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Abstract
Background. Today’s landscape of population health, economics, and educational delivery methods have 
influenced the progress and implementation of nursing practice built on the best evidence. International literature 
has documented barriers to implementing and sustaining evidence-based practice (EBP). 

Purpose. The purposes of this study were to (a) identify barriers to implementing evidence into clinical practice 
in New York State (NYS), (b) prioritize resources needed to address these barriers, and (c) determine how the 
Cathryne A. Welch Center for Nursing (CNR) of the Foundation of NYS Nurses might provide support to address 
the identified barriers. 

Methodology. Using a modified Delphi technique, a sample of nurse leaders completed two online survey rounds. 
The first Round provided qualitative feedback, which was categorized via content analysis, with a second Round 
that asked respondents to rank the categories from Round I. 

Results. Organizational culture, productivity demands, and time were ranked as the top three barriers to 
implementing EBP in NYS. Time, leader support, and guidance/mentoring were identified as top resources needed 
to employ EBP. Respondents reported the CNR could facilitate EBP through financial support, communication, 
and mentoring. Data stratification revealed differences between rural and urban respondents, academic and 
clinical respondents, and geographical regions of the State, and differences in resources and support needed. 

Conclusion. Findings confirm barriers for NYS nurses mirror those described in the literature. Resources and 
support needed, however, may be demographically specific. Awareness of these differences will enable the CNR 
to best support NYS nurses’ implementation of EBP across the State.
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Over the last two decades, a challenging landscape of 
population health, healthcare economics, and educational delivery 
has influenced the progress and continued implementation of 
sound nursing practice built on best evidence. Evidence-based 
practice (EBP) is a problem-solving approach to patient care that 
embodies the best evidence coupled with clinicians’ knowledge, 
patient evaluations, and practice data with patient preference 
to drive decision making (Melnyk & Fineout-Overholt, 2015; 
Melnyk et al., 2012). Evidence implementation is an essential 
aspect of contemporary nursing practice. Institutions with 
effective structures for finding and implementing quality evidence 
demonstrate improved patient outcomes (Levin et al., 2016; 
Melnyk et al., 2017; Ryan-Madonna et al., 2020), reduced costs 
(Melnyk et al., 2016), and greater nursing satisfaction (Kim et 
al., 2017). Despite these documented benefits, there are barriers 
to implementing and sustaining EBP (Hasanpoor et al., 2019; 
Klimek Yingling, 2020; Melnyk et al., 2020; Warren et al., 2016). 

Frequently cited barriers of EBP include a lack of resources 
(e.g., personnel, time, and library search availability), low 
engagement, and lack of enthusiasm (Dogherty et al., 2013). 
These obstacles are likely to remain if nursing leaders are not 
actively involved in creating realistic solutions. Historically, 
the Foundation of New York State Nurses Cathryne A. Welch 
Center for Nursing Research (CNR) has helped nurses promote 
EBP. The CNR identified the need to assess current barriers 
and needs as essential to promoting evidence-based practice. 
Fostering evidence-based nursing practice includes identifying 
and mitigating potential and tangible obstacles to best practice. 
Little research has been conducted on the barriers specific to NYS 
nurses. 

Discussion with the CNR Steering Committee, representation 
from the Foundation Board of Directors, and ANA-NY Executive 
Director led to the strategic approach to collect more data on 
NYS clinical agencies’ needs to move evidence-based practices 
forward. Therefore, the purposes of this study were to identify 
current barriers to implementing evidence into clinical practice 
in New York State, prioritize the resources needed to address 
these barriers, and determine ways that the Foundation of New 
York State Nurses’ CNR can provide support to address identified 
barriers.

Literature Review
Nurses play a critical role in the quality of healthcare provided 

(Smiley et al., 2018). EBP is recognized as an essential aspect 
of contemporary professional nursing practice that fosters high-
quality patient care. Compared to care grounded in tradition, EBP 
improves healthcare quality and safety and promotes improved 
patient outcomes, including lower morbidity and mortality and 
higher patient satisfaction (Melnyk & Fineout-Overholt, 2015; 
Melnyk et al., 2016). In addition, EBP lowers healthcare costs and 
fosters health care providers’ professional satisfaction (Välimäki 
et al., 2018). 

Despite significant benefits and the plethora of evidence 
available to inform and improve patient care, research indicates 

that EBP is not implemented consistently by health care 
professionals, including direct care nurses and nurse leaders 
(Harding et al., 2014; Melnyk et al., 2016; Melnyk et al., 2020; 
Warren et al., 2016; ). Previous research over the last two decades, 
across practice settings in the United States and internationally, 
revealed multiple interrelated barriers to EBP, including: a) lack 
of EBP knowledge and competencies, b) lack of EBP mentors, 
c) organizational cultures and work environments that do not 
support EBP, d) demanding patient assignments, e) inadequate 
time and resources to search for and evaluate evidence, f) lack 
of expectations and organizational mandates to implement 
evidence-based care, g) volume of new knowledge disseminated 
in professional journals, h) pressure to maintain the status quo, 
and i) leader/manager resistance (Duncombe, 2018; Harding et 
al., 2014; Melnyk & Fineout-Overholt, 2015; Melnyk et al., 2012; 
Melnyk et al., 2016; Melnyk et al., 2020). Conversely, features that 
foster EBP include: a) beliefs that EBP improves patient care and 
outcomes, b) EBP knowledge and skills, c) education in research 
methods, d) expert support and mentoring, e) a supportive culture 
including those from interdisciplinary colleagues, f) evidence-
based organizational policies and protocols, and g) leaders and 
managers who support and role model EBP (Bianchi et al., 2018; 
Duncombe, 2018; Melnyk et al., 2012; Melnyk et al., 2016). 

Bianchi et al. (2018) postulated that clinicians’ implementation 
of EBP depends on a supportive organizational culture led by 
leaders and managers who encourage and role model EBP. 
However, Melnyk et al. (2016) revealed that while nurse leaders 
expressed positive beliefs about EBP, their application of EBP 
in their organizations was often low. Nursing leaders have been 
called upon to transform contemporary healthcare practices and 
systems to make healthcare decisions based on the best available 
evidence (Melnyk et al., 2020). 

Clinicians’ perspectives about key facilitators of EBP include 
EBP knowledge and skills, support from interdisciplinary 
colleagues, and support from leaders and managers who role 
model EBP. Previous research also advanced nursing knowledge 
about the persistence of multiple barriers to EBP. Few studies, 
however, focused on chief nursing officers’ and other clinical 
leaders’ perspectives regarding barriers to implementing EBP or 
resources needed to mitigate existing barriers and establish EBP 
within healthcare systems. Additionally, there is scant qualitative 
work focusing on nurse leaders’ perspectives on barriers and 
resources regarding EBP. This study addresses this gap in the 
current literature regarding nurse leaders’ perspectives in NYS 
and the resources they view as necessary to implement evidence-
based practices in their organizations. 

Method
Design

A modified Delphi technique (McPherson et al., 2018) was 
used to gain consensus from a purposive sample of nurse leaders 
on barriers to implementing EBP in clinical settings, resources 
needed to address those barriers, and ways that the CNR might 
provide support. The Delphi technique is an adaptable research 
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method used to reach consensus among a group of experts 
through repetitive rounds of two to three surveys (Hasson et 
al., 2000; McPherson et al., 2018). Round I of the survey used 
open-ended questions to obtain participants’ perspectives about 
the research questions. After the initial results were obtained, 
the research team analyzed the data and identified categories. In 
Round II, participants were asked to rank categories based on 
their views and priorities in achieving EBP in clinical settings. 
Participants were provided with a list of categories with exemplar 
statements that explained the categories’ meaning based on the 
Round I participants’ responses. This will be further delineated 
in the results.

Sample
Purposive sampling was conducted from a target population 

of registered professional nurses in NYS with self-identified 
expertise in EBP and responsibility for leading or facilitating 
change in clinical practice arenas. Additionally, participant 
eligibility requirements included a minimum of an earned 
bachelor’s or graduate degree in nursing, or a bachelor’s 
degree in nursing and a graduate degree in a relevant field, e.g., 
administration, informatics. The target goal was fifty participants 
with broad geographical representation, rural and urban/suburban, 
and position distribution across NYS. 

Participants included clinical practice leaders, Magnet/
Pathway to Excellence coordinators, nurse administrators, nurse 
consultants, and faculty members responsible for teaching EBP 
courses and mentoring students’ EBP/quality improvement 
projects at all nursing education levels. Settings included: tertiary 
care, managed care, home care, ambulatory care, assisted living, 
long-term care, hospice, palliative care, and community care 
organizations. Participants were recruited through co-investigator 
professional networks and relationships. Letters describing the 
study purpose and expected time commitment for participation 
were sent electronically to potential participants. 

Ethical Considerations
The Institutional Review Board at Utica College approved the 

study. All participants were over 18 years of age, with no exclusions 
based on age, gender, race, ethnicity, or sexual preference. Co-
investigators conducting analysis did not have access to Round I 
participants’ identifiable information and deleted any identifiable 
information from Round II data before analysis began. To ensure 
participants’ confidentiality, at least four participants had to be 
included in a sub-group to analyze demographic break-outs. 
No funding was obtained for this study. No compensation was 
provided to the participants at any stage of the research.

Data Collection
Data were collected electronically using Cvent survey software 

(www.cvent.com, McClean, VA, USA). Cvent is a survey and 
feedback management platform designed to enable organizations 
to connect with members through email surveys. Participants 
were invited to participate in the survey by email with a link 
that captured data directly in Cvent. Reminder emails were sent 
directly from Cvent to all participants for both rounds, with two 
reminder emails sent for each Round. Initially, for Round I, four 

weeks were allotted to collect data after the survey was launched. 
Unfortunately, this timeframe coincided with the peak of the 
COVID-19 pandemic in NYS. Due to the severity of the pandemic 
and the significant role of nursing during this time, an additional 
four weeks were added for data collection.

In Round I, participants were asked to provide demographic 
data and provide short-answer narrative responses to the following 
questions:

1. What do you perceive as the three major barriers to 
implementing evidence into practice in your clinical agency?

2. What do you believe are the three most important resources 
needed to escalate the implementation of evidence into clinical 
practice?

3. How do you believe the Foundation of NYS Nurses Cathryne 
A. Welch Center for Nursing Research can help support efforts to 
implement evidence into practice?

As described below, Round I data were analyzed to develop 
categories with exemplar quotes to be sent to participants for 
ranking in Round II.

For Round II, final categories with exemplar quotes from 
Round I were sent to participants by email with a link to the Cvent 
database. Participants were instructed to rank each category’s 
importance, with one being most important for addressing the 
question at the participant’s agency or institution. Participants were 
again asked to provide demographic information. Additionally, 
those who responded in Round I were asked whether they thought 
their responses were adequately reflected in Round II categories.

Data Analysis Procedures
For each Round, survey responses were downloaded into 

Excel spreadsheets and forwarded to co-investigators conducting 
the analysis. Descriptive content analysis of Round I open-text 
narrative responses was conducted to synthesize participant 
statements into categories of like responses. Each category 
identified a central theme reflecting individual statements. The 
data were independently analyzed in teams of two initially for 
each question. Four co-investigators discussed and analyzed the 
data until consensus was reached. 

For analysis of Round II data, co-investigators first looked at 
responses to the question asking whether participants thought 
categories from Round I data accurately and adequately reflected 
their narrative responses. Investigators then analyzed the ranking 
of categories for each question using medians and modes to 
determine aggregate ranks for the total sample as well as for 
participants grouped by demographic categories for the primary 
role (clinical or academic), location of setting (rural or urban/
suburban), and geographic region of NYS (downstate, northeast, 
central, or western). Round II data were analyzed with descriptive 
statistics. For each question, a summary ranking of categories was 
determined first by looking at median scores, second by looking at 
the number of participants who scored that category as one of the 
top three, and lastly by looking at the number of participants who 
scored that category as among the two or three least important. 
Given the small sample size and consensus among participants 
after Round II, investigators determined that a third-round was 
not needed. 
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Results
In Round I, of 88 surveys sent, 24 surveys were returned for 

an initial 27% response rate. Three surveys were eliminated, two 
from non-RNs, and one from a nurse who stated no involvement 
in EBP, leaving a usable response rate of 22%. Among the 21 
participants whose responses were included in Round I analysis, 
11 provided complete responses, 18 responded to one or more 
questions about clinical barriers, and 14 responded to questions 
about resources needed and ways the CNR could support EBP. 
In Round II, 17 participants responded out of 69, yielding a 25% 
response rate. Four of the 17 participants did not participate in 
Round I; however, their responses were included in the analysis. 

In Round I, the nurse leaders were asked how they influence 
EBP in their practice. This question was a select all-that-apply 
item. The nurse leaders (n=18) reported that they: Guide nurses 
to integrate EBP in their clinical role (14), Guide nursing students 
to integrate EBP in their clinical role (10), Collect evidence to 
inform EBP (9), and Lead integration of EBP in an agency (8). 
The majority of nurse leaders who completed Round II (n=17 
[70.6%]) reported a doctoral level nursing degree as their highest 
attained degree. Three participants (17.6%) reported a masters-
level as their highest nursing degree. Two participants (11.8%) 
reported a doctoral-level degree in a field other than nursing as their 
attained highest degree. The majority of participants in Round II 
reported their primary roles as CNO in agency or institution (n=17 
[29%]), Conducts/guides EBP projects or research in a practice 
setting (18%), and EBP educator for clinical RNs or RN students 
(41%). The practice locations in Round II were reported as urban/
suburban downstate, urban/suburban central, rural central, urban/
suburban northeast, rural northeast, and urban/suburban western. 
No participants indicated they were from rural downstate and 
rural western NY in Round II. Demographics for participants of 
Round I and Round II are displayed in Table 1. 

Table 1
Participants’ Demographics for Rounds I and II

Demographic category
Round I 
(n=18)

Round 
II 
(n=17)

Highest 
earned 
nursing 
degree

Baccalaureate -- --

Masters 3 3

Doctorate 15 12b

Primary role 
(select all 
that apply) a 

CNO in agency or 
institution

3 5

Completed EBP project 
in grad school

1 1

Conducts/guides EBP 
projects or research in a 
practice setting

5 3

EBP educator for 
clinical RNs or RN 
students

5 7

Clinically based EBP 
leader

-- 1

Other: Round I: 
research, DON, acad. 
CAN; Round II: vice 
dean, provost

4 2

How you 
impact EBP 
in your 
practice 
(select all 
that apply) 
[this asked 
only in 
Round I]

Lead integration of EBP 
in an agency

8 --

Guide nurses to 
integrate EBP in their 
clinical role

14 --

Guide nursing students 
to integrate EBP in their 
clinical role

10 --

Collect evidence to 
inform EBP

9 --

Oher: support, RCA 
process

2 --

Practice 
location in 
NYS

Urban/suburban 
downstate

1 4

Rural downstate -- --

Urban/suburban central 4 4c

Rural central 1 2

Urban/suburban 
northeast

7 3

Rural northeast 1 2

Urban/suburban western 3 2

Rural western 1 --
a Each participant chose only one response in Round I; one 

chose three in Round II.
b one participant chose two locations; 1st recorded; 
c two additional participants chose doctorate in another field
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A descriptive content analysis of barriers evaluated open-
text narrative responses from Round I revealed eight categories 
describing roadblocks to implement EBP (Table 2). The top 
barriers were time to implement EBP, practicing nurses’ lack of 
knowledge about EBP, professional role formation, organizational 
culture/environment, academic preparation of students/graduate 
nurses, productivity demands, competing paradigms, and 
resources. 

	
Table 2 
Top Clinical Barriers to Implementing EBP

Categories Supporting Quotes

Time to 
implement 
EBP

• 	 The actual time to implement evidence-
based new practices. 

• 	 Frontline staff having dedicated time for 
EBP at the clinical bedside 

Practicing 
nurses' lack 
of knowledge 
about EBP

• 	 Knowledge and understanding of how 
EBP strengthens practice 

• 	 Access and skill in critiquing the 
evidence, i.e., research-based articles, 
manuscripts, reports 

• 	 Lack of understanding of the impact of 
not using EBP

Professional 
Role 
Formation

• 	 Staff engagement, failure to see the 
connection to practice 

• 	 Influencing clinical nurses to be open to 
changes in practice based on evidence. 

• 	 Making nurses aware of their autonomy 
and ability to institute evidence-based 
practice techniques 

• 	 Nurses feeling competent to initiate and 
champion change in practice along with 

Organizational 
Culture/
Environment 

• 	 Resistance to change 
• 	 Lack of buy-in from nursing staff 
• 	 Availability of resources to support 

evidence for best practices 
• 	 Leaders supporting and empowering 

clinical nurses to lead change

Academic 
Preparation 
Students/
Graduate 
Nurses

• 	 The lack of emphasis of EBP in the 
educational preparation of new nurses; 
specifically, integration into every course 
throughout the curriculum 

• 	 At the associate level, there is a lack 
of time in the curriculum to devote to 
developing EBP and research skills. 

Productivity 
Demands

• 	 Productivity demands on nurses 
• 	 Dedicated time and resources for the 

actual implementation of the EBP 
change. 

• 	 The clinical practice setting is so busy 
caring for patients that the clinicians do 
not engage in thinking outside of their 
"normal" practices.

Competing 
Paradigms

• 	 Lack of awareness of its role amongst 
other nursing leaders and front line staff 

• 	 The organization is financially cautious. 
If the implementation will increase 
expense, there can be resistance 

• 	 Inconsistent support from leadership to 
embrace EBP...do not walk the talk nor 
talk the walk

Resources • 	 Availability of resources to support 
evidence for best practices 

• 	 Time, organization's allocation of 
resources

The analysis identified nine categories from participants’ 
responses to resource needs (Table 3). The three most important 
resources for implementing EBP were time, point of care 
expertise, and skilled guidance/mentors. 

Table 3 
Three most important resources for implementing EBP

Key Concept/
Word

Supporting Quotes

Time • 	 Dedicated time for staff to engage in 
EBP/Research activities 

• 	 Facilitating the time for nurses to 
seek new evidence

Point of care 
(POC) expertise

• 	 Engagement in changing practices 
from the front line 

• 	 Place mentors in key areas or service 
lines to support point of care EBP 
integration 

• 	 NURSE SCIENTIST on site

Skilled guidance/
mentors – 
academic & 
clinical

• 	 EBP mentors for academics and new 
nurses 

• 	 Tight college and clinical site 
integrations 

• 	 Skilled guidance into interpreting and 
critiquing research

Organizational 
support/structure 

• 	 Financial business case for EBP 
• 	 Time provided by employers for 

research and writing 
• 	 Practice settings demonstrating the 

value of best evidence via awards, 
rounds, presentations, etc. 

• 	 Providing structures for nurses to 
explore evidence & change practice 

• 	 Need for appropriate staffing 
levels to allow time for education 
and thoughtful application of best 
practices
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Evidence/
resources – 
accessible, 
relevant, robust

• 	 Ease of access (able to be 
downloaded on cellphones  

• 	 The robustness of resources (…are 
they juried/vetted) 

• 	 Making statistics clinically 
meaningful 

• 	 Access to research 
• 	 Robust databases & library resources 

for nurses 
• Rich library resources with easy access

Common 
language

• 	 Standardized educational tools 
• 	 EBP Model 
• 	 Need for a common language, i.e., 

staff nurses don't recognize QSEN

Leader support • 	 Leadership setting the example 
through use of credible evidence in 
practice—regardless of specialty—
and engaging faculty, staff, and other 
leaders in EBP projects 

• 	 Leaders that support EBP and 
empower nurses to share ideas and be 
creative

Teams • 	 Cohesive team and resources to 
develop/integrate EBP practice 

• 	 Research teams

Knowledge/
competence

• 	 Nurses at ALL levels of practice 
need to be fully immersed and be 
knowledgeable of EBP processes 

• 	 Competence interpreting/critiquing 
research findings

Lastly, five categories emerged from the analysis of responses 
to suggest how the CNR could support EBP implementations in 
participants’ agencies (Table 4). These were financial support/
grants and scholarships, communication/visibility/dissemination, 
getting buy-in, educational tools/resources, and mentoring. 

Table 4 
Top Three Ways the CNR Can Help You Implement EBP

Key Concept/
Word

Supporting Quotes

Financial 
support/grants/ 
scholarships 

• 	 Support nursing research through 
scholarships 

• 	 Grants for faculty 
• 	 Grants to support pilot projects 
• 	 Funding opportunities

Communication/
visibility/
dissemination

• 	 …venues for sharing research 
outcomes etc. 

• 	 Greater visibility/connection at all 
levels of nursing practice 

• 	 Make your resources more well-known 
(PR) 

• 	 Give nurses and student nurses an 
avenue to broadcast their evidence-
based strategies 

• 	 Awards 
• 	 Encourage dissemination of nursing 

research
• 	 Provide a venue for educators and 

service folks to come together to close 
the EBP application gap…this requires 
knowing how to manage change in real 
point-of-care situations

Getting buy-in • 	 Education to Sr Team members of the 
value investing in such education will 
improve patient outcomes and reduce 
mortality 

• 	 Giving them the "what’s in it for me”

Education: tools 
& resources  

• 	 Provide educational opportunities for 
RNs to develop EBP skills, especially 
for the AD-level RNs 

• 	 Increase the ease of access (ability to 
access during class or clinical) 

• 	 Programs to support EBP that are 
accessible and affordable 

• 	 Repository of EBP tools 
• 	 Offering a toolkit for each stage of the 

process to assist users 
• 	 Offering short webinars to educate or 

remind nurses ho to perform EBP – 
relate to toolkits

Mentoring • 	 Support from experts in the field to 
local hospitals 

• 	 Resource pooling/mentoring—perhaps 
one-on-one guidance 

• 	 Set up a mentor network with clinical 
research skilled specialists 

• 	 Publication support

All 17 participants responding in Round II completed the 
ranking of all categories from Round I. (Please note that all 
rankings, regardless of the number of categories, considered 
“one” as most important.) Participants who indicated they also 
had responded in Round I noted that the categories accurately 
and adequately reflected their earlier input. Two participants, 
however, commented that they were not certain or could not 
recall. Given the relatively small number of categories for each 
question, participants were asked to rank all categories rather 
than ranking only their top three. Round II ranking results were 
multi-modal, and medians were used in some cases. Rural versus 
urban/suburban and geographical location demographics were 
separated, so data could be aggregated to include at least four 
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participants in a sub-group. Because Western NYS only had two participants, those data are not displayed in the tables. However, data 
from participants from Western NYS were included in the total rankings and non-geographic specific break-outs. Table 5 identifies the 
eight barriers to EBP which emerged from Round I with exemplars and their rank order. Participants ranked the top three categories: 
organizational culture/environment, productivity demands, and time to implement EBP.

Table 5
Round II Ranking of Clinical Barriers to Implementing EBP by Participants in Total and by Demographic Sub-group

Barriers to 
implement EBP

Time to 
implement 
EBP

Practicing 
RNs’ 
lack of 
knowledge 
about EBP

Professional 
role 
formation

Org. culture/ 
environment

Academic 
prep of 
students/ 
graduate 
RNs

Productivity 
demands

Competing 
paradigms

Resources

Total n=17 3 5 8 1 7 2 6 4

Rural (n=4) 4 5 8 1 3 2 7 6

Urban/
Suburban 
(n=13)

3 5 8 1 7 2 6 4

Clinical (n=8) 4 5 8 2 7 1 6 3

Academic 
(n=9)

3 4 8 1 7 2 6 5

Central (n=6) 3 5 7 1 6 4 8 2

Northeast 
(n=5)

3 4 8 2 7 1 5 6

Downstate 
(n=4)

2 6 8 1 7 3 5 4

Note: categories ranked with 1= most important

Participants also ranked the nine categories identified as resources needed to implement EBP. Table 6 presents these results by the 
total number of participants and by demographic sub-group. The top three resources needed were time, leader support, and skilled 
guidance/mentors. 

Table 6
Round II Ranking of Resources Needed to Implement EBP by Participants in Total and by Demographic Sub-group

Resources needed to 
implement EBP

Time Point 
of care 
expertise

Skilled 
guidance/ 
mentors 
(academic 
/clinical)

Org. 
support/ 
structure

Evidence/ 
resources 
accessible, 
relevant, 
robust

Common 
language

Leader 
support

Teams Knowledge/ 
competence

Total n=17 1 6 3 4 7 9 2 8 5

Rural (n=4) 3 4 2 6 8 9 1 7 5

Urban/Suburban (n=13) 1 7 4 2 6 9 3 8 5

Clinical (n=8) 1 6 3 4 7 9 2 8 5

Academic (n=9) 4 7 1 2 5 9 3 8 6

Central (n=6) 1 6 3 5 7 9 2 8 4

Northeast (n=5) 1 6 3 4 8 9 2 7 5

Downstate (n=4) 2 8 4 1 5 9 3 7 6
Note: categories ranked with 1= most important



11

Klimek Yingling et al.                        Volume 1, Issue 1	 Journal of the American Nurses Association - New York

Finally, participants ranked the nine categories identified as assistance from the CNR (see Table 7) in the following order of 
importance: 1. Financial support/grants/scholarships, 2. Communication/visibility/dissemination, 3. Mentoring, 4. Educational tools 
and resources, and 5. Getting buy-in. 

Table 7 
Round II Ranking of Ways the CNR can Support EBP Implementation by Participants in Total and by Demographic Sub-group

Support from 
CNR

Financial support/ 
grants/ scholarships

Communication/ 
visibility/ dissemination

Getting buy-
in

Education: tools & 
resources

Mentoring

Total n=17 1 2 5 4 3

Rural (n=4) 4 5 3 2 1

Urban/Suburban

(n=13) 2 1 5 3 4

Clinical (n=8) 1 2 5 3 4

Academic (n=9) 2 3 4 5 1

Central (n=6) 2 4 5 3 1

Northeast (n=5) 1 4 5 2 3

Downstate (n=4) 2 1 3 4 5
Note: categories ranked with 1= most important

Discussion
The purpose of a Delphi survey is to reach a consensus among 

a group of experts about a research question. In this study, the 
findings represent the consensus of an expert panel of nurse 
leaders regarding the barriers to implementing EBP in clinical 
practice in New York State (NYS), the resources needed to 
overcome these barriers, and how the CNR might provide support 
to address identified barriers. 

Barriers
In our sample, organizational culture and environment, 

productivity demands, and time ranked as the top three barriers 
to implementing EBP. Barriers reflected in the category of 
“organizational culture and environment” included resistance to 
change, lack of buy-in from nursing staff, resource availability to 
support evidence for best practices, and leaders supporting and 
empowering clinical nurses to lead change. Previous research 
also reported cultures and workplace environments that did not 
support EBP (Dalheim et al., 2012; Harding et al., 2014; Heydari 
et al., 2014; Melnyk et al., 2016; Wilson et al., 2015). 

Participants identified organizational culture and environment 
as the first barrier to EBP. Not surprisingly, they also reported leader 
support as an essential resource to implement EBP. This finding 
is consistent with previous literature that underscored nursing 
leadership’s influence on EBP (Bianchi et al., 2018; Hasanpoor 
et al., 2019). Transforming the workplace culture so that nurses’ 
clinical practice is consistently grounded in evidence is a complex 
undertaking. Nurse leaders play a critical role in transforming the 
workplace culture to embrace EBP by orienting, educating, and 
mentoring new clinicians, providing education and mentoring for 

seasoned clinicians, and allocating necessary resources, including 
time (Bianchi et al., 2018; Melnyk et al., 2016). Consistent with 
previous literature, this study identified time as a crucial resource 
for implementing EBP (Crable et al., 2020; Pittman et al., 2018; 
Sidani et al., 2016). Barends et al. (2017) reported that lack of time 
was perceived as the most significant barrier to applying EBP in 
management. Crable et al. (2020) reported that practicing nurses 
identified time, limited knowledge, and resistance to change as 
barriers to practice EBP. 

The study also reported productivity demands one of the 
top barriers to implementing EBP. The findings by Camargo 
et al. (2018) also identified a lack of knowledge for evidence 
evaluation, work overload, and resistance to change of practice 
as barriers. Work overload is multifaceted and may encompass 
productivity demands, time, leadership support, and organizational 
environment. Beyond nursing, Harding et al. (2014) found that 
allied health clinicians and managers viewed healthcare’s rapid 
pace and maintaining patient flow as a higher priority than EBP. 
Harding et al. also found lack of time to be correlated with 
workload reported barriers to EBP: attitudes and expectations, 
resources, and lack of understanding of EBP.

Resources
Participants reported time, leader support, and “guidance and 

mentoring” as the top three resources needed to implement EBP. 
The barriers to EBP, and the resources needed to implement EBP, 
were inversely related to one another in several instances. For 
example, while time was reported as a significant resource, lack 
of time was also viewed as a top barrier to EBP. This finding is 
consistent with previous research (Alatawi et al., 2020; Melnyk 
et al., 2012; Renolen et al., 2018). Nurses need time to locate, 
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critically appraise, and implement evidence in practice (Melnyk 
& Fineeout-Overholt, 2015). 

Participants also reported that leadership support was a critical 
resource to employ EBP and often drives decision-making 
in organizations. Managers and organizations have a unique 
position to promote an organizational environment that fosters 
appreciation and application of good evidence to decision making 
(Barends et al., 2017; Bianchi et al., 2018; Melnyk et al., 2016; 
Pittman et al., 2018). Leadership support has consistently been 
identified in the literature as essential to promote and sustain EBP. 
Melnyk et al. (2016) reported that organizational leaders hold 
EBP in high regard but have a low personal implementation of 
EBP; they report EBP was not a priority in their organization’s 
fiscal budgets, are not clear about the steps of EBP, and lack the 
confidence to implement EBP properly. 

Barends et al. (2017) reported that leaders believe EBP is 
relevant. However, when faced with problem-solving, they often 
look to personal experience, knowledge from formal education, 
and intuition rather than scientific evidence. Pittman et al. (2018) 
also postulated that “leaders” actions positively influence change 
and excellence in practice and create a supportive work culture. 
A focus on mentoring the mentor from an academic setting into 
practice may help promote the use of EBP by organizational 
leadership for decision making. Fostering EBP competency 
across the nursing trajectory may create a culture of EBP needed 
to improve healthcare quality. 

Demographic variation 
As addressed above, participants’ consensus mirrored much of 

what the literature described. Closer examination of rank scores 
stratified by demographics revealed that participants’ geographic 
location, work setting, and primary role were associated with 
differences that would not have been evident if only panel-level 
data had been examined. The most significant and most frequent 
differences in rank scores were found between rural settings and 
urban or suburban areas. 

Academic preparation of students and graduate nurses was seen 
as the 3rd most important barrier to implementing EBP in rural 
settings. In contrast, academic preparation was ranked 7th, second 
from the bottom, by participants in urban or suburban settings. Given 
this difference in ranking of barriers, it is not surprising that rural 
participants ranked organizational structure and support as only 
6th of 9 resources needed, while urban and suburban participants 
ranked organizational structure and support as the 2nd most crucial 
resource needed. Rural participants identified leader support and 
skilled guidance, and mentoring as their most needed resources (1st 
and 2nd, respectively). These differences were seen again in rank 
scores for how the CNR could help support the implementation of 
EBP, with rural participants ranking mentoring from the CNR as 
most important compared with a ranking second from the bottom 
(4th of 5 categories) by urban and suburban participants. Similar 
differences in ranks given to organizational structure and support 
and mentoring were found between participants in central and 
northeastern regions compared with those in downstate and western 
regions; however, these most likely were associated with more rural 
participants in central and northeast parts of NYS.

Differences in the ranking of resources needed for EBP and 
ways the CNR could support EBP implementation were also 
found between participants primarily in clinical roles compared 
with those primarily in academic roles. Both groups, however, 
scored productivity demands among their top two barriers to 
EBP implementation. For clinicians, time was the most important 
resource needed, whereas academically based participants ranked 
time as 4th of 9 categories. Academically based participants ranked 
mentoring as the most important way the CNR could support EBP 
implementation, whereas clinicians ranked mentoring as 4th of 5 
possible categories. 

Recommendations for the CNR
Respondents reported the CNR could facilitate EBP through 

financial support, “communication, visibility and dissemination,” 
and mentoring. When examined by geographic regions, it was 
interesting that rural geographic regions sought mentoring, 
whereas urban and suburban areas sought communication, 
visibility, and dissemination. This finding may represent that rural 
areas have challenges different from their urban counterparts 
in exposure to clinical nurse specialists and graduate prepared 
nurses. Perhaps using current technology, the CNR may increase 
communication, visibility, and dissemination throughout NYS. 
The use of technology may also provide mentoring to a broader 
area where nurses do not have access to nursing leaders who are 
well versed in EBP. 

Limitations of the Present Study
There are several limitations of this study. First, the low 

response rate and resulting small sample were most likely a 
consequence of launching the survey simultaneously with the first 
spread of COVID-19 across NYS. Second, unequal representation 
across regions limits the CNR’s ability to identify the needs of all 
regions throughout NYS. Third, although every attempt was made 
to provide clear instructions for study participants, one conceptual 
issue arose throughout the final Delphi round regarding whether 
participants reviewed the exemplars to define each ranking item 
before ranking their selections. Lastly, some respondents did not 
participate in both rounds. 

Conclusions and Future Prospects
This study’s findings mirror those described in the literature 

examining primary barriers to implementing EBP in clinical 
settings. While resources and support are needed, they may be 
demographically specific. Awareness of these differences will 
enable the CNR to best support NYS nurses’ implementation of 
EBP across the State in various demographic regions. The Delphi 
survey findings propose a preliminary list of resources and support 
needed that may contribute to increasing the implementation of 
EBP into clinical practice in NYS. As stated in the introduction, 
one of the main reasons the CNR decided to undertake this study 
was that findings would give direction to its strategic planning. 
Results indicated the three top-ranked ways that the CNR could 
help, i.e., through financial support, increasing “communication, 
visibility, and dissemination” of EBP, and mentoring, differing 
by geographic region and clinical or academic affiliation. The 
authors have already begun working on communication and 
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dissemination by writing this article and submitting abstracts to 
two well-known nursing organizations for possible presentation. 
The next steps are to explore ways to address the other support 
that is needed to enhance EBP in NYS. 

As always, the more information that is available, the better 
the ability to decide how to move forward. Additional knowledge 
about nursing leaders’ needs and abilities regarding their own EBP 
knowledge may be a key to better understanding how to support 
them. Also, a better understanding of the diverse needs of nursing 
leaders by geographic regions is needed. This study highlights 
the importance of collaboration between geographic regions, 
healthcare organizations, and leadership organizations within the 
State of New York to achieve our mutual goals for providing the 
best healthcare to all NYS citizens. 
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Abstract
Background: Frailty is a common geriatric syndrome defined as a state of increased vulnerability to acute 
stressors related to a decline in reserve. There is abundant literature on frailty interventions, however, the literature 
on technology as an intervention for frailty is scarce.

Objectives: The purpose of this scoping review is to identify and summarize existing evidence on technology 
use as an intervention for frail older adults and to identify research gaps in the evidence base in order to inform 
future research.

Methodology: This review utilized the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and a rigorous scoping review method to search the literature. A comprehensive search of 
computerized databases was conducted in July 2018 in the following databases published from 2013 to 2018: 
CINAHL, PubMed, and Academic Search Complete. 

Results: The database searches yielded a total of 183 articles. Forty-four duplicates were removed. There were 
114 results excluded based on title and abstract ineligibility. Thirty-two relevant articles were retrieved for full-
text examination. Eighteen of the articles were excluded based on the inclusion or exclusion criteria. References 
of 14 included articles were hand-searched for relevant works to ensure completeness of the search. Four pertinent 
additional articles were identified. The final analysis included 18 articles.

Discussion: Current research on technology use for frail older adults focuses on assessment and diagnosis. 
Methodological weaknesses limit generalizability and the validity of its findings. Few studies utilize frailty as an 
outcome measure, limiting available research directly related to frailty. 

Conclusion: More research is needed on the potential for technological tools as interventions for frailty in older 
adults living at home, specifically, to prevent pre-frailty and frailty.
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Technology Use and Frailty for Community Dwelling Older Adults: A Scoping Review

Frailty is a common geriatric syndrome, defined as a 
clinically recognizable state of increased vulnerability to adverse 
outcomes related to a decline in reserve across multiple systems, 
diminishing the ability to respond to acute, even minor, stressors 
such as surgery, loss of a spouse, minor infection, or change in 
medication regimen (Clegg et al., 2013). This decline in reserve 
places the individual at greater risk for poor health outcomes, 
including falls, disability, hospitalization, institutionalization, and 
mortality (Buckinx et al., 2015; Chang & Lin, 2015; Fried et al., 
2001; Kane et al., 2012; Xue, 2011). Pre-frailty is a term used 
to describe a state of elevated risk for frailty where significant 
functional decline is not yet evident (Fried et al., 2001). This early 
stage represents a crucial intervention point when preventative 
measures would be most effective to implement. Frailty is a 
dynamic, reversible process with the potential for improvement, 
rather than an inevitable spiral of decline (Conroy & Elliot, 2016). 
Individuals transition between frailty states with potential for 
recovery from frail, pre-frail to robust status (Siriwardhana et al., 
2018). This review focuses on community-dwelling older adults, 
defined as older adults living independently in the community, 
because this population is more commonly pre-frail, and will 
therefore potentially benefit most from early identification and 
intervention (Feng et al., 2017; Xue, 2011). 

Background
Currently, there is no clear consensus regarding the definition 

of frailty, creating challenges in the identification and evaluation 
of frailty in older adults. However, it is commonly agreed that 
frailty is a clinically recognizable state of increased vulnerability 
to adverse outcomes related to a decline in physiologic reserve 
(Rockwood & Mitnitski, 2011; Siriwardhana et al., 2018). This is 
the definition of frailty that will be used for the purposes of this 
review. 

The two most commonly used definitions of frailty are the Fried 
phenotype and the Frailty Index (FI) (Clegg et al., 2013; Kojima 
et al., 2018; Siriwardhana et al., 2018). The frailty phenotype 
defines frailty as a condition meeting three out of five phenotypic 
criteria including weight loss, exhaustion, low physical activity, 
slowness and weakness, reflecting underlying loss of physiologic 
reserve (Fried et al., 2001). The phenotype further identifies three 
stages of frailty, ranging from robust, pre-frail, and frail (Fried et 
al., 2001). The pre-frail stage is a transitional state, where one or 
two criteria are present and suggests a higher risk of progression 
to frailty (Fried et al., 2001).  Critique of this definition is that 
it is limited to physiologic and functional domains and does not 
reflect the multi-dimensional nature of the frailty syndrome. 
With complex, multifactorial geriatric syndromes such as frailty, 
it is crucial to consider relevant domains outside of a discrete 
biological framework (Inouye et al., 2007).

The FI measures frailty by the number of accumulated deficits 
across multiple domains, including physical and cognitive 
impairment, comorbidities, disability, psychosocial risk factors, 
and geriatric syndromes such as falls, delirium, and incontinence 
(Rockwood & Mitnitski, 2011). The increased number of deficits 

are predictive of adverse health outcomes, including mortality 
(Kojima et al., 2018; Mitnitski et al., 2017). People, on average 
accumulate deficits as they age, however, the nature of the deficit 
and the rate at which they accumulate varies from person to 
person, reflecting the heterogeneity and complexity of the frailty 
phenomenon (Rockwood & Mitnitski, 2011). The use of the FI 
requires a comprehensive geriatric assessment (Rockwood & 
Mitnitski, 2011), thus limiting its practicality in everyday clinical 
practice due to potential time constraints.

In the absence of a gold standard defining frailty, prevalence 
rates vary widely from 4-59% across multiple frailty measures 
(Buckinx et al., 2015; Collard et al., 2012), presenting a 
potentially considerable population at risk. Trends suggest frailty 
increases with age, affects more women than men, is greater 
among African Americans than Caucasians, and is more prevalent 
among people with lower education, lower income, and higher 
rates of comorbidities (Buckinx et al., 2015; Collard et al., 
2012; Feng et al., 2017; Xue, 2011). Additionally, nursing home 
residents are more likely to be frail than community-dwelling 
people; however, institutionalization could be a consequence 
of frailty itself (Buckinx et al., 2015). Frailty is a public health 
concern as it identifies individuals with a greater need for 
healthcare intervention and at high risk for dependency (Buckinx 
et al., 2015). Frailty is associated with disability in activities of 
daily living (ADLs), which are crucial for the maintenance of 
independent living (Kojima, 2017; Provencher et al., 2017). Since 
many older adults prefer to live at home, this represents a crucial 
intervention area to promote quality of life in this population.

Interventions to prevent and ameliorate frailty can improve older 
adults’ lives, improve health, reduce adverse outcomes, and allow 
for maintenance of an independent lifestyle. A review of available 
literature reveals plentiful research on frailty interventions. Several 
systematic reviews and meta-analyses examined existing evidence 
for multiple frailty interventions (Apostolo et al., 2018; Chang & 
Lin, 2015; De Labra et al., 2015; De Vries et al., 2012; Puts et 
al., 2017; Silva et al., 2018; Theou et al., 2011). Studies indicated 
physical exercise effectively improved mobility and functional 
status in frail older adults (De Labra et al., 2015; De Vries et al., 
2012). Nutritional interventions, such as protein supplementation, 
were also useful for targeting specific frailty markers, including 
nutritional deficiencies and weight loss (Apostolo et al., 2018). 
Multifactorial, multidisciplinary interventions were most effective 
in reducing frailty levels, specifically combined nutrition and 
exercise interventions (Apostolo et al., 2018; De Labra, 2015). 
Notably, there is little mention of technology as an intervention 
for frailty in the literature. Several recent studies explored the 
potential for technology as a tool for enhancing independence 
and quality of life, reducing healthcare costs by preventing and 
managing disability, along with frailty in the elderly (Pilotto et al., 
2018). Domestic appliances that control and manage the physical 
environment can maintain and improve functional capacity in 
older adults living at home, such as sensor technology to detect fall 
risk and improve gait and mobility (Pilotto et al., 2018). Wearable 
technologies allow for remote evaluation and monitoring of frailty 
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and fall risk during daily activities, enabling early intervention 
(Armstrong et al., 2017). Most older adults prefer to live at home, 
and new and emerging technologies can help them do so safely 
and independently. 

The Review
Aims

The purpose of this scoping review is to identify and summarize 
existing evidence relevant to technology use for frail, community-
dwelling older adults in order to highlight areas of opportunity for 
future research. Specifically, this review focuses on technologies 
described in the literature for identification, assessment, 
prevention, and treatment for community-dwelling older adults 
with frailty, for use primarily by the older adults themselves. The 
expected increase in the elderly population will impact society in 
terms of increasing numbers of frail older adults with substantial 
need for support and interventions. Technological innovations 

may represent novel solutions to maintain functional abilities and 
independence for older adults living at home. 

Design
This review used the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines (Tricco et 
al., 2018) and a rigorous scoping review method to search the 
literature (Figure 1). The scoping review method was chosen 
because it is ideal for an emerging and critically under-researched 
area to identify trends and gaps in the literature to inform future 
researchers (Arksey & O’Malley, 2005). The research question 
that guided this review was, “What are the current practices, 
standard use, and recommendations for technology use for frail, 
community-dwelling older adults?” The following steps were 
used to conduct the search: 1) identify the research question, 2) 
identify relevant studies, 3) study selection, 4) organize the data, 
and 5) summarize the results.

Figure 1 
PRISMA Search Strategy Flow Chart

Note. From “PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation,” by Tricco, A.C., Lillie, E., Zarin, 
W., O’Brien,  K.K., Colquhoun, H., Levac, D.,…Straus, S.E. 2018, Annals of Internal  medicine, 169, 467-473. (https://doi:10.7326/
M18-0850).
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Search Methods
After several preliminary searches to identify keywords and 

gain familiarity with the literature, a comprehensive search 
of computerized databases was conducted in July 2018 in the 
following databases published from 2013 to 2018: CINAHL, 
PubMed, and Academic Search Complete. Related subject 
headings, MeSH terms, and keywords were identified in 
consultation with research librarians to capture a comprehensive 
list of potential sources. MeSH terms were identified and used 
to search the PubMed database. Keywords and subject headings 
were used for CINAHL and Academic Search Complete (Table 
1). Finally, keywords were identified and combined to address 
all components of the research question: 1) elderly, 2) frailty, 3) 
community-dwelling, and 4) technology. The search strategy was 
designed to identify studies that used technology with a population 
of frail older adults aged 65 and over living in the community.

Table 1 
Search Terms

Elderly Frailty Community 
Dwelling

Technology

Aged [Mesh] 
(SH) 
Aged, 80 and 
over [MeSH]  
frail elderly 
[MeSH] (SH) 
older adults 
(KW)

Frailty 
[MeSH] 
Frailty 
syndrome 
(SH) 
Frail (KW) 
prefrail 
(KW) 
prefrailty 
(KW)

community 
living (SH) 
community 
dwelling 
(KW) 
Independent 
Living 
[MeSH] 
Residence 
characteristics 
[MeSH]

Geriatrics/
instrumentation 
[MeSH])  
Technology 
[Mesh] (SH) 
Assistive 
technology 
(SH) 
Telehealth (SH)  
Ehealth (KW) 
Mhealth (KW)
Telemedicine 
[MeSH] (SH) 
Wearable 
electronic 
devices [MeSH] 
Remote 
monitoring 
(KW) 
Virtual reality 
[MeSH] 
Robotics 
[MeSH] 
Smartphone 
[MeSH]

Note. KW = Keyword; SH = Subject Heading; MeSH = 
Medical Subject Heading

Articles were included if they met the following criteria: 1) 
focused on adults aged 65 and over living in the community; 2) 
peer-reviewed; 3) published in the English language; 4) featured 
randomized controlled trials (RCTs), cohort studies, or qualitative 
research; and 5) include an operationalized definition of frailty. 
These criteria were chosen to meet this review’s focus, namely 
technologies used for frail older adults living at home. The search 

was limited to the years 2013-2018 for practicality, to identify 
how technology was most recently used for the study population.  
Articles were excluded if they: 1) focused on adults younger 
than 65 or children; 2) included hospitalized older adults; 3) 
were published in a language other than English; 4) were study 
protocols, conference abstracts, unpublished dissertations or 
commentaries; 5) were measurement tool use or development 
studies; or 6) selected the target population based on the presence 
of a specific medical condition. As the search evolved, inclusion 
and exclusion criteria were revised to best address the research 
question (Table 2).

Table 2
Inclusion and Exclusion Criteria  

Inclusion Exclusion

Older adults over the age of 
65 living in the community

Adults under 65 or children

Peer-reviewed Hospitalized/institutionalized 
older adults

English language Published in non-English 
language

RCT, cohort studies or 
qualitative research

Systematic review, study 
protocols, conference 
abstracts, unpublished 
dissertations or commentaries

Operationalized definition of 
frailty

Measurement tool use or 
development studies

Selected the target population 
based on the presence of a 
specific medical condition

Search Outcomes
The database searches, as described above yielded a total of 

183 articles. There were 41 duplicates, which were removed. One 
hundred fourteen of the results were excluded based on title and 
abstract. Thirty-two articles relevant to this review were retrieved 
for full-text examination. Eighteen of the articles were excluded 
based on inclusion or exclusion criteria. Fourteen of the articles 
met all inclusion criteria. References of those articles were then 
hand searched for relevant works to ensure the completeness 
of the search, after which four additional relevant articles were 
identified. The final analysis included 18 articles from several 
different countries including Ireland (n = 2), Japan (n =1), Spain 
(n = 4), the Netherlands (n = 3), and the United States (n = 8) 
(Table 3).

Results/Synthesis
The small number of studies included in this review indicates 

research on technology use for community-dwelling frail older 
adults with confirmed frailty status is limited. Analysis of 
included studies is organized by their objectives, namely frailty 
assessment, frailty intervention, and technology use. Studies are 
further grouped by assessment methods such as gait parameters, 
performance-based measures, and upper extremity frailty. 
An additional subheading was included to assess studies that 
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examined frailty proxy measures such as fall risk. The technology 
use category includes qualitative data on the use of technology in 
older adults. 

Frailty Intervention
The impact of technology-supported, home-based exercise 

programs for frail older adults were evaluated (Dekker-van 
Weering et al., 2017; Garaedts et al., 2017). The studies were 
designed for the frail elderly living at home but did not measure 
frailty as an outcome. Instead, the studies used a frailty measure 
to identify frail individuals as part of inclusion criteria, however, 
frailty status was not measured as an outcome of the intervention. 
Studies used outcome measures such as gait performance, muscle 
strength, physical performance tests such as the Times Up and Go 
(TUG) test, which tangentially include aspects of frailty but fail 
to use a standardized frailty measure. Other outcome measures 
included adherence to an intervention such as an exercise program 
or user opinion regarding a proposed intervention. These research 
studies concluded that a combination of strength and balance 
training was most effective in addressing frailty in older adults 
(Dekker-van Weering et al., 2017; Geraedts et al., 2017; Ozaki 
et al., 2017). Internet connectivity was a common problem with 
home-based technologies and was noted as an important factor in 
study dropout rates (Geraedts et al., 2017). The long-term impact 
of technology-based exercise interventions was not evaluated. 

Frailty Assessment 
The most commonly used frailty definition in the included 

research was the Fried phenotype criteria (Galan-Mercant & 
Cuesta-Vargas, 2013; Galan-Mercant & Cuesta-Vargas, 2014; 
Galan-Mercant & Cuesta-Vargas, 2015; Greene et al., 2014a; 
Greene et al., 2014b; Martinez-Ramirez et al., 2015; Mohler et 
al., 2016; Muchna et al., 2018; Ozaki et al., 2017; Parvaneh et al., 
2017; Rahemi et al., 2018; Razjouyan et al., 2018; Rye-Hanton et 
al., 2017; Toosizadeh et al., 2015). Twelve articles included in this 
review discussed technology-based assessment, diagnosis, and 
classification of frailty. Four of these studies examined different 
aspects of frailty in subsamples of the same cohort, namely, the 
Arizona Frailty Cohort (Mohler et al., 2016; Muchna et al., 2018; 
Schwenk et al., 2015; Toosizadeh et al., 2015). The instruments 
used for evaluation include body-worn sensors, sensors embedded 
in smartphones, and pendant sensors. The research studies 
evaluated various frailty-related parameters to complement or 
replace time and resource-intensive frailty assessment in the 
community setting. The use of these technologies for frailty 
identification was suggested as a tool for early identification of 
frailty during daily activities that may not be detectable on clinical 
exam in order to identify individuals who would benefit from 
early intervention.

Gait Parameters 
Gait parameters were often used to identify frail individuals, as 

slowed gait and decreased muscle strength are known markers of 
frailty (Fried et al., 2001). Studies that evaluated pendant sensors, 
body sensors, as well as smartphone sensors identified specific 
gait parameters associated with frailty including, decreased 
step count, reduced gait speed, gait and stride irregularity, and 
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decreased overall physical activity (Martinez-Ramirez et al., 
2015; Rahemi et al., 2018; Razjouyan et al., 2018; Rye-Hanton 
et al., 2017; Schwenk et al., 2015). Various wearable and 
inertial sensors were used to identify individuals with frailty and 
distinguish between robust, pre-frail, and frail individuals. These 
sensors were suggested for use for remote frailty monitoring 
as the sensors can be worn at home and did not require skilled 
monitoring (Martinez-Ramirez et al., 2015; Rahemi et al., 2018; 
Razjouyan et al., 2018; Rye-Hanton et al., 2017; Schwenk et al., 
2015).

Performance-Based Measures
Sensor-based measures of sit-to-stand and stand-to-sit 

transitions and the TUG test evaluated the use of wearable 
technology to complement or improve the accuracy of traditional 
frailty assessment methods (Galan-Mercant & Cuesta-Vargas, 
2015; Greene et al., 2014a; Greene et al., 2014b) or to allow for 
non-expert assessment in unsupervised settings (Greene et al., 
2014a; Greene et al., 2014b). Smartphone embedded sensors 
and chest-worn sensors were sensitive for frailty identification 
by capturing postural position changes during functional tasks 
that individuals often perform during the day, such as rising from 
a chair and turning around while walking (Galan-Mercant & 
Cuesta-Vargas, 2013; Parvaneh et al., 2017). Postural transitions 
and functional tasks were restricted in frail older adults as they 
compensated for frailty with increasingly careful movements 
(Galan-Mercant & Cuesta-Vargas, 2013; Parvaneh et al., 2017). 

Various sensors were used to identify frail individuals during 
the performance of functional tasks during physical performance 
tests, including the TUG test and the sit-to-stand test (Galan-
Mercant & Cuesta-Vargas, 2014; Galan-Mercant & Cuesta-
Vargas, 2015; Greene et al., 2014a; Greene et al., 2014b). These 
studies identified individuals with frailty via body-worn sensor 
data alone (Galan-Mercant & Cuesta-Vargas, 2014; Galan-
Mercant and Cuesta-Vargas, 2015). They also validated use of 
these sensors for frailty identification compared to established 
frailty measures such as the Fried phenotype (Greene et al., 2014a; 
Greene et al., 2014b). These measures were important for home-
based use as they can be helpful in identifying frailty during non-
monitored activities that individuals perform in their daily lives. 
Additionally, the technologies can be used by non-skilled users 
out of the clinical environment.

Upper Extremity Frailty 
A study by Toosizadeh et al. (2015) presented an innovative 

method of identifying frailty categories using several upper 
extremity assessment parameters of elbow flexion. Results 
showed this upper extremity task discriminated between frailty 
groups; slowness discriminated between pre-frail and non-frail 
older adults, while weakness discriminated between pre-frail 
and frail older adults (Toosizadeh et al., 2015). This assessment 
method was proposed as advantageous over the standard Fried 
criteria assessment as a shorter and less strenuous task that still 
included several frailty markers (Toosizadeh et al., 2015). This 
method also did not include gait assessment, making it possible 
for use in individuals with gait problems or where inadequate 
space is available (Toosizadeh et al., 2015).
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Frailty Proxy Measures
Wearable sensors were operationalized as devices that 

evaluated various gait performance measures as predictors of fall 
risk (Mohler et al., 2016; Muchna et al., 2018). While participants 
were screened for frailty, this information was utilized to describe 
the sample rather than the study outcome (Mohler et al., 2016; 
Muchna et al., 2018). Falls are a known adverse outcome of frailty 
and, along with gait abnormalities, are often used as a proxy 
measure for frailty in studies.

Level of Technology Use 
Only one study by Peek et al. (2016) qualitatively explored the 

level of technology use by older adults living at home. Six major 
themes influenced the level of technology use in the context of 
aging in place: challenges in the domain of independent living, 
the influence of the social network, the influence of organizations, 
and the role of the physical environment (Peek et al., 2016). This 
highlighted the importance of technological solutions to consider 
older adults’ personal, social, and physical context to optimize use.

Discussion
The aim of this scoping review was to identify and summarize 

existing evidence related to technology use for frail older adults 
living at home and to highlight research gaps in the evidence 
base. This review included studies that explored technologies 
used by older adults themselves, rather than peripheral 
technologies that individuals would not directly engage with, 
such as home monitoring systems. The purpose was to identify 
what technologies are currently being used for the frail older 
adult population and identify areas of opportunity for future 
research on other technologies that will maintain and increase the 
independence of frail older adults living at home.

Research on technology for frail older adults living at home 
is heavily dominated by methods for frailty assessment and 
identification. Only three studies in this review focused on 
technologies for use as an intervention for frailty in community-
dwelling older adults (Dekker-van Weering, 2017; Garaedts, 
2017; Ozaki et al., 2017). Furthermore, there is an added emphasis 
on using technologies to identify pre-frailty as a critical point for 
preventing and reversing frailty progression. Technologies can do 
this more efficiently and effectively than clinical evaluation as they 
can capture subtle changes in strength, functional performance, 
and gait. Wearable sensors and those embedded in smartphones 
offer tremendous potential to measure an individual’s daily activity 
over prolonged periods in a non-invasive, inexpensive manner. 
Parameters that identify pre-frailty are particularly pivotal in this 
sense. Pre-frailty presents a decisive intervention point to prevent 
a spiral decline into frailty or to halt the progression of functional 
decline (Xue, 2011). Home-based sensors offer a possible solution 
for capturing subtle changes in individual behaviors that may not 
be evident during a routine clinical assessment and may signify 
muted indications of health status deterioration.

Following frailty identification, intervention is essential to 
prevent functional decline. However, there is a dearth of available 
evidence on the application of technology as an intervention for 
frailty in community-dwelling older adults, especially interventions 

measuring frailty as an outcome. Technology administered or 
facilitated exercise programs may enable broader access to this 
intervention for older adults who have difficulty leaving home 
due to mobility or transportation issues. Various technologies 
can also provide remote, automated coaching to reduce the need 
for skilled, real-time assistance. Social interventions can also be 
deployed remotely, giving access to online group activities when 
an in-person meeting is not possible. This highlights an area of 
opportunity for future research to develop and apply innovative 
technologies as an intervention for frailty. Additionally, many 
studies evaluating technology for community-dwelling frail 
older adults took place in a laboratory setting, not in a real 
home setting, where actual implementation and conditions are 
unclear. Additional research is needed to imagine the future 
implementation of these technologies for individuals in their 
homes. Moreover, older adults’ input should be considered when 
developing interventions to improve acceptability and usability.

Areas for future research include studies with larger sample sizes, 
and samples that include older adults with cognitive impairment. 
Many studies with frail older adults included small sample sizes. 
Larger studies are needed to improve the generalizability and validity 
of research outcomes. Additionally, older adults with cognitive 
impairment are notably missing from study samples evaluating 
the use of technology in cohorts of frail elderly. Cognitive frailty, 
or the simultaneous presence of physical frailty and cognitive 
impairment in older adults without a diagnosis of dementia, is an 
important aspect of frailty (Robertson et al., 2013) and bears further 
evaluation in future studies. Frailty and cognitive impairment are 
related, but distinct concepts that frequently co-exist (Robertson et 
al., 2013). The inclusion of individuals with cognitive impairment 
in future frailty studies is certainly warranted. 

The findings of this review are especially important in light 
of the COVID-19 pandemic, where the toll of necessary public 
health measures to contain the pandemic, such as physical 
distancing and isolation on older adults, is yet unknown and 
potentially catastrophic in terms of functional deterioration, 
increased loneliness, and mental health challenges. These 
challenges highlight the necessity of technological solutions 
to address the needs of frail older adults living at home. This 
review highlights the various technologies already explored for 
use in the home and sheds light on how these technologies can 
be used in the future to meet the essential needs of frail older 
adults in the community. This includes remote monitoring for 
frailty assessment and technologically administered interventions 
(e.g., exercise interventions) to maintain physical function while 
isolating in the home and social and cognitive interventions to 
address the holistic needs of this population. 

Limitations
Inclusion criteria in terms of types of studies included in this 

review were narrow, and content available in abstracts, editorials, 
and dissertations may have broadened the findings. Additionally, 
limiting inclusion to English language articles potentially 
eliminated relevant articles written in other languages. The narrow 
inclusion criteria were purposeful in the sense that this review 
sought to identify a very particular population at risk, namely 
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adults over the age of 65 living at home, and how technology was 
used in this population. However, this does eliminate a larger risk 
pool of individuals that may warrant further study in a different 
context. This review also sought to identify technology used in this 
population, particularly those that older adults interact with directly 
as an intervention for frailty. Articles that discussed technologies 
not used by the older adult, such as those used by caregivers or 
healthcare providers in the service of frail older adults, were 
excluded. These technologies were therefore not captured in this 
review but may be useful for future research.

Importantly, although all studies in this review include a sample 
of frail older adults, none measured frailty as an outcome. Instead, 
studies used various gait parameters and performance measures 
as the study outcomes. Additionally, while there is no uniform 
measure for frailty employed by all studies included in this review, 
the Fried phenotype is used more than any other frailty definition. 
Some studies use frailty proxy measures such as physical disability, 
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ADL disability, falls, or gait parameters in place of discrete frailty 
assessment. The variable definitions and frailty measures employed 
in the literature make it difficult to cumulatively and quantitatively 
analyze the evidence base in this area. 

Conclusion
Various effective interventions for frailty are well established 

in the literature. The use of technology for frail older adults is 
heavily concentrated on the assessment and diagnosis of frailty. 
More research is needed on the potential for technological 
tools as interventions for frailty in community-dwelling elderly, 
specifically for detecting and preventing pre-frailty and frailty. 
Future studies should include adequate sample sizes to improve the 
validity and generalizability of results, a focus on frail older adults 
with cognitive impairment, and an examination of interventions 
using frailty as a variable to refine the applicability and practical 
application of the results to the frail elderly population. 

Table 3
Summary of Included Literature

Authors, Year, 
Country

Design Purpose Sample Results

Dekker-van Weering 
et al. (2017), The 
Netherlands

Randomized 
controlled trial

To investigate the use and 
user experience of an online 
home-based exercise program 
and to determine whether the 
intervention improved quality of 
life and health status of pre-frail 
older adults compared to a control 
group.

37 pre-frail 
community dwelling 
older adults 
Age 65-75 
16 experimental 
21 control 

A home-based exercise 
program is easy to use and 
has potential in improving 
quality of life and health 
status in pre-frail older 
adults living at home.

Galan-Mercant and 
Cuesta-Vargas (2013), 
Spain

Cross-sectional 
study

To describe the variability of the 
accelerations, angular velocity 
and displacement of the trunk 
during the sit to stand and stand 
to sit transitions in two groups of 
frail and physically active elderly 
persons through instrumentation 
with the smartphone.

30 older adults 
Age >65 
14 frail 
16 non-frail 

The inertial sensor fitted 
in the iPhone 4 can 
analyze kinematics of the 
Si-St and St-Si transitions 
in frail and robust older 
adults to discriminate 
between the two groups.

Galan-Mercant and 
Cuesta-Vargas (2014), 
Spain

Cross-sectional 
study

To measure and describe the 
variability of acceleration, angular 
velocity and trunk displacement 
in the 10m TUG test through 
instrumentation with the iPhone 4.

30 older adults 
Age >65 
14 frail 
16 non-frail

The inertial sensor in the 
iPhone 4 is capable of 
studying and analyzing 
the kinematics of the TUG 
test in frail and non-frail 
elderly; allows for more 
sensitive differentiation 
between the two groups 
than the traditionally used 
variable of time.
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Galan-Mercant and 
Cuesta-Vargas (2015), 
Spain

Cross-sectional 
study

To determine the series of 
kinematic variables with 
the greatest precision in 
discriminating between frail 
and non-frail elderly in the 10m 
TUG test using inertial sensors 
embedded in the iPhone 4 
compared to the traditional time 
variable.

30 older adults 
Age >65 
14 frail 
16 non-frail

Kinematic variables 
obtained from inertial 
sensors embedded in 
smartphone technology 
during the TUG test can 
discriminate between 
frailty status.

Geraedts et al. (2017), 
The Netherlands

Prospective 
cohort study

To evaluate the feasibility and user 
opinion of a home-based exercise 
program supported by a sensor 
and tablet application

40 frail, community 
dwelling older adults 
Age >70 
Ability to walk 
10m independently or 
with walking aid

A home-based exercise 
program using novel 
technology is feasible. 
Regular coaching has 
a positive influence on 
adherence.

Greene, Doheny, 
Kenny and Caufield 
(2014), Ireland

Observational, 
cross-sectional 
study

To investigate the combination 
of assessments of frailty and falls 
risk in older adults.

130 community 
dwelling older adults 
Age >65 
Ability to walk 
without assistance

Sensor data obtained from 
3 physical assessments 
resulted in improved 
classification of falls risk 
and frailty.

Greene, Doheny, 
O’Halloran and 
Kenny (2014), Ireland

Observational, 
cross-sectional 
study

To investigate a fast method for 
automatic, quantitative assessment 
of the frailty state based on a 
simple protocol employing body 
worn inertial sensors

399 community 
dwelling older adults 
Age >60 
30 frail  
185 pre-frail 
184 non-frail 
115 male 
284 female 

Assessment with well-
known TUG mobility test 
and inertial sensors can 
be a fast, effective way of 
non-expert assessment of 
frailty

Martinez-Ramirez et 
al. (2015), Spain

Observational, 
cross-sectional 
study

To investigate whether a 
collection of parameters extracted 
from the trunk acceleration 
signals could provide additional 
accurate information about frailty 
syndrome.

718 older adults 
319 males 
399 females 
Age 75.4 +/-6.1 
Ability to complete 
3m walk test at their 
own gait velocity

Gait parameters 
simultaneously used 
with gait velocity can be 
used to more accurately 
classify frailty status; may 
allow for early detection 
of pre-frailty.

Mohler et al. (2016), 
USA

Observational 
descriptive 
study

To evaluate wearable sensor-
based measures of gait, balance, 
and physical activity that are 
predictive of future falls in 
community-dwelling older adults.

119 community 
dwelling older adults 
Age >65

The association between 
motor performance 
and risk of falling is 
dependent on frailty 
status. Wearable sensor 
is a tool for assessing fall 
risk in the home setting.

Muchna et al. (2018), 
USA

Observational 
descriptive 
study

To examine the effect of foot 
problems on the likelihood of 
falls, frailty syndrome, motor 
performance and physical activity 
in community dwelling older 
adults.

117 community 
dwelling older adults 
41 non-frail 
56 pre-frail 
20 frail 
Age >65

Foot problems are 
associated with frailty. 
Sensor-based gait 
parameters can identify 
foot problems and older 
adults at risk for falls or 
gait abnormalities related 
to foot problems.
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Ozaki et al. (2017), 
Japan

Cross-over trial To examine the efficacy of 
postural strategy training using 
a balance exercise assist robot 
as compared with conventional 
balance training for frail older 
adults

27 community 
dwelling frail or 
prefrail older adults 
7 men, 20 women 
Age >65

In frail or prefrail older 
adults, robotic exercise 
was more effective for 
improving dynamic 
balance and lower 
extremity muscle strength 
than conventional 
exercise.

Parvaneh et al. 
(2017), USA

Observational 
cohort study

To monitor and assess daily 
postural transition differences 
by frailty level in community 
dwelling older adults.

120 community 
dwelling older adults 
Age >65 
Without gait or 
mobility disorders

Monitoring daily physical 
activity, specifically 
quantification of postural 
transitions using inertial 
wearable sensors may 
provide an objective tool 
for assessing frailty during 
unsupervised conditions 
in home.

Peek et al. (2016), The 
Netherlands 

Qualitative 
explorative 
field study

To explore which factors influence 
the level of use of various types 
of technology by older adults who 
are aging in place and to describe 
these factors in a comprehensive 
model

53 community 
dwelling older adults 
Aged 68-95

Older adults perceptions 
and use of technology 
are embedded in their 
personal, social and 
physical context.

Rahemi et al. (2018), 
USA

Observational 
cohort study

To investigate the feasibility of 
developing a foot-worn sensor to 
assess frailty

161 community 
dwelling older adults 
Age >55 
Non-frail 49 
Pre-frail 92 
Frail 20

Foot-worn sensor-
derived gait measures 
during propulsive phase 
of walking can be 
sensitive metrics in frailty 
assessment.

Razjouyan et al. 
(2018), USA

Cross-sectional 
study

To determine which sensor-
derived parameters are capable 
of discriminating between the 3 
frailty categories. 

153 community 
dwelling older adults 
Age >60 
Able to walk 15 feet 
independently with or 
without aid

A pendant sensor can 
identify pre-frailty via 
daily home monitoring.

Rye Hanton et al. 
(2017), USA

Observational 
cohort study

To demonstrate data derived 
from ubiquitous mobile phone 
technology can be employed to 
continuously measure aspects of 
participant health status, including 
step counts, gait speed and activity 
level.

43 ambulatory, 
community dwelling 
older adults 
25 robust 
18 frail

Continuous mobile 
phone-based measures 
of activity and mobility 
can differentiate between 
frailty and non-frail older 
adults.

Schwenk et al. (2015), 
USA

Observational, 
cross-sectional 
study

To examine the ability of wearable 
sensor-based in-home assessment 
of gait, balance, and physical 
activity to discriminate between 
frailty levels.

125 older adults 
44 non-frail 
60 pre-frail 
21 frail

Unique parameters 
derived from objective 
assessment of gait, 
balance, and physical 
activity are sensitive for 
the identification of pre-
frailty and classification 
of a subjects’ frailty level.
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Toosizadeh et al. 
(2015), USA

Cross sectional 
study

To objectively identify frailty 
using wireless sensors and 
an upper extremity motion 
assessment that does not rely on 
gait.

117 community 
dwelling older adults 
50 nonfrail 
51 prefrail 
16 frail 
Age >65

This upper extremity 
frailty assessment method 
integrates low cost sensors 
and implemented in less 
than 1 minute objectively 
identifies frailty.
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