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Web-administered measures were first used as innovative
and promising methodology for measuring attributes and
collecting research data in the mid-1990s." The increase in
computer literacy, proliferation of using e-mail as a domi-
nant method of communication, and continuous improve-
ment in computer hardware and software support the
increased use of Web-administered measures. The value of
introducing new measurement modes includes the possi-
bility of utilizing new capabilities and research opportu-
nities that were not available in previous approaches.”

An important by-product of Web administration of
measures is the option of creating paradata, which are
computer-generated, selected pieces of information about
various aspects of how respondents accessed the measure,
as well as information about what actions they took while
responding to the measure. This information reflects the
usability of the design features of Web-administered mea-
sures, which has a great potential in the piloting phase of
the measure.

The use of quality measures is critical for advancing
nursing science. Reliability (consistency across items, time,
or raters) and validity (the instrument measures what it
purports to measure) are key concepts in nursing mea-
surement focusing on minimizing random and systematic
errors. Unlike the conventional types of measures (eg, paper-
and-pencil), the usability of the design features of Web-
administered measures contributes fundamentally to the
reliability and validity of the measure. Paradata can play a
critical role in creating and piloting user-friendly measures
by testing different design features of Web-administered
measures. These features affect accessing and navigating
the instrument by the respondent and include the operating
system used to create the measure, the choice of response
format, the log-in procedure selected, the use of multi-

Web administration of measures offers numerous
advantages as well as some drawbacks; the ef-
ficiency of collecting data in this way is dramatic.
An important by-product of Web administration of
measures is the option of creating paradata that
offer information about how respondents access
a measure (server-side paradata) and navigate
within the online environment (client-side para-
data) to complete the measure. Paradata can play
a critical role in developing and piloting measures
as well as refining the measurement process.
Uses of paradata in Web-administered mea-
sures include (1) informing the choice of response
formats, (2) examining the extent of changing re-
sponse options, (3) examining the extent of fol-
lowing a prescribed sequence in completing a
measure, (4) tracking the response process, (5)
aiding in designing a Web-administered measure
and its layout, and (6) assisting in determining the
most appropriate log-in procedure. Because of
the potential value of this new type of useful data to
researchers in nursing and health, this article
focuses on paradata within the context of Web-
administered measures. More specifically, the ar-
ticle focuses on the definition, generation, and
uses of paradata, as well as the ethical issues and
other concerns in obtaining and using paradata.
Uses of paradata to test the usability of information
systems used in nursing and health practices are
also included.
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media features such as automatic skip patterns, following a
prescribed sequence, instrument layout, the compatibility
between the respondent computer and the program used
to create the measure, and the use of images and graphs.
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Constructing a respondent-friendly design of Web-
administered measures entails creating a measure with mini-
mal errors in coverage, nonresponse, and measurement.>*

Because of the potential value of paradata, this article
focuses on (1) defining paradata, (2) generating and col-
lecting paradata, (3) uses of paradata, and (4) the impli-
cations and concerns, including ethical concerns, about
using paradata. A review of the advantages and disad-
vantages of Web-administered measures is also offered. In
addition, a separate section is included that addresses the
use of paradata in testing usability of clinical information
systems and the role of such data in improving safety and
providing quality care.

| ADVANTAGES OF USING
WEB-ADMINISTERED MEASURES

A measure is an instrument or a device designed to quantify
a specific attribute.” In this article, we refer to measures
that are either being developed specifically for Web ad-
ministration or modifications of existing (often in paper-
and-pencil format) measures that are being pilot tested
and refined for Web administration. If refining is the
purpose, attention to obtaining appropriate permissions
and abiding by copyright laws is imperative. Measures
administered via the Web have the advantages of being
cost-effective and efficient in terms of time and resources,
as they allow instant distribution and timely return and
facilitate reaching geographically distant populations.®”
One study reported that the cost of the Web-administered
measure used was 38% less than that of the correspond-
ing mailed survey.®

The Web provides capabilities and distinct advan-
tages that are not available in other modes of admin-
istration for measures. These advantages can be used to
increase respondent-instrument interaction and aid in
reducing random and systematic measurement errors. The
use of multimedia features of Web-administered measures
to generate easy-to-navigate designs (ie, automatic skip
patterns) may decrease individual variations in responding
to measures and thereby decrease random errors. Further-
more, these features may enhance data validity by different
means, such as dynamic error-checking capability and pro-
hibiting respondents from providing out-of-range values or
accidentally skipping one or more items. In addition, de-
ciphering handwriting is not a problem in data entry and
analysis. Data are directly entered and stored into a data-
base file for analysis, which eliminates subsequent data-
entry and coding errors.

An additional and attractive advantage of Web-
administered measures is the possibility of yielding para-
data that can track respondent actions in responding to a
measure during the data collection process. Because of
their potential benefits and the type of information they

provide, specifically in the piloting phase of a measure,
paradata are the focus of this article.

| | DEFINING PARADATA

The term paradata was coined by Couper’ as a
means to evaluate the usability of the design of Web-
administered measures. “Paradata are auxiliary data
about the process of data collection and include key-
stroke files and time stamps.”'°*'®) Paradata are pri-
marily used to provide information about the process
of accessing a Web-administered measure as well as the
behaviors of respondents in answering the items. There
are two types of paradata: (1) server-side paradata that
provide information about how respondents access the
measure itself and (2) client-side paradata that include
information about how respondents navigate the indi-
vidual items on a measure once it is accessed.'’
Server-side paradata are recorded as a log (or computer)
file on the server used to store the measure during the
process of data collection.'! These paradata are captured
at the level of the entire measure rather than at the level
of the individual items. Examples of server-side paradata
captured include the number of visits to the measure, time
spent in each visit, respondents’ identifiers (if used) such
as username/password or personal identification number
(PIN), and the Internet protocol (IP) address used to ac-
cess the measure. Server-side paradata could also record
respondent browser name and operating system version.
These last two elements of paradata could be used to es-
timate the speed of downloading the measure which,
in turn, may affect the response time and the respondent
decision to complete the measure. Therefore, these para-
data may provide information about the response burden
in terms of accessing and responding to the measure using
different Web browsers and operating systems.
Client-side paradata relate to collection of information
at the item level.'! The behavioral patterns in answering
the items are recorded in a log file, not visible to respon-
dents, on the Web page containing the measure and
accompany the related items. Client-side paradata are
used to detect items with measurement problems, provide
insights about the relationship between respondent
characteristics and response-format preference, track the
process of responding to items and connect it to the data
quality, and/or to perform usability testing of certain
design features of the measure.'” In some instances, a
technical problem may prohibit a complete download of a
measure when a respondent clicks the hyperlink to access
the measure. Using client-side paradata, a download test
can be programmed as a JavaScript function (Oracle,
Redwood Shores, CA) to examine if a complete download
of the measure was achieved before responding to the
items to prevent the loss of the respondents’ answers.'?
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Client-side paradata can also provide information such
as how many times respondents changed their responses to
a specific item, how long it took them to respond to each
item and to the entire instrument, whether the intended
sequence in answering the items was followed, and if re-
spondents followed skip pattern directions.'™'# Such in-
formation may be particularly helpful for researchers to
use in piloting or refining Web-administered measures.

| GENERATING AND COLLECTING PARADATA

Server-side paradata can be generated as an automatic by-
product of administering a measure via the Web, whereas
client-side paradata require programming using special
scripting language, such as JavaScript, for collection.'
Client-side paradata can be recorded when the HTML
Web page of an instrument contains JavaScript and when
the instrument items are set up with JavaScript triggers to
generate the paradata. Using JavaScript, only meaningful
actions can be recorded. These actions may include clicking
a radio button response format, selecting a response option
from a drop-down menu, writing in a text area, accessing
a hyperlink, or submitting the completed questionnaire.'"

The first step in generating client-side paradata is to
decide on the meaningful actions in the measure, which
may include answering specific questions in the measure
that are of interest to the researcher. A second step is to
code the information that may result from these actions,
such as the name of the question in the measure (ie, g2 for
question 2) and the values of the response options of this
question (ie, 1, 2, for a question with two radio button
options). After that, a researcher should identify and link
HTML-JavaScript code to each response option or piece
of information that will be recorded."!

Paradata are collected with the starting and ending
time (in milliseconds) it took the respondent to perform
each function and are stored in a string format. Paradata
can be extracted to a processor file where data of interest
can be analyzed.'? Information about using JavaScript for
recording client-side paradata can be found in the Client-
Side Paradata Project Web page at http:/perswww.
kuleuven.ac.be/~u0034437/public/csp.htm. This Web site
provides two output files of paradata that can be ob-
tained by filling out and submitting a Web survey by the
visitor of this Web page in addition to a description of the
latest version of client-side paradata.

B USES OF PARADATA IN PILOTING AND
REFINING MEASURES

One of the major uses of paradata is to examine the effect
of the design of a Web-administered measure on measure-
ment errors and data quality. Paradata can be used to

inform the choice of the response formats, examine the
extent of changing response options and the extent of
following a prescribed sequence in completing the mea-
sure, track the response process, examine a respondent-
friendly design of a Web-administered measure, design
the instrument layout, and to help select the appropriate
log-in procedure. These uses of paradata are particularly
important for piloting Web-administered measures.

The Choice of Response Formats

Web-administered measures typically use three ways to
indicate a response to items: (1) radio buttons, (2) drop-
down boxes, and (3) text areas. Each of these has ad-
vantages and drawbacks; accordingly, the choice should be
guided by the types of items used as well as the type of the
respondents.'* Radio buttons allow visible response options
and support designing a format that is similar to traditional
mail instruments.® Drop-down boxes are unique to Web-
administered measures and used for items with long lists.
Text areas, which are commonly used for open-ended items,
are not unique to Web-administered measures. However,
when using text areas in Web-administered measures, the
size of the box should be large enough to accommodate
the required information to avoid the need to scroll to
read the input.®

In two studies, paradata were used to examine the effect
of using drop-down boxes versus radio buttons on the time
and rate of instrument completion. Results revealed that
drop-down boxes were more difficult to use as compared
with radio buttons and took significantly longer time to

provide an answer because they involve two mouse
clicks.'-14

Changing Item Responses

Paradata were also used to investigate how many times
respondents changed their answers to items and how many
times each answering option was changed.'! Results re-
vealed that changing answers was more frequent for items
with radio button options than for items with drop-down
boxes. This was attributed to greater time being required
to read and select an option from a drop-down box than
clicking a radio button.

Changing a response option can be related to three main
factors: (1) respondent characteristics (eg, initial misread-
ing or misunderstanding of an item or dissatisfaction with
the option first selected), (2) measurement characteristics
(ie, a problem in the item or the response formats), and/or
(3) contextual effect resulting in distractions while com-
pleting a measure. Since there is limited research control
of the contextual effect, these factors should be consid-
ered a standard “margin of error” that should be always
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included in interpreting the results obtained from analyz-
ing paradata about respondents’ actions in completing the
measure.

Following a Prescribed Sequence in
Completing the Measure

Not following the sequence of item presentation while
completing the measure may reflect some problems in the
design of a Web-administered measure or may be related
to the type of response format(s) used. Using paradata to
examine the relationship between the use of specific
response formats and following the intended sequence in
completing a questionnaire, it was found that the use of
drop-down boxes produced significantly better adherence
to the prescribed order than radio buttons.!! On the flip
side, and as noted earlier, the use of drop-down boxes
increases the amount of time for completing a measure.

Tracking the Response Process

In mailed questionnaires, it is hard to determine whether
some subjects are true nonresponders or whether they
received the measure.'> Researchers may use various ap-
proaches to follow up contacts for this purpose and still
may not be able to classify those who did not receive the
measure from those who had received the measure and
decided not to respond. Using paradata offers a substantial
advantage in tracking the response process to accurately
classify the missing data and response behaviors.
Through the use of paradata, Bosnjak and Tuten'
identified seven distinct response patterns in research
studies using Web-administered measures. Table 1 pro-
vides the types and definitions of these response patterns.
These authors argue that this categorization of the re-
sponse process in Web-administered measures is more ac-
curate than the one used in conventional-type measures
(eg, paper-and-pencil) that depends on classifying re-
spondents as complete participants (no missing data), unit
nonresponders (those who did not respond), and item

Table 1

Response Patterns in Web-Administered Measures
Response Pattern

nonresponders (submitted the questionnaire with missing
responses to some items).

From a research design perspective, unit nonresponders
and lurking dropouts (Table 1) can be treated equally as
cases with complete missing data. Similarly, answering
dropouts and item nonresponders are cases with some
missing data. However, from a measurement perspective,
there is a difference between answering dropouts and item
nonresponders. Answering dropouts could be related to
respondent characteristics that may introduce a random
source of error that affects the reliability of the measure
(ie, respondent motivation or interest in the topic) and, in
turn, threatens validity, whereas item nonresponders may
be related to items with measurement problems that in-
troduce a systematic source of error that does not alter
reliability but does affect the validity of the measure. Sim-
ilarly, unit nonresponders may reflect less motivated sub-
jects or those facing technical difficulties that prohibited
participation.

Clearly, there are different contextual factors that may
affect the response pattern, specifically answering drop-
outs, item nonresponders, and item nonresponder drop-
outs. These may include respondent multitasking,
experiencing interruptions while accessing or completing
a measure, respondent emotional response to an item,
and/or not understanding an item. Although paradata can
be used to categorize the response patterns, since paradata
are created from actions/behaviors of respondents as they
access and navigate through completion of a measure,
these data cannot explain the contextual factors affecting
the response process. However, client-side paradata can
be used to minimize the long time lags due to interrup-
tions by designing and activating a pop-up screen to re-
mind respondents to continue filling out the instrument
after a certain time of inactive status."?

Examining a Respondent-Friendly Design

A respondent-friendly design of Web-administered mea-
sures has a great potential in decreasing errors of coverage,
nonresponse, and measurement.>* A respondent-friendly

€&

Definition

Complete responders
Unit nonresponders

Subjects viewed and answered all items
Subjects clicked the hyperlink of a measure and/or logged in but did not

participate and did not view any item

Answering dropouts

Lurkers

Lurking dropouts

Item nonresponders

ltem nonresponders-dropouts

Subjects dropped out after completion of some items but did not view all items
Subjects viewed all items but did not respond to any

Subjects viewed some items but did not respond to any

Subjects viewed all items but responded to only some

Subjects viewed some items and responded to only some of the viewed items
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design aims to construct a measure in a way that will
increase the likelihood that respondents will receive the
instrument and provide the answers in the way antici-
pated by its developer.'® Paradata can be of particular
importance in designing a respondent-friendly measure.

Paradata can be used to examine the accessibility of
a Web-administered measure through examining the com-
patibility between respondents’ browsers and operating
systems and the computer program used to design the
measure. Also, this can be achieved through applying a
download test that records whether a respondent received
the complete form of the instrument and the time it took
a respondent to download the instrument. This, in turn,
may decrease the coverage and nonresponse errors.

The use of paradata is also important in conducting
usability testing of different design features that are used
to create a respondent-friendly, Web-administered mea-
sure. Unlike other types of measures, the use of multi-
media and advanced design features facilitate applying
different navigational aids such as symbols or images
that may enhance completion by being attractive to use
and increase the response rate. On the other hand, if
not carefully designed, these aids may confuse the re-
spondent or create incompatibility problems that may
increase response burden, introduce a source of system-
atic error, and increase the nonresponse and coverage
errors.®!” Differences among computers in terms of their
connection speeds, browsers, and amount of memory
may introduce differences in the visual layout of the mea-
sure. In a study comparing plain versus fancy versions of
the same instrument, it was recommended to restrict the
use of graphical features. Respondents of the fancy ver-
sion had significantly more missing data and lower re-
sponse rate and required 37% more time (P <.05) for
completing the instrument.'®

The use of paradata cannot substitute for sound the-
oretical grounding of a measure and the careful atten-
tion to all aspects of instrument development. Likewise,
although paradata can offer helpful information in the
process of adopting/refining an existing measure, there
are many other relevant considerations such as permis-
sions and copyright and previous work on the measure.’

Designing the Instrument Layout

Web-administered measures can support three layout de-
sign options: (1) screen-by-screen (screen-based or dynamic/
interactive), (2) scroll-based or flat-file instrument,'” and
(3) multiple-items-per-page layout.?® A screen-based lay-
out presents one item per page and is mainly used for the
purpose of maintaining the order of items during the
response process, whereas in scroll-based layout, respon-
dents can view all items at one time. In the presence of a
slow data transmission, advanced design features such as

automated skip pattern are difficult to program with
scroll-based layout in contrast to the screen-based lay-
out.”” The multiple-items-per-page layout groups related
items on the same page. A careful selection of the in-
strument layout is critical to prevent “the loss of the con-
text” that may result from separating related items into
different screens.”!

In a study that examined the difference in response
rate between screen- and scroll-based layouts with a sam-
ple of social sciences faculty, scroll-based design resulted
in a higher submission rate and lower mean time of
completion, but higher item nonresponse. Although the
screen-based layout made it easy for the respondents to
cognitively process the tool and answer the items, the
authors recommended using multiple-item-per-screen
layout as the “middle solution” between the screen- and
scroll-based layouts.'® Similarly, other studies recom-
mended using a multiple-item-per-screen layout.® This
layout resulted in less item nonresponse and faster com-
pletion time versus the single-item-per-screen layout.””

The Effect of Using Different Log-in
Procedures

Unlike the conventional-type measures, log-in procedures
are used in Web-administered measures to limit access
to intended respondents and to prevent multiple comple-
tions by the same individual. Log-in procedures can in-
fluence data quality in terms of the number of items
answered, the amount of time spent to complete the mea-
sure, and the amount of information provided to sensitive
items. There are three possible log-in procedures to access
a Web-administered measure: (1) automatic (no access
code to be keyed in), (2) semiautomatic (the use of one
access code), and (3) manual (the use of two access codes).
Access codes may include a PIN code or a username-
password combination.”* There is a possibility of access
error messages in semiautomatic and manual log-in pro-
cedures, specifically those consisting of digits and numbers.
One study reported that some subjects faced difficulties in
accessing the instrument because they mistakenly typed
the digit zero “0” for the letter “O” and the digit one “1”
for the letter “1.”®

Crawford et al*® examined the effect of using manual
versus automatic log-in procedures on response burden,
nonresponse rate, and time spent to complete the mea-
sure. The automatic log-in resulted in less response bur-
den in accessing the measure as evidenced by increasing
the response rate. On the other hand, automatic access
may result in a lower sense of confidentiality for the
respondent and may decrease respondent motivation to
proceed in the responding process.”? It may also result
in more influence from social desirability if anonymity
of responses is in question. In turn, this may affect the
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amount of cognitive effort respondents are willing to ex-
pend in providing accurate responses. Therefore, the au-
thors recommended using a manual log-in procedure to
enhance data quality.

The possibility of data security breaches is higher in
automatic log-in as compared with semiautomatic and
manual log-in. Heerwegh and Loosveldt** reported nine
attempts to access their measure using nonexisting PINs
that were captured using server-side paradata. Therefore,
it is important to weigh the advantages and disadvan-
tages of various log-in procedures and select the one that
is most suitable for the intended respondents.

|| OTHER USES OF PARADATA

Selected types of paradata may also be used to check for
multiple completions of the measure by the same re-
spondent, which affects the validity of the collected data
and also violates the “independence of observation,” a
common assumption for statistical analyses. While mea-
suring quality of life, Bell and Kahn?** used paradata to
identify multiple completions by connecting IP addresses
with the respondent’s age and sex. Entries that matched
in these variables were considered multiple completions
and were excluded from the analysis.

| | WEB-BASED MEASURES IN NURSING
AND HEALTH CARE

Despite the numerous advantages of Web-administered
measures, the adoption of this methodology for data
collection is limited in nursing and healthcare research,
and its use is rarely discussed in nursing literature.?’
This may be related to the lack of sufficient skills and
support to develop and collect data using this kind of
measure and/or to insufficient knowledge about their
various advantages.?® With paradata, skill in generating
and using the log files needed, particularly for generat-
ing client-side information, may be a challenge.

| | SPECIFIC USES OF PARADATA IN
NURSING AND HEALTH

Information systems and computerized applications are
increasingly used in nursing and health to provide quality
care that is evidence based, patient centered, and cost-
effective. On the other hand, clinical information systems
are risky investments. Poorly designed systems may com-
promise the quality of care by increasing errors and cost
of care and decrease user productivity.*” Clinicians’ accep-
tance and adoption of information systems are based on

implementing tools that are efficient and easy-to-use and
fit into the workflow.?® Therefore, usability assessment of
such systems is critical for overall system success. Many
of these systems are designed with built-in log files that
record automatic data that are useful to understand the
navigation behaviors of the users. Paradata can serve this
purpose and provide indications regarding competencies
needed by users for effective use of the system.

Rozic-Hristovski and colleagues®” used log files to un-
derstand the information-seeking pattern of users of a
medical library Web site. The analysis of paradata helped
future development of the Web site and decreased the
number of clicks to access important information. Simi-
larly, Miiller et al®® evaluated the frequency of using
Health on the Net medical media search engine by medi-
cal professionals. Analysis of log files revealed that users
expressed general terms and broad concepts for queries
rather than precise terms, which produced poor search
results.

Cimino and colleagues®' used log files to evaluate
patients’ access to their electronic medical records. Data
provided indications about the way patients think of
their health and the most frequently reviewed data and
functions used by patients. In another study, Borgne-
Uguen et al*? evaluated the use of shared patient records
within a healthcare network by healthcare professionals
and the extent of information exchange between dif-
ferent medical specialties. Analysis of log files demon-
strated (1) the limited use of patients’ records by a small
group of healthcare professionals, and (2) a “looser
hierarchy” between healthcare and social services, in that
data entered by some professionals were not used/viewed
by others.

Jalloh and Waitman®® used log files to understand
search queries used by clinicians to select an order from
a computerized provider order-entry system (CPOE).
Keystroke logs of the selected orders accompanied by the
timing of each query performed by users were recorded
and analyzed. Based on this information, queries were
optimized by placing most frequently selected orders at
the top of the list, which resulted in 16.3% reduction of
order selection time. Log files have also been used to
evaluate the usability of two user interface designs for
delivering decision support materials within a CPOE
system.>* Results showed that highlighting the avail-
ability of context-sensitive educational materials through
visible hyperlinks significantly increased the utilization
rate of such materials.

Most importantly, paradata have been used to improve
the safety of delivering medications. Smart infusion pumps,
a necessary component in the medication management
system, contain modifiable built-in log files recorded in the
pump memory. The logs generated record data that trigger
dosage warning limits (ie, programming errors), duplicate
drug therapy with timing of the action, and user’s response
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to the alerts (reprogram, stop infusion). Log files can be
used to monitor compliance in using drug libraries, identify
high-alert medications, and assess current practices to
improve the safety of delivering intravenous medications.
Fanikos et al** reviewed 863 alerts generated from pro-
gramming anticoagulant infusions using smart infusion
pumps. Most common alerts found were underdose and
overdose. Alerts resulted in reprogramming of infusion
pumps in 43% of the cases. Similarly, drug-duplication
log files have been implemented into a CPOE system to
improve the safety of the ordering process.*® Data gen-
erated by log reminders showed that a total of 11 298
orders (1.26%) involved drug-duplication reminders of
896 131 orders.

Paradata can also provide important information re-
garding the completeness and quality of nursing documen-
tation using electronic health records (EHRs). Deficiencies
in nursing documentation are well documented.®” Incom-
plete documentation can reflect, in addition to workload,
inappropriate design features in the documentation sys-
tem such as hidden menus that require restructuring of
pages or the need for education about the documentation
process or EHR use. Alerts and reminders using log files
can be utilized to enhance documentation completeness,
especially for important fields such as patient allergies
information. In addition, tracking the sequence of docu-
menting different aspects of care using paradata may
provide indications on the diagnostic reasoning process
nurses use to provide care. Based on these data, the se-
quence of registry fields can be arranged to match the di-
agnostic reasoning process used by nurses. Studies can
be conducted to assess the relationship between diag-
nostic reasoning manifested by sequence of documenta-
tion and quality of care. The path nurses use to document
care can also be an indicator for documentation com-
pleteness, if certain paths may yield more complete docu-
mentation than others. Time of documentation using
different interface designs can also be tested using para-
data. Furthermore, paradata can be used to test the us-
ability of providing educational materials or linkage to
literature within EHRs or to reflect changes in nursing
diagnoses and interventions based on abnormal vital signs
or laboratory tests.

Paradata may also have specific implications in online
nursing education. Learning management software (eg,
Blackboard Learning System, Blackboard, Washington,
DC) and distance learning systems (eg, Tegrity Cam-
pus, Tegrity, Santa Clara, CA) used in nursing education
have the capability of automatically recording server-
side paradata. These data include statistical information
about the number of “hits” or access to each learning mod-
ules or submodules by each student; and the number of
accessing the learning modules per time of the day, day
of the week, and per month. These paradata may help
educators analyze the learning patterns of students and

assist making informed decisions about the effective-
ness of the instructional design in an online learning
environment. Educators may use these data to investi-
gate the usability of specific educational materials. Fur-
thermore, these data may be used to examine specific
educational outcomes, such as student achievements and
satisfaction, as well as provide early assessment of stu-
dents who are facing technological difficulties in the learn-
Ing process.

|| ETHICAL CONCERNS IN USING
PARADATA

A major concern in obtaining and using paradata centers
around ethical issues involved, particularly if paradata
are collected without the knowledge of respondents.
Server-side paradata are automatic by-products of edu-
cational software used in online education as well as of
Web-administered measures. However, this feature is
generally not widely publicized among faculty involved
in online research and education. In addition, students
who are using educational software, respondents who
are completing a measure, and healthcare providers who
are using patient care computerized systems are typically
not informed of the collection of such data. Researchers
collecting paradata should consult with their institu-
tional review board for the protection of the rights of
human subjects.

Since disclosure to respondents is likely to be a part
of the informed consent process, it seems that the most
expedient time to collect paradata might be in the pilot-
testing phase of Web administration of a measure. This is
particularly true if there is a possibility that participant
knowledge about the collection of paradata might bias
responses to the measure. In any case, researchers should
use standard security features when collecting any types
of data using Web-measures. This may include the use of
Secure Sockets Layer encryption for the survey link and
survey pages and different backups to prevent the loss
of the data. In addition, in all cases of collecting para-
data, no respondent identifiers should be linked to these
data unless it is necessary to answer the research ques-
tions. All identifiers should be destroyed after analyz-
ing the data, and unauthorized access to the data should
be prohibited.

2| OTHER CONCERNS

While some server-side paradata may be automatically
generated within some patient care computerized systems
or educational software or when using Web-administered
measures, some expertise is needed to create, analyze, and
appropriately use paradata, particularly when dealing
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with client-side paradata. Lack of interest in obtaining
information about respondent behaviors while completing
a measure and the extra expense and experience required
in programming paradata are among the main reasons for
minimal utilization of such data.

|| DISADVANTAGES OF
WEB-ADMINISTERED MEASURES

Using Web-administered measures introduces unique chal-
lenges that need to be addressed. These measures may not
suit all kinds of respondents and may introduce challenges
in obtaining acceptable response rates and in maintaining
a representative sample of the target population. The var-
iations in Internet coverage and computer literacy are the
main respondent-related factors that may introduce mea-
surement errors in using this mode of administration.'®
Internet access usually exists predominantly among special
settings, such as universities, special professional groups,
and business organizations. Only major institutions provide
Internet access, e-mail accounts, and technical support to
their employees/students as part of their large computerized
communication system.*®

At the outset, whether online data collection is ap-
propriate for a specified group of respondents is a major
concern that must be addressed. If the answer is yes, then
using paradata may provide indications about the quality
of the design of a Web-administered measure and also
about the appropriateness of the measure to the respon-
dents. This can be achieved by gaining an understanding of
the response process and response patterns and by testing
different features of the measure. In turn, this may enhance
the response rate but cannot ensure a representative sample
of the target population. Thus, use of paradata during pilot
testing should contribute to strengthening the measure-
ment process by helping in the design of a respondent-
friendly measure that may decrease the response burden.

Furthermore, the domain of interest, researcher pref-
erence and experience in developing Web-administered
measures, subject confidentiality, and data integrity are
among the major concerns in using measures administered
via the Web.>® Moreover, researchers cannot control the
environment for responding, as some participants may
complete the instrument in a quiet atmosphere, and
others may do so in a noisy computer laboratory. On
the other hand, some of these issues in using Web-
administered measures can be easily handled by devel-
oping a well-designed format and presentation and by
considering respondents’ characteristics and abilities.
This may increase the appropriateness of the delivery of
the instrument to the characteristics of the subjects and
facilitate access and navigation.

Another issue in using Web-administered measures
is the mode effect that Groves® classified as a source of

measurement error. Lozar-Manfreda and Vehovar'” iden-
tified two unique effects of Web-administered measures:
channel capacity and context effect. Channel capacity
refers to constructing a measure using features that are
not applicable to other measurement methods because
they are either too expensive or not possible. These fea-
tures may include the use of automatic skip pattern,
automatic error checking, drop-down menu, and the
requirement for downloading. Context effect refers to (1)
the visual presence of the computer, which produces a
negative effect for subjects with computer literacy con-
cerns and a concern about subject privacy; (2) the specific
task of completing a Web-administered measure, which
refers to the tendency of the lack of concentration in fill-
ing out the measure; as during use of the Internet, people
tend to do more than one task at a time; and (3) the
specific social interaction on the Internet, which refers to
the reduction in social desirability.

Instruments having acceptable evidence of reliability
and validity in one administration mode may not main-
tain the same psychometric properties if administered
in a different mode.* This is an issue of alternate forms
(equivalence) reliability that changes with format, and
the reliability decrements can, in turn, impact validity.
Dillman and colleagues® studied the effect of different
administration modes on measurement differences and
found that telephone participants were more likely than
Web participants to select the extreme positive response
categories. Another study showed that collecting data
using Web-administered measures resulted in fewer mea-
surement errors with less missing data.** Krosnick and
Chang*' compared the data collected from a Web ad-
ministration versus telephone questionnaire and found
that the data collected through the Internet contained less
random errors than telephone-based data as demonstrated
by a higher internal consistency reliability coefficient.
Two different studies compared the reliability and validity
of Web-administered and paper-and-pencil format instru-
ments. Results revealed the equivalence of data collected
by both administration modes.***

Finally, Web-administered measures should be tested
thoroughly to minimize measurement errors and to
overcome technical and incompatibility problems.®’
Schleyer and Forrest® highly recommend that the test-
ing process should not be limited to pilot testing but
should also include “scrutinizing early returns.” These
authors tested their measure using different browsers,
operating systems, Internet service providers, and types
of Internet access. No technical problems were found in
the pilot test. However, after receiving 130 completed
questionnaires, the researchers noticed that all partici-
pants selected only two response options (of four op-
tions) for one of the items. After tracking the source of
the problem, it was found that there was an error in the
software that stored answers incorrectly.
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2 summaRy

It is worth noting that any computerized application
used in nursing and health practices, including clinical
information systems, can produce paradata to track users’
navigation behaviors. In the case of Web-administered
measures, principles and directions for developing user-
friendly, Web-administered measures are available.”'® Dif-
ferent software templates with diverse features exist to
help design such measures. Promoting the pros and lim-
iting the cons of Web-administered measures require ex-
pertise in constructing such measures and the utilization
of their distinctive capabilities. More validation using re-
search to refine the principles of designing these measures
and to decrease measurement errors is needed.

In nursing and healthcare, Web-administered measures
are in the early stages of development. Paradata are “vital
partners” to other sorts of data obtained from administer-
ing measures via the Web.** The use of paradata can be
of major benefit for evaluating the aspects of a Web-
administered measure. The primary goal of measurement
is utilizing instruments with high estimates of reliability
and validity. Paradata can contribute to this process. Ethi-
cal issues when collecting paradata should be addressed in
consultation with standards for the protection of the rights
of human subjects as determined by an institutional review
board and must be handled as appropriate. The effort to
create and analyze paradata, particularly in the process
of pilot-testing measures, has potential to offer valuable
information to researchers in nursing and healthcare.

Failures of clinical information systems are well doc-
umented and are mainly related to inability of the systems
to meet user expectations in terms of being easy to use and
flexible. At the system design phase, paradata can help
develop an efficient, user-friendly, and intuitive design that
reflects routine of care implemented by users. In addition,
these data can be used to modify deficiencies in a developed
system. Future uses of paradata, particularly if retrieval
becomes easier, offer promise for additional applications
with potential benefits within nursing and healthcare.
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