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Abstract

We developed a customizable questionnaire, the Health
Information Technology (IT) Usability Evaluation
Scale (Health-ITUES) and conducted an exploratory
factor analysis to examine the scale’s psychometric
properties. Nurses (n=377) completed Health-ITUES
to rate the usability of a web-based communication
system for scheduling nursing staff. The analysis
revealed a four-factor structure of Health-ITUES. The
results provided preliminary evidence for the factorial
validity and internal consistency reliability of Health-
ITUES.
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Introduction

Psychometric properties have been reported for a
number of instruments designed to measure user
perceptions of system usability including: IBM
Computer ~ System  Usability — Questionnaire ',
Technology Acceptance Model (TAM) Perceived
Usefulness/Ease of Use, Unified Theory of Acceptance
and Use of Technology (UTAUT) 2, Questionnaire for
User Interaction Satisfaction (QUIS) 3 Physician Order
Entry User Satisfaction and Usage Survey *, End-User
Computing Satisfaction °.

Although validated instruments exist, it was reported
that a mismatch between study needs and concepts
measured in the questionnaires resulting in item
addition, deletion, or modification®. In addition, most
often questionnaires fail to consider “task” as a variable
in the questionnaire even though “task” has been
demonstrated to be essential for health IT usability
evaluation”™,

To address these knowledge gaps, we developed the
Health-ITUES considering tasks by addressing various
levels of expectation. In this paper we describe scale
development and report the initial psychometric
assessment of Health-ITUES.

Background

We designed the scale items within the context of
evaluating a  specific system, a web-based
communication system for scheduling nursing staff.
Consequently, a description of the system precedes the
description of scale development.

The web-based communication system

The web-based communication system, Bidshift,
allows nurse managers to announce open shifts

throughout their organization and staff nurses to
request shifts for which they are qualified based upon
their profile. If more than one nurse requests the same
open shift, nurse managers are able to select a nurse
based on her/his experience or working hours (not
exceeding hospital overtime policy) for patient safety
purposes. The primary goal of the web-based
communication system is to improve the efficiency and
effectiveness of the staffing and scheduling process.

Prior to developing Health-ITUES, we conducted two
preliminary usability studies related to the web-based
communication system. The first study was conducted
in Bryn Mawr Hospital, a component of Main Line
Hospital System, a site in which the web-based
communication system had been implemented for two
years. User-system interaction was studied using a
think-aloud protocol’. The study found that patterns of
system use varied among individuals during usability
testing. Their usage of each function depended on how
effective they perceived the function to be in achieving
a particular task. Users were satisfied when a function
was both effective and efficient for accomplishing a
task. We also conducted heuristic evaluation'’ with
human-computer interaction experts to examine
usability issues from the perspective of Nielsen’s
usability heuristics'® and identified minor interface
design issues. These preliminary studies enhanced our
familiarity with the web-based communication system
and informed the development of system-specific
outcome items for Health-TUES.

Scale Development

Health-ITUES development was iterative. First, Main
Line Hospital and the web-based communication
system developer, Concerro, Inc., proposed items based
upon existing questionnaires. Second, we conceptually
mapped the proposed items to the subjective measures
of Health IT Usability Evaluation Model (Health-
ITUEM), which is an integrated model that we
developed based on multiple theories to include both
subjective and objective measures for usability
evaluation''. We identified which Health-TTUEM
constructs and concepts were missing in proposed
items. Third, considering technology acceptance as the
subjective measure of usability evaluation, we added
items from TAM measurements of perceived
usefulness and perceived ease of use'> and IBM
Computer System Usability Questionnaire' to represent
missing constructs and concepts.
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Based upon the principle that usability is developed
through user-centered design methods but measured
through the interaction of user, tool, and task in a
specified setting® "', we modified items to address
the web-based communication system and specific user
tasks. We identified the task-specific concepts in each
question for modification. For example, to modify an
original TAM question, “Using [system] is useful in
my job”, we identified the system by name and also
specified user tasks. The resulting question was “Using
Bidshift (system) is useful for requesting shifts (task)”.

Also of note, in contrast to most satisfaction measures
that report general information which cannot identify
specific usability problems'’, Health-ITUES items
address different levels of expectation. These include:
a). task level: “I am satisfied with Bidshift for
requesting open shifts”, b). individual level: “The
addition of BidShift has improved my job satisfaction”,
and c). organizational level: “BidShift technology is an
important part of our staffing process”.

The final Health-ITUES consists of 36 items rated on a
5-point Likert scale from strongly disagree to strongly
agree: “actual usage” (2 items), “intention to use” (1
item), “satisfaction” (5 items), “perceived usefulness”
(6 items), “perceived ease of use” (3 items), “perceived
performance speed” (2 items), “learnability” (2 items),
“competency” (2 items), “flexibility/customizability”
(3 items), “memorability” (2 items), “error prevention”
(2 items), “information needs” (3 items), and “other
outcomes” (3 items). Higher scale value indicates
higher perceived usability of the technology.

Research Questions

e  What is the factorial structure of Health-ITUES?
e What is the internal consistency reliability of
Health-ITUES factors?

Methods
A cross-sectional study design was used to evaluate

users’ perception toward the web-based
communication system after the system
implementation.

Setting and Sample

Main Line Health comprises six hospitals in the
Philadelphia area. The study was conducted at Bryn
Mawr Hospital, which has approximately 1500 staff
nurses. The web-based communication system had
been implemented for two years at the time of the
evaluation. All staff nurses were qualified to participate
in the study.

Sample size

A minimum sample of 5 to 10 observations per scale
item is recommended for factor analysislé. Kaiser-
Meyer-Olkin test (KMO-test) and Bartlett’s test of

sphericity were also performed to examine the
adequacy of sample size for exploratory factor analysis.

Data collection procedure

Surveys were electronically distributed to the hospital
staff via email. An announcement was also posted on
the login page for the web-based communication
system. The period of data collection was four weeks.

Data analysis

We included only Question (Q)3 to Q35 for analysis
because Q1, Q2 and Q36 are questions assessing self-
report intention to use and actual usage, which were
used for evaluating the predictive validity of Health-
ITUES.

SPSS 16.0 and Mplus 5.21 were used for data analysis.
Mplus is an application which provides features and
functions for factor analysis and structural equation
modeling. Exploratory factor analysis was used to
explore the psychometric characteristics of the scale.
We first examined item communalities. Next, we
performed parallel analysis (PA) and Velicer’s
Minimum Average Partial (MAP) test to determine the
number of factors extracted. PA tends to underestimate
the number of components while Velicer’'s MAP test
tends to overestimate'” . Therefore, the optimal
decision is likely to be made after both methods were
performed '%.

Analytic procedures included: 1) PA and Velicer’s
MAP to determine the number of components; 2)
Maximum Likelihood (ML) robust extraction method
(also called Satorra-Bentler method), that is
recommended for non-normal distributed data 2°; 3)
orthogonal (varimax) and oblique rotations (promax) to
assess stability of the factor solution across rotation
types; and 4) item reductions based upon item loadings
(.32 or higher on two or more factors or less than half
the difference of factor loading with other factors) '®*!
and affect on Cronbach’s alpha reliabilities. Following
item reduction, we repeated procedures until the final
solution was reached.

Results
Descriptive Analysis

Health-ITUES respondents included 377 staff nurses.
The majority of respondents rated themselves as
Internet competent. All entries were completed without
missing data. The sample of 377 met the rule-of-thumb
for minimum sample size for factor analysis'®. Sample
size adequacy was also supported by the KMO-test
value of .964. Bartlett’s test of sphericity supported the
appropriateness of the data for factor analysis (Approx.
x’=11363.162, df=528, p=0.000).

Selection of Number of Factors for Extraction

The results of the PA suggested extraction of three
factors. In contrast, the results of Velicer’s MAP test
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and an examination of factors with eigenvalues greater
than one supported the extraction of four factors.
Consequently, we decided to extract four factors.

Exploratory Factor Analysis

The average communality greater than 0.6 indicated
strong influence by an underlying construct. We
conducted the exploratory factor analysis using robust
ML. Promax and varimax rotations showed similar
loading solutions with the exception of Q 8, which
loaded in Factor 4 in the promax rotation, but in Factor
2 in the varimax rotation. We conducted further
analysis based upon the promax solution.

Factor Naming

“Quality of work life” comprises 6 items (Q34, Q33,
Q35, Q32, Q18, Q19) that characterize system impact
beyond the system functionality. For example, Q33 and
Q35 relate to organization and staffing processes.

“Perceived Usefulness” comprises 12 items (Q29, Q26,
Q28, Q30, Q25, Q31, Q21, Q27, Q14, Q20, Q15, Q24)
that assess system usefulness for a targeted task,
requesting shift. For example, Q29, Q28, Q26, Q30 and
Q27 are all from TAM’s perceived usefulness items.
Other items include those related to efficiency (Q20
and Q21), information needs (Q14 and Q15), system
satisfaction (Q31) and ease of use item (Q24).

“Perceived Ease of Use” comprises 8 items (QS5, Q4,
Q6, Q22, Q23, Q10, Q11, Q3) focused on evaluating
user-system interaction. For example, Q5 and Q6 are
indicators of competency; Q22 and Q23 are indicators
of ease of use.

“User Control” comprises 7 items Q12, Q13, Q16, Q7,
Q8, Q9, Q17) related to user control ability. For
example, QI2 and QI3 are indicators of error
prevention function; Q16 asks about information needs
to minimize difficulty performing the system.
Customizability (Q7, Q8, Q9), assesses system
capacity for adjusting to users’ various operation
preference or habits.

Item Deletion

We deleted items based on factor loadings less than .32
on all factors (e.g., Q24), item-loadings at .32 or higher
on two or more factors (e.g. Q15, Q20, Q23, Q11), or
cross-loadings less than half the difference from an
item’s highest factor loading (e.g., Q3, Q8, Q9, Q18,
Q19). Deletion of Q17 improved the Cronbach’s alpha
reliability. These 11 deletions resulted in a 22-item
Health-ITUES.

We performed a second exploratory factor analysis
using robust ML with promax rotation to assess the
stability of the factor structure. Question 7 and Q32
cross-loaded on Factors 2 and 3 and Factors 1 and 2,
respectively, and were subsequently removed. There

were no cross-loadings in a third exploratory factor
analysis. The final factor structure is displayed in Table
1. Cronbach’s alphas ranged from .81 to .95. Factor
correlations ranged from 0.37 to 0.66. The final Health-
ITUES in generic form, i.e., system, task, and user not
specified is shown in Table 2.

Table 1. Factor Loadings

QWL PU PEU UC
Q34 0.831

Q33 0.749

Q35 0.618

Q29 0.921

Q26 0.865

Q28 0.815

Q25 0.733

Q27 0.695

Q30 0.691

Q31 0.673

Q21 0.649

Ql4 0.552

Qs 0.959

Q4 0.938

Q6 0.910

Q22 0.717

Q10 0.482

QI2 0.907
Q13 0.813
Q16 0.492

Note: QWL=Quality of Work Life; PU=Perceived Usefulness;
PEU=Perceived Ease of Use; UC=User Control

Discussion

The final Health-ITUES included 20 items. The
analyses supported the factorial validity of Health-
ITUES. Internal consistency reliability was excellent.
Several items were deleted because of cross-loading on
two or more factors thus suggesting that the items may
require modification to be more explicitly tied to a
factor. For example, Q3 asks “I received sufficient
education to log on to and use Bidshift” and cross-
loaded on “Perceived ease of use” and “User Control”.
Q3 originally was intended to measure learnability,
which influences system ease of use. This may reflect
the correlation between education and user control.

Customizability items Q7, Q8 and Q9, which were
taken from TAM and IBM measures " 12, were deleted
because of cross-loading issues. Possible reasons
include lack of specificity in the items and the fact that
the customizability of the web-based communication
system was not clear which may have resulted in mixed
user opinions.
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Table 2. Health IT Usability Evaluation Scale

Item

Concept

Quality of Work Life (Cronbach o= .94)

34 I think [BidShift] has been [a positive addition to Nursing].

System impact-career mission

33 I think BidShift has been [a positive addition to our organization].

System impact-organizational level

35 [BidShift technology] is an important part of [our staffing process].

System impact-personal level

Perceived Usefulness (Cronbach a=.94)

29  Using [Bidshift] makes it easier to [request the shift I want]. Productiveness
26 Using [Bidshift] enables me to [request shifts] more quickly. Productiveness
28 Using [Bidshift] makes it more likely that I [will be awarded a shift thatI =~ Productiveness

request].

30 Using [Bidshift] is useful for [requesting open shifts].

General usefulness

25 Ithink [Bidshift] presents a more equitable process for [requesting open
shifts].

General usefulness

31 I am satisfied with [Bidshift] for [requesting open shifts].

General satisfaction

21 I [am awarded shifts] in a timely manner because of [Bidshift].

Performance speed

27 Using [Bidshift] increases [requesting open shifts].

Productiveness

14 I am able to [find shifts that I am qualified to work] whenever I use
[Bidshift].

Information needs

Perceived Ease of Use (Cronbach a=.95)

5 Iam comfortable with my ability to use [Bidshift]. Competency

4 Learning to operate [Bidshift] is easy for me. Learnability

6 Itis easy for me to become skillful at using [Bidshift]. Competency
22 1find [Bidshift] easy to use. Ease of use
10 I can always remember how to log on to and use [Bidshift]. Memorability

User Control (Cronbach o= .81)

12 [Bidshift] gives error messages that clearly tell me how to fix problems.

Error Prevention

13 Whenever I make a mistake using [Bidshift], I recover easily and quickly.

Error Prevention

16 The information (such as on-line help, on-screen messages and other
documentation) provided with [Bidshift] is clear.

Information needs

Items related to “Other outcomes” (Q17, Q18, Q19)
(i.e. Q17: “Since BidShift, I receive fewer calls at
home asking me to come in”) have lower means
(3.41, 3.60 and 3.59 respectively) compared to the
mean score (4.06) of all items. These items were
proposed by the system developer and organization in
which the system was implemented and represented
their visions for system impact. The lower mean
scores suggest their expectations of system impact
may not match those of system users under real world
conditions.

Existing questionnaires tended to support user-system
interaction assessment (e.g. the system is easy to
use), evaluate general satisfaction (e.g. the system is
useful to my job), or target a specific system (e.g. the
system helps me to be efficient at medication
administration) rather than address various levels of
expectation. If health IT supports achievement of
specific tasks, but does not impact higher level
expectations such as job satisfaction, user acceptance
may be variable.

In this study, exploratory factor analysis clearly
defined factors associated with levels of expectation.
“User Control” and “Perceived Ease of Use” capture
user-system interaction, while “Perceived
Usefulness” evaluates task accomplishment through
system use, and “Quality of Work Life” represents
higher expectations of system impact. The study
demonstrated that level of expectation reflect both
simple tasks and higher system impact. The
customizability allows adaptation to various health IT
characteristics and has the potential to provide
comparison across similar systems in the future.

Limitations

The study has some limitations. First, the response
rate for the survey was only about 25%. While the
sample size was deemed sufficient for factor analysis
by the KMO-test value, the results of the factor
analysis might vary with broader population
representation. Second, most participants were
competent in Internet use. The results may vary in
users with low internet competency. However, the
user variance should be minimized with user training.
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The high internet competency could be seen as the
intended outcome after user training. Finally, the
study was conducted using only one system and one
professional group, registered nurses which may
potentially limit broader applicability. However,
Health-ITUES was designed to be customizable
based on the  user-system-task-environment
interaction. Future work will apply Health-ITUES to
other health IT or other professions to address this
potential limitation.

Conclusion

We developed a customizable questionnaire (Health-
ITUES) for measuring perceived Health IT usability.
The results of exploratory factor analysis provided
preliminary evidence for the factorial validity and
internal consistency reliability of Health-ITUES.
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