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Abstract

Background: In pragmatic trials, on-site partners, rather than researchers, lead intervention delivery, which may
result in implementation variation. There is a need to quantitatively measure this variation. Applying the Framework
for Implementation Fidelity (FIF), we develop an approach for measuring variability in site-level implementation
fidelity. This approach is then applied to measure site-level fidelity in a cluster-randomized pragmatic trial of Music
& MemorySM (M&M), a personalized music intervention targeting agitated behaviors in residents living with
dementia, in US nursing homes (NHs).

Methods: Intervention NHs (N = 27) implemented M&M using a standardized manual, utilizing provided staff
trainings and iPods for participating residents. Quantitative implementation data, including iPod metadata (i.e., song
title, duration, number of plays), were collected during baseline, 4-month, and 8-month site visits. Three researchers
developed four FIF adherence dimension scores. For Details of Content, we independently reviewed the
implementation manual and reached consensus on six core M&M components. Coverage was the total number of
residents exposed to the music at each NH. Frequency was the percent of participating residents in each NH
exposed to M&M at least weekly. Duration was the median minutes of music received per resident day exposed.
Data elements were scaled and summed to generate dimension-level NH scores, which were then summed to
create a Composite adherence score. NHs were grouped by tercile (low-, medium-, high-fidelity).
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Results: The 27 NHs differed in size, resident composition, and publicly reported quality rating. The Composite
score demonstrated significant variation across NHs, ranging from 4.0 to 12.0 [8.0, standard deviation (SD) 2.1].
Scaled dimension scores were significantly correlated with the Composite score. However, dimension scores were
not highly correlated with each other; for example, the correlation of the Details of Content score with Coverage
was τb = 0.11 (p = 0.59) and with Duration was τb = − 0.05 (p = 0.78). The Composite score correlated with CMS
quality star rating and presence of an Alzheimer’s unit, suggesting face validity.

Conclusions: Guided by the FIF, we developed and used an approach to quantitatively measure overall site-level
fidelity in a multi-site pragmatic trial. Future pragmatic trials, particularly in the long-term care environment, may
benefit from this approach.

Trial registration: Clinicaltrials.gov NCT03821844. Registered on 30 January 2019, https://clinicaltrials.gov/ct2/show/
NCT03821844.
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Background
In recent years, researchers have proposed embedded
pragmatic clinical trials (ePCTs) as a potential solution
for the persistent gap between efficacy and effectiveness
data [1]. While many non-pharmaceutical interventions
have proven beneficial in traditional randomized, clinical
trials (RCTs), most of these interventions have not been
adapted for or tested in real-world settings [1, 2]. ePCT
designs minimize researcher involvement in implemen-
tation efforts and use pre-existing processes, such as
routinely collected data, to capture study outcomes [3].
Unlike traditional RCTs, ePCTs allow for implementa-
tion processes and clinical outcomes to be studied sim-
ultaneously [4]. This design offers the possibility of
accelerating the generation of real-world effectiveness
evidence [5].
Because intervention delivery in ePCTs is not led by

researchers as in traditional RCTs, capturing variation in
implementation is critical for understanding outcome re-
sults. One method for capturing this information is to
assess implementation fidelity, the degree to which inter-
ventions are implemented as intended [6]. Studies show
that fidelity is an important potential moderator between
intervention delivery and intended outcomes [7–9]. Pre-
vious ePCTs have included fidelity analyses [10]. How-
ever, many of these trials relied on a simple, exposed
versus unexposed quantitative measure for fidelity, such
as whether or not a participant viewed the intervention
video [11, 12]. Other studies, applying a more complex
definition of implementation fidelity, develop an
intervention-specific measurement tool without the
guidance of an a priori theoretical framework [13, 14].
Neither of these measurement approaches capture a hol-
istic view of fidelity, especially considering the complex-
ity of many interventions. Other studies, involving a
multifaceted definition of implementation fidelity,
present mostly qualitative analyses [15]. These analyses
remain limited in their usefulness for interpreting the

effect of fidelity on quantitative clinical outcomes. There
is a need for a method to quantitatively measure vari-
ability of implementation fidelity in ePCTs examining
complex interventions.
We implemented a cluster-randomized ePCT designed

to test the effectiveness of a complex music intervention
in the long-term care environment for people living with
Alzheimer’s Disease and Related Dementias (ADRD).
Currently 47% of United States (US) nursing home (NH)
residents live with ADRD, a disease of progressive cogni-
tive dysfunction leading to functional impairments and
behavioral changes that require increased supervision
over time [16], and the prevalence of Alzheimer’s disease
is predicted to double by 2060 in the US [17]. Agitated
behaviors are common in this population [18] and are
often addressed via prescription of psychoactive medica-
tions associated with dangerous adverse effects including
increased risk of falls and death [19]. With this popula-
tion of NH residents rapidly increasing, alternative strat-
egies for managing agitated behaviors are desperately
needed.
Personalized music is one alternative strategy which

may hold promise to safely manage agitated behaviors in
the NH setting. One popular program, Music and
MemorySM (M&M), focuses on using individualized
music when a person living with ADRD is prone to
agitated behaviors, such as during specific times of day
or care actions (e.g., dressing, grooming, bathing) [20].
Research shows that music enjoyed earlier in life may be
stored in an area of the brain affected later in the de-
mentia disease course [21]. M&M leverages the potential
of this early preferred music to generate positive emo-
tions in an individual with ADRD, temporarily alleviat-
ing agitated behaviors. Many NHs have already adopted
M&M without effectiveness evidence or proven imple-
mentation guidance.
Only three evaluations have previously examined the

effectiveness of M&M. So far, there is one relatively
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small trial of this intervention (N = 59) [22]. There
have also been two larger evaluations of M&M, as
administered in a real-world setting. The first is a
quasi-experimental study [23], and the second is a
pre-post evaluation [24]. These evaluations have
resulted in mixed effectiveness evidence regarding the
M&M program, motivating this ePCT. Indeed, the
largest M&M trial to date cites low adherence with
high variability in implementation as the rationale for
overall null results [22].
As the demand for ePCTs in NHs increases, effectively

capturing variation in implementation fidelity is critical
for interpreting generated results, particularly in multi-site
trials [2]. We implemented an ePCT designed to test the
effect of M&M on agitation among people living with
ADRD who reside in geographically and socio-
demographically diverse long-term NHs (Clinicaltrials.gov
ID: NCT03821844) [25]. This paper presents an approach,
guided by a theoretical framework, for measuring site-
level multi-dimensional implementation adherence to
quantitatively describe variability in implementation fidel-
ity across participating US NHs.

Methods
Study design and participants
Music & MEmory: A Pragmatic TRial for Nursing Home
Residents With Alzheimer’s Disease (METRIcAL) was a
parallel, cluster-randomized ePCT of M&M. This study
was designed as a pilot hybrid type 2 trial [26], which
simultaneously evaluates intervention effectiveness and
implementation [4, 27]. The details of the trial are de-
scribed elsewhere (Clinicaltrials.gov ID: NCT03821844)
[25]. The trial was conducted in 54 US NHs (N = 27
intervention, N = 27 control) from four NH corporations
that differed in size, geographical location, residents’
racial composition, and organizational structure. Poten-
tially eligible NHs had at least 20 residents who were
long-stay (90 of the last 100 days spent in the NH), had
a dementia diagnosis, and were not completely deaf.
Within each corporation, researchers used NH charac-
teristics data to identify potentially eligible NHs. Corpor-
ate leads were then allowed to exclude NHs known to
have pre-existing challenges that may prevent participa-
tion, such as recent poor performance surveys or un-
stable leadership. Depending on the corporation, either
researchers or corporate leadership offered the selected
NHs the opportunity to participate in the study. Admin-
istrators at NHs which decided to opt-in signed a letter
of intent describing participation and randomization
requirements prior to study initiation. At each interven-
tion facility, the personalized music intervention was
implemented via an embedded approach, using a team
approach led by a designated NH champion. Recruit-
ment and randomization were completed in February

2019 with the trial running from June 2019 through
January 2020. This reporting of the study implementa-
tion follows the Standards for Reporting Implementation
Studies (StaRI) guidelines as well as the Template for
Intervention Description and Replication (TIDieR)
guidelines (see Additional File 1). This was deemed a
minimal risk study by the Institutional Review Board, which
issued a waiver of individual consent (#1705001793).

Framework for Implementation Fidelity
Three investigators (MO, EM, and JR) applied the
Framework for Implementation Fidelity (FIF) to describe
adherence as the primary measurement of implementa-
tion fidelity (see Fig. 1) [28]. The FIF presents four di-
mensions of adherence: (1) Details of Content—what
was delivered to participating residents in each NH; (2)
Coverage—how many residents received the interven-
tion; (3) Frequency—how often the intervention was de-
livered to these residents; and (4) Duration—how long
the intervention was delivered in each interaction [28].
We apply these four adherence dimensions to our
pragmatic trial of M&M in NHs to qualify and quantify
fidelity by aligning with best-practice implementation
protocols.

Description of materials
In the M&M program, each resident is assigned a per-
sonal music device (e.g., iPod) and earphones. NH staff
identified music preferred by the resident as a young
adult and then loaded this preferred music onto the resi-
dent’s device. NH staff then initiated music use with the
resident at times of day when agitated behaviors are
likely or at early signs of agitation [4]. The recom-
mended dose is 30 min of music per day with each
resident.
To promote consistency in intervention delivery and

scale-up across the participating NHs, a guide for M&M
implementation was developed during the pilot phase of
this study. This implementation guide provides partici-
pating NHs with concise, step-by-step guidance on key
aspects of the M&M program.
Participating NHs received two types of staff training:

(1) standard M&M Certification Training and (2) an in-
person training developed specifically for this trial. The
standard M&M Certification Training consists of two
90-min live webinars focused on teaching staff how to
pilot and scale-up the M&M program in their NH [29].
As a supplement to this standard training, corporate
leadership and study consultants administered an in-
person, study-specific training. This in-person training
provided a detailed walk-through of the M&M imple-
mentation guide and allowed for thorough discussion
and Q&A sessions, shared learning between staff, and
expanded implementation suggestions, particularly
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regarding the process for developing an individualized
music playlist. The following staff from each NH were
encouraged to attend these in-person sessions: NH
administrator, director of nursing, activities director, so-
cial work director, and a nurse manager. For each NH,
one attendee was identified as the M&M champion. In
addition to these preparatory trainings, corporate leader-
ship and investigators co-led monthly coaching calls
with each NH to report progress, discuss challenges, and
celebrate achievements for the duration of the study.
After completing these staff trainings, each participat-

ing NH was provided with 20 personal music players, 20
charging cables, iTunes gift cards, two multi-port char-
ging stations, three small speakers, and one computer
tablet with the iTunes application downloaded.

Data sources
Several sources of implementation data were collected
during the 8-month trial, including (1) interviews with
NH staff, (2) observations by trained data collectors dur-
ing site visits, (3) metadata downloaded from the music
players, (4) forms completed by NH staff at time of first
music use, (5) research staff impressions of each NH,
and (6) NH characteristics data from the publicly-
available Brown University website LTCFocus.org [30].

NH staff interviews
Ten trained data collectors visited each participating NH
three times during the course of the trial: at baseline, 4
months (mid-implementation), and 8 months (full-im-
plementation). Site visits were conducted over 2 or 3

days and included interviews with NH staff about each
resident’s experience while listening to music.

Observation tool
Following each site visit, the same data collectors com-
pleted a structured summary observation form describ-
ing how engaged the site was in the M&M program and
different logistical aspects of setup, including individual-
ized labeling of devices and device charging procedures.

iPod metadata
Using iTunes interface, trained data collectors assisted
NH staff in downloading music play data for each resi-
dent. Music play data included the name and artist for
every song on the resident’s playlist, as well as the dur-
ation of each song and the number of times it was
played.

Initial Use Form
For each resident exposed to the program, staff com-
pleted an Initial Use Form. This form was completed by
the M&M champion at each NH. The Initial Use Form
describes why the resident was chosen for the music
program, how and when the resident’s personalized
music was identified, and how the resident reacted to
the music.

Research staff ratings
Two research assistants who worked closely with NH
staff throughout the study independently scored the
engagement of the administrator, nursing staff, and
program champion at each NH as low (1), medium (2),

Fig. 1 An overview of the conceptual Framework for Implementation Fidelity as applied to the METRIcAL study. For each adherence dimension
presented in the original model, the study-specific definition and identified data elements are summarized
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or high (3) engagement. The research assistants then
met to discuss each score. Consensus was reached, pro-
ducing three engagement scores for each NH.

LTCFocus.org
Partially funded by the National Institute on Aging
(1P01AG027296), LTCFocus.org is a website and dataset
hosted by the Shaping Long Term Care in America Pro-
ject at Brown University [30]. This source incorporates
data from multiple datasets, including the Minimum
Data Set (MDS), Certification and Survey Provider En-
hanced Reporting (CASPER) system, area resource file,
and residential history file. LTCFocus.org was used to
capture NH characteristics in advance of and throughout
the study period.

Dimensions of adherence
Details of Content
Capturing what was delivered to residents, Details of
Content is the most complex and intervention-specific
dimension. In a complex intervention, such as M&M,
many components combine to form the intended inter-
vention. However, only some of these components are
essential to the primary function of the intervention.
These core components may be thought of as the “active
ingredients” of the intervention and are actions that
NHs must complete to provide the M&M intervention,
as intended by the intervention’s creators [28].
To identify the core components of the M&M pro-

gram, three investigators (MO, EM, and JR) first inde-
pendently reviewed the M&M implementation manual
and then met to discuss the core components each in-
vestigator had identified. This process was repeated until
the investigators reached consensus, with at least two of
the three investigators agreeing on the core components.
Two study consultants reviewed and, without suggesting
significant edits, approved the final list of M&M core
components. Through this process, we identified six
core components of the M&M program (Table 2).
I. Establish Leadership Team was operationalized as

the perceived engagement of NH staff in M&M imple-
mentation, as engagement seemed to be associated with
on-site leadership. The three engagement scores from
the Research Staff Ratings were summed for each NH to
create a facility-level engagement score.
II. Assign Equipment was operationalized as whether

the M&M equipment was properly labeled for individual
residents. The representative data element was the Ob-
servational Tool question, “Was each iPod and head-
phone assigned to an individual resident?” If the data
collector observed each iPod and headphone set labeled
for an individual resident, the NH receives a high (1)
score. If not all of the equipment was labeled properly,
the NH receives a low (0) score.

III. Process for Charging iPods was operationalized as
whether the data collector observed a process for char-
ging equipment at either the midpoint or final data col-
lection. The representative data element was the
Observational Tool question, “Did you observe processes
for charging iPods?” If the data collector observed pro-
cesses, the NH receives a high (1) score. If no processes
were observed, the NH receives a low (0) score.
IV. Personalize Music Playlist was operationalized as

the average percent of unique songs on each resident’s
playlist in a given NH. Using the iPod metadata, the
song titles from each resident’s playlist were compared
to the song titles from the other resident playlists in that
NH. The songs not found on the other playlists were
considered unique to that resident. The percent of
unique songs on each playlist were then averaged for
each NH to generate a facility-level measure.
V. Scale-up M&M Program was operationalized as the

difference between the number of residents who were
exposed at the midpoint and final data collection visits,
compared to the expected numbers at these two time-
points, as established by the M&M implementation
guide (eight and 15 residents, respectively). The Initial
Use Form was used to identify each resident’s initial date
of exposure. For each NH, the number of residents ex-
posed to M&M at midpoint and final data collection
were subtracted from the respective expected number of
residents. The absolute values for these differences were
then summed to generate a facility-level score.
VI. Address Specific Care Goals was operationalized as

the percent of residents in a given NH who were se-
lected for the program to address a specific goal of care.
The Initial Use Form indicates whether a resident was
selected for M&M to address any of the following clin-
ical care goals: acute illness, verbal and physical agita-
tion, bathing, eating, administration of medications,
reduction of medications, morning care, pain, and rejec-
tion of care. For each NH, the percentage of residents
participating in the trial who were selected to address
any of these clinical goals was calculated.

Coverage
Coverage is defined as the number of residents exposed to
the intervention. In this study, completion of an Initial
Use Form indicates that a specific resident was assigned
an iPod and participated in the M&M program. Therefore,
Coverage was calculated as the number of Initial Use
Forms completed at each NH during the study period.
The maximum number of participating residents was lim-
ited by the number of provided music players.

Frequency
Frequency is defined as the number of interactions par-
ticipating residents have with the intervention. However,
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frequency was operationalized as the percentage of
participating residents exposed to the music at least
once per week by nursing staff. The NH Staff Interviews
included the following multiple-choice question: “In the
past two weeks, how often have you used the music with
the resident?” Based on the response distribution, fre-
quent use of the M&M program was defined as weekly
music use. Therefore, Frequency was calculated as the
percentage of participating residents exposed to music at
least once per week in each NH, as reported by NH
staff.

Duration
This was defined as the amount, or length, of interven-
tion provided in each interaction. Duration was opera-
tionalized as the median minutes of music received per
resident day exposed, averaged over all the residents in a
given facility. Using the length of each song and number
of plays from the iPod metadata, researchers approxi-
mated the total minutes of exposure each resident re-
ceived during the study period. Exposed days were
calculated as the number of days the resident had access
to the music, based on the Initial Use Form start date
and end of follow-up date. Minutes per exposed day (per
resident) is calculated as the total minutes divided by ex-
posed days.

Resident composition and NH characteristics
Exploratory analyses included several resident compos-
ition descriptors including resident gender, race, anti-
psychotic use, cognitive impairment, and activities of
daily living (ADL) score [30]. The following NH charac-
teristics were also included: number of beds, presence of
specialized Alzheimer’s unit, Centers for Medicare &
Medicaid Services (CMS) 5-Star Quality Rating [31],
payor status, registered nurse hours per resident day,
and licensed practical nurse hours per resident day.

Analyses
To construct a Details of Content score, responses for
each M&M core component were scaled to low (1),
medium (2), and high (3) adherence based on data distri-
butions and theoretical significance. These scaled scores
were then summed to create an overall Details of
Content score. To construct a Composite adherence
score, the facility-level score for each FIF adherence
dimension was then scaled low (1), medium (2), and
high (3) by using the terciles of the corresponding data
distributions. These scaled FIF dimension scores were
summed to generate a composite adherence score. The
raw composite score was then scaled to low (1), medium
(2), or high (3) adherence based on the composite score
distribution. This scaled Composite score identifies
high-, medium-, and low-fidelity NHs.

Fidelity in the FIF dimensions and overall were
assessed via descriptive statistics. Kendall’s tau-b (τb)
correlations between the six M&M core components as
well as between the FIF dimensions scores and Compos-
ite scores are reported. Baseline facility-level characteris-
tics were compared for the high- and low-fidelity NHs,
as identified by the Composite adherence score.

Results
On average, the 27 implementation NHs were large [101.5
beds, standard deviation (SD) 42.3] with primary Medicaid
payment source (58.8%, SD 25.6) and above average qual-
ity rating (3.5 Medicare star rating, SD 1.4; range 1–5;
higher ratings indicate higher quality) (Table 1). These
NHs on average primarily housed female (60%) residents
with significant moderate-to-severe cognitive impairment
(dementia = 64.1%, SD 11.8) and functional impairment
(16.7 Activities of Daily Living score, SD 1.7; range 7–28;
higher scores indicate worse function).

Table 1 Characteristics of nursing homes implementing the
Music & Memory program

Intervention Nursing
Homes (n = 27)

Mean (SD)

Resident composition and acuitya

Female (%) 65.4 (10.9)

Black (%) 22.3 (25.7)

Moderate or severe cognitive impairment (%) 64.1 (11.8)

Any antipsychotic use (%) 17.9 (8.6)

Total ADL scoreb 16.7 (1.7)

Nursing home characteristics

Total beds (#) 101.5 (42.3)

Alzheimer’s unit (%) 23.1 (43.0)

CMSc 5-Star Quality Ratingd 3.5 (1.4)

Medicaid as primary payer (%)e 58.8 (25.6)

Medicare as primary payer (%) 11.2 (7.0)

Other/Self-pay (%) 30.1 (26.4)

Registered nurse hours per resident day (#) 0.3 (0.2)

Licensed practical nurse hours per resident
day (#)

0.9 (0.3)

aAll data represent facility-level characteristics at baseline
bDescribes ability of resident to perform activities of daily living (ADLs). Higher
scores indicate more dependence on staff (range 7–28) [39].
cCenters for Medicare & Medicaid Services
dScore ranges from 1 to 5 stars, with five stars indicating the highest quality
nursing homes [31]
eIn the US, Medicare is a health insurance program for citizens aged 65 years
and older. Medicare does not provide coverage for long-term care but does
provide payment for qualified short-term rehabilitation after hospitalization.
Medicaid is a health program for qualified people of all ages related to
disability, income, or disease. Medicaid does provide long-term care, and the
payment is generally well below that of Medicare. From the nursing home
perspective, Medicare is a payor of choice [40]
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Dimensions of implementation fidelity
Details of Content
The Establish Leadership Team score ranges from 3.0
to 9.0 (6.4, SD 2.1), identifying nine low NHs (range
3.0–5.0) and eight high NHs (range 8.0–9.0) for this
M&M component (Table 2). The dichotomized Assign
Equipment score (range − 1.0 to 2.0) identifies 7 NHs
with a high score (2.0). Similarly, the dichotomized
Process for Charging iPods score (range − 2.0 to 2.0)
identifies 12 high NHs (range 0.0–2.0). The
Personalize Music Playlist score ranges from 0.0 to
1.0 (mean 0.5, SD 0.3) and identifies nine low NHs
(range 0.0–0.1) and nine high NHs (range 0.3–1.0).
The Scale-up M&M Program score ranges from 0.0 to
6.0 (mean 2.2, SD 1.7), identifying nine low NHs
(range 3.0–6.0) and 11 high NHs (range 0.0–1.0). The
Address Specific Care Goals score ranges from 0.0 to
0.9 (mean 0.5, SD 0.3) with nine low NHs (range
0.0–0.3) and nine high NHs (range 0.7–0.9).
The six scaled M&M core component scores were

not highly correlated with one another (Table 3). The
Establish Leadership Team and Scale-up M&M Pro-
gram scores were significantly correlated (τb = 0.43, p
< 0.05) as well as the Process for Charging iPods and
Address Specific Care Goals scores (τb = 0.43, p <
0.05). The remaining correlations indicate relatively
weak associations between the M&M core compo-
nents (Table 3).
When summed, the scaled M&M core component

scores generate a Details of Content score ranging from
7.0 to 14.0 (mean 9.6, SD 1.0) with the following tercile
ranges: low (7.0–8.0), medium (9.0–10.0), and high
(11.0–14.0) (Table 4).

Coverage
The Coverage score ranges from 4.0 exposed residents
to 15.0 (mean 12.4, SD 3.5) (Table 4). The Coverage
score identifies nine NHs in each of the following ter-
ciles: low (4.0–13.0), medium (14.0), and high (15.0).

Frequency
The Frequency score ranges from 0.0 to 1.0 and was
normally distributed, with high variability between NH
scores (mean 0.4, SD 0.3) (Table 4). This score identifies
nine NHs in each of the following tercile ranges: low
(0.0–0.2), medium (0.3–0.6), and high (0.7–1.0).

Duration
The Duration score ranges from 0.0 to 99.0 median mi-
nutes per resident day exposed (mean 29.8, SD 25.9),
with increased playtime indicating the resident received
more music (Table 4). This score identifies nine NHs in
each of the following tercile ranges: low (0.0–13.0),
medium (16.0–28.0), and high (34.0–99.0).

Composite adherence score
Each scaled FIF dimension score had an equal distribu-
tion of NHs across the low (1), medium (2), and high (3)
categories (nine NHs per category) (Table 4). These
scaled dimension scores were summed to generate a
Composite adherence score which ranges from 4.0 to
12.0 (mean 8.0, SD 2.1). This Composite score identifies
eight low NHs (4.0–7.0), nine medium NHs (8.0), and
ten high NHs (9.0–12.0).
Because the construction of the Composite adherence

score is based on the FIF dimensions, the scaled FIF di-
mension scores were significantly correlated with the
Composite score, with the Frequency score displaying
the strongest association (τb = 0.58, p < 0.01) and the
Duration score the weakest association (τb = 0.40, p <
0.05) (Table 5). However, dimension scores were not
highly correlated with each other. For example, the cor-
relation between the Details of Content and the Cover-
age scores was τb = 0.11 (p = 0.59), and the correlation
between the Details of Content and the Duration scores
was τb = − 0.05 (p = 0.78) (Table 5). The Frequency
score also displays a weak association with the Duration
(τb = 0.05, p = 0.81) and Coverage (τb = 0.14, p = 0.42)
scores. The Details of Content and Frequency scores

Table 2 Details of Content: core components of Music & Memory (M&M) and corresponding data elements

M&M core component Data element Data source distribution

I. Establish Leadership Team Administrator, Nursing, and Site Champion receptiveness to program Research Staff Ratings Range: 3.0–9.0
Mean (SD): 6.4 (2.1)

II. Assign Equipment Was each iPod and headphone assigned to an individual resident? Observation Tool Dichotomized
Frequency: 7, 20

III. Process for Charging iPods Did you observe processes for charging iPods? Observation Tool Dichotomized
Frequency: 15, 12

IV. Personalize Music Playlist Uniqueness of songs on individual playlists based on song title iPod Metadata Range: 0.0–1.0
Mean (SD): 0.5 (0.3)

V. Scale-up M&M Program Number of residents exposed at midpoint and end of follow-up Initial Use Form Range: 0.0–6.0
Mean (SD): 2.2 (1.7)

VI. Address Specific Care Goals Why did you choose this resident to participate in the program? Initial Use Form Range: 0.0–0.9
Mean (SD): 0.5 (0.3)
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exhibit the strongest association between the scaled di-
mension scores (τb = 0.43, p < 0.05) (Table 5).

Comparison of high- and low-fidelity NHs
Using the Composite adherence score, ten high-fidelity
NHs and eight low-fidelity NHs were identified (Table 6).
On average, high-fidelity NHs were smaller (mean 89.0
beds, SD 20.7) than the low-fidelity NHs (mean 107.4
beds, SD 28.6) and tended to have a higher percentage of
residents with moderate or severe cognitive impairment
(65.9%, SD 16.5%) than low-fidelity facilities (59.8%, SD
10.1%). The high-fidelity NHs had better quality ratings
on average (mean 3.6 Medicare star rating, SD 1.4) than
the low-fidelity NHs (mean 2.0 Medicare star rating, SD
0.5) and were more likely to have an Alzheimer’s unit
(22.2%, SD 44.1%) than the low-fidelity NHs (12.5%, SD
35.4%). Additionally, high-fidelity NHs have more anti-
psychotic use on average at baseline (20.6%, SD 10.1%)
than low-fidelity NHs (16.4%, SD 10.1%).

Discussion
Using the FIF conceptual model, we describe a replicable
and feasible approach for quantitatively describing the

structure, function, and essential dimensions of imple-
mentation fidelity for a cluster-randomized ePCT of a
complex intervention. The four FIF adherence dimen-
sion scores—Details of Content, Coverage, Frequency,
and Duration—are not highly correlated, highlighting
the importance of considering different dimensions of
overall implementation fidelity. Initial tests of face valid-
ity are promising, as the Composite adherence score is
correlated with aspects of NH quality which are likely to
affect implementation including CMS quality star rating
and presence of an Alzheimer’s specialty unit [15–18].
This study suggests that NHs may perform highly in one
adherence domain, but not others. The Composite score
successfully captures variability in overall implementa-
tion fidelity, indicating that it is feasible and useful to
develop a composite measure of implementation fidelity
to distinguish facility-level adherence to an intervention
implementation protocol. These results have implica-
tions for measurement of implementation fidelity in
cluster-randomized ePCTs, particularly in the long-term
care environment.
Given the findings of previous studies examining the

M&M program [22], METRIcAL focused on thoroughly

Table 3 Correlation coefficients (τb) and significance values between scaled Music and Memory (M&M) core component scores

I. Leadership
team

II. Assign
equipment

III. Charging
iPods

IV. Personalize
playlist

V. Scale-up
M&M

VI. Specific
care goals

I. Leadership team 1.00

II. Assign equipment −0.24 1.00

III. Charging iPods −0.25 0.29 1.00

IV. Personalize playlist 0.23 −0.21 0.11 1.00

V. Scale-up M&M 0.39* −0.24 0.05 −0.11 1.00

VI. Specific care goals −0.06 0.10 0.44* −0.11 0.21 1.00

*p-value < 0.05

Table 4 Framework for Implementation Fidelity (FIF) dimension scores, Composite adherence score, and corresponding data
elements

Adherence dimension Data element(s) Data source(s) Construction Distribution High range
NHs

1. Details of content M&M core components
data elements

Displayed Table 2 Data elements were
scaled (1–3) and
summed

Range: 7.0–14.0
Mean (SD): 9.6 (1.0)

11–14 (9 NHs)

2. Coverage Number of residents
exposed to M&M program

Initial Use Form Number of completed
Initial Use Forms

Range: 4.0–15.0
Mean (SD): 12.4 (3.5)

15 (9 NHs)

3. Frequency In the past 2 weeks, how
often have you used the
music with the resident?

NH Staff Interview % residents in NH with
nurses using music at
least once per week

Range: 0.0–1.0
Mean (SD): 0.4 (0.3)

0.67–1.0 (9 NHs)

4. Duration Song title, duration, and
total number of plays per
resident playlist

iPod Metadata Median minutes of
played music per
resident day exposed

Range: 0.0–99.0
Mean (SD): 29.8 (25.9)

30–99 (9 NHs)

Composite
adherence score

Adherence Dimensions
data elements

Adherence Dimensions
Data Sources

Details of content,
Coverage, Frequency,
and Duration data
elements scaled (1–3)
and summed

Range: 4.0–12.0
Mean (SD): 8.0 (2.1)

9–12 (10 NHs)
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training participating NH staff, specifically using the im-
plementation guide tested and revised during the pilot
phase of this trial, as well as providing additional support
via corporate leads and our research team throughout
the study duration. This study identifies six core compo-
nents essential for achieving complete fidelity, as defined
by developers, in implementing the M&M program. As
expected in an ePCT, facility-level variation in imple-
mentation fidelity was observed for each core compo-
nent, despite best efforts to standardize implementation
across participating NHs. In general, NHs did not
ubiquitously score as high fidelity across the core com-
ponents. Rather, each NH tended to have high fidelity
for some components and medium or low fidelity for
the others. These results highlight the challenges of

conducting an ePCT examining a complex intervention.
However, the quantitative evaluation of component-level
implementation fidelity was feasible because of our
rigorous, multimodal data collection approach.
There are precedents for using the FIF as a guiding

framework for measuring implementation adherence for
this trial design as well as in this care environment [34].
The Pragmatic Trial of Video Education in Nursing
Homes (PROVEN), a cluster-randomized ePCT examin-
ing the effect of advanced care planning for residents liv-
ing with ADRD, conducted mixed-methods analyses of
implementation fidelity [11]. The PROVEN study pre-
sented structured qualitative interview data analyses
within the FIF adherence dimensions to contextualize
high and low NH fidelity, as defined by a single

Table 5 Correlation coefficients (τb) and significance values between scaled FIF dimensions scores and Composite adherence scores

Details of Content Coverage Frequency Duration Composite

Details of Content 1.00

Coverage 0.10 (0.59) 1.00

Frequency 0.43 (0.01) 0.14 (0.42) 1.00

Duration −0.05 (0.78) 0.35 (0.05) 0.05 (0.81) 1.00

Composite 0.52 (0.00) 0.50 (0.00) 0.58 (0.00) 0.40 (0.02) 1.00

*p-values presented in parentheses

Table 6 Characteristics of low- and high-fidelity nursing homes, as identified by the Composite adherence score

Low-fidelity nursing
homes (n = 8)

High-fidelity nursing
homes (n = 10)

Mean (SD) Mean (SD)

Resident composition and acuitya

Female (%) 67.5 (12.6) 65.0 (8.0)

Black (%) 24.7 (27.1) 23.1 (20.0)

Moderate or severe cognitive impairment (%) 59.8 (10.1) 65.9 (16.5)

Any antipsychotic use (%) 16.4 (10.1) 20.6 (10.1)

Total ADL scoreb 16.4 (1.4) 17.1 (1.9)

Nursing home characteristics

Total beds (#) 107.4 (28.6) 89.0 (20.7)

Alzheimer’s unit (%) 12.5 (35.4) 22.2 (44.1)

CMSc 5-Star Quality Ratingd 2.0 (0.5) 3.6 (1.4)

Medicaid as primary payer (%)e 63.0 (22.2) 67.6 (15.2)

Medicare as primary payer (%) 9.6 (4.3) 13.8 (8.9)

Other/self-pay (%) 27.5 (21.6) 18.7 (13.8)

Registered nurse hours per resident day (#) 0.3 (0.2) 0.3 (0.2)

Licensed practical nurse hours per resident day (#) 0.8 (0.3) 0.9 (0.4)
aAll data represent facility-level characteristics at baseline
bDescribes ability of resident to perform activities of daily living (ADLs). Higher scores indicate more dependence on staff [32].
cCenters for Medicare & Medicaid Services
dScore ranges from 1 to 5 stars, with five stars indicating the highest quality nursing homes [31].
eIn the US, Medicare is a health insurance program for citizens aged 65 years and older. Medicare does not provide coverage for long-term care but does provide
payment for qualified short-term rehabilitation after hospitalization. Medicaid is a health program for qualified people of all ages related to disability, income, or
disease. Medicaid does provide long-term care, and the payment is generally well below that of Medicare. From the nursing home perspective, Medicare is a
payor of choice [33]
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quantitative fidelity measure (exposed versus unexposed)
[15]. Palmer et al. provided critical lessons learned
across the FIF dimensions, but with only one quantita-
tive measure, they did not produce a multi-dimensional
quantitative measure of implementation fidelity. How-
ever, PROVEN did show that understanding implemen-
tation fidelity is critical for properly interpreting the
results of pragmatic trials. In the Netherlands, a cluster-
randomized ePCT of the Geriatric Care Model, a home-
based chronic care management program, also utilized
the FIF to measure implementation adherence [35].
Specific questions addressing the four adherence
dimensions were collected mid-implementation and
after the study concluded, while two moderating fac-
tors were assessed after study completion [36]. How-
ever, this study of the Geriatric Care Model was
limited to qualitative data. Other ePCTs have used
the FIF as a guiding framework for implementation fi-
delity analyses, but none have produced a composite
measure of adherence [36–38].
The FIF has also been used as a guiding framework for

implementation analyses in RCTs studying complex care
interventions in the elderly population [39, 38]. A not-
able process evaluation conducted in Norway was the
only identified study which constructed a quantitative
composite measurement of implementation adherence
guided by the FIF [40]. This mixed-methods study
accompanied an RCT examining an intervention to
promote psychosocial well-being in stroke survivors with
and without aphasia during early rehabilitation. This
thorough study examines the separate dimensions of
implementation adherence, potential modifiers, and pre-
sents a quantitative composite measure [40]. While the
construction of the composite measure uses a similar ap-
proach as the one presented in this paper, Bragstad et al.
use theoretically significant cutoff points to define high,
medium, and low fidelity. Therefore, the composite
measure in this study is used to establish, “that four out
of five interventions were implemented with high fidel-
ity,” and not to describe variability in overall implemen-
tation fidelity [40].

Study limitations
This study is limited to program implementation in 27
US NHs. Although diverse, this sample of NHs limits
the generalizability of the presented results as well as the
statistical significance of these analyses. Trained data
collectors gathered the included implementation data
through interviews, observation, and reporting. Each of
these data collection methods present different biases
and measurement scales. For example, observer and re-
call biases may have affected the NH staff interview re-
sponses, particularly as participants and data collectors
were not blinded to the intervention. However, through

rigorous training and standardized data collection tools,
the potential for bias was minimized wherever possible
for all data sources. Furthermore, when selecting repre-
sentative data elements, we retroactively chose data ele-
ments that “best fit” the theoretically significant M&M
core components and FIF adherence dimensions. Given
the secondary use of some data elements, there may be
discrepancy between the intended variable and selected
element. Finally, potential moderators included in the
FIF conceptual framework (see Fig. 1) likely affect the
composite adherence score, but these were beyond the
scope of this paper.

Conclusions
Expanding on previous literature, our team develops and
applies an approach to quantitatively measure site-level
multi-component implementation adherence for an
ePCT using the FIF as a guiding framework. The result-
ing dimension and Composite adherence scores capture
significant variability in implementation fidelity across
participating NHs with varied characteristics. By captur-
ing variability in implementation fidelity across the core
components of the intervention, the Details of Content
dimension allows the presented approach to be adapted
for a variety of complex interventions. This approach
also allows for differentiation of implementation fidelity
across participating sites at various levels: intervention
components, dimensions of adherence, and overall fidel-
ity. As indicated by the low association of the dimension
scores, these aspects of implementation fidelity are dis-
tinct. Therefore, each quantitative sub-score provides a
separate opportunity to study the moderating effects of
implementation fidelity on primary and secondary clin-
ical outcomes. Additionally, these sub-scores may be
used to investigate which intervention components and
aspects of adherence are most significant in achieving
the desired intervention outcomes. The presented ap-
proach may be beneficial for future ePCTs to quantita-
tively examine the effect of implementation fidelity on
study outcomes. Next steps for this work include using
the generated dimension and Composite adherence
scores to examine the effect of adherence on primary
and secondary study outcomes. These analyses will also
be extended to include the effect of the FIF potential
moderators.
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