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Abstract

Increasing amounts of clinical research data are
collected by manual data entry into electronic source
systems and directly from research subjects. For this
manual entered source data, common methods of
data cleaning such as post-entry identification and
resolution of discrepancies and double data entry are
not feasible. However data accuracy rates achieved
without these mechanisms may be higher than
desired for a particular research use. We evaluated a
heuristic usability method for utility as a tool to
independently and prospectively identify data
collection form questions associated with data
errors. The method evaluated had a promising
sensitivity of 64% and a specificity of 67%. The
method was used as described in the literature for
usability with no further adaptations or
specialization for predicting data errors. We
conclude that usability evaluation methodology
should be further investigated for use in data quality
assurance.

Introduction

A recent literature review demonstrated that single
data entry errors in clinical research averaged 78
errors per 10,000 fields and ranged from 3.8 — 650"
Today, data entry errors are of growing concern
because more data are collected via patient entry,
e.g., electronic patient reported outcomes, or
otherwise recorded initially in computer data
systems. When the initial recording is data entry into
a computer, there is no opportunity to go back
afterwards and correct errors, i.e., there is no source
for comparison and we must depend on prevention.
Previous research demonstrates that there is a
relationship between system usability and medical
error and data quality 2.

To err is human, even in systems with exemplar
design. Nevertheless, data entry systems that are
designed to match user requirements and
expectations, thus modeled on the tasks of the users
result in the mitigation of error®. Systems require not
only sound utility but also usability, to decrease user
error, thus improving data quality, and to optimize

user productivity and satisfaction. However, often
due to time and cost constraints or even unfamiliarity
with user-centered design, many system designers
fail to address usability principles in the design of
data entry systems®.

There is one easy usability inspection method that
can prospectively uncover problems with a user
interface, indicate the severity of the problems and
make suggestions for fixing both global and local
problems. Heuristic evaluation (HE) is one of the
most commonly used inspection techniques due to its
low cost®. It is a method that can uncover both major
and minor problems not necessarily found with user
testing’. Although major problems are generally
easier to discover than minor problems and are the
most important to fix, minor problems can just as
easily contribute to data entry errors and are easier to
find via HE than by other evaluation methods’.
Furthermore, HE often picks up minor usability
problems not found with user testing’. Although
generally used prior to user testing, it can be used
alone if the reviewers are double experts, trained in
the domain being evaluated and in usability testing.
HEs performed by two or more usability experts can
identify >50% of the usability problems with an
interface’. While there are other usability related
design and evaluation methods such as cognitive task
analysis and small-scale usability studies, due to time
and cost constraints, HE is a sound selection because
it focuses on multiple dimensions of system usability
issues.

Excellent reviews of methods applied to research
data collection, specifically computer aided
interviewing exist’. However, use of usability
methods to build predictive models of user
performance or data quality in research data
collection has not been reported. Further, empirical
comparisons of the data quality from different data
collection mechanisms, i.e. drop down boxes versus
radio buttons have been reported®. However, these
evaluations were performed outside of a usability
construct.

In contrast, we employed a HE of a research data
collection system in parallel with a data quality
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assessment of the same system. Our objective was to
measure the ability of HE to prospectively identify
form questions more likely to produce lower data
quality.

Usability testing methods, including HE, are used
within an iterative design process for computer
system interfaces. Such additional evaluation and
testing adds time to system development. In clinical
research, development of systems often occurs as
configuration of vended products, and within
timeframes measured in weeks rather than months.
Possibly for these reasons, prospective or design
phase usability testing is not commonly employed
within clinical research. Our institution does not
routinely employ usability evaluation as part of the
design process for clinical research data collection
systems. Further, usability evaluation is not
mentioned in the good clinical data management
practices document (GCDMP), a popular best
practices document employed in clinical research
data management.

Usability testing matches the user’s mental model
with the designers’ conceptual model*. As such, HE
may be effective in predicting data error, and
ultimately in improving data quality. In clinical
research where increasingly, data are initially
collected electronically at the point of care or directly
from patients®?, cleaning data as a post collection
activity is problematic, as there is no source for
comparison. Thus, the user interface at the initial data
collection becomes the sole opportunity to increase
data quality. In this context, prospective
methodology to evaluate data collection interfaces
and identify fields likely to produce data errors
would benefit researchers.

Methods

This empirical observational study compares
usability evaluation and data accuracy assessments of
a clinical research data collection system. The
evaluated system was customized for the
Measurement to Understand Reclassification of
Disease of Cabarrus/Kannapolis (MURDOCK) study
from an existing system.

The MURDOCK study is a 50,000 participant
community registry conducted in Cabarrus County,
North Carolina, by a collaboration of Duke
Researchers and leaders from the local community.
The registry is part of a larger research effort to
better understand chronic diseases by using new
genetic and molecular tools in combination with
clinical information.

A Web-based application was developed to support
the various activities related to the MURDOCK
study. The first version of the application was
released in January 2009 to support the enrollment of
study participants. New modules are under
development, including 1) recruitment, study
management, and participant contact management
queues; 2) data importation of public listings to
maximize recruitment; 3) Web and kiosk-based
forms for self-enrollment; 4) follow-up forms; 5)
laboratory specimen tracking via data exchange
interfaces; 6) HL7 interfaces with electronic health
record systems to retrieve and store participant
clinical data; and 7) online reports. The application is
housed in a secure, HIPAA-compliant environment.
To facilitate recruitment in various locations,
members of the study office staff can access the
application from any computer with access to the
Internet.

Usability  Evaluation: HE was performed
independently by two evaluators. Each evaluator
assessed the online data entry screens for violations
of 14 different usability heuristics. The 14 usability
heuristics included visibility (users should always be
informed of the system state), consistency (interface
design standards and conventions should be
employed), match (user model matches system
model), minimalist (limited use of extraneous
information), memory (minimize memory load such
as recognition v. recall), flexibility (shortcuts to
accelerate performance), message (good error
messages), error (prevent errors), closure (clear
closure on all tasks), reversible actions (undo
functions), control (avoid surprising actions),
feedback (provide informative feedback about
actions), language (use users’ language), and
document (help and documentation)” .

Two independent evaluators generated separate lists
of heuristic violations. These lists were compiled into
one  comprehensive list. Each  evaluator
independently scored the severity of the problems on
a scale from 1, indicating a cosmetic problem (fix can
wait), to 4, indicating a catastrophic problem
(immediate fix)’. As a guideline for scoring, we
considered the proportion of users who would
experience the problem and whether the problem
would be persistently encountered or whether it
would be a problem only once. Persistent problems
with a major impact received the highest rating.
These scores were averaged and a final violation list
with averaged scores was compiled. If there were
significant differences between the scores, such as
cosmetic versus catastrophic error, the evaluators
discussed the differences and the scores were
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updated to reflect the outcome of the discussion.
Finally, solutions to the violations were provided.

Data accuracy evaluation: The data accuracy
evaluation was conducted according to the database
quality control standard operating procedure
employed by the Duke Clinical Research Institute.
The evaluation is a “standard data collection form to
database” audit as described in the Good Clinical
Data Management Practices document. The database
audit was conducted in May/June 2009.

A sample size of 42 cases, with 7000 total fields, was
planned to provide a one sided 95% confidence
interval of 20 errors per 10,000 fields. The sample
size was based on a field count of 166 fields for the
enrollment, lab collection and medication forms.
These forms represent data collected at enrollment in
the MURDOCK study. This was the initial audit for
the study, conducted within the first six months of
enrollment at which time, there were 760 participants
enrolled. The 42 case samples were selected
randomly. Data listings were printed from the
database. These data listings were compared to the
paper data collection forms at the study office on the
research campus in Kannapolis, NC.

During the audit all discrepancies between the data
listings and data collection forms were recorded. In
the audit closing meeting, the discrepancies were
reviewed with the study data manager to confirm that
the discrepancy represented an error, and were
assigned a root cause. The findings were summarized
in the final audit report dated July 14, 2009 for the
data team and study leadership.

Comparison: The usability evaluation and data audit
were conducted and reported in complete isolation.
Data were combined for this analysis in October
2009. Both the usability evaluation and the database
audit indexed findings by form question. For each
form question, the number of data errors was
counted. Also, for each form question, the presence
of a usability finding was noted. Typographic errors
from the usability analysis were not counted because
the impact on data entry errors was considered
minimal.

Results

Usability Results: A total of 56 usability problems
were identified from the 14 usability heuristics earlier
described earlier. 39% (n = 22) were cosmetic, 38%
(n = 21) were categorized as minor, 18% (n = 10)
were major, and 5% (n = 3) were catastrophic.

“Error” (n = 26) was the most frequently violated
usability heuristic. Fourteen of these violations were

minor usability problems such as the study only
allows participants from one state, yet all 50 states
are shown in the drop-down list. Ten of the “Error”
violations were major usability problems such as not
setting parameters on fields (i.e. allowing birth dates
in the 1700’s). Two problems were categorized as
catastrophic. One of the catastrophic problems
allowed users to enter partial telephone numbers but
did not give a warning message that these telephone
numbers were not saved if only partial data were
entered.

“Consistency” (22 identified problems) was the
second most frequently violated heuristic. Nineteen
of the violations were cosmetic such as misspellings
of words or inappropriately bolded fields. Three of
the problems were categorized as minor such as
misalignment of fields or entire questions.

The third most violated heuristic was “Minimalist”.
Of the 4 violations, 3 were cosmetic such as
displaying the word, “Commands” above the list of
command buttons (which is obvious that they are
commands) and 1 minor problem where there was
not enough white space between questions.

There were additionally two “Match” violations. Of
the two “Match” problems, one was cosmetic and the
other minor. For example, under the contact
information the best time to call was not listed in
logical order (p.m. followed by a.m.).

Finally, there was one major “Flexibility” violation
where subjects had to use the calendar to enter date
of birth, and there was one catastrophic “Feedback”
violation. The “Feedback” violation involved
providing the users with a list of data entry errors at
the bottom of the screen after they saved their entire
entry. The bottom of the screen was not always
clearly visible if the user was at the top of the screen.

Database audit results: The database error rate was
75 errors in 6804 fields audited, normalized to 110
errors per 10,000 fields with a 95% confidence
interval of (87,139), consistent with the published
literature for single entered datal. The 75 errors were
categorized by error type (Table 1).
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A total of 40 errors were attributed to data entry and
33 to process (compliance with written work
instructions for data collection or entry), and 2 to
human interaction with fields that did not contain
parameters. All 75 errors were used in the
comparison with the usability evaluation. The
process-related data errors were included because it
is possible that system usability can impact user
ability to follow established procedures.

Comparison results: Findings from the HE were
overlaid on the database errors (Figure 1). In Figure 1
each box represents a question on the data form.
Shaded boxes correspond to usability findings. The
numbers are counts of database errors occurring on a
given form question. Shaded boxes with numbers
show usability finding. Eighteen form questions had
coincident data error and usability findings, 10 had
database errors only, and 27 had usability findings
only, 25 questions had neither. Thus, the HE had a
sensitivity of 64% and a specificity of 67%.

1 1 8 1 5

1 3 2
2

3 3
6 | 1 1
3 111
3 2
111 1 1 2 | 1
1 1 118

Figure 1. Coincidence Usability Finding - Data Error
Occurrence

In the case of the question with eight data errors, the
usability evaluation identified the root cause of the
error, such as the system not saving incomplete
telephone numbers. This root cause was not
determined in the audit. The usability analysis

identified seven other fields with three or more
errors. It is likely that the usability issues represented
underlying systematic causes of the data errors that
were not otherwise obvious.

Discussion

HE provides an orthogonal and systematic method to
assess data systems. While other methods such as
cognitive task analysis, which examines aspects of
design that may impose user cognitive burden, and
small-scale usability studies, which may detect some
problems not found with HE, add to identifying
usability problems within an interface, we raised the
question of what one test would identify the majority
of usability problems in this cost-constraining
climate. Therefore, we made a trade-off and
considered that HE would reveal the majority of
problems, since it focuses on multiple dimensions
and not just errors.

HE revealed both major and minor usability
problems. “Error” was the most frequently violated
usability heuristic. We found that both major and
minor “error” problems could be solved with simply
inserting field parameters. “Consistency” is one of
the most violated usability problems” and was the
second most violated heuristic in our analysis.
Although the majority of the consistency violations
were scored as cosmetic, issues with consistency can
confuse users if they have to wonder whether
different words or actions mean the same thing. For
example simple issues with spatial consistency such
as misalignment of fields can easily induce data entry
errors. The third most violated heuristic was
“Minimalist”, which as Nielsen states, “less is
more.” Extraneous information tends to distract
users and slows down data input. Problems such as
not including enough white space between questions
can make text difficult to read and has the potential
to not only slow users down, but can also incite
errors. Another heuristic violated was that of
“Flexibility”, which gives users the flexibility of
creating customizations and shortcuts to accelerate
their performance. Although using a calendar for a
date field helps users easily identify dates, using it
for a date of birth field just adds time and frustration
to data entry for both novice and experienced users.
The users should be allowed to enter the dates
manually.

While there were other minor, easily fixed heuristic
violations, one of the most catastrophic violations
occurred with the “Feedback” violation where users
were provided a list of problems at the bottom of the
screen after saving their entries. Users should always
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be given prompt and informative feedback at the
point of data entry. This type of violation requires the
users to go back and find the errors taking
unnecessary time for data entry. It is possible that the
users may not even see these violations at the time
they save their entry.

Independent means of evaluation such as comparison
to independent data sources, double data entry, and
database audit are commonly used to increase data
quality. Therefore, pursuing HE for this application
is warranted. Although the sensitivity and specificity
presented herein are on the low side of predictability,
our results show that HE has a promising sensitivity
and specificity that warrants further investigation and
methodological  evaluation.  Importantly, form
questions with higher numbers of errors tended to
also to have usability findings such as feedback on
valid value violations after the conclusion of the data
entry process. Questions with higher numbers of
usability errors are most likely to be associated with
systematic rather than random errors. Our results
suggest that HE has utility in indicating fields subject
to systematic error. In data collection, where data
quality practices such as post-entry data cleaning,
double data entry, or validation with independent
data sources are not feasible, few tools are left for
practitioners to increase data quality; mainly on-
screen data checks (missing, range, valid value) and
internal data consistency checks. There is a need in
clinical research data management to use methods
based on studies in human-computer interaction, to
assess data entry interfaces that could inadvertently
introduce data entry errors. In this case, HE can be
used prospectively to identify fields that may be
prone to systematic error, thus HE may provide an
additional mechanism for increasing data quality.

Conclusion

This analysis indicates that HE has potential utility in
data quality. Based on the results here, application of
HE as one type of rapid and inexpensive test for data
quality should be investigated. Since this study is
basically a feasibility study, future research in this
area needs to concentrate on the specificity and
sensitivity of this testing. Further, cost benefit
analysis of such testing in clinical research data
collection will inform decision makers on the
benefits of this test.
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