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Objectives: As the largest group providing healthcare services, nurses require well-designed information systems in their
practice. This study aims to evaluate the usability of nursing information systems (NIS). Methods: This cross-sectional sur-
vey was conducted in 2015. The settings of the study consisted of four hospitals affiliated with three medical universities in
Tehran (Iran). The subjects of the study included nurses who had access to and used a NIS developed by four major software
companies. The data were collected using a modified version of a usability questionnaire known as IsoMetrics, based on the
International Standard ISO 9241, Part 11. The questionnaire is composed of 35 questions divided into seven general criteria.
The validity of the questionnaire was determined by experts in the field, and the reliability was checked using Cronbachs al-
pha (a = 0.91). The questionnaire was then distributed to 184 nurses. Results: The response rate was 64.6%. Among the seven
ISO usability criteria, suitability for the task (3.10 + 1.24) and suitability for learning (3.10 + 1.27) had the highest mean
value. The lowest mean value (2.37 £ 1.29) was related to the suitability for individualization. Conclusions: Addressing issues
related to individualization and self-descriptiveness could improve the usability of nursing systems. Considering usability re-
quirements in the design of a NIS will lead to the efficient and effective use of these systems.
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The recent advancements in information technology and
computer science have led to the development of computer-

ized information systems in different areas. In healthcare,
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tive tasks [1]. These systems can help to minimize errors, re-
duce costs and improve the delivery of services [2]. Nursing
information systems (NIS) are among the key components
of healthcare information systems [3]; they can help nurses
to use data more effectively while managing their nursing
activities, allowing them to improve patient care and develop
their knowledge [4]. Nurses use a NIS to develop care plans,
perform interventions, document patient care, organize in-
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formation, and assess the effects and quality of nursing ser-
vices [5-8].

The eflicient and effective use of a NIS depends to a great
extent on the appropriate designs of these systems and how
well they take the expectations and needs of nurses into
consideration [9,10]. A poorly designed NIS can complicate
the daily routines of nurses, possibly leading to problems
related to the acceptance and use of these systems [11,12].
The proper design of the user interface is one of the crucial
elements affecting user interactions with the NIS. These sys-
tems should also be easy to learn and use [5]. The format of
the data display, the format of the navigation instructions,
and the data entry and data retrieval sequences should be
meaningful for nurses, and they should find the NIS rel-
evant to their work [13]. In other words, interactive health
information systems including nursing information systems
should be designed considering their usability features [14].
Usability is inherently linked to the quality of an informa-
tion system [15] and by definition affects the extent to
which such a system can be efficiently and effectively used
to achieve specific goals and to ensure user satisfaction. Us-
ability is directly related to productivity, error rates, alert
fatigue, and user satisfaction [15,16]. With respect to a NIS,
usability problems mainly arise due to the limited function-
ality of these systems and the poor fit between the systems
and the nurses' professional needs. Rogers et al. [17], in a
study conducted using a scenario-based usability test, indi-
cated that the application of human factors such as recogni-
tion rather than recall regarding the functions of a NIS and a
good match between the system and the real world can help
to improve the designs of NISs with regard to nurses’ needs.
Several researchers have undertaken usability testing with
regard to other health information systems. Georgsson and
Staggers [18], in their usability evaluation of a system for
diabetes, used measures from the International Organization
for Standardization (ISO 9241-11), specifically the IsoMetric
usability questionnaire. Finding correct options and remem-
bering the steps to complete tasks were among the issues re-
ported. Similarly, Hamborg et al. [19] evaluated the usability
of hospital information systems using the IsoMetric ques-
tionnaire. The findings showed low consideration of human
factors such as learnability of the system and its suitability
for performing tasks. Although several researchers have
evaluated the usability of healthcare information systems,
relatively few have investigated the usability of nursing infor-
mation systems. This study aims to evaluate the usability of
a NIS from the perspective of nurses. In detail, the following
study questions are defined: (1) To what extent, do nursing
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information systems meet the ISO 9241-11 usability criteria?
(2) What are the recommendations for further improvement
of these systems?

Il. Methods

This was a cross-sectional study conducted in 2015. The set-
tings of the study were four hospitals affiliated with three
medical universities in Tehran (Iran) that used a NIS devel-
oped by four major companies. Sampling in these settings
considered two inclusion criteria. The first of these was that
there had to be at least one hospital for every company that
has a system installed in more than one hospital. The second
was based on the number of hospital beds in general hospi-
tals (i.e., general hospitals with the most beds). Initially, five
hospitals were selected (one hospital from university 1, one
hospital from university 2, and three hospitals from univer-
sity 3). However, at the time of data collection, one hospital
from university 3 did not agree to take part in the study and
was thus excluded from the study. The final sample included
four hospitals with four different NISs. To maintain confi-
dentiality with regard to the information collected, the iden-
tities of the vendors and hospitals are obscured here. Instead,
the hospitals are denoted as hospitals A, B, C, and D. Simi-
larly, the software packages used in the hospitals are referred
to here as A, B, C, and D, respectively.

The target population consisted of nursing staff at each
hospital. However, a limited number of nursing staff mem-
bers had access to the systems and used them. As a result, no
sampling method was used, and all of the nurses who used
the systems were invited to take part in the study (n = 184)
(Table 1).

The data were collected using a usability questionnaire
known as IsoMetric, which is based on the International
Standard ISO 9241, Part 11. This questionnaire utilizes a
5-point Likert scale with options ranging from predomi-
nantly disagree (score 1) to predominantly agree (score 5),

Table 1. Number of nurses in the target population and eligible
nurses

Total number Number of

Hospital

of nurses eligible nurses
A 488 69
B 350 30
C 350 42
D 160 43
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along with a ‘no opinion’ option (score 0). The original ques-
tionnaire contains 75 statements categorized in seven main = R n & 4 3
groups (criteria): ‘suitability for the task; ‘self-descriptiveness; il T
‘controllability; ‘conformity with user expectations, ‘error g § i § i\, E
tolerance’ (sensitivity), ‘suitability for individualization, and
‘suitability for learning’ [20]. However, due to the nurses’
workload, which was expected to influence the response rate, _|lgggsgzg
the number of questions was reduced to 35, and each section f-'o“ oo 2o
consisted of five questions. The minimum and maximum TR A8 sR o:\
score for each section was between 0 and 25. The validity of
the questionnaire was assessed through expert opinions. The ™
reliability was confirmed using Cronbach’s alpha (a = 0.91). g s o oG
The questionnaires were distributed to the nurses at the four s |z
hospitals through the systems. Zg - T
Data analysis was performed using SPSS ver. 19.0 (IBM
SPSS, Armonk, NY, YSA). To analyze the data, the mean val- =
ues and standard deviations were calculated, after which the E % z:'_? E ﬁ g /‘g
systems were compared according to the usability criteria. _§ % E j:j i > §/
o
lll. Results
The response rate was 64.6% (n = 119). Ninety-seven percent ‘:‘;’ "j g’? g ? §.
of the participants were female. With regard to academic 2 SRR
degrees, 97% of the nurses had a bachelor's degree and 3% “
had their master's degrees. In terms of the participants™ age, -“‘g_
the 24-30 age group accounted for 32% of all nurses, and the g S lecsas
lowest frequency (8.4%) was that of age group of 45 years E 2 L\‘rﬁ/ 8 g %\; =)
and above. The average age of the participants was 34 years 2 il S ° © v
(SD 7). Work experience for the majority of nurses (49%) f_—:
amounted to 1-10 years, while 11.7% had work experience £ _
of more than 20 years. The average amount of work experi- E % o~ g: \’—; E ’5
ence was 10.3 years (SD 6.9). In addition, for the majority of @ S ez
the nurses, the amount of experience with a nursing infor- g g coae T
mation system was between 1 and 5 years. The average was E:
5.4 years (SD 2.3). 5;?3 £ =
3lE¢8aas s
1. Suitability for Tasks s |EEcece
The findings related to ‘suitability for the task’ indicated that 2 s 3 -
the highest mean score was for system B (1.35 + 3.51) while ; )
the lowest mean score was for system D (1.35 + 2.91). Sys- E _ g
tems A (1.27 + 3.06) and C (1.08 + 3.05) were ranked second g % <m0 A = g
and third, respectively (Table 2). In relation to system B, the = § e S
highest mean score was found in relation to support for the § ;
user during their daily work routine (1.22 + 4.13); in system 'é 3
D, the lowest mean score was related to the requirement to % s |8 §
undertake different steps to complete a task (1.28 + 2.53). % b E‘ 4 &,
v 2 |3 * 3
2 E
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2. Self-description

The findings related to the “self-description” criterion showed
that the highest mean score was for system B (3.9 + 1.11)
while the lowest mean score was for system A (2.56 + 1.12).
Systems C (2.81 + 0.94) and D (2.69 + 1.31) were ranked
second and third, respectively. In system B, the highest mean
score was for ease of understanding messages displayed by
the system (3.35 + 1.07) and for clarity of the terms used in
the system (3.35 £ 1.11). In system A, the lowest mean score
was related to the ability to display general explanations and
relevant examples (1.97 £ 0.98).

3. Controllability

The findings of the ‘controllability’ criterion indicated that
the highest mean score was for system B (3.43 + 1.33) with
the lowest mean score assigned to system A (2.87 + 1.37).
Systems C (2.97 £ 1.03) and D (2.94 + 1.19) were in second
and third place, respectively. In system B, the highest mean
score was for the ability to return to the main menu from any
screen (3.70 + 1.29), to stop running procedures (3.70 £ 1.29),
and for ability to move (forward and backward) between
screens (3.70  1.14). In relation to system A, the lowest mean
score were related to stopping running procedures (2.60 +
1.35) and requiring a fixed sequence of steps to complete tasks
(2.60 £ 1.22).

4. Conformity with User Expectation

The findings related to ‘conformity with user expectations’
showed that the highest mean score was for system B (3.29 +
1.39) and that the lowest mean score was for system A (2.85 +
1.32). Systems C (3.06 + 0.98) and D (2.90 + 1.29) were ranked
second and third, respectively. The highest mean score in sys-
tem B was related to using the same designations in all parts of
the system (3.70 + 1.11), while in system A, the lowest average
score was for predicting the time required to perform tasks by
the user (2.60 + 1.06).

5. Error Tolerance

The findings for the ‘error tolerance’ (sensitivity) criterion
showed that system B had the highest mean score (1.39 +
3.31). The lowest mean score was given to system A (2.81 +
1.43). Systems D (2.97 £ 1.39) and C (2.83 + 1.29) were in
second and third place, respectively. Regarding system B,
the highest mean score was for requiring user confirmation
before performing an action, such as deleting information
(3.91 £ 1.24). The lowest mean score in system A was related
to warning the user about potential problem situations (2.37 +
1.44).
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Table 3. Frequency of responses for the seven usability criteria of isometric

Predominant

Predominant

So-so (3) Agree (4) No opinion (6) Total Mean + SD
agree (5)
23 (20.5)
10 (8.7)

Disagree (2)

disagree (1)

ISO criterion

HIR

310+ 1.24
2.76 £1.14
3.02£1.25
3.00 £ 1.25
2.95+1.39
2.37 £1.29
3.12+£1.27

119 (100)
119 (100)
119 (100)
119 (100)
119 (100)
119 (100)
119 (100)

4(1.95)

4(1.6)
4(1.5)
2(1.1)
4(2.95)
3(1.5)
3(0.9)

19 (17.5)
19 (16.5)
23 (20.0)
10 (8.3)

22 (18.0)

11 (9.2)
11 (9.9)
15 (12.1)
14 (12.4)
12 (10.5)
10 (8.0)
17 (13.7)

57 (47.8)
57 (48.1)
52 (44.5)
54 (45.3)
46 (38.4)
40 (35.5)
51 (44.1)

13 (11.2)
20 (16.8)
13 (11.3)
12 (10.7)
15 (12.7)
15 (14.4)
11 (9.0)

11(9.7)
17 (15.0)
18 (13.6)
16 (13.1)
19 (15.5)
41 (32.3)
15 (13.5)

Suitability for the task
Self-descriptiveness

Conformity with user expectation
Suitability for individualization
Suitability for learn

Controllability
Error tolerance

Values are presented as number (%).
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6. Suitability for Individualization

The findings related to the ‘suitability for individualization’
criterion indicated that the highest mean score was for sys-
tem B (2.87 £ 1.19), while system A had the lowest mean
score (1.99 + 1.34). For system B, the highest mean score was
for the ability to change the terminology of the commands
and actions based on the user vocabulary (3.00 + 1.38), while
in system A, the lowest mean score was for the ability to
change forms, screens, and menus according to user prefer-
ences (1.89 + 1.21) and for setting the system’s response time
proportional to the user's working speed (1.89 + 1.41).

7. Suitability for Learning

In relation to the ‘suitability for learning’ criterion, the high-
est mean score was for system D (3.20 £ 1.25) and the lowest
mean score was for system B (3.07 + 1.23). Systems C (3.12 +
1.21) and A (3.08 + 1.44) were in second and third place, re-
spectively. In system D, the highest mean score was related to
the lengthy amount of time required to learn how to use the
system (3.63 + 1.27); in the system B, the lowest mean score
was for using the system without having to ask coworkers for
help (2.13 £ 1.01). A summary of the findings is presented in
Table 3.

As shown in Table 3, among the seven usability criteria, the
highest mean value (3.12 + 1.27) was related to ‘suitability
for learn’ and the lowest mean value (2.37 + 1.29) belonged
to ‘suitability for individualization. A comparison between
the usability features of the nursing information systems is
presented in Figure 1.

1 Hospital A
[ Hospital B
[ Hospital C
407 mm Hospital D
3.5 1
3.01[7 | | M
2.5 N
2.0+
1.5
1.0 1
0.5+
0.0 +- L L L L L
& & & »® @ &
> & S 0 2 2D S
& x N © & & N
& & SN & % S @
© S & S NS N
YQQ X O <&
-

Figure 1. Mean scores of seven ISO 9241 criteria for the systems
under study.
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IV. Discussion

Research suggests that the design of a health information
system must fully match users’ practices and must support
them as they undertake their tasks; otherwise, the system
will not be accepted by users or its uptake could face diffi-
culties [21]. Among the criteria related to ‘suitability for the
task, disagreement was mainly found for the factors of ‘easy
to find required commands’ and ‘finding necessary informa-
tion on a given screen’ This is in line with the findings of
Rogers et al. [17], which showed that nurses are occasion-
ally unable to complete a task due to navigation issues and
difficulties in finding the required functions. Another study
indicated that displaying user-required information on dif-
ferent screens affected the efficient use of the systems and
ultimately user satisfaction [22]. Similarly, research suggests
that information about a given task should be displayed in a
specific part of a system [23]. In general, features related to
the ‘suitability for the task’ factor appeared to be considered
when designing the systems evaluated in this study. The pro-
vision of information considering user needs, progressing
through short steps to accomplish tasks, ease of access to re-
quired commands, and the display of necessary information
on a single screen will improve the satisfaction of the user
with the system.

In relation to ‘self-description;, most of the nurses agreed
that the NISs were self-described systems. However, the
mean score obtained indicates that adequate attention was
not paid to self-descriptiveness to the extent that it should
when designing the systems. Regarding the sub-criteria of
self-descriptiveness, the nurses agreed mainly on the clarity
of the terms used in the systems and in the ease of under-
standing the messages displayed. This finding is in good
agreement with the findings of Rogers et al. [17], in which
nurses were reportedly positive about the consistency and
clarity of the terms used in all aspects of the nursing system.
However, the main area of disagreement was related to the
capability of the systems to provide general explanations and
relevant examples; these features should be considered in
further developments of nursing systems.

Another feature of usability, in this case ‘controllability; as
the findings showed, was taken into account in the designed
systems. However, in the systems investigated by Rogers et
al. [17], functions such as saving frequent actions or using
shortcuts were not often readily available. Research points
out controllability as a key feature of a well-designed in-
formation system [24]. The capability of moving between
screens, stopping running procedures when needed, and
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returning to the main menu from any screen could help to
improve the controllability of systems. Such features in turn
affect user satisfaction.

Similarly, the majority of nurses agreed that the NISs con-
formed to their expectations. However, they expected to
have more flexibility in terms of using identical keys for
similar functions in all aspects of the systems. Studies have
demonstrated the significance of considering user expecta-
tions and the related impact on user satisfaction with in-
formation systems [25]. Research suggests that information
systems which do not meet user expectations are at risk of
failure [26]. Using designations consistently in all parts of
the systems, displaying messages at the same screen location,
and predicting the time required to perform a given task are
among the approaches that could help to improve system
conformity levels with regard to user expectations.

In relation to the capability of the nursing systems to pre-
vent errors, i.e., ‘error tolerance, as the findings indicated,
more attention should be paid to this aspect in further de-
velopments of NISs. This finding is supported by the find-
ings of Viitanen et al. [16], in which nurses reported making
errors when performing documentation tasks, noting that
the failure protection system was insufficient. These findings
suggest that an appropriate interface design and reduced
complexity of the systems could improve the error preven-
tion factor. Studies have also reported the importance of
information systems which are capable of preventing errors
[27,28]. Providing users with functions such as recovery
from an error situation, restoring a previous session and cor-
recting errors with little effort could help to improve the ‘error
tolerance’ capability of a nursing information system [29].

Among the criteria outlined in ISO 9241, the lowest mean
score was seen for ‘suitability for individualization. Near
50% of the nurses did not find their NIS suitable for indi-
vidualization, and they pointed out that they were unable
to adjust the response time of the NIS according to their
working speed. This aspect should therefore be addressed in
further studies of nursing systems, as it could help users to
make more efficient use of the systems and could facilitate
their work routines. A key factor related to ‘suitability for
individualization’ is consideration of users’ levels of knowl-
edge and skills [29]. Studies have reported that information
systems should be designed considering the knowledge and
experience of their users. In addition, the systems should
display information in an appropriate format to meet users’
needs [29].

With respect to the last feature of usability, i.e., ‘suitability
for learning, the nursing information systems were found to
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be easy to learn by the nurses, and the highest mean score
among the seven criteria outlined in ISO 9241 was related
to this feature. Nurses did not require much time to learn
how to use the systems. In addition, it was easy for them to
relearn how to use the systems after a lengthy interruption.
However, in a study by Viitanen et al. [16], nurses found
nursing information systems difficult to learn and not intui-
tive to use. Knowing that suitability for learning can influ-
ence user satisfaction levels [30], the designs of these systems
should allow users to navigate the systems conveniently and
learn them with little effort.

In this study, a modified version of the IsoMetric question-
naire was used to make it simpler to complete by the respon-
dents. Although the reliability of the modified questionnaire
was confirmed (a = 0.91), the study could benefit from using
the original questionnaire to provide a broader picture of
NIS usability issues. Moreover, in the current study, only a
quantitative method was used to evaluate the usability of the
nursing information systems assessed here. Conducting a
mixed-method evaluation study (quantitative and qualita-
tive) is suggested for future researchers to gain better insight
into the usability problems of these systems.

In conclusion, this study evaluated the usability of four
nursing information systems using the metrics recommend-
ed in ISO 9241-11. The findings showed that there are areas
in need of further improvement. Providing nurses with the
capability of individualizing the systems according to their
work routines could help them to use the systems more ef-
ficiently and effectively. In addition, the designs of these sys-
tems should enable nurses to find their own way with little
effort when using them. Moreover, the systems should guide
users on how to perform their tasks conveniently. Finally,
designing nursing information systems according to usabil-
ity principles and considering user requirements can help to
improve the effective use of these systems.
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