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Abstract

Information systems (IS) benefits for nurses are outcomes related to the tangible products or improvements that nurses realize
from using IS. This study examined the development and psychometric testing of a measure of nurses’ benefits from IS.

A random sample of 570 nurses working in hospitals, providing direct patient care, and using IS completed the study
questionnaire. The internal consistency reliability of the results was .97. Exploratory factor analysis, using principal
components extraction and varimax rotation, revealed items loaded on four factors (saving time and efficiency, quality of care,
charting, and professional practice) that were confirmed by confirmatory factor analysis. Continued refinement of the
mstrument is needed with more diverse samples of nurses.
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Introduction

Information systems (IS) benefits for nurses are defined as the outcomes related to the tangible products or improvements that
nurses realize from using IS in nursing. There are few studies that have investigated IS benefits in nursing. Among those
studies, some have become outdated because of the fast development of IS in healthcare.l=3 Some studies have assessed IS
benefits using existing instruments that were developed to evaluate specific types of IS, such as physician order entry (POE)
systems, electronic documentation systems, and management information systems.#¢ More recent studies have examined
modified forms of previously developed questionnaires to evaluate nurses’ beliefs about specific types of IS, such as POE.Z

However, using system-specific instruments limits the applicability of results and does not facilitate understanding of IS
benefits in general. Moreover, there is no instrument that measures all components of IS benefits. Therefore, in this study, a
comprehensive list of items derived from instruments measuring IS benefits was examined. The list encompassed IS benefits
that are relevant to nurses and their practice. This study examined the development and psychometric testing of a measure of
perceived IS benefits for nurses.

Background of the IS Benefits Instrument

A comprehensive list of IS benefits (56 items) was obtained from previous studies. These items reflected improvements
related to quality of care; communication and documentation; saving time and efficiency; and professional practice. An
explanation of each component of the instrument is provided.

Benefits Related to Quality of Care

Benefits related to quality of care from using IS are improvements related to the accessibility, promptness, and completeness
of patient information that enhance the effectiveness of nursing care. Some studies in nursing informatics included quality of
care as a benefit of using IS.8-L% The way that quality of care is enhanced from IS use can be assessed by looking at aspects
that affect patient care such as improvements related to accessing patient information; obtaining more prompt and complete
patient information; obtaining more uniform information about patients; and processing patient admissions more efficiently.
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Nauright and Simpson!2 reported high reliability (Cronbach’s alpha = .94) for the quality-of-care items that were included in
the questionnaire they used in their study of 697 nurses and general hospital staff. In addition, previous studies supported the
use of an item measuring “improved quality and administration of patient care overall.”13:17 An item addressing the need to
help nurses to set priorities better and faster was added from Axford and Carter’s study.18

Benefits Related to Communication and Documentation

Communication and documentation are means for exchanging data and information. IS can facilitate communication between
and among nurses, physicians, and other health team members and improve patient outcomes. In addition, use of IS will assure
completeness of patient care documentation, facilitate evaluation of patient care outcomes, and improve patient safety.

Improvements in communication and documentation have been reported in nursing studies as benefits both for electronic
documentation systems and for IS in generaLM Benefits related to communication and documentation have been identified
mainly from the “bedside computer impact questionnaire,” which was used to evaluate a bedside computer system for nursing
documentation among 28 nurses working in a medical unit.2* Dennis et al.2> developed the questionnaire based on experience
with IS in critical care units and previous studies. In addition, these authors reported acceptable internal consistency
(Cronbach’s alpha = .86) and content validity, determined by four clinical nurse specialists. Nurses’ average congruency
percentage was 85 percent, and the validity index averaged .90 across all combinations of rater pairs.

Items selected and adapted for IS use include those dealing with improvements related to compliance with nursing
documentation standards, charting consistency with the care plan, chart availability, and improved communication among
nursing staff, between nurses and patients, and with other nurses and other healthcare team members.22-27 Additionally, other
items related to improvement in communication and documentation were added.28-32

Benefits Related to Saving Time and Efficiency

Saving time and efficiency is the production of a desired outcome with a minimal waste of time, effort, and resources. Some
studies have identified items related to saving time and eff"lciency.M Chin and Haughtonﬁ reported a reliability coefficient
of .84 for the efficiency subscale that was developed to measure IS benefits among nursing directors.

Benefits Related to Professional Practice

Professional practice comprises the activities and qualifications that are distinctive to a specific profession. Using IS has been
reported to be beneficial to nurses’ professional practice. Use of IS has increased nurses’ autonomy,2 sense of
professionalism,*2 and accountability.4! In addition, benefits that are indirectly related to professional practice have been
reported in the literature, such as improved decision-making and patient safety.42-46 Still other benefits have been identified,
including increases in nurses’ sense of responsibility and job excitement.#Z Items measuring IS benefits were identified in Weir
et al.’s study?® of the impact of POE on nursing practice; high reliability (Cronbach’s alpha >.72) was reported for their
questionnaire.

The Nursing Information System Benefits Instrument developed in the current study begins with the general statement “use of
information systems in your work” to maintain consistency. This statement is followed by the comprehensive list of potential
benefits of IS use. To avoid response bias, that is, the tendency to respond in the same way to all items on a questionnaire,
some negatively phrased items were included on the scale;* these items were phrased negatively in the original instrument.22
As the purpose of the IS benefits questionnaire is to assess the nurses’ extent of agreement about benefits they experience
from using IS, the nurses were asked to respond by using a five-point Likert scale that ranged from strongly disagree (1) to
strongly agree (5) to indicate the extent of their agreement with each item.2> The summative score of the items was used;
higher scores indicated greater benefit from using IS in nursing practice.

Methods

Sampling
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Random sampling was used to select nurses (N = 570) who were members of the Ohio Nurses Association (ONA). Inclusion
criteria were that the nurses had to be hired as staff nurses, working in hospitals at least eight hours per week, spending at
least 50 percent of their time providing direct patient care, and using at least one form of IS. The ONA was selected because
its database included nurses who are staff nurses and work in hospitals. The majority of the nurses (n = 531; 93.1 percent)
were women and were white (n = 525; 92.1 percent), while only 5.4 percent (n = 31) were African American. The average
age of the nurses was 49.75 years (SD = 24.92), their years of nursing experience averaged 23.41 years (SD = 9.40), and
their years of experience working in a hospital averaged 17.99 years (SD = 9.61). About 40 percent of the nurses had a
baccalaureate degree in nursing (n = 229; 40.2 percent), while 26.3 percent (n = 150) had a nursing diploma and 24.6 percent
(n = 140) had an associate degree. Most of the nurses worked an average of 34.82 hours per week.

Of the nurses who participated in the study, 40.0 percent worked in critical care units (n = 228), 14.7 percent (n = 83) worked
in medical surgical units, and 12.8 percent (n = 73) worked in obstetrics, while 25.8 percent (n = 147) reported that they
worked in other inpatient subspecialty units, such as oncology, dialysis, and rehabilitation, or that they floated throughout units,
or that they worked in preoperative and ambulatory surgery units.

Procedure

The study was reviewed and approved by the internal review board (IRB) of Case Western Reserve University in Cleveland,
Ohio. ONA cooperation approval was obtained for the IRB. The ONA was contacted for a list of names and mailing
addresses of staff nurses who work in hospitals. A mail survey guided by Dillman’s Tailored Design Method (TDM)22 was
used. The study questionnaire was mailed to nurses with a cover letter and a stamped return envelope. A reminder card was
mailed a week after the questionnaire to ask nurses who had not yet completed the questionnaire to please do so. For nurses
who responded, a thank-you card with the promised incentive ($5) was sent to them. Of the 1,379 surveys that were mailed,
570 were returned, resulting in a response rate of 41.33 percent.

Preliminary Analysis

The total sample of 570 surveys obtained from nurses was randomly split into two groups using SPSS 15.0 so that the
mstrument could be developed on the first half (n = 285) and tested on the second half (n = 285). Preliminary analyses were
conducted to ensure that the two groups are similar in age (#(1, 564) = —0.12, p = .90), gender (X2(1, 567) = .49, p = .48), race
(X2(5, 566) = 5.62, p = .35), highest level of education (X?(4, 566) = 6.23, p = .18), years of experience in nursing (t(1, 563) =
.34, p = .74), years of experience working in the hospital (#(1, 556) = .27, p =.79), hours worked per week (#(1, 558) =.78,p =
.44), and computer experience at work (#(1, 567) = .96, p = .34).

Reliability and Validity Assessments

The reliability of the IS benefits instrument was determined by Cronbach’s alpha coefficient and item analysis. Reliability is the
proportion of variance in the scale scores that is attributable to the true score.> Internal consistency reliability, measured by
Cronbach’s alpha coefficient, reflects the homogeneity of the items within a scale.22 The first step was to examine the internal
consistency in the randomly selected first half of the sample. Corrected item-to-total scale correlations, in which an item is
correlated with the total scale score excluding itself, were examined for each item. Items with corrected item-to-total scale
correlations that were below .40 were removed.>> Next, the Cronbach’s alpha if the item was deleted was examined for each
item.

Exploratory factor analysis (EFA) using the principal components method of extraction and varimax rotation was performed on
the 56 items constituting the IS benefits instrument for the randomly selected first half of the sample (» = 285). A level of .32
was set as the criterion for determining whether an item loaded sufficiently on a factor.3% Items not meeting that criterion
were deleted from the scale. Reliability analysis was repeated to examine the internal consistency of the remaining items.
Then, a confirmatory factor analysis was performed for the randomly selected second half of the data (n = 285).

Results
Reliability and Item Analysis
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A summary of the item analysis of the 56 items of the IS benefits instrument revealed an acceptable Cronbach’s alpha of .97,
which exceeded the recommended criterion level of .70 for new instruments.3Z-38 Initially, when examining the corrected item-
to-total scale correlations, the items with correlations below .30 were removed, resulting in the removal of four items, all of
which were negatively phrased (item XX, “does not facilitate using information which influences patient care”; item XX,
“makes patient outcomes worse because nurses rely on standards rather than their own judgments”; item XX, “increases costs
overall”’; and item XX, “increases nurses’ responsibility””). For these, alphas if the item was deleted were less than the alphas
on all other items (Table 1).

Table 1: Reliability of the IS Benefits Instrument

Number of Items Scale Average Scale Variance Inter-item Correlation Average Cronbach's Alpha N

56 145.44 1302.07 .40 .97 241
52 172.18 1226.68 .44 .98 244
51 168.80 1206.92 .45 .98 244
50 165.432 1164.95 .45 .98 244
49 162.342 1134.97 .46 .98 244

Reliability analysis was repeated for the remaining 52 items of the IS benefits instrument, and one additional item (item XX,
“decreases nursing professional status because nurses focus on plans rather than care”) fell below the .40 criterion; it was
deleted. The reliability analysis was repeated again to find that the remaining 51 items were internally consistent; however, one
more item, which was the only remaining negatively phrased item (“waste time overall”), was also deleted at that time. The
reliability analysis was repeated with the remaining 50 items; one more item (“facilitates obtaining client records from other
healthcare agencies”) was found to have a corrected item-to-total scale correlation below .40 and was removed.

Factor Analysis

Exploratory factor analysis using the principal components method of extraction and varimax rotation was performed on the 49
items of the IS benefits instrument on the randomly selected first half of the data (n = 244 valid cases). Exploratory factor
analysis is a statistical technique that is used to look for patterns or relationships among items on a measuring instrument.22-60
The Kaiser-Meyer-Olkin measure of sampling adequacy (.96) confirmed that the data and sample size were adequate for
factor analysis.&L The Kaiser-Meyer-Olkin measure of sampling adequacy is a statistical value that is used as an index for
deciding whether or not the sample is sufficient for performing factor analysis.%2 Bartlett’s test of sphericity is a second
measure of sampling adequacy; it tests for the overall significance of all correlations among all items on the measuring
instrument.23-4 Bartlett’s test of sphericity was 10011.13 (p < .001), which supported the hypothesis that all correlations,
tested simultaneously, were statistically different from zero. Rejection of the null hypothesis showed that the data were
appropriate for factor analysis.23 Taken together, these two statistical values (Kaiser-Meyer-Olkin measure and Bartlett’s test
of sphericity) provide minimal standards that should be met before conducting a factor analysis.2%-67 These standards were
met in the analysis reported here.

In addition, to test for multicollinearity, the value of the determinant for the correlation matrix was computed. A value of 5.60
was obtained. Because this value exceeded .00001, multicollinearity was judged not to be a problem®® and the correlation
matrix was deemed suitable for factor analysis.%2 In general, multicollinearity means that two or more variables are very highly
correlated (i.e., » = .90 or above). This is not a desirable situation because it means the variables are so similar that they may
be redundant in measuring the same construct. %2 The eigenvalue is the sum of the squared loadings for each factor that
emerges from the factor analysis. Conceptually, this value represents the amount of variance that is accounted for by each
respective factor.”2% The eigenvalues were greater than 1.00 for the six factors obtained, which explained 66.20 percent of
the variance in IS benefits. However, the scree plot suggested a four-factor solution since the eigenvalues showed a linear

decline’® commencing with the fourth factor.

Factor analysis using the principal components method of extraction and varimax rotation was performed on the 49 items of
the IS benefits instrument on the same sample, forcing to a four-factor solution. The Kaiser-Meyer-Olkin measure was .96,
Bartlett’s test of sphericity was 10011.13 (p <.001), and the determinant was 5.60; these four factors explained 61.12 percent
of the variance in IS benefits. Sixteen items were deleted because they loaded on two factors (secondary factor loading = .2)
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or had weak loadings (<.32).Z% One more item was deleted in a subsequent factor analysis of the 33 remaining items of the IS
benefits instrument, resulting in a final 32-item scale (Table 2). The Kaiser-Meyer-Olkin measure was .95, Bartlett’s test of
sphericity was 6701.11 (p <.001), and the determinant was 6.79; these four factors explained 65.26 percent of the variance in
IS benefits.

Table 2: Reliability and Validity (Exploratory Factor Analysis) Estimates for 32 Items of the IS Benefit Instrument
(n =252, Cronbach's alpha =.97)

Corrected Item-to-Total Cronbach's Alpha If Item Factor
Item Description Correlation Deleted Loading 1
Benefit More time for sicker patient .82 .96 77
29
Benefit More patient and family .83 .96 .76
35 teaching time
Benefit More professional tasks time .82 .96 .76
47
Benefit Enhances timelines .81 .96 74
33
Benefit Less caseload/more patient .79 .96 .74
30 contact
Benefit More in-service education time .70 .96 1
36
Benefit Reduces paperwork .68 .96 .69
39
Benefit Less time documenting .79 .96 .68
28
Benefit Decreases wastefulness of 72 .96 .67
40 resources
Benefit Reduces overtime .64 .96 .67
43
Benefit  Streamlines routine work .81 .96 .65
34
Benefit Efficient care .81 .96 .65
45
Benefit Complication management .79 .96 .65
41
Benefit FEliminates repetitive data .64 .96 .64
32
Benefit Saves overall time 7 .96 .63
27
Benefit Reduces administrative work .49 97 .58
38

Corrected Item-to-Total Cronbach's Alpha If Item Factor

Item Description Correlation Deleted Loading 2
Benefit 2 Access to information 53 97 .86
Benefit 3 Accurate and complete .61 .96 .79

information

https://bokold.ahima.org/doc?0id=301266

5/13



11/26/24, 1:02 AM

Development and Testing of a Survey Instrument to Measure Benefits of a Nursing Information System

Corrected Item-to-Total Cronbach's Alpha If Item Factor
Item Description Correlation Deleted Loading 2
Benefit 5 Uniformity of information .59 .96 .79
Benefit 4 Laboratory/radiology results 43 97 78
Benefit Ease and speed of locating .66 .96 .73
10 information
Benefit Retrieval of patient information .65 .96 .62
37

Corrected Item-to-Total Cronbach's Alpha If Item Factor
Item Description Correlation Deleted Loading 3
Benefit Compliance with documentation .65 .96 73
12 standards
Benefit Chart against the care plan A4 .97 71
13
Benefit Charting easily readable 47 .97 .69
11
Benefit Timely use of charts .76 .96 .65
15
Benefit 9 Overall documentation and .68 .96 .62

charting
Benefit Complete charts .52 .97 51
22
Corrected Item-to-Total Cronbach's Alpha If Item Factor

Item Description Correlation Deleted Loading 4
Benefit Patient's view of nursing .58 .96 .76
50 profession
Benefit  Sense of professionalism .68 .96 .72
49
Benefit  Job excitement .62 .96 .67
56
Benefit Patient care decisions 57 .96 .64
53

Factor analysis was done for the final 32 items (see Table 2). The Kaiser-Meyer-Olkin measure was .95, Bartlett’s test of
sphericity was 6525.82 (p <.001), and the determinant was 1.47; these four factors explained 65.89 percent of the variance in
IS benefits. Reliability analysis was repeated with the remaining 32 items. The Cronbach’s alpha was .97, the scale mean was
104.84 with a variance of 496.56, and the average inter-item correlation was .46.

Items were clustered as proposed theoretically. However, some items loaded on different dimensions, making it necessary to
rename the factors. Factor 1 reflected the theme of saving time and efficiency. Factor 2 reflected themes related to quality of
and access to patient information, which theoretically had been named quality of care. Factor 3 reflected the theme of
communication and documentation; however, all the items that were related to communication were previously deleted during
the exploratory factor analysis, so Factor 3 was renamed to reflect charting. Factor 4 reflected professional practice.

Confirmatory Factor Analysis

Using the 32 items obtained from the development of the IS benefits instrument on the randomly selected first half of the
sample, a confirmatory factor analysis (Table 3) using the principal components method of extraction and varimax rotation was
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done on the random selected second half of the sample (n = 254). The Kaiser-Meyer-Olkin measure of sampling adequacy
(.95) confirmed that the data and sample size were adequate for this factor analysis. Bartlett’s test of sphericity was 6261.05
(p <.001), and the determinant was 5.50 (more than .00001), which indicated that the correlation matrix was suitable for
factoring. The eigenvalues were greater than 1.00 for four factors, which explained 64.06 percent of the variance in IS
benefits.

Table 3: Reliability and Validity (Confirmatory Factor Analysis) Estimates for 32 Items of the IS Benefits
Instrument (n = 254, Cronbach's alpha =.97)

Corrected Item-to-Total Cronbach's Alpha If Factor Factor Factor Factor
Item Correlation Item Deleted Loading 1 Loading 2  Loading 3  Loading 4
Benefit .78 .96 .83
30
Benefit .80 .96 .83
29
Benefit .79 .96 78
35
Benefit .80 .96 17
28
Benefit .82 .96 75
47
Benefit .80 .96 .73
27
Benefit .78 .96 1
34
Benefit 177 .96 .70
33
Benefit .66 .96 .65 .46
36
Benefit .63 .96 .62
43
Benefit 75 .96 .59 42
45
Benefit 72 .96 .54 47
41
Benefit .64 .96 .53 41
32
Benefit .67 .96 .50 37 32
40
Benefit .61 .96 .46 32 31
39
Corrected Item-to-Total Cronbach's Alpha If Factor Factor Factor Factor
Item Correlation Item Deleted Loading 1 Loading 2  Loading 3 Loading 4
Benefit 47 .96 .82
2
Benefit .58 .96 7
5
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Corrected Item-to-Total Cronbach's Alpha If Factor Factor Factor Factor
Item Correlation Item Deleted Loading 1  Loading 2 Loading3  Loading 4
Benefit .56 .96 17
3
Benefit .60 .96 .73
10
Benefit 42 .96 .68
4
Benefit .62 .96 .59
37

Corrected Item-to-Total Cronbach's Alpha If Factor Factor Factor Factor
Item Correlation Item Deleted Loading 1 Loading 2  Loading 3 Loading 4
Benefit .56 .96 77
12
Benefit .69 .96 .74
15
Benefit .50 .96 12
11
Benefit 53 .96 .69
13
Benefit .68 .96 .45 .64
9
Benefit 51 .96 31 .49
22

Corrected Item-to-Total Cronbach's Alpha If Factor Factor Factor Factor
Item Correlation Item Deleted Loading 1 Loading 2  Loading 3 Loading 4
Benefit .61 .96 77
50
Benefit .66 .96 71
49
Benefit .56 .96 .65
56
Benefit .52 .96 .57
38
Benefit .55 .96 .56
53

The confirmatory factor analysis (CFA) revealed similar results as the exploratory factor analysis (EFA) except that one item
(“reduces administrative tasks’), which loaded on Factor 1 in the EFA, now loaded on Factor 3 in the CFA. Items were loaded
strongly; however, some items were double loaded across factors.

Discussion

This study developed and tested a measure of IS benefits among nurses. The IS benefits instrument was developed to provide
nurse-specific measures about IS in general. Because today’s healthcare environment increasingly relies on IS, it is important
to identify how nurses perceive benefits related to their use of these systems.
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The IS benefits instrument performed well in this initial psychometric testing, and the reliability results indicated that the
benefits scale’s internal consistency, reflected by Cronbach’s alpha, was high. Internal consistency is important for IS benefits
because it is based on the correlations between different items on the same instrument. It measures whether several items that
propose to measure the same general construct are doing so. Internal consistency is critical due to the multiple meanings
assigned to typical IS benefits. Indeed, literature on IS benefits is frequently interchanged with literature on user satisfaction.
Interpretation of what is a benefit of IS ranges from actual, objective parameters (for example, save time) to subjective
parameters (for example, the system is easy to use). In any study of IS benefits, it is necessary to clearly define and
objectively measure the factors. Internal consistency assures the objectivity of the analysis.

Items that were deleted had a corrected item-to-total correlation less than .40. A low correlation means the item is not really
measuring the same construct that other scale items are measuring. One item from each theoretical subscale was eliminated.
The content of these items was theoretically proposed to measure quality of care (“does not facilitate using information which
influences patient care”), communication and documentation (“makes patient outcomes worse because nurses rely on
standards rather than their own judgments” and “facilitates obtaining client records from other healthcare agencies”), saving
time (“increases costs overall” and “wastes time overall”), and professional practice (“decreases nursing professional status
because nurses focus on plans rather than care” and “increases nurses’ responsibility””). Except for one item, these items were
negatively worded and recoded. One possible explanation for the low corrected item-to-total correlation is that it is possible
that nurses may have answered the items incorrectly due to their misunderstanding the negative wording. Carmines and
Zeller’Z and Hinkin’® reported that factor analysis is frequently complicated by negatively worded items.

It was expected that the confirmatory factor analysis (CFA) would replicate the exploratory factor analysis (EFA). However,
except for one item (“reduces administrative tasks™) that loaded on the factor of saving time in the EFA, the items were
loaded strongly on the same factors. Another issue noticed in the CFA was that there were items with double loadings on
factors in the CFA (Table 3), especially 6 of the 15 items for Factor 1 (saving time and efficiency) and 2 of the 6 items for
Factor 3 (charting). However, the primary loadings were consistent with the EFA. Factor 2 (quality of care) and Factor 4
(professional practice) had strong, clean item loadings. Differences between the EFA and the CFA could have resulted from
ambiguity within the items. Differences in interpretation of items by multiple, diverse users may have led to item cross-
loadings. Individual perceptions of item content may have resulted in different interpretations.

Limitations of the study include that the IS benefits instrument is a self-report measurement, which may induce bias when
study participants were asked to describe the perceived benefits. In addition, the current study used a descriptive cross-
sectional design. This design limits the understanding of change over time related to perception of benefits, which may change
according to the stage of system implementation and how long nurses use the system. Another limitation was that there is no
theoretically related, existing instrument that could be used to examine convergent validity. Validation of this measure with
other outcomes measures, including patient or hospital outcomes, is recommended. This study involved multiple IS systems for
nurses (for the study of IS benefits in general); however, the instruments from which items were drawn focused on a single
specific system and some nonnurse users.

Conclusion

The findings provide acceptable estimates for the initial reliability and validity of the measure and indicate that it can be
potentially useful for determining IS benefits. Replicating this psychometric testing among nurses representing other specialty
areas and performing separate analyses for full-time versus part-time nurses as well as across different specialty areas and
across geographic regions are recommended. In addition, obtaining more specific information about past education and
experience with IS would be informative.

Information systems are being progressively integrated more and more into nursing work. Nursing care work areas such as
nursing documentation, nursing care planning, reporting, and decision making could be improved by using IS. Researchers in
nursing informatics posit that using IS in nursing practice is important for improving clinical practice and the quality of patient
care. A measure of IS benefits that is clinically relevant and useful for qualitative evaluation of nursing perceptions about the
effectiveness of hospital IS is essential.
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