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Summary
Background: Computerized decision support systems (CDSSs) have the potential to significantly
improve the quality of nursing care of older people by enhancing the decision making of nursing
personnel. Despite this potential, health care organizations have been slow to incorporate CDSSs
into nursing home practices.
Objective: This study describes facilitators and barriers that impact the ability of nursing personnel
to effectively use a clinical CDSS for planning and treating pressure ulcers (PUs) and malnutrition
and for following the suggested risk assessment guidelines for the care of nursing home residents.
Methods: We employed a qualitative descriptive design using varied methods, including structured
group interviews, cognitive walkthrough observations and a graphical user interface (GUI) usability
evaluation. Group interviews were conducted with 25 nursing personnel from four nursing homes
in southern Norway. Five nursing personnel participated in cognitive walkthrough observations and
the GUI usability evaluation. Text transcripts were analyzed using qualitative content analysis.
Results: Group interview participants reported that ease of use, usefulness and a supportive work
environment were key facilitators of CDSS use. The barriers identified were lack of training, resis-
tance to using computers and limited integration of the CDSS with the facility’s electronic health
record (EHR) system. Key findings from the usability evaluation also identified the difficulty of using
the CDSS within the EHR and the poorly designed GUI integration as barriers.
Conclusion: Overall, we found disconnect between two types of nursing personnel. Those who
were comfortable with computer technology reported positive feedback about the CDSS, while
others expressed resistance to using the CDSS for various reasons. This study revealed that organiz-
ations must invest more resources in educating nursing personnel on the seriousness of PUs and
poor nutrition in the elderly, providing specialized CDSS training and ensuring that nursing person-
nel have time in the workday to use the CDSS.
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1. Introduction
Health care is an information-intensive practice. Providing high-quality care depends heavily on the
ability of nursing personnel to identify, access, interpret and integrate relevant data and information
in their clinical decision making. Nevertheless, adoption of Information and Communication Tech-
nology (ICT) has been slow [1]. One example of such technology is clinical computerized decision-
support systems (CDSSs), which have been suggested to improve the clinical decisions of nursing
personnel with the goal of improving health care safety, quality and efficiency; reducing costs and
improving patient outcomes [2–4]. Clinical CDSSs can be defined as specialized information sys-
tems that are purposely designed for ‘end users’ decision making in the health care setting to provide
relevant information that can be integrated with the characteristics of individual patients at the
point of care. The clinical CDSS output (i.e., results) are intended to provide nursing personnel with
recommendations for action [5]. Studies of CDSSs in the nursing home setting are uncommon, al-
though their potential positive impacts are recognized [6, 7].

The purpose of the clinical CDSS evaluated herein was to support the detection and prevention of
serious and common problems among nursing home residents [8]. It was integrated into the elec-
tronic health record (EHR) system called Prosys (www.alvara.no). The CDSS was developed from
two research-based risk assessment instruments: the Risk Assessment Pressure Scale (RAPS) for
pressure ulcer (PU) risk screening [9] and the Mini Nutritional Assessment (MNA) tool [10] for
nutritional status screening. Based on the results of these assessments, the CDSS presents evidence-
based interventions to support nursing care planning that were developed from clinical experience,
previous research and systematic reviews on PUs and malnutrition [11, 12]. The CDSS was devel-
oped by various stakeholders (e.g., an information system developer, a software vendor, nursing per-
sonnel and health care researchers).Validation and testing of the CDSS was conducted by a group of
‘super-users’ who had expertise using the EHR and had also been actively involved in the devel-
opment process. �Figure 1 shows an example screen of the CDSS.

1.1 Review of the Literature

Clinical CDSSs range from passive systems that assist nursing personnel with guidelines and research
evidence [5] to more active systems that integrate data from multiple sources and provide patient-
specific recommendations to improve nursing or medical diagnoses, treatment decisions, drug ad-
ministration or preventive interventions [2, 5]. Several systematic reviews of studies of clinical
CDSSs provide examples of systems that are available for health care personnel in different settings;
however, there is a paucity of studies that evaluate these systems [3, 13].

A review of eight studies showed that the CDSSs used by nursing personnel were mostly adopted
without prior evaluation of the clinical content on which the CDSSs were based [3]. Another meta-
analysis based on 17 papers found that evidence-based CDSSs may support the implementation of
guidelines-based care and improve patient outcomes, although barriers such as a lack of adminis-
trative support, the time required to learn and implement the new technology, and deficiencies in the
EHR systems were reported [13]. In addition, contextual aspects such as social and organizational
factors are important to include in an evaluation to enhance the understanding of the function and
effectiveness of the CDSS [14]. Also, it has been reported that CDSSs would be used more if phys-
icians had more time available [15].

A central feature of the success of CDSSs in health care is designing the graphical user interface
(GUI) to provide effective guidance for nursing personnel [4]. The GUI is the part of the computer
application that allows users to interact with electronic devices [16]. One common usability evalu-
ation technique is the cognitive walkthrough observation [17]. In a cognitive walkthrough, a user
performs tasks while a usability expert evaluates the system design. The usability expert observes er-
rors made by the user, listens to verbal feedback from the user and notes problems in completing
tasks in a timely manner [17]. The number of usability evaluations conducted on ICT in laboratories
or simulated settings is increasing, but studies performed in natural settings are still rare [18].
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1.2 Theoretical Framework

Several theoretical models have been presented in the information systems literature to explain the
factors that influence ICT implementation. DeLone and McLean’s model of information system suc-
cess [19] and the Technology Acceptance Model (TAM) [20] have been used to explain the factors
that are most likely to predict positive attitudes and increase the likelihood of adoption of new tech-
nology. The Task Technology Fit (TTF) [21] model addresses utilization from a different perspective
and focuses on the concepts that are most likely to predict performance impact.

In the TTF model, technology characteristics are defined as the underlying features of an informa-
tion system, and task characteristics are defined broadly as the actions taken by individuals. The de-
pendent variable of task characteristics and technology characteristics is the task-technology fit. Task-
technology fit may be defined as “when a technology provides features that ’fit‘ the requirements of
a task”[22, p.214], and it is measured by how well the system functionality corresponds with the task
needs. TTF predicts (or can be measured by) actual utilization and performance impacts. If the tech-
nology provides features corresponding to the task, then it is presumed to have a positive impact on
the performance [22]. Eight dimensions have been identified that influence TTF: data quality, the
ability to locate data, authorization to access data, data compatibility between systems, production
timeliness, system reliability, training and ease of use, and the relationships between information
system (IS) developers and users [22, 23]. In this study we are measuring the fit as a part of facilitators
and barriers through group interviews and two usability evaluations (e.g., cognitive walkthrough
observations and a usability evaluation questionnaire).

Health care researchers argue that the dimension of fit must be evaluated when introducing ICTs
in health care settings [24, 25]. In this study, we have applied the TTF model to determine whether
the CDSS fits the needs of nursing personnel in nursing homes.

The importance of the congruence between the selected technology and the task to be accom-
plished is often overlooked in the development and implementation of health care information sys-
tems [26], and only a few studies have used the TTF model to study whether ICT is utilized effectively
[25, 27]. However, some studies have shown that the TTF model provides a solid theoretical frame-
work for investigating, evaluating and explaining the performance impact of ICTs in health care set-
tings [25, 28]. Some have argued that a high level of TTF will lead to the more effective and efficient
use of ICT and will engender positive performance impact [21]. Cane and McCarthy’s [27] meta-
analysis supports the use of the TTF model rather than TAM alone because the TTF model focuses
on utilization rather than intention to use technology. Ward and co-workers [29] examined the atti-
tudes of health care personnel toward ICT and identified issues such as system flexibility and usabil-
ity, appropriate education, training, and the users’ confidence and experience in using an ICT as im-
portant factors affecting the utilization of ICTs.

Health care organizations spend billions of dollars on ICT investments [1]. Given the large ex-
pense of these systems and their importance to patient outcomes [30], it is critical to evaluate the us-
ability of ICTs to ensure that they are achieving their intended outcomes.

2. Objective

This study describes the facilitators and barriers that impact the ability of nursing personnel to effec-
tively use a clinical CDSS both for planning and treating PUs and malnutrition and for following the
suggested risk assessment guidelines for the care of nursing home residents.

3. Methods

3.1 Setting

The most recent data available reports that Norway has 998 nursing homes that care for 41,052 resi-
dents [31]. This is a significant sector of Norway’s 5 million people.Almost all municipalities in Nor-
way have implemented the EHR [32]. According to the Health Care Personnel Act [33] in Norway
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from 2001, all personnel who are responsible for the examination, diagnosis, treatment and follow-
up of nursing home residents are obliged to document resident care plans in the EHR. The nursing
home personnel from four nursing homes, who participated in this study, were the only ones using
the CDSS. They had used the EHR for several years, but participants’ level of experience with using
the CDSS for nursing care planning varied.

3.2 Design and Sample

This qualitative descriptive study consisted of group interviews and two usability evaluations: cog-
nitive walkthrough observations and a usability evaluation questionnaire.

3.2.1 Sample for Group Interviews
A sample of 25 nursing personnel, composed of Registered Nurses (RNs, n = 19), a Special Needs
Educator (n = 1), and Nurse Aides (NAs, n = 5) participated in four group interviews.All participants
were female, and age ranged from 24 to 65 years old (mean = 39.5 years, SD = 11.9). As shown in
�Table 1, six participants had education in older people care (e.g., psychiatric nursing, health in-
formatics or management), 21 worked both day and evening shifts and participants reported a range
of employment levels (i.e., from 42% to 100% of full-time employment). Of the 21 participants who
reported working day and evening shifts, nine worked full-time. All participants had approximately
eight months of experience using the CDSS.

3.2.2 Sample for the Usability Evaluation
Two RNs and three NAs from three different units in one nursing home participated in the cognitive
walkthrough observations and completed the usability evaluation questionnaire. All worked full
time; two were less than 30 years old, one was between 30 and 39 years old and two were between 40
and 49 years old.All five reported that they were experienced with computers. Three participants de-
scribed themselves as experienced users and two as inexperienced users of the CDSS. In many usabil-
ity studies it has been shown that a sample size between 5 and 8 participants is a sufficient number
and will identify 80% of the problems and increasing the number of participants does not signifi-
cantly increase the percentage of problems found [34].

3.3 Interview Guide

A semi-structured interview guide for the group interviews was developed based on previous re-
search [35–37]. The following areas were explored during the interviews:
1. training on how to use the CDSS,
2. use of the CDSS in the unit,
3. perceived facilitators and barriers, and
4. experiences gained from using the CDSS.

3.4 Scenarios and Questionnaire

The scenarios in the usability evaluation described three different patient datasets that allowed par-
ticipants to do PU risk assessments. The usability evaluation questionnaire was based on an instru-
ment adapted for a health care environment [38] (�Table 2). The questions were translated into
Norwegian, and the instrument was pretested by two RNs to verify that it was understandable.

3.5 Procedure

3.5.1 Group Interviews

The administrators of the nursing home units were asked to recruit nursing personnel to voluntarily
participate in the group interviews. The interviews were conducted at the work site, with four to
seven participants from the same nursing home in each group. The interviews lasted between 60 and
90 minutes and were tape recorded and transcribed verbatim.
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3.5.2 Usability Evaluation

For the cognitive walkthrough observation, each nursing personnel was asked to independently
complete three tasks based on patient care scenarios. The evaluation was done at the participant’s
workplace and lasted between 45 and 60 minutes. As each participant completed the task, she was
asked to “talk out loud” and express her thinking while using the CDSS. The researcher observed the
participant and made notes about comments, questions, frustrations, and the method used by the
participant to complete the task [17], as shown in �Table 5.

After the cognitive walkthrough, each participant completed a usability evaluation questionnaire
that elicited her demographic information, educational background and experiences with using the
CDSS. The first author conducted both the cognitive walkthroughs and the group interviews.

3.6 Ethical Consideration

Approval for this study was obtained from the Regional Committee for Medical Research Ethics in
southern Norway (REK Sør, reference number S-07212b) and from the Norwegian Social Science
Data Services (project number 16822). The participants received oral and written information about
the study and the voluntary nature of their participation, and all signed a written informed consent.
All participants were assured confidentiality.

3.7 Data Analyses

The written transcripts were processed in a word-document with three columns for each unit from
the group interviews and the data from the cognitive walkthroughs were analyzed using manifest
content analysis, using the visible and clear components of the text, without interpreting the mean-
ing [39]. All interviews were listened to in their entirety, and the transcribed data were read thor-
oughly to gain an overview and a general impression of the data. The transcripts were then analyzed
to identify meaning units or coding units, condensed meaning units and codes related to the study
objective [39]. Two researchers independently coded each of the interviews, and when differences in
coding occurred, the researchers discussed each coding discrepancy until an agreement was reached.

4. Results

4.1 Facilitators Experienced from Implementing and Using the CDSS

The facilitator results were categorized into two meaning units: professional and software design fa-
cilitators.

4.1.1 Professional Facilitators
The professional meaning unit included several important insights. Participants described that as
more emphasis was placed on PUs, nutrition, and documentation, they had correspondingly more
motivation to use the CDSS and therefore increased the number of interventions in these areas of pa-
tient care. They also expressed that the CDSS had facilitated the identification of residents in need of
nutritional interventions, which also increased the usage of the CDSS. As one participant described,
“After the implementation of the CDSS, we are now more focused on the kind of food we order for
the residents”, and “When screening a new resident, I can see from using the CDSS the new interven-
tions that are necessary, what we can work on and what can wait”.

4.1.2 Software Design Facilitators
Some participants in every group interview expressed that the CDSS was easy to use. For example,
after the participant entered the resident’s data, the system suggested different interventions that she
could select.

In addition, many participants stated that the availability of ‘super-users’ and support from unit
managers were important facilitators in the implementation process. The participants recom-
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mended lectures and individual CDSS training as supporting strategies when implementing the
CDSS. �Table 3 presents the categories of facilitating factors.

4.2 Barriers Experienced in Implementing and Using the CDSS

The barriers results were categorized into four meaning units: organizational, individual, task-fit and
design-software, as presented in �Table 4.

4.2.1 Organizational Barriers
The participants described the organizational barriers as lack of training, lack of information about
the implementation of the CDSS, lack of equipment to measure body weight and arm and leg cir-
cumference, lack of computer work stations, lack of clinical knowledge among personnel and lack of
routines for the systematic risk assessment of residents in the unit.

Participants in the groups identified lack of training as a barrier. They explained that all person-
nel in the unit should have had an opportunity to participate in the training, and furthermore, it
should not have been optional. The next organizational barrier, lack of information, was expressed
as follows: “the information (e.g., updates) about the CDSS implementation was good in the begin-
ning, but then a lot of organizational changes occurred, and this made it more difficult for everyone
to be kept informed”.

To complete the resident assessments in the CDSS, all the nursing homes needed equipment to
measure body weight and arm and leg circumference. The lack of this specialized equipment was re-
ported as a barrier to CDSS use. Another organizational barrier was the lack of available computer
work stations. Participants stated: “We should have more work stations for documentation in all the
units. Then we would not have to wait to gain access to a work station”.

In all of the interviews, a lack of clinical knowledge among personnel and a lack of routines were
reported. The following statements by participants supported these conclusions: “One of the prob-
lems that limits the use of the CDSS is that we have so many personnel without formal education.
Some of the less educated personnel think the residents eat well enough, and nutrition interventions
are not needed”. Another organizational barrier identified was the paper-based documentation in
some parts of the EHRs; participants expressed concerns about routines for updating the informa-
tion that was printed on paper and stored in the unit rather than in the EHR. Therefore, the data in
the CDSS were incomplete, and the CDSS was less effective.

4.2.2 Individual Barriers
The individual barriers included lack of participation in the CDSS implementation process, lack of
computer skills, preferences for oral information exchanges, a lack of motivation to use care plans,
and resistance to using computers. The resistance to using computers was also discussed with respect
to the older age of many nursing personnel; some participants perceived that it was easier for
younger nursing personnel to use computers as one participant explained“It becomes a problem for
nursing personnel, because lots of nursing personnel have a high age and of course they are more re-
luctant”.

4.2.3 Task-Fit Barrier
The lack of task-fit of the CDSS was discussed, and some participants felt there was no need to screen
the residents for nutritional risks because they believed that none of the residents in their unit were
undernourished. However, some participants expressed surprise when they became aware of the
Body Mass Index (BMI) results (this is one of the CDSS capabilities):“It is difficult to just look at the
residents and assess their nutritional status. (The residents may have a lack of muscle mass that can-
not be recognized by the human eye)”. These comments were most often made by personnel who
were less comfortable using the computer or who did not follow this protocol on a routine basis, and
was mentioned in all four group interviews.
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4.2.4 Design and Software Barriers

Design and software barriers were categorized as EHR user interface challenges due to the poor in-
tegration of the CDSS with the EHR. The participants stated that the EHR/CDSS graphical user in-
terface could be more logically designed (e.g., the integration of various applications on mobile
phones). They wanted additional functionality, such as standardized care plans and a reminder func-
tion for continually updating care plans.

4.3 Usability Evaluation Questionnaire

The items in the usability questionnaire all received high scores from the participants regarding their
satisfaction with the system, which was somewhat surprising because the results did not align with
the feedback from the group interviews. This incongruity could exist because the participants in the
cognitive walkthrough also answered the questionnaire, and they were more familiar with the sys-
tems than some of the participants in the group interviews. They were also positive regarding the in-
troductory training and support in using the CDSS, as displayed in �Table 4. Questions 2, 6 and 13
with the lowest scores (i.e., Md 5) focused on the functions of the system, the ability of the system to
find capabilities where expected and the flexibility of the system.

When asked what they liked about the system, all five participants reported ease of use. Drawbacks
of the system were that the CDSS was not integrated well enough with the EHR and that the CDSS
application was difficult to find while browsing in the EHR system. Three key improvements were
suggested: improve the display design of the interventions capability, increase the visibility of all the
details under the main intervention headings so that the different intervention choices are clear
(�Table 2) and make it easier to save data when performing a risk assessment. The participants
stated that despite these shortcomings, the CDSS was a great tool. They especially liked the link be-
tween the CDSS and the care plan. This feature provided valuable information for daily care plan-
ning.

The TTF performance impact was measured by how well the nursing personnel accomplished the
three scenarios with the RAPS [9]. The participants showed minimal variation in their rating of risks
and successfully completed the scenarios. However, the time needed to complete the three cases var-
ied between 02:05–03:59 minutes for task 1, 03:20–05:56 minutes for task 2 and 03:48–10:33 for task
3 (�Table 5).

The cognitive walkthrough identified four major barriers. First, as also identified above, the CDSS
was not integrated well enough into the EHR system. The users had to spend too much time navigat-
ing in the EHR system to locate the CDSS application. The participants stated that navigation in the
system would have been easier if the detailed interventions under the headings (e.g., PU prevention)
were more obvious (�Fig. 1) and that the users should have had an opportunity to see all the text
under each heading (e.g., regular repositioning, providing pressure relieving mattresses and high
protein nutrition, etc.). Second, the participants noted that data in the EHR had to be saved after
every input, which required three clicks for every rating; otherwise, the data would be lost, making
the system unnecessarily cumbersome and frustrating for the user. Third, the users had to move
windows on the screen to view all the guiding text. Finally, the users wished for better graphic visu-
alizations (e.g., charts) in the CDSS to provide a better assessment of the patient (e.g., present the
changes in body weight in a numeric graph).

5. Discussion

Nursing personnel expressed both positive and negative reviews of the CDSS. Many perceived that
the CDSS contributed to more professional care by those personnel who had more nursing domain-
specific knowledge on the prevention of PUs and malnutrition. After using the CDSS, they reported
that the number of relevant interventions increased, and they perceived there was more focus on
documentation. They also described the CDSS as easy to use.

However, the participants emphasized that the CDSS could have been better integrated into the
EHR and that the system lacked flexibility and logical flow. Participants identified the following or-
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ganizational factors as barriers to CDSS implementation: lack of training, lack of information about
the CDSS implementation, high workload, lack of computer skills and lack of clinical knowledge. In-
dividual barriers such as lack of involvement in the implementation, lack of skills required to use the
CDSS and resistance to use computers were also concerns.

Barriers such as time constraints in everyday work, lack of access to work stations, and lack of
computer skills have also been reported in previous studies on the use of a guideline-based CDSS by
general practitioners [40, 41]. Lack of adequate training was reported as an important barrier to suc-
cessful implementation of the CDSS in four case studies from hospitals in England [14]. Strategies
for training and education are important to consider in the early stages of planning for the imple-
mentation of new technologies in nursing homes. Overall, in our study, nursing personnel perceiv-
ed the CDSS as easy to use, but at the same time, there was a lack of knowledge, skills and motivation
to use the new technology.

5.1 TTF Model Implications and Discussion

Due to the qualitative nature of this study, our findings can be related to the eight dimensions of the
TTF model: locatability of data, data quality, authorization to access data, data compatibility be-
tween systems, production timeliness, system reliability, training, ease of use/training, and the rela-
tionship between the information system (IS) developer and the users [22].

The nursing personnel expressed concerns about the data quality when paper and electronic data
was used concurrently. The locatability of data can be evaluated by the ease with which the user can
find (“locate”) and identify the available data [22]. Based on the experiences of the nursing person-
nel in our sample, the CDSS allowed them to focus more on the prevention of PUs and malnutrition,
relevant interventions and proper documentation. Their descriptions indicated that the CDSS pro-
vided valuable data for nursing care.

The data quality dimension is defined as the use of the correct data with an appropriate level of de-
tail. In two nursing homes, nursing personnel documented the risk assessments on paper rather than
using the CDSS, and then an assigned nurse transferred the data to the EHR. These nursing homes
had a parallel paper system with care plans printed from the EHR.Another Norwegian study showed
that it was a challenge for nursing personnel to update data when paper-based documentation was
used in parallel with a computerized system [42]. Such parallel documentation may have influenced
data quality and the availability and accessibility of data and thus, may have had a negative impact on
the participants’perception of the usefulness of the system and the fit between technology and task.

Challenges due to authorization to access data were not mentioned in the group interviews, prob-
ably because all of the nursing personnel who participated had access to the EHR. Because only one
system and one database was tested, data compatibility between systems was not relevant. Likewise,
production timeliness (i.e., where the Information Systems groups meets a predefined production
schedule) did not apply in this case. Because the CDSS was part of the overall EHR system, system re-
liability was not an issue.

The ease of use and training dimensions addressed the ease with which the users could accom-
plish what they wanted to do and their access to training, respectively. As mentioned previously, the
CDSS was easy to use. However, training was inconsistent. The lack of control over who participated
in the training may have influenced the results, and although the nursing personnel received train-
ing, they did not necessarily learn to manage the system.

The relationship between the Information System developer and the users occurred during the
CDSS development process through regular meetings to discuss requirements, analysis and design.
Only the nursing personnel who were part of the system development collaboration team had a re-
lationship with the system developers.

Another study reported that challenges with the GUI and browsing in the EHR might have in-
fluenced the data quality, data locatability and data compatibility in the EHR, which may have then
negatively influenced the nursing personnel using the CDSS. Data quality, data locatability and data
compatibility were shown to influence TTF in a survey of registered nurses in hospital settings [25].
Training needs and ease of use have also been reported to influence TTF by registered nurses in hos-
pital settings [25].
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In summary, the three most relevant TTF dimensions were data locatability, data quality and ease
of use/training. Overall, it appears that the CDSS technology does reasonably “fit” the task, and the
job performance of the users who were knowledgeable about PU and nutrition improved.

5.2 Reflection from the Usability User Interface Evaluation

A clinical CDSS must be well designed and properly used to increase the quality of care for nursing
home residents and to reduce health care costs [4]. Findings from this explorative, qualitative study
support the need to focus on data quality, data locatability, data compatibility between systems, sys-
tem reliability, training and ease of use, and all the other aspects identified in previous research on the
dimensions that may influence TTF [25, 28] in nursing homes. Nursing domain-specific knowledge
needs to be included as an important feature for the performance of nursing personnel, and it has not
been covered by the TTF model. Potential users must be convinced that the technology is helpful in
their caring for residents before they will adopt it. To convince the nursing personnel, the training
must be modified; demonstrating the usefulness of the CDSS may be required rather than simply
teaching nursing personnel how to use the system. The organization must ensure that the users
understand the usefulness of the system so that they are motivated to use the CDSS.

There have been only a few usability evaluations performed on CDSSs used by nursing personnel
[43]. Insights from the usability evaluation questionnaire and the cognitive walkthrough observa-
tions provide useful recommendations to guide the further development of CDSSs for nursing home
care. In addition, increased and required training can also improve both user satisfaction and user
performance.

5.3 Methodological Considerations and Limitations

These findings are consistent with those of earlier studies in other health care settings that docu-
mented the importance of user involvement to increase EHR usage [37, 44]. A contribution of this
study is that it shows that some dimensions of the TTF model can be used as a framework to better
understand the dimensions that determine fit between the task and technology in the health care
context. However, we suggest further theory development of the TTF model to include domain-spe-
cific knowledge as one of the dimensions that predicts performance.

The first author, who conducted the group interviews, the usability evaluation and the cognitive
walkthrough observations, had been involved in the implementation of the CDSS, which may have
made the study participants reluctant to express critical opinions of the CDSS. Alternatively, it may
have made them more at ease to freely express their opinions.

There was no control over how extensively the participants had actually used the CDSS in the in-
tervention study, and although administrators were asked to recruit personnel with considerable ex-
perience, two of the participants described themselves as novice users. This limitation was due to the
difficulty of finding nursing personnel available to participate. Another limitation was that all the
participants in the usability evaluation and the cognitive walkthrough were recruited from only one
of the four nursing homes involved in the intervention, which may limit the transferability of the
findings [39]. Despite these shortcomings, a major strength of this study is the rich data generated
from a natural setting, which provided valuable insights into the experiences of nursing personnel
using a CDSS.

6. Conclusions

Overall, we found a disconnect between two types of nursing personnel. Those who were comfort-
able with computer technology reported positive feedback about the CDSS, while others expressed
resistance to using the CDSS for various reasons. The TTF model can be used to understand some di-
mensions of fit between task and technology. This study revealed that organizations must invest
more in educating nursing personnel on the seriousness of PUs and poor nutrition in the elderly,
providing specialized CDSS training and ensuring adequate time in the workday to allow for utiliz-
ation of the CDSS.
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Implications of Results for Practitioners and/or Consumers
The findings from this study can help plan and accomplish other CDSS implementation projects
in nursing homes. To ensure successful implementation of CDSSs, it is crucial both to create a
supportive environment with information and training about the CDSS and the targeted nursing
knowledge and to carefully integrate the CDSS into the EHR so that it fits with and supports the
nursing workflow. We recommend that further research on the implementation of CDSSs in
health care should be supplemented with usability evaluations.
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Figure 1 Screenshot of the computerized decision support system, showing a part of the Risk Assessment Pressure
Scale (RAPS), a research-based risk assessment screening instrument. On the left, different risk assessment scales can
be chosen that can then be completed with residents’ data. On the right, guiding text is available to allow the user to
select interventions based on RAPS score. The Prosys graphical user interface © copyright Alvara AS
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Table 1 Characteristics of group interview participants (n = 25)

Characteristics

Gender, female 25 100%

years Mean SD range

Age (years), mean, SD (range) 39.5 11.9 24–65

n %

● Registered Nurses 19 76

● Special Needs Educator 1 4

● Nursing Aides 5 20

Participants with specialist education in older people care,
psychiatric nursing, health informatics
or management

6 24

% Mean SD range

Working day and night shift, n (%) 21 84

Percent of full-time duty, mean 84.7 15.7 42–100

n %

Nursing personnel
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Table 2 CDSS usability response scores from “super-users” (n = 5)

Table 3
Facilitating factors during
implementation and use of
the CDSS in four nursing
homes, based on group in-
terviews with nursing per-
sonnel (n = 25)

Question Median

4. The system was easy to use. 7.0*

8. The font size was appropriate. 7.0

9. The font style was appropriate. 7.0

10. The labels that described the functions made sense to me. 7.0

11. I was able to find functionality where I expected. 7.0

14. The amount of information was appropriate
(i.e., not overwhelming or too sparse).

7.0

15. I could become productive quickly using the main menu in the system. 7.0

19. The system was easy to learn to use. 7.0

3. The available functionality of the system was complete. 6.0

1. The functions of the system met my needs. 6.0

5. The system was enjoyable to use.

7. I was able to navigate easily while using the system.

12. The organization of functions made sense to me.

16. I was able to develop a care plan using the system.

17. Interventions presented in the system were relevant.

18. I have got enough education to use the system.

21. Overall, I am satisfied with the system’s capabilities.

2. The function of the system worked as I expected.

6. The system was flexible.

13. I was able to find functionality where I expected.

20. It took too much time to learn to use the system in relation to the benefits of using the system.

*(Disagree 1 – Agree 7) ** (Disagree 7 – Agree 1)

6.0

6.0

6.0

6.0

6.0

6.0

6.0

5.0

5.0

5.0

1.0**

Professional Design-software

Emphasis on nutrition and pressure ulcer prevention Ease of use

Focus on interventions Usefulness

Attention on improving documentation

Support from super-users

Support from the nearest manager
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Table 4 Perceived barriers during implementation and use of the CDSS in nursing homes, based on group interviews
with 25 nursing personnel

Organizational Individual Task-Fit Design/software

Lack of training
Lack of information for nursing per-
sonnel
Challenging to organize the use into
the daily workflow
Lack of equipment to measure body
weight
Lack of work stations
Lack of routines for risk assessment
personnel
Too large a workload
Preference for oral routines for inter-
shift reports

Lack of involvement in the
implementation of the CDSS
Lack of computer skills
for using the CDSS
Resistance to using com-
puters
Feel no need for care plans
Lack of basic knowledge in
prevention of malnutrition
and PUs among nursing

Feels un-
necessary to
use guidelines

The nutrition plan was not
fully integrated into the
EHR
Lack of good user interface
in the EHR system
The CDSS has lack of logic
when navigating to choose
interventions
The EHR system was dif-
ficult to use



Research Article 434Applied Clinical Informatics

© Schattauer 2011 M Fossum et al.: An Evaluation of the Usability of a Computerized Decision
Support System for Nursing Homes

Table 5 Results from the cognitive walk-through (n = 5)

Task Participant 1 Participant 2 Participant 3 Participant 4 Participant 5

Time (min) 3:59 3:58 2:05 3:53 3:31

Comments The texts on the
labels are instruc-
tive.

Used the guid-
ing text.

Used the guiding
text all the time.

Frustration
comments

Starting the as-
sessment could
be confusing.

Differences be-
tween the guiding
texts to the same
navigation.

Must move
windows to read
texts in the user
interface.

Navigation of
system

Good with red
text on the labels.

Task 2

Time (min) 5:26 3:20 4:18 4:50 5:56

Comments The guiding texts
are important. The
dropdown menus
are important.

The guiding
texts give good
instructions.

Too much space
between the
guiding texts.
All information
should be possi-
ble to see in one
window.

Using the guid-
ing texts active.

Saving should
have been done
automatically.

Frustration
comments

The item “sensory
perception” in the
guideline is difficult
to score. Bother-
some to change
windows in the sys-
tem from assess-
ment to choose in-
terventions.

If the guiding
texts gave more
instructions, the
dropdown
menus would
have been un-
necessary.

Two difficult
items in the as-
sessment: physi-
cal activity and
mobility.

Must move
windows to read
texts in the user
interface.

Input data must
be saved after
every input.

Task 3

Navigation of
system

Four click for every
score in the guide-
lines.

Four clicks for
every score in the
guidelines.

Changed be-
tween using the
mouse and the
keyboard for the
same navigation.

Time (min)

Comments

Frustration
comments

Navigation of
system

10:33

Should have been
easier to find the
right labels, sug-
gested more guid-
ing text.

There are too
many windows
and labels up on
the screen at the
same time.

Good with red text
on the labels.

10:32

When printing
the care plans,
dates have to be
typed every time
manually.

Must type F4 to
see the guiding
text on serum
albumin.

The guiding
texts are useful.

4:25 3:48 4:03

The guiding texts
are useful.

Task 1



© Schattauer 2011 M Fossum et al.: An Evaluation of the Usability of a Computerized Decision
Support System for Nursing Homes

Research Article 435Applied Clinical Informatics

References
1. Anderson GF, Frogner BK, Johns RA, Reinhardt UE. Health care spending and use of information technol-

ogy in OECD countries. Health Aff (Millwood) 2006; 25(3): 819–831.
2. Garg AX, Adhikari NK, McDonald H, Rosas-Arellano MP, Devereaux PJ, Beyene J, et al. Effects of com-

puterized clinical decision support systems on practitioner performance and patient outcomes: a system-
atic review. JAMA 2005; 293(10): 1223–1238.

3. Randell R, Mitchell N, Dowding D, Cullum N, Thompson C, Randell R, et al. Effects of computerized deci-
sion support systems on nursing performance and patient outcomes: a systematic review. J Health Serv Res
Policy 2007; 12(4): 242–249.

4. Kawamoto K, Houlihan CA, Balas EA, Lobach DF. Improving clinical practice using clinical decision sup-
port systems: a systematic review of trials to identify features critical to success. Br Med J 2005; 330(7494):
765–768.

5. Greenes RA. Clinical decision support: the road ahead. Boston, USA: Amsterdam : Elsevier; 2007.
6. Alexander GL, Wakefield DS. Information technology sophistication in nursing homes. J Am Med Dir

Assoc 2009; 10(6): 398–407.
7. Alexander GL.Analysis of an integrated clinical decision support system in nursing home clinical informa-

tion systems. J Gerontol Nurs 2008; 34(2): 15–20.
8. Fossum M, Alexander G, Ehnfors M, Ehrenberg A. Effects of a computerized decision support system on

pressure ulcers and malnutrition in nursing homes for the elderly. Accepted to: Int J Med Inf 2011.
9. Lindgren M. Pressure sores risk assessment and prevention [Medical Dissertations No 784]. Linköping:

Linköping University 2003.
10. Guigoz Y. The Mini Nutritional Assessment (MNA) review of the literature. What does it tell us? J Nutr

Health Aging 2006; 10(6): 466–485.
11. Wipke-Tevis DD,Williams DA, Rantz MJ, Popejoy LL, Madsen RW, Petroski GF, et al. Nursing home quality

and pressure ulcer prevention and management practices. J Am Geriatr Soc 2004; 52(4): 583–588.
12. Langer G, Knerr A, Kuss O, Behrens J, Schlömer Gabriele J. Nutritional interventions for preventing and

treating pressure ulcers. Cochrane Database Syst Rev 2003(4).
13. Anderson JA, Willson P. Clinical decision support systems in nursing: synthesis of the science for evidence-

based practice. Comput Inform Nurs 2008; 26(3): 151–158.
14. Randell R, Dowding D. Organisational influences on nurses' use of clinical decision support systems. Int J

Med Inf 2010; 79(6): 412–421.
15. Sittig DF, Krall MA, Dykstra RH, Russell A, Chin HL. A survey of factors affecting clinician acceptance of

clinical decision support. BMC Med Inf Decis Making 2006; 6: 6.
16. Galitz WO. The essential guide to user interface design: an introduction to GUI design principles and tech-

niques. New York: Wiley; 1997.
17. Jaspers MWM. A comparison of usability methods for testing interactive health technologies: Methodo-

logical aspects and empirical evidence. Int J Med Inf 2009; 78(5): 340–353.
18. Alexander G, Staggers N. A systematic review of the designs of clinical technology: findings and recom-

mendations for future research. ANS Adv Nurs Sci 2009; 32(3): 252–279.
19. DeLone WH, McLean ER. The DeLone and McLean model of information systems success: a ten-year up-

date. Journal of Management Information Systems 2003; 19(4): 9–30.
20. Davis FD. Perceived Usefulness, Perceived ease of use, and user acceptance of information technology. MIS

Quarterly 1989; 13(3): 319–340.
21. Goodhue DL. Task-technology fit. In: DF G, P Z, editors. Human-computer interaction and management

information systems: applications. New York: Sharpe; 2006: 184–204.
22. Goodhue DL, Thompson RL. Task-technology fit and individual performance. MIS Quarterly 1995; 19(2):

213–236.
23. Goodhue DL. Understanding user evaluations of information systems. Manage sci 1995; 41(12): 1827.
24. Tsiknakis M, Kouroubali A. Organizational factors affecting successful adoption of innovative eHealth ser-

vices: A case study employing the FITT framework. Int J Med Inf 2009; 78(1): 39–52.
25. Wills MJ, El-Gayar OF, Deokar AV. Evaluating task-technology fit and user performance for an electonic

health record system. Proceedings of the Fifteenth Americas Conference on Information Systems; San
Francisco, California, August 6th-9th 2009.

26. Dishaw MT, Strong DM. Extending the technology acceptance model with task-technology fit constructs.
Inf manage 1999; 36(1): 9–21.

27. Cane S, McCarthy R.Analyzing the factors that affect information systems use: A task- technology fit meta-
analysis. J Comput Inf Syst 2009; 50(1): 108–123.



© Schattauer 2011 M Fossum et al.: An Evaluation of the Usability of a Computerized Decision
Support System for Nursing Homes

Research Article 436Applied Clinical Informatics

28. Kilmon CA, Fagan MH, Pandey V, Belt T. Using the task technology fit model as a diagnostic tool for elec-
tronic medical records systems evaluation. Issues in Information Systems 2008; IX(1): 196–204.

29. Ward R, Stevens C, Brentnall P, Briddon J. The attitudes of health care staff to information technology: a
comprehensive review of the research literature. Health Info Libr J 2008; 25(2): 81–97.

30. Bates DW, Gawande AA. Improving safety with information technology. New Engl J Med 2003; 348(25):
2526.

31. Statistics Norway. Municipal nursing and care statistics. Preliminary figures, 2008. Oslo: Statistics Norway;
2008 [cited 2009]; Available from: http://www.ssb.no/english/subjects/03/02/pleie_en/.

32. Helse-og omsorgsdepartementet [Norwegian Ministry of Health and Care Services]. Samhandlingsre-
formen: rett behandling – på rett sted – til rett tid [ The Coordination Reform. Proper treatment – at the
right place and right time.]. Oslo: Departementenes servicesenter, Informasjonsforvaltning; 2009.

33. Ministry of Health & Care Services. Lov om helsepersonell [Act Relating to Health Personnell] Oslo: Helse-
og Omsorgsdepartementet; 1999.

34. Lazar J, Feng JH, Hochheiser H. Research methods in human-computer interaction. West Sussex: John
Whiley; 2010.

35. Alexander GL, Rantz M, Flesner M, Diekemper M, Siem C. Clinical information systems in nursing homes:
an evaluation of initial implementation strategies. Comput Inform Nurs 2007; 25(4): 189–197.

36. Whittaker AA, Aufdenkamp M, Tinley S. Barriers and facilitators to electronic documentation in a rural
hospital. J Nurs Scholarsh 2009; 41(3): 293–300.

37. Ammenwerth E, Mansmann U, Iller C, Eichstädter R. Factors affecting and affected by user acceptance of
computer-based nursing documentation: results of a two-year study. J Am Med Inform Assoc 2003; 10(1):
69–84.

38. Fruhling L, Ann S. The influence of user interface usability on rural consumers’ trust of e-health services.
International Journal of Electronic Health Care 2006; 2(4): 305–321.

39. Graneheim UH, Lundman B. Qualitative content analysis in nursing research: concepts, procedures and
measures to achieve trustworthiness. Nurse Educ Today 2004; 24(2): 105–112.

40. Toth-Pal E, Wårdh I, Strender L, Nilsson G. Implementing a clinical decision-support system in practice:
a qualitative analysis of influencing attitudes and characteristics among general practitioners. Inform
Health Soc Care 2008; 33(1): 39–54.

41. Eley R, Fallon T, Soar J, Buikstra E, Hegney D. Barriers to use of information and computer technology by
Australia's nurses: a national survey. J Clin Nurs 2009; 18(8): 1151–1158.

42. Mikkelsen G, Aasly J. Concordance of information in parallel electronic and paper based patient records.
Int J Med Inf 2001; 63(3): 123–131.

43. Koch S, Hagglund M. Health informatics and the delivery of care to older people. Maturitas 2009; 63(3):
195–199.

44. Scandurra I, Hägglund M, Koch S, Lind M. Usability laboratory test of a novel mobile homecare appli-
cation with experienced home help service staff. Open Med Inform J 2008; 2: 117–128.


