav-
or, with the secondary aim of influencing the normative
nvironment of the school, which in turn may affect behav-
or. Owing to this secondary aim, it was very important that
e involve all students, including those who might have
ifficulty completing a survey such as those enrolled in ESL
English as Second Language) classes, special education
lasses, or even mainstreamed students with cognitive or
ehavioral challenges. We anticipated that the audio support
f the APDA would allow students with limited reading
kills and/or less familiarity with the English language to
omplete the survey; however, it was unclear whether data
ollected from these groups of students would be similar in
uality to the data collected from students without these
imitations.

Based on our understanding of A-CASI, there were a
umber of additional expectations that we had for the
PDA. First, we presumed that although students would be

ostly unfamiliar with APDA, they would quickly accli-
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ate to the technology. We also expected that APDA would
rovide all the advantages of A-CASI (e.g., low rates of
issing data, programmable skip patterns) with the addi-

ional benefits of being cheaper, more portable, and provid-
ng a strong sense of privacy to students. Finally, we were
articularly interested in how APDA might affect data
uantity (e.g., number of questions completed) and quality
e.g., missing data, internal consistency of responses).

Of greatest interest was to examine whether there would
e differences in these observations among three exclusive
roups: students newer to the United States speaking En-
lish as a second language (ESL); special education (SE)
tudents; and all other students (i.e., students living in the
nited States most or all of their lives receiving regular

ducation [REG]). That is, we were interested in determin-
ng whether there would be group differences in the re-
ponse to APDA, the ability to complete the survey, the
issingness of data, and the internal consistency of survey

tem responses. Throughout the remainder of the article
hese three groups will be referred to as the REG (regular
ducation, not newer to U.S.), ESL (newer to U.S., speaking
nglish as a second language), and SE (special education)
tudent groups.

rogramming of questionnaire

Using Surveyor [35], gender-specific surveys were cre-
ted, with the number of questions ranging between 203 and
43, depending on the branching paths navigated by the
tudent. Voice files for each question were recorded in a
rofessional studio using a female vocal expert who was
sked to affect a “non-biased health professional” voice.
rior research has shown that the gender of the voice does
ot significantly affect participants’ responses [11], so the
emale voice was used with both the male and female
urveys. It should be noted that the version of Surveyor used
t the time of this study did not have the capability of
inking audio files to the response categories; thus, this
eature was not tested and evaluated in this study.

All surveys were executed on the Dell Axim X5 hand-
eld computer enhanced with a 256-MB SanDisk flash
emory card used for storing voice files and completed

urvey results files.

opulation and data collection procedures

The population was comprised of seventh grade students
rom three ethnically diverse, urban middle schools, who
re participants in a larger intervention trial aimed at post-
oning and/or reducing sexual activity. The schools were
nitially selected based on their heterogeneity with regard to
thnicity and culture (roughly a third each Hispanic, white,
nd African-American). Moreover, owing to the high influx
f new immigrants to the neighborhoods surrounding these
chools, many of the students speak a language other than

nglish at home. With regard to reading ability, reading d
roficiencies in these three schools are low with less than
0% passing the 6th grade proficiency exam, when com-
ared with the Ohio state pass rate of 65%. However, the
ates are similar to those of the overall school district [36].

This project, including the use of APDA, was approved
y the authors’ institutional review board. Active informed
onsent was obtained from the parents or guardians of all
tudents completing the survey. Immediately before com-
leting the survey, each child completed an assent form.
fter administrative questions were completed, study staff

scorted the student to a seat in the testing area and ex-
lained the use of APDA, while completing three example
uestions with the student. Students received disposable
eadphones for use with the PDA and were left to complete
he survey. When finished, students were instructed by a
creen at the end of the survey to raise their hands to notify
tudy staff of their completion of the survey. Students kept
heir headphones as an incentive for completing the survey.

ample characteristics

Of the eligible 734 seventh grade students, 88% (645/
34) of their parents gave active consent for their child to
articipate in the study. On average, the students were 12.6
ears old (SD � .8), and the sample was equally split by
ender (50.5% male) and less than half (45.3%) self-
eported to have grades of a B average or higher. Approx-
mately 40% of students in the sample self-identified as
ispanic, 26% as white, 28% as African-American, 2% as
sian, and less than 1% as American Indian or Pacific

slander. Nearly four percent (3.6%) reported that they did
ot self-identify with any group. Twelve percent (n � 75) of
he eligible study population was identified as “special ed-
cation” by their respective schools, indicating cognitive or
ehavioral deficits, and included in our SE student group. In
ddition, 9% of the sample (n � 59) was identified as less
cculturated as measured by living in the United States for
ix years or less and mostly/only spoke a language other
han English with their parents (the ESL group). Two ESL
tudents also had special education status, and therefore, are
ot included as a subgroup in the comparisons below. No
tudents refused to complete the survey.

escriptive and evaluative measures

emographic variables. Demographic variables included
ender, age, self-reported ethnicity, self-reported grades in
chool, number of years living in the U.S., and use of a
anguage other than English in the home.

tudent response to APDA. Four questions were asked at
he end of the survey to assess student response to APDA:
1) How much did you like or dislike completing the survey
n the PDA?; (2) How honest were you when answering the
uestions in the survey?; (3) What did you like about com-
leting the survey on the PDA?; and (4) What did you

islike about completing the survey on the PDA? The latter



t
A
p
a
a
s
t
S

T
a
t
o
c
p
t
A
a

D
d
i

M
s
v
p
l
i
a
t
s
t
c
p
i
“
m
t
f
w
h
b
h
c
w
m
e
m
e
a

D
s
i
u
j

d
(
c
i
h
d
p
b
t
p
o
h

r
(
c
a
c
t
s
t
t
d
t
i
m
d
n
a

e
g
s
g
c
(
t
c
t
d
c

R

S

9
s
r
i
l
c
i

300 E.S. Trapl et al. / Journal of Adolescent Health 37 (2005) 296–305
wo questions offered a list of five to six different aspects of
PDA (e.g., the questions being read to them, the head-
hones, privacy), and students were encouraged to choose
ll that applied. These responses were examined both in
ggregate and as a comparison of the REG, ESL, and SE
tudent groups. Crosstabs and corresponding chi-square sta-
istics were calculated for pairs (e.g., REG vs. ESL, REG vs.
E, ESL vs. SE).

ime to completion. The time at which each student began
nd completed the survey was recorded on a log-in sheet by
he survey administrator. To examine the impact of APDA
n data quantity, we calculated the mean and median time to
ompletion of the survey and compared the time to com-
letion across a variety of demographic variables, including
he three student groups (REG, ESL, and SE). T-tests and
NOVA with a Tukey post-hoc analysis were used to

ssess differences among the groups of interest.

ata quality. Two aspects of data quality, missingness of
ata and internal consistency of scale items, were examined
n this study.

issingness of data. Missing data often varies by the sen-
itivity of the topic, the placement in the survey (beginning
s. end), and whether the response is conditional upon a
rior response. Thus, a missing data percentage was calcu-
ated for various substantive sections of the survey, includ-
ng sections at the beginning, middle and end of the survey,
nd sections on sensitive and nonsensitive topics. Five of
he 13 sections were chosen: (a) demographics, which con-
isted of 15 questions (e.g., what grade are you in?) and was
he first section of the survey; (b) a section on “knowledge,”
omprised of 12 questions in true/false format (e.g., many
ersons with an HIV infection have been cured.), which
mmediately followed the demographics; (c) a section of
diet/physical activity behavior,” which was asked in the
iddle of the survey and consisted of 19 questions (e.g., in

he past two weeks, how many times did you eat at a fast
ood restaurant?); (d) a section on “sexual behavior,” which
as also in the middle of the survey and consisted of 15
ighly sensitive questions, many of which were contingency
ased (e.g., have you ever kissed someone on the lips? or
as anyone ever touched you below the waist, under your
lothing?); and (e) a final section on “parent practices,”
hich consisted of 19 questions (e.g., my parents pretty
uch let me do whatever I want) and was located at the very

nd of the survey. For each section, the percentage of
issing items (# missing/total items) was calculated for

ach question and the range presented for the entire sample
nd across the three student groups (REG, ESL and SE).

ata consistency. The internal consistency of items for four
eparate unidimensional scales was also examined as an
ndicator of data quality. The scales, chosen for their eval-
ative nature, required students to either make evaluative

udgments to statements (e.g., strongly agree to strongly s
isagree) or to recall and summarize the frequency of events
e.g., never to always) [37]. We assessed the following
onstructs: (a) consequences of early sexual initiation (4
tems, e.g., having sexual intercourse as a teenager makes it
arder for someone to study and stay in school); (b) con-
om-related prevention beliefs (3 items, e.g., when used
roperly, a condom prevents HIV); (c) sexual behavior
eliefs (4 items, e.g., I believe it is okay for people my age
o have sex with a steady boyfriend or girlfriend); and (d)
eer social support for healthy behavior (4 items, e.g., how
ften have your friends suggested ways you could eat
ealthier or make better food choices?).

These scales were selected because they represented a
ange of abstract thinking, from specific object attitudes
e.g., condoms) to more abstract general attitudes (e.g.,
onsequences) [37]. They were also selected because we
nticipated that ESL and SE students may have more diffi-
ulty in interpreting and assessing these types of questions,
hus providing less consistency across the items of the
cales. For this reason, we examined the internal consis-
ency of the items comprising each scale, arguing that if
here is less consistency across the items of a known uni-
imensional (latent) scale where the internal consistency is
ypically high, it may mean that the respondent is not read-
ng the questions/responses appropriately [38], and that this
ay be owing to reading ability and/or comprehension

ifficulties that are being masked by the PDA (i.e., only
eeding to point and click their answers after the questions
re read to them).

We calculated a separate Cronbach coefficient alpha for
ach of the four scales, within each of the three student
roups (REG, ESL, SE). Owing to the difference in sample
ize of the REG group as compared with the ESL and SE
roup, and the impact of sample size on Cronbach alpha
oefficients [38], a random sample of the regular education
REG) students was drawn to be similar in sample size to
hat of the other two groups. The Feldt’s test of equal
oefficients was used to compare the coefficients across the
hree student groups (REG vs. ESL, and REG vs. SE) to
etermine whether the scales reliably measure the theorized
onstructs similarly across the groups [39].

esults

tudent response to APDA

The PDA system was well received by students. Over
4% of students reported that they liked completing the
urvey on the APDA and an overwhelming 96% of students
eported being completely or mostly honest when complet-
ng the survey. When given a list of potential reasons for
iking the PDA, nearly half of all surveyed students indi-
ated that they liked having the questions read to them, as
llustrated in Table 1 below; this was similar across the three

ubgroups, but most pronounced among the REG students.
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tudents also identified liking the privacy of the APDA
59%) and being able to move forward and backward in the
urvey to change their answers (41%). On the other hand,
he most unpopular aspect of completing the survey on the
DA was tapping the “Next” button after each page of
uestions (20%). Only 5% of students reported that they did
ot like the PDA, and 6% did not like having the questions
ead to them. Of interest are the differences observed in the
ikes and dislikes across the three different student groups.
ive characteristics (i.e., like having questions read, like
earing headphones, like something else, dislike tapping

NEXT” button, dislike something else) were found to be
imilar across REG, ESL, and SE students (p � .05); many
f the other aspects of the PDA surveying are quite different
mong the subgroups.

able 1
tudent likes and dislikes of APDA: all students and among REG, ESL a

All
students

Regular
educ (REG) (A)

ikes (%) n � 643 n � 513
PDA itself 64.6 67.6
Privacy 59.2 63.0
Having questions read 47.9 49.4
Wearing headphones 28.9 29.4
Ability to change answers 41.2 44.3
Something else 24.5 26.3

islikes (%)
PDA itself 5.2 3.7
Having questions read 6.4 5.1
Wearing headphones 9.8 8.6
Tapping “NEXT” button 19.4 19.5
Something else 20.9 22.0

able 2
ime to Completion: Total and by subgroup

roup n Time (minutes)
completion mea

verall total 632a 52.33 (12.35)
ender
Male 318 52.12 (12.36)
Female 314 52.54 (12.35)

ge
� 12 years 349 52.75 (12.82)
� 13 years 283 51.82 (11.20)

ducation and language group
REG 504 52.22 (12.50)
SE 70 50.43 (11.35)b

ESL 56 55.88 (11.77)b

exual experiencea

No 520 52.14 (12.09)
Yes 104 52.67 (12.96)

*p � .05; **p � .01; ***p � .001.
a Sample sizes in the subgroup analyses differ slightly due to missing da

roup analysis because they were in both the ESL and SE groups).

b Times for ESL and SE groups were significantly different from each other (p
ime to completion

The average time to complete the 203–243 question
urvey was 52 minutes. As shown in Table 2, the range was
arge, from 15 minutes to 123 minutes; however, less than
% of the population finished in less than 30 minutes and
nly 3.2% took more than 80 minutes. The comparability of
uartiles across the REG, ESL, and SE groups indicates that
majority of students finished in a relatively similar amount
f time. In addition, there were no significant differences in
ime to completion by gender or age.

The SE students were not only able to complete the
urvey, but did so in a shorter period of time than the REG
tudents (50.43 for SE vs. 52.22 for REG). This seemingly
ounterintuitive result may be an indication of poorer read-

tudents

English as second
language (ESL)(B)

Special
educ (SE) (C)

Group differences
p � .05

n � 57 n � 73
47.4 57.4 AB
56.1 32.4 AC, BC
42.1 41.2
26.3 26.5
35.1 23.5 AC
14.0 20.6 AB

5.6 15.9 AC
1.9 17.4 AC, BC

11.1 17.4 AC
16.7 21.7
16.7 17.4

Range
(minutes)

Median
(minutes)

25th/75th
Percentile (minutes)

15–123 50.00 44.0/58.0

20–104 50.00 44.0/58.0
15–123 51.00 44.0/58.0

15–123 50.00 44.5/60.0
20–104 50.00 44.0/56.0

15–123 50.00 44.0/58.0
28–78 49.00 42.5/58.0
34–92 53.00 48.0/62.0

15–123 50.00 44.0/58.0
20–104 51.00 45.0/57.75

11 students were missing time data and two students were removed from
nd SE s
to
n (SD)

ta (i.e.,
� .01).
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ng comprehension, as discussed further in the discussion
ection. As expected, the ESL group did take longer to
omplete the survey than the REG or SE students. However,
he post hoc analysis reveals that only the SE and ESL
roups were significantly different from each other.

Programmed logic patterns allowed for an additional 40
uestions that could be answered by students, depending
pon prior responses. The vast majority of these questions
ere related to sexual behavior, and therefore created a

oncern that students answering these additional questions
ay be identified as sexually active owing to the extra

mount of time needed to complete the survey. Examination
f the time to completion by sexual experience showed no
ignificant difference.

ata quality

issingness of data. Table 3 provides the ranges of missing
ata for questions by section, including sections at the begin-
ing (i.e., Demographics, Knowledge), middle (Diet/Activity
ehavior, Sexual Behavior), and end (Parenting) of the sur-
ey. For example, in the Demographics section, overall
ates of missing data by question ranged from .2% (number
f younger siblings) to .8% (attendance at religious ser-
ices). Of additional note is the similarity between the rates
f missing data within sections containing sensitive ques-
ions (e.g., sexual behavior) compared with less sensitive
uestions (e.g., demographics), and the notable low rates of
issing data among the sexual behavior questions. Lastly,

ates of missing data appeared to be similar between REG
nd ESL students; however, SE students appear to have

able 3
ercentage missing data per section: total, by education and acculturation

All students Regular
education (RE

ection (no. questions) n � 643 n � 513
emographics (Q � 15) 0.2–0.8 0.2–0.6
nowledge (Q � 12) 0.5–4.5 0–3.5
iet/activity behavior (Q � 19) 0.3–1.6 0.2–1.8
exual behavior (Q � 15) 0.2–1.4 0.2–1.4
arenting (Q � 19) 0.6–1.9 0.6–1.8

able 4
nternal consistencies of scaled items: REG vs. ESL vs. SE groups

Regular
educ (REG)

English as
second language (ESL)

onstruct (# items) n � 75 n � 57
onsequences of early
sexual behavior (4)

.800 .725

ondom-related prevention
beliefs (3)

.862 .756

eliefs about sexual
behavior (4)

.833 .696
eer social support (4) .770 .722 1.
ections with far more missing data compared with the other
roups, particularly in the “Knowledge” section.

To further explore the quality of data among the sub-
roups, we examined the Cronbach coefficient alpha for
ach of the four different constructs within the survey:
onsequences of early sexual behavior, condom-related pre-
ention beliefs, beliefs about sexual behavior in adoles-
ents, and peer social support. Results show that Cronbach
oefficient alphas were the highest among REG students,
ollowed by the ESL students, with the SE students having
he lowest coefficient alphas; this pattern held for all four
cales. The alphas for REG students all fall in the respect-
ble to very good range, the alphas of the ESL students fall
n the minimally acceptable to respectable range, whereas
he alphas of the SE students range from unacceptable (Sex
eliefs: .545) to respectable (Condom Prevention: .733)

Table 4) [38,40].
Results of Feldt’s test for equal coefficients in comparing

EG and ESL students indicate that the coefficients for two
f the scales were not statistically different from each other
consequences of early sexual behavior and peer social
upport), whereas two of the coefficients were different
condom-related prevention beliefs and beliefs about sexual
ehavior). All coefficients were found to be statistically
ifferent when comparing the responses of SE students to
he REG students.

bservations of APDA “in the Field”

The compact quality of this new data collection system
equired only one staff member to tote 25 PDAs, necessary

English as
second language (ESL)

Special
educ (SE)

n � 57 n � 73
0–1.8 0–2.7
0–3.5 0–12.3
0–1.8 0–4.1
0–1.8 0–2.7
0–1.8 1.4–5.5

statistic p Value Special
educ (SE)

F statistic p Value

EG vs. ESL n � 73 REG vs. SE
375 .107 .651 1.745 .009

768 .014 .733 1.935 .003

820 .010 .545 2.725 �.001
G)
F

R
1.

1.

1.
209 .230 .638 1.573 .027
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ords, and the administrative laptop in a single bag, greatly
educing the physical burden on research staff. This system
lso allowed for great flexibility in the testing venue,

distinct benefit in the ever-changing environment of
chools. The testing venue varied across the three schools
ased on availability of space and included locations such as
he library, media center, and classrooms. At one of the
tudy schools, the primary designated data collection loca-
ion was the rarely used balcony of the school’s auditorium,
ypically used for storage. With poor lighting, minimal
lectrical outlets, and seating that did not offer fold-up
esktops, this space, which would not have been conducive
or SAQ or laptop-based data collection systems, was one of
ur most ideal venues. Furthermore, the minimalist nature
f APDA enabled the field research staff to quickly set up
nd break down the system and move to new testing venues,
r even another school, with little time and effort.

The APDA system proved reliable as no data was lost
wing to software or hardware error or equipment loss,
onfidentiality of students’ responses was secure, and data
as available for analysis within days of completion of the

ast survey.
The benefit of the audio files accompanying the survey

xtended beyond the ability to account for reading level.
hen students put on their headphones and began the sur-

ey, they appeared to become completely enveloped in the
world” created by APDA’s visual, audio, and interactive
timulation. Even the most disruptive student quickly qui-
ted after beginning the survey and was not distracted by the
ovements or sounds of the research staff or students

round him or her. This resolved a common problem with
sing the SAQ in the classroom setting when students finish
t different times or make comments out loud on the survey
uestions.

As an observer, it was apparent when students reached
ections containing sensitive questions based on their body
anguage. First, students would look around to see who was
ooking at them, and then they would shift their physical
ositions, seemingly to feel confident of their privacy. Stu-
ents turned sideways in their seats, hunched over the
PDA, bringing it close to their faces, or even resting their

oreheads on the edge of a table or desk to hide the APDA
nder the table. The APDA is small enough to allow the
tudent to feel that they have control over the privacy of
heir answers.

The small screen of the APDA also allowed students to
it within a few feet of one another without knowing what
uestions their neighbors are answering. When in close prox-
mity to other students completing paper-based surveys, it is
uch easier for peers to recognize which question or section a

tudent is answering, potentially risking confidentiality and
educing the student’s trust in the data collection process.

oreover, a student, teacher or staff member can walk by
nd glance at a paper-based survey, possibly gaining knowl-

dge of a student’s confidential responses. However, owing f
o the small screen size of the APDA, exposure of responses
o passers-by, such as teachers or other classmates, was also
inimized. Only one to three questions are displayed at a

ime using APDA, and it is virtually impossible for students
o be aware of the programmed skip patterns to infer how a
tudent answered previous questions. Lastly, students can
sk study staff about a particular survey question on the
PDA without exposing their other responses, maintaining

heir privacy.
The ability to maintain student’s confidentiality in the

ata collection process was simplified with the APDA via
he ability to link a unique identifier to the survey instead of
reating a complicated paper-based confidentiality system
hat is often required with paper-based surveys. Moreover,
he confidentiality of results was maintained through saving
he results as a text file that was not accessible on the
PDA; these results files were downloaded to the study

taff administrative laptop immediately after the student
ompleted the survey and deleted from the APDA.

mplications

The results from our preliminary work with this APDA
ata collection system parallel the published reports on
esktop- or laptop-based A-CASI systems in that APDA
rovided a completely standardized data collection system,
ith the added benefits of being highly compact and ex-

remely portable. With the audio enhancement, students
ith a range of reading and language abilities were able to
articipate in data collection. APDA provided other benefits
ffered by A-CASI, such as sophisticated skip patterns and
utomatic production of clean data files. However, differ-
nces among regular education students, students newer to
he U.S. who speak English as a second language and
pecial education students in PDA preferences (Table 1),
ates of missingness (Table 3), and Cronbach alpha coeffi-
ients (Table 4) indicate that this method must be explored
urther with these groups of students to determine the effect
f the audio enhancement on question/response comprehen-
ion. In particular, as only the questions were read to the
tudents, it is unclear whether the internal consistency could
e improved if response categories were also read.

Our experience with the APDA mimic that of Romer et
l [12] and Hallfors et al [41] with computers; although 66%
f students had never used a PDA before the survey, they
uickly learned how to use the technology, exhibited little
atigue during the survey, were very respectful of the equip-
ent, and even asked when they could complete the survey

gain. Our field staff has rarely observed these characteris-
ics when using pencil-paper surveys with middle school or
igh school students.

A common problem with the SAQ is that students often
efuse or choose not to answer sensitive questions, yielding
igh proportions of missing data. For example, the Centers

or Disease Control reports that nonresponse rates on the
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003 Youth Risk Behavior Survey (YRBS) ranged from
4% on a question assessing respondents’ age, to 15.5% for
he question assessing injurious suicide attempt, with the
igher rate likely owing to the sensitive nature of the ques-
ion [3]. In survey research on sexual behavior conducted
mong adults, reported nonresponse rates range from 6% to
3% [42,43]. No published research was found by the au-
hors that explicitly discussed nonresponse rates on ques-
ions of sexual behavior among adolescents. In the sexual
ehavior section completed using APDA, one of the most
ensitive sections of the survey, the largest overall nonre-
ponse rate was 1.4%, potentially indicating a significant
mprovement for research where sexual behavior is our
rimary outcome.

Beyond the benefits commonly associated with A-CASI,
e found that APDA allowed us to ask more questions than

he SAQ in a similar amount of time. Typically, school-
ased SAQs are designed to be completed within a 45-
inute class period, with the maximum number of ques-

ions ranging from 30 (upper elementary school) to 80 (high
chool), depending on the age of the targeted student pop-
lation. For example, the survey designed for the 2005
iddle school YRBS contains 49 questions designed to be

nswered in a single, 45-minute class period [44]. Follow-
ng this rate of question completion for SAQ, students
hould have answered approximately 57 questions in 52
inutes; using APDA, students completed over 200 ques-

ions in 52 minutes. Notably, no students asked to stop
ompleting the survey.

One issue of concern was the shorter completion time of
he SE students identified as cognitively or behaviorally
mpaired. Although the difference in time to completion is
ot statistically significant, this seemingly inconsistent re-
ult may bring into question the students’ comprehension of
he survey and their responses. This matter is further com-
licated by the increased proportion of missing data among
his subgroup, as well as the lower coefficient alphas of the
cales used in the study. It is possible that both missing data
nd the internal consistency of the four scales could be
mproved by adding audio enhancement for the response
ptions in addition to the questions and text. Only through
urther exploration of this data collection technique among
hese special subgroups can this question be adequately
nswered.

The APDA data collection system is still in its develop-
ent phase. The Surveyor software is currently in the pro-

ess of upgrading to include enhancing features, such as
inking audio files to the response categories, a printable
odebook, a trace log (i.e., tracking response path and time
hrough the survey), a robust logic engine for internal con-
istency checks, and rich text formatting.

APDA offers great promise to school-based researchers
nd enhances our understanding of how adolescents with
ifferent cognitive and behavioral characteristics react to

echnology and its use in collecting self-reported data. How-
ver, far more research is needed to better understand the
nderlying mechanisms that contribute to differences in
urvey administration and data quality. Further, as this study
nly included urban middle school students, there is no
vidence as to how this data collection method would be
eceived by an older or younger population or a suburban,
ural or even alternative school setting.

onclusion

Based on the above findings, use of an APDA data
ollection system is feasible with middle school students in
controlled environment. The portable data collection sys-

em was easily implemented in a variety of venues with
inimal survey administration staff. No data were lost ow-

ng to hardware or software malfunction; data files were
mmediately available for analysis. Students responded pos-
tively to the technologically enhanced survey and remained
ngaged during the 200� question survey. Students with
ognitive deficits and language barriers were able to com-
lete the survey in a similar amount of time without addi-
ional help, although more research on the use of APDA is
ecessary to fully understand the effect of data collection
ode with special populations.
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