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Abstract
Objective—To examine the impact of 3 data collection modes on the number of questions
answered, data quality, and student preference.

Methods—275 urban seventh-grade students were recruited and randomly assigned to complete
a paper survey (SAQ), PDA survey (PDA), or PDA survey with audio (APDA). Students
completed a paper debriefing survey.

Results—APDA respondents completed significantly more questions compared to SAQ and
PDA. PDA and APDA had significantly less missing data than did SAQ. No differences were
found for student evaluation.

Conclusions—Strong benefits may be gained by the use of APDA for adolescent school-based
data collection.
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Early adolescence is increasingly seen as an appropriate time to introduce interventions
aimed at preventing risky behaviors such as drug and alcohol use, violence, and unprotected
sexual activity.1,2 As adolescents spend a majority of their time at school, the classroom
becomes a natural venue for implementing these interventions.3 Researchers often use
survey methodology to assess the effectiveness of these interventions. Due to the highly
sensitive nature of some targeted behaviors, researchers use questionnaires involving
sophisticated branching patterns. Yet, the level of reading competency and command of the
English language required to navigate such questionnaires is not always prevalent among
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students in diverse urban school settings. Researchers have sought to address this issue, and
others, in their development of different data collection methods.

A common and economical method for collecting data from a large number of students is
the paper-based self-administered questionnaire (SAQ). This technique is much more likely
to yield increased reports of sensitive behaviors when compared with interviewer-
administered methods.4–10 However, the SAQ requires moderate reading skills, often
requires students to navigate sophisticated skip patterns, and necessitates large testing areas
to guarantee privacy. Also, school administration and parents oftentimes reject SAQs
because exposure to detailed and sensitive questions (eg, types of sexual behavior) is not
easily limited to only students for whom it applies – thus potentially exposing other students
to developmentally inappropriate questions.

Computer-assisted self-interview (CASI) systems address many of the limitations of the
SAQ. CASI systems may be used with both desktop and laptop computer systems, allowing
for transportability.4,11 These systems provide computer-controlled navigation of
sophisticated branching patterns (to skip nonapplicable questions), programmed consistency
checks, and automatic data entry.4,12 They also help reduce missing data by ensuring that
respondents address all relevant questions.11,13,14 Audio-enhancement features may be
added to CASI programs (ie, A-CASI), allowing survey respondents to listen to questions
through headphones while concurrently reading questions on the computer, thereby
potentially reducing issues related to literacy and comprehension.7,8 However, the cost,
resources and staffing requirements of this method reduce its feasibility in school-based
research where space and resources are limited.

A third self-administered data collection option is the small, handheld personal digital
assistant (PDA), which benefits from the advantages of the CASI approach, but is cheaper
and more portable than the desktop- or laptop-based systems. Over the past several years,
more studies have been published examining the use of PDAs and other handheld devices,
particularly in school-based or adolescent health research.15–20 Although this line of
research has developed similarly to the body of research related to CASI, little research has
been conducted examining the effects of adding audio-enhancement to PDAs for survey-
based data collection (similar to A-CASI).21,22

Trapl and colleagues demonstrated the feasibility of an audio-enhanced PDA-based data
collection system and successfully used this method to collect baseline data on middle
school adolescents.21,23 However, the study did not address questions of comparability or
improvement over existing methods of data collection. To our knowledge no comparative
literature examining the potential benefits or limitations of the use of audio-enhanced PDAs
(APDA) in any survey research exists. Hence, this study aims to examine the differential
effects of 3 different data collection modes (SAQ, PDA, APDA) on the number of questions
answered, data quality, and student survey mode preference.

METHODS
This study involves a cross-sectional survey of a diverse group of seventh-grade students
using a stratified random sampling design. This study was approved by the authors’
institutional review board (IRB); active parental consent and student assent were required
for participation in the study. Students were recruited from 7 K-8 schools in the Cleveland
Municipal School District, a large, urban school district, based on their ethnic and cultural
heterogeneity. Of the 521 students enrolled in seventh grade, 11 students with limited
English proficiency and 2 students with cognitive deficiencies were excluded from
participating in the study. Among the remaining 508 students, 385 (75.8%) provided “yes”
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consents; the remaining provided “no” consents (9.4%) or did not respond (14.8%). Of the
385 students with consent, 275 students (71%) were in attendance on the day of data
collection and participated in the study.

The researchers were concerned about having an equal distribution of students with low
reading ability across each of the data collection modes; thus, a stratified randomization
procedure was used. Prior to randomization to survey mode, students were first stratified
based on their scores on sentence and listening comprehension assessments conducted
within one month prior to the survey administration.23 Based on scores, students were
placed into one of 3 groups: (1) moderate/ high scoring on both assessments, (2) low scoring
on only one, (3) low scoring on both. Students were then individually randomized to
complete a self-administered survey by one of 3 modes: SAQ, PDA, or APDA. Students
completed the survey in small groups by mode, were placed at tables with controlled
seating, and were allotted 25 minutes to complete the 178-item survey.

Although the study was primarily intended to assess modes of data collection, students were
presented with a survey on general health beliefs and behavior, focusing on sexuality,
physical activity, and nutrition. Item measures included demographics (eg, age, gender, self-
identified race and ethnicity); attitudinal and belief-based measures and behaviors. All data
collection modes had identical survey questions. Cardiff Teleform (Cardiff Software Ind.,
Vista, CA), an optical character recognition software package, was used to design and
manage data from the multipage, paper-based surveys (SAQ). Surveyor was used to design
and execute the PDA-based surveys.21 The survey was programmed to allow students to
skip questions without answering; however, an alert prompt notified students of unanswered
questions and required the student to either choose to return to the question or skip to the
next item. Development of the APDA surveys was identical to that of the PDA-based
survey, except for the voice files created to match the survey items. Voice files were
recorded in a professional recording studio using a female voice professional who was asked
to affect an ‘unbiased health professional’ voice. Voice files were created for questions only
and were not created for response options. Students used plug-in headphones with APDA.
All students were asked to complete a modified, paper-based debriefer questionnaire11

immediately following the survey administration.

Measures
Number of answered questions—The number of questions validly answered out of the
possible 178 questions during the 25-minute survey period was calculated for each student.
Questions skipped as part of a skip pattern were not considered “answered” questions.
However, among SAQ respondents, if a student provided a response to a question that
should have been skipped, this response was considered an answered question.

Missing data—Proportion of missing data by question and survey section (eg, sensitive vs
non-sensitive questions; questions at the beginning vs the end of the survey) were assessed.
Additionally, missing data were examined as a dichotomous variable, grouping students as
either having no missing data or having any missing data among the first 70 questions.

Missing data were examined for respondents who answered a minimum of 70 questions in
order to distinguish true missing data from data missing due to respondents’ having
inadequate time to complete the survey. Next, missing data were examined among
individual questions to better understand the characteristics of questions left unanswered. In
this approach, questions were randomly chosen with intent to variegate question type (ie,
sensitive and nonsensitive) and placement (ie, beginning versus middle of survey). All
behavior questions were examined to determine the extent of missing data.
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Failed skip patterns and inconsistent answers—Primarily an issue with the SAQ,
any skip pattern where students answered questions they should not have answered was
deemed a failed skip pattern. Logically inconsistent responses (eg, student answers, “Never
drank alcohol” but reports having been drunk) were also assessed. Proportion of failed skip
patterns and inconsistent answers were calculated for each of the 8 skip patterns examined.

Exposure to sensitive questions—The proportion of students who were unnecessarily
exposed to sensitive questions (eg, in-depth questions about sexual behavior) on the SAQ
was calculated following the same logic pattern used in programming the PDA and APDA
surveys (ie, responding “no” to ever having sex).

Behaviors—Reporting of both sensitive and non-sensitive behaviors was calculated,
including fast food and breakfast consumption; alcohol, tobacco, and substance use;
dishonest in-school behavior; stealing and property damage; precoital behavior; sexual
behavior. All behavioral measures were drawn from standardized national population-based
surveys (eg, Youth Risk Behavior Survey, National Longitudinal Study of Adolescents).
Prevalence of behaviors was calculated based on proportion of “yes” responses by
participants.

Student preference—Mode preference was assessed in the debriefer survey with a
question that asked, “If you had the choice, how would you have preferred to answer the
survey?” Responses included in person with an interviewer, by PDA, by PDA with the
questions read to me through headphones (APDA), by a written questionnaire that I could
fill out myself, on the phone with an interviewer, or no preference/doesn’t matter.

Descriptive characteristics—Demographic variables, including age, gender, self-
identified and ethnicity, and current living arrangement (eg, 2-parent home) were collected
in the health survey. The frequency with which the student spoke a language other than
English with friends, the frequency with which the student spoke a language other than
English at home, and the number of years the student had been living in the United States
were also asked.

Data Analytic Plan
Both the SAQ and PDA-based survey responses were compiled into an SPSS data file and
analyzed using SPSS 13.0 (SPSS Inc, Chicago, IL). Bivariate statistics, including analysis of
variance and chi-square tests, established the presence of associations between survey mode
and the outcomes. Analysis of covariance using general linear models in SPSS was run to
adjust for demographic varirace ables found to vary by mode despite the randomization
scheme.

RESULTS
As shown in Table 1, 48.4% of the sample was female, and mean age was 13.15 years
(SD=0.75). These characteristics were similar across the 3 data collection modes. Racial/
ethnic distribution across the 3 modes was significantly different, despite individual
randomization of study participants.

The number of questions answered varied significantly by mode (Table 2), with students
who took the survey on the APDA completing significantly more questions (149.7) than did
both SAQ respondents (116.2) and PDA respondents (117.8). The significant differences
were unchanged after adjusting for participants’ race (p < .001). Thirty-three students
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finished prior to the end of the allotted 25 minutes and were distributed by mode as follows:
5 SAQ, 6 PDA, 22 APDA (p = .001, data not shown).

As shown in Table 3, there was a significant difference in the prevalence of missing data by
mode, with the APDA group (5.4%) and the PDA group (15.1%) having significantly fewer
students with missing data than did the SAQ group (33.3%) (p < .001 for both comparisons).
Although there appears to be a difference between the PDA and APDA groups, this
difference is not statistically significant.

Of the demographic-related questions examined for missingness, only self-reported grades
yielded any missing data. Interestingly, this variable had the highest rate of missing data,
and all missing cases were among those completing the survey via SAQ (N=7). Although
missing data were significantly higher among SAQ respondents for self-reported grades (p
< .001) and sexual intercourse (p < .05) (data not shown), the overall rates of missing data
were still quite low, with 7.8% of SAQ respondents missing self-reported grades (compared
to 0% among PDA and APDA respondents) and 3.3% of SAQ respondents missing sexual
intercourse (compared to 0% among PDA and APDA respondents).

Missed skip patterns and logically inconsistent responses were examined among only SAQ
respondents owing to the programmed skips of the PDA and APDA. A skip pattern is
missed when a student responds to a question that should have been skipped based on the
response to a feeder question. A skipped response is considered logically inconsistent if the
response to the skipped question is in direct conflict with the stem question. Table 4 first
provides the number of students whose response to the stem question would have indicated a
need to skip. Indented questions below the stem question indicate first the number of
students who missed the skip, followed by the number of students who provided inconsistent
responses. Although 7.1–32.8% students missed the skip patterns, fewer provided
inconsistent responses (0% to 8.9%). The greatest number of inconsistencies was reported
among questions regarding sexual experience. It is important to note that age of initiation,
number of partners, and use of a condom at last sex did not provide response options that
would allow the student to be logically consistent (eg, “I’ve never had sex”).

Overall, prevalence of behaviors was reported similarly and without any consistent pattern
across modes, with the exception of sexual experience (Table 5). SAQ respondents were
much more likely to report ever engaging in sexual activity compared to PDA and APDA
respondents.

In the debriefer survey, students were asked to indicate their preferred mode to complete the
survey if offered several options. When examining student preference by mode, it appears a
majority of students in the PDA and APDA groups chose the mode they had just used,
46.7% and 47.3% respectively, as shown in Table 6. This was followed by a large group
within each mode choosing the remaining PDA mode, with 23.9% of PDA-completers
choosing APDA, and 20.9% of APDA-completers choosing PDA. The trend was quite
different for students completing the survey on SAQ. These students were approximately
evenly distributed across SAQ (13.6%), PDA (14.8%), and APDA (15.9%). The most
popular choice was interviewer-administered survey (28.4%).

DISCUSSION
Students completing the survey on the APDA answered significantly more questions than
did both PDA and SAQ respondents. These results require a small caveat with regard to how
the data were collected. To assess the impact of the technology and audio-enhancement on
the impact of survey administration, 2 options were available: allow students to work
through the full survey and record completion time relative to start time or limit the time
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allowed and count the number of questions answered. In order to be respectful of the
disruption to the school day already imposed by the scheduled data collection process, the
latter was chosen based on past experiences in which it has been observed that students have
a wide range in the amount of time needed to complete surveys. Results indicated that the
number of questions answered by students during the 25-minute survey period was impacted
by addition of audio, but not by the PDA technology per se as the number of questions
answered by the SAQ respondents was comparable to that of PDA respondents. Relieving
the burden of reading survey questions allowed students to move through the survey more
quickly, with APDA respondents answering on average over one question per minute more
than PDA and SAQ respondents.

The ability to program the survey via Surveyor and execute it on the PDA greatly reduced
the prevalence of missing data. This finding was consistent with findings in other studies
implementing computerized survey technology, with both PDA and APDA respondents
having significantly less missing data than did SAQ respondents. 4,5,12,11,14 Issues of failed
skip patterns and logically inconsistent data were also moot for the PDA and APDA groups
due to the programmable skip patterns inherent in the software.21 Among SAQ respondents,
up to one third of students failed to follow a skip pattern. More interestingly, logically
inconsistent data among responses to simple skip patterns was found to be less problematic
than failed skip patterns with a maximum of 9% of students who should have followed the
skip (5.6% of the entire SAQ sample) providing a logically inconsistent response. Thus, a
majority of students who failed to follow a skip pattern still provided logically consistent
responses to subsequent questions when a logically consistent option was available.
Although technology can solve the resulting symptom of failed skip patterns and logically
inconsistent data, we still have very little understanding as to what contributes to a failed
skip pattern or a logically inconsistent response given by a respondent.

This study supported the findings of the school-based studies of Beebe and colleagues,24

who found increased reporting of sensitive behaviors by SAQ and Hallfors and colleagues,14

who found no difference in reporting of drug and alcohol behaviors by mode, as compared
to a large body of research indicating increased reports of sensitive behaviors among CASI
or ACASI respondents.14,24 Reporting of sexual intercourse was the only behavior found to
vary significantly by mode of data collection. Contrary to what was initially hypothesized
based on CASI and ACASI literature, reporting of sexual intercourse was significantly
higher among SAQ respondents when compared to that of both PDA and APDA
respondents. In fact, the reporting of sexual intercourse among SAQ respondents was almost
twice as much as that reported by APDA respondents (30% vs 15% respectively).

In an attempt to validate at least one of these values, prevalence rates of sexual intercourse
among this population were sought from 2 alternate sources. The SAQ prevalence rate of
sexual intercourse was similar to the rate reported for seventh-grade students (31.7%) from
the 2005 administration of the Youth Risk Behavior Survey in Cleveland Municipal School
District.25 Similarly, the APDA prevalence rate of sexual intercourse was similar to the rate
reported for 2 cohorts of seventh-grade students (N=1331) participating in the Healthy
Teens Building Healthy Schools baseline survey in Cleveland Municipal School District in
2004 and 2005. (Communication with Elaine Borawski, August 18, 2005). Thus, both the
SAQ sexual intercourse prevalence and the APDA sexual intercourse prevalence were
supported by local data.

The findings related to the unexpected reporting of sexual intercourse by mode led the
authors to think more about sensitive behaviors generally and ask the question “What is a
sensitive behavior among this particular population?” Illegal behaviors typically thought to
be considered sensitive, such as marijuana use, showed no impact of mode. Perhaps these
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findings are simply an indication of a change in the trend of what is sensitive, or more, what
students consider to be “cool” or desirable among their peers, an illustration of social norms
at work. Students’ responses on SAQ were much more visible to the other students seated at
their table. This was supported in the data by PDA and APDA respondents’ reporting lower
scores of survey visibility as reported via the debriefing survey (ie, “Do you think the people
sitting next to you could see your answers?”) compared to the SAQ respondents (data not
shown). Further, because a “no” response to sexual experience instructed the respondent to
skip ahead in the survey, student sexual experience may have been even more obvious to
students at the table. Thus, to maintain an appearance of cool, it is possible that some
students among the SAQ group may have indicated sexual experience when, in fact, this was
untrue.

As has been suggested in other research, there was also the possibility that the voice used for
the audio-enhancement contributed to the humanization of the APDA approach, thus
contributing to the feeling of an interviewer-administered survey and subsequent social
desirability, and a subsequent downward reporting trend.26 However, the fact that the PDA
report of sexual experience was not significantly different from the APDA report and, in
fact, was much more similar to the reporting of the APDA respondents than to that of the
SAQ respondents indicates that this was not likely.

Finally, there were no mode differences among student preference of the survey experience.
However, it is interesting to note that although the students completing the survey on the
PDA or APDA preferred the mode they had just used (ie, PDA completers preferred PDA),
the most popular choice among SAQ students was interviewer-administered survey (28.4%),
possibly due to the burden of reading. Although this was the finding for a one-time, 25-
minute survey, it would be interesting to see if students might have a different opinion if
they were asked on the second, third, or even fourth time completing a similar survey, as
often is the case with longitudinal studies. Further, it is possible that the 25-minute survey
attenuated some findings related to student experience that may have become more apparent
during a much longer survey. Also, by exposing students to only one mode of data
collection, they may not have had the exposure and subsequent understanding of other
modes to inform their mode preference.

There are several limitations to the current study. First, the participating students self-
selected into the study and were likely very different from those students who chose not to
participate or those with consent but not attending school on the day of the data collection
sessions. Students not attending school, typically those with lower academic achievement,
were also less likely to be engaged in the study. Thus, we do not know the abilities of the
students who declined participation in the study, nor do we know why these students did not
want to participate. Although students did receive a t-shirt as a token of appreciation for
their participation and were removed from class (unfortunately seen as a benefit to many
students), this was not incentive enough for those students who were completely
uninterested.

Second, students participating in the study completed a survey using only one mode of data
collection, so intermode correspondence of respondent reports could not be calculated. This
approach could have provided additional insight into some of the discrepancies found across
mode, such as reporting of sexual experience. Also, by not exposing students to other modes
of data collection aside from the mode to which they were randomized, the student’s ability
to make a comparison judgment on future mode preference may have been reduced.
Additionally, our comparison did not include CASI or ACASI survey administration,
allowing us to draw conclusions solely from the comparisons of SAQ, PDA, and APDA.
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Some of the most interesting patterns of response and student engagement in survey data
collection would seem to benefit from some level of face-to-face interviewing. When
examining the data, it was not uncommon to discuss with other colleagues what may have
been going through an adolescent respondent’s head when responding to certain questions.
However, the answers to these questions cannot be obtained through close-ended responses
to simple questions.

Future studies should be designed to implement the APDA with older adolescents and
younger adolescents to further explore feasibility and superiority, inferiority, or equivalence
of APDA when compared to alternative data-collection modes. Similarly, it would be
helpful to better understand the limitations of the APDA system, for example, to know if the
APDA system could be effectively implemented for larger data-collection sessions, such as
data collection sessions sometimes held in cafeterias or gymnasiums, in order to reduce
classroom interruption.

Given our findings related to the higher reporting of sexual intercourse among SAQ
respondents compared to APDA respondents, there is clearly a need to better understand the
cognitive processes experienced by an adolescent engaged in the survey process. Sexual
intercourse and other sex-related measures are often the primary outcomes for adolescent
prevention programs aimed at reducing sexual initiation or risky sexual behavior (eg, not
using condoms). If student responses to these types of questions can be so seemingly easily
swayed by such factors as who is sitting next to them in the survey environment and what
data collection mode is used to respond to the questions, then researchers in the area of
adolescent sexual behavior should be very concerned about the validity of their data.
Although much of the population is hesitant to engage young adolescents in conversations
around sexual behavior, most would agree that it is appropriate to engage youth who are
developmentally ready to engage in such conversations (eg, those already having sexual
intercourse), and researchers must find ways to ethically identify these youth and engage
them in processes that draw from them the social and psychological components driving
responses to such sensitive questions.

Self-report questionnaires are oftentimes the mechanism by which data are collected to
assess the efficacy and effectiveness of interventions designed to minimize high-risk
behavior and prevent chronic diseases. Thus, researchers must acknowledge the important
role of data collection and data quality on informing these programs.

This study indicates strong benefits to be gained by the use of audio-enhanced personal
digital assistants for school-based data collection with adolescents. Specifically, the findings
provide clear indication that the audio-enhancement greatly reduced the burden of reading
each of the survey questions, allowing students to move through the survey more quickly
and answer more questions, in addition to reducing missing data. Beyond the support
provided by the data-driven outcomes, the ease in which APDA data collection systems can
be implemented in the school setting should not be overlooked.
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Table 2

Questions Answered by Mode

Mode N

Unadjusted Adjusted

Mean (SD) Mean (SD)a

SAQ 90 116.2 (33.2)*** 115.2 (30.1)***

PDA 93 117.8 (32.8)*** 117.9 (29.9)***

APDA 92 149.7 (21.8) 149.6 (29.8)

***
Indicates significant difference when compared to APDA; p < .001

Note.

a
Adjusted for race/ethnicity
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Table 3

Missing Data by Mode: Percentage of Students With Any Missing Data

Mode N Unadjusted Adjusteda

SAQ 90 33.3% 33.6%

PDA 93 15.1%*** 14.5%***

APDA 92 5.4%*** 5.7%***

***
Significant difference when compared to SAQ; p < .001

Note.

a
Adjusted for race/ethnicity
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Table 4

Missed Skips and Inconsistent Responses Among SAQ

Questions

Missed Skip Inconsistencies

N % N %

Never Had A Drink of Alcohol 32

 Ever got drunk 6 18.8 0 0.0%

 Had a drink of alcohol in past month 7 21.9 1 3.1%

Never Smoked Marijuana 69

 Smoked marijuana in past month 17 24.6 1 1.4%

Never Kissed on the Lips 27

 Kissed on the lips in past 3 months 8 29.6 2 7.4%

Never French Kissed 43

 French kissed in past 3 months 8 18.6 2 4.7%

Never Touch Breasts/breasts Touched 49

 Touched breasts/breasts touched in past 3 months 15 30.6 3 6.1%

Never Touched Other’s Private Parts 64

 Touched private parts in past 3 months 21 32.8 3 4.7%

Never had Private Parts Touched 60

 Private parts touched in past 3 months 17 28.3 2 6.1%

Never Had Sex 56

 Valid age of initiation 4 7.1 4 7.1%

 Valid number of partners 4 7.1 4 7.1%

 Valid gender of sexual partners 5 8.9 5 8.9%

 Valid response to condom at last sex 3 5.4 3 5.4%

 Sex in the past 3 months 8 14.3 0 0.0%
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Table 6

Mode Preference By Mode Used

Preference (%)/Mode Total SAQ PDA APDA

SAQ 7.0 13.6 3.3 4.4

PDA 27.7 14.8 46.7 20.9

APDA 29.2 15.9 23.9 47.3

Interview 16.2 28.4 7.6 13.2

Phone Interview 3.0 1.1 3.3 4.4

No Preference 16.9 26.1 15.2 9.9
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