
Lin et al. 
Implementation Science Communications            (2023) 4:74  
https://doi.org/10.1186/s43058-023-00460-0

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Implementation Science
Communications

Dynamic interplay between available 
resources and implementation climate 
across phases of implementation: a qualitative 
study of a VA national population health tool
Ying‑Jen Lin1, Allison Ranusch2, F. Jacob Seagull1, Jeremy B. Sussman2,3,4 and Geoffrey D. Barnes1,3,5*   

Abstract 

Background Available resources within an organization can determine the implementation success of an interven‑
tion. However, few studies have investigated how the required resources change over the phases of implementation. 
Using stakeholder interviews, we examined the changes in and interactions between available resources and imple‑
mentation climate in the implementation and sustainment phases of a national implementation effort for a popula‑
tion health tool.

Methods We conducted a secondary analysis of the interviews with 20 anticoagulation professionals at 17 clinical 
sites in the Veterans Health Administration health system about their experiences with a population health dashboard 
for anticoagulant management. Interview transcripts were coded using constructs from the Consolidated Framework 
for Implementation Research (CFIR) and according to the phase of implementation (pre‑implementation, implemen‑
tation, and sustainment) as defined by the VA Quality Enhancement Research Initiative (QUERI) Roadmap. We ana‑
lyzed the factors that may determine successful implementation by examining the co‑occurrence patterns between 
available resources and implementation climate across different implementation phases. To illustrate the variations in 
these determinants across phases, we aggregated and scored coded statements using a previously published CFIR 
scoring system (− 2 to + 2). Key relationships between available resources and implementation climate were identified 
and summarized using thematic analysis.

Results The resources necessary to support the successful implementation of an intervention are not static; both the 
quantity and types of resources shift based on the phases of the intervention. Furthermore, increased resource avail‑
ability does not guarantee the sustainment of intervention success. Users need different types of support beyond the 
technical aspects of an intervention, and this support varies over time. Specifically, available resources in the form of 
technological support and social/emotional support help users establish trust in a new technological‑based interven‑
tion during the implementation phase. Resources that foster and maintain collaboration between users and other 
stakeholders help them stay motivated during sustainment.

Conclusions Our findings highlight the dynamic nature of available resources and their impacts on the implementa‑
tion climate across different phases of implementation. A better understanding of the dynamics of available resources 
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over time from the users’ perspectives will allow the adaptation of resources to better meet the needs of the interven‑
tion stakeholders.

Keywords Available resources, Implementation climate, Technology‑based intervention

Contributions to the literature

• The quantity and types of resources required for sup-
porting users of a technology-based intervention shift 
throughout the phases of the implementation process.

• Increased resource availability does not guarantee the 
successful sustainment of an intervention.

• In the implementation phase, users of the technology-
based intervention need resources in the form of tech-
nological support and social/emotional support that 
help them establish trust in the intervention.

• In the sustainment phase, key resources are those that 
foster and maintain collaboration between users and 
other implementation partners. These resources help 
users stay motivated to use the intervention.

Background
The availability of organizational resources, including 
funds, training, staffing, technological support, and time, 
dedicated to the implementation and ongoing operations 
of interventions has received long-standing attention 
in implementation science [1–5]. The level of available 
resources is often conceptualized as an independent 
variable that can influence the success or failure of the 
implementation outcomes (the dependent variable) in 
determinant frameworks, such as the Promoting Action 
on Research Implementation in Health Services (PAR-
IHS) [6, 7], the conceptual model [4], and the Consoli-
dated Framework for Implementation Research (CFIR) 
[8].

Available resources
While the existing literature predominantly views avail-
able resources as one factor that determines the suc-
cess or failure of an intervention, most studies focus 
on the impact of available resources on implementa-
tion as a whole or focus primarily on the early stage of 
implementation [9–12]. Research that used determinant 
frameworks may not explicitly take a process perspec-
tive of implementation and fail to recognize the chang-
ing implementation needs over time [13]. In reality, the 
amount and type of resources needed to plan and execute 
implementation strategies and adapt the intervention to 
the clinical context are all expected to change over the 
course of an intervention [14]. This is particularly true 

for technology-based interventions in healthcare settings 
due to the dramatic alterations from technical to social 
problems during technological adoption. As the imple-
mentation process unfolds over time, users of interven-
tions may encounter different kinds of implementation 
challenges that require different types of support and 
resources. These qualitative shifts within a resource type 
have not been adequately studied.

Implementation climate
Understanding the users’ perspectives is essential to 
the implementation success as the users hold first-hand 
knowledge of which available resources or facilitating 
factors they need to better integrate the intervention 
into their daily work environments [15, 16]. To assess the 
effectiveness of an intervention from the users’ perspec-
tives, researchers in implementation science have turned 
their attention to defining and measuring implementa-
tion climate [17–20]. Implementation climate refers to 
the extent to which intended users perceive the use of 
the intervention as expected, supported, and rewarded 
within their organizations [21]. Over 25  years, imple-
mentation climate has been shown to be a vital com-
ponent of implementation success [17, 22–25]. While 
there are a few studies investigating whether and how 
implementation climate changes over time, they have 
focused primarily on the effect of leadership on imple-
mentation climate [24, 25]. Just as understanding the 
dynamic changes in resource use requires more empiri-
cal data describing resource demands over time, research 
on implementation climate may benefit from more data 
regarding how the effect of different resource types on 
implementation climate changes over the course of the 
intervention.

DOAC Population Management Dashboard
This study examines the dynamic relationships between 
available resources and implementation climate using 
the DOAC Population Management Dashboard as an 
example. The dashboard is an innovative technological 
intervention that leverages clinical data from electronic 
health records (EHR) to improve the safe prescribing 
and management of direct oral anticoagulants (DOACs). 
It updates the traditional care model to a population-
based management approach, allowing oversight of all 
patients prescribed DOACs and intervening only when 
clinically necessary [26]. Studies show that it improves 
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patient safety and pharmacy efficiency, reduces adverse 
events, and increases clinic access [27, 28]. The DOAC 
Dashboard is an effective technological intervention for 
evidence-based anticoagulation medication management 
that can be implemented nationwide in various clinical 
contexts [29].

In our previous qualitative research on the implemen-
tation process of the DOAC Dashboard, we identified 
five key determinants that affect implementation success: 
(1) clinician authority and autonomy; (2) clinician self-
identity and job satisfaction; (3) documentation, commu-
nication, and administrative needs; (4) staffing and work 
schedule; and (5) integration with existing information 
systems [30]. Our previous study implicitly recognized 
the significance of available resources and implementa-
tion climate. However, we did not specifically investi-
gate how these factors may change over time, especially 
during the transition from the implementation phase to 
the sustainment phase. This knowledge gap is critical 
because the dynamics of resource availability and imple-
mentation climate can significantly impact the long-term 
success and sustainability of technological interventions 
in healthcare settings.

As the implementation of technological interventions 
in healthcare settings continues to increase, it is crucial 
to gain a deeper understanding of the interplay between 
available resources and implementation climate. The 
effective deployment of available resources requires a 
comprehensive understanding of their demand, alloca-
tion, and the specific contextual factors that influence 
their utilization. Therefore, there is a need for empirical 
insights to inform policy and practice in this domain. To 
address this need and advance our understanding of the 
role of available resources and implementation climate, as 
well as their dynamic interplay, this study utilized a sec-
ondary analysis approach. We analyzed interviews from 
our previous research and applied CFIR and a process 
perspective to a nationwide implementation effort for the 
DOAC Population Management Dashboard. Specifically, 
this study aims to answer the following questions: (a) 
How do available resources and implementation climate 
shift across different phases of implementation? (b) How 
do the changes in available resources affect implementa-
tion climate in various stages of implementation?

Methods
Research setting and participants
We used interview data derived from our previous 
research on nationwide implementation efforts of the 
DOAC Population Management Dashboard in the 
United States Veterans Health Administration (VA) 
[30]. The VA health system offers healthcare services to 
more than 9 million enrolled veterans each year [31]. The 

VA’s anticoagulation clinic services employ pharmacists 
who are supported by the DOAC Population Manage-
ment Dashboard to help identify and reduce the poten-
tially unsafe use of DOACs [29]. The DOAC Population 
Management Dashboard had been available to most VA 
pharmacists for up to 3  years at the time of the inter-
views, which were conducted between November 2019 
and November 2020. We used a comparative multiple-
case study design with the goal of analyzing the patterns 
across different VA clinical sites in order to produce 
more generalizable knowledge about whether and how 
available resources and implementation climate change 
across implementation phases specifically for technologi-
cal interventions in healthcare settings. This study was 
approved by the institutional review board of the Ann 
Arbor VA Healthcare System. Interview participants 
were identified by clinic managers and invited to par-
ticipate via e-mail communication. The semi-structured 
interview guide was created using predefined constructs 
from the Consolidated Framework for Implementation 
Research (CFIR) [8] and the Technology Acceptance 
Model (TAM) [32] (Additional file  1). The interviews 
and data analysis were conducted by the research staff 
with training in qualitative research. The average length 
of interviews was 37 min (range 25–57 min). Each tran-
script was de-identified prior to coding and analysis.

Qualitative data coding
We used the qualitative analysis software MAXQDA 
[33] to code and analyze the existing interview data. 
Data coding and analysis were guided by the VA Quality 
Enhancement Research Initiative (QUERI) Roadmap and 
the CFIR.

The interview transcripts were first coded by imple-
mentation phases adapted from the VA QUERI Roadmap, 
including the phases of pre-implementation, implemen-
tation, and sustainment [34]. We coded participants’ 
responses regarding their implementation efforts prior 
to the adoption of the DOAC Population Management 
Dashboard as the pre-implementation phase, including 
the process of identifying problems and potential solu-
tions to optimize anticoagulation management, engaging 
stakeholders, and assessing organizational capacity prior 
to implementing the dashboard. Participants’ responses 
would be coded as the implementation phase if they dis-
cussed how the dashboard was first introduced to their 
clinics and the process of learning the new tool, activating 
the implementation teams, getting technical and adaptive 
support, and cleaning the backlog of notifications in the 
early phase of using the DOAC Population Management 
Dashboard. We coded participants’ statements as the sus-
tainment phase if they were related to whether and how 
the dashboard has been embedded and become routine 
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practice in their clinical settings as well as their ongo-
ing evaluation and reflection regarding the impact of the 
dashboard on their anticoagulation practice.

When we coded interview data using the CFIR, we 
focused on two specific CFIR codes in the inner setting 
domain: available resources and implementation climate. 
In the initial stage of coding, we discovered that certain 
elements of available resources mentioned by partici-
pants were closely related to other CFIR constructs, such 
as champions and leadership engagement. Consequently, 
to capture this relationship, we expanded the definition 
of available resources to encompass the support provided 
by champions, leaders, and other stakeholders involved in 
the implementation process. When examining the CFIR 
code of implementation climate, we also included the six 
sub-constructs of implementation climate, including ten-
sion for change, compatibility, relative priority, organiza-
tional incentives and rewards, goals and feedback, and 
learning climate [8]. The expanded definition of available 
resources, along with the comprehensive exploration of 
the implementation climate and its six sub-constructs 
were applied when coding the transcripts and assigning 
ratings to the CFIR constructs (as described in the “Rat-
ing with CFIR constructs” section).

To achieve consistency during the coding process, 
three researchers (AR, FJS, and YL) independently coded 
the same transcripts and met to discuss the overlaps and 
discrepancies in coding after each transcript. After inde-
pendent coding and discussion of five transcripts, coding 
was consistent across all coders. Upon achieving con-
sensus, we divided the remaining transcripts among the 
team for individual coding. The team continued to meet 
and discuss any questions that came up during our indi-
vidual coding process and used consensus to resolve any 
statements that were perceived as ambiguous or difficult 
to code clearly.

Rating with CFIR constructs
Once coding was complete, we examined the intersection 
between the three implementation phases (pre-imple-
mentation, implementation, and sustainment) and the 
CFIR codes. Using MAXQDA, all coded segments were 
aggregated, sorted by the interviewee’s site and study ID, 
and grouped by phase. We reviewed the coded segments 
from the interview data and created a document contain-
ing all summary statements, plus supporting quotes for 
each interview.

The coded segments in the document were rated 
using the previously published CFIR rating system [11, 
35]. Three researchers (AR, FJS, and YL) first rated the 
same cases to ensure the consistency of the rating. After 
rating each case independently, we discussed the rat-
ings until a consensus was reached. After two cases, the 

ratings were consistent across raters. We then divided 
the remaining cases and rated them independently. 
During the rating process, the three researchers contin-
ued to meet to resolve any potential discrepancies.

We created a table to place two CFIR constructs 
(available resources and implementation climate) in 
the columns and three implementation phases (pre-
implementation, implementation, and sustainment) in 
the rows for each site to facilitate the rating of segments 
where implementation phases and CFIR constructs over-
lapped. In accord with the CFIR scoring system [11, 35], 
interview segments with the two CFIR codes were rated 
with a 5-point bipolar scale (− 2 to + 2) to reflect the 
valence (positive or negative) and magnitude of changes 
in available resources and implementation climate over 
the course of implementation. Interviews with the major-
ity of statements that were positive toward a construct’s 
influence on the implementation process were assigned a 
score of + 2 or + 1 (facilitator) depending on the strength 
or magnitude of the construct discussed by the inter-
viewee. Similarly, interviews with negative statements 
were assigned a score of − 2 or − 1 (barrier). An equal 
mixture of positive and negative statements received a 0 
score (neutral) for that CFIR construct.

When there were various dimensions of CFIR con-
structs, such as different types of available resources or 
sub-constructs of implementation climate, we rated each 
item individually but also took into account the relative 
importance of each item. A weighted average was gener-
ated and assigned to the two CFIR constructs to reflect 
the relative importance of some dimensions of avail-
able resources or implementation climate at each site. 
We excluded the data of CFIR constructs during the pre-
implementation phase from this analysis because too 
many participants either were not involved in the pre-
implementation phase or were not knowledgeable about 
the available resources prior to the implementation.

Thematic analysis
After the rating process was complete, we used a graph to 
visualize the way that available resources and implemen-
tation climate change from implementation to sustain-
ment phases for each site. We categorized sites based on 
the direction of change in the two CFIR constructs across 
phases. We also conducted a qualitative thematic analysis 
across three groups, as specified in the results, to iden-
tify the key resources that affected the implementation 
climate at different phases and examine how available 
resources and implementation climate interacted with 
each other during these phases.
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Results
Interviewee characteristics
In this study, we focus on anticoagulation professionals’ 
experiences of using the DOAC Population Management 
Dashboard during both the implementation phase and 
sustainment phase at the VA clinical sites across the USA. 
We analyzed transcripts of 20 semi-structured phone 
interviews conducted with anticoagulation professionals 
at 17 VA clinical sites, which had reached the sustain-
ment phase of implementation of the DOAC Population 
Management Dashboard. Interview participants included 
13 pharmacists, one pharmacy technician, and six phar-
macy clinic managers. Regarding staff involvement in 
the intervention, 18 out of 20 interviewees shared details 
about their duration of engagement with the interven-
tion. The average length of their involvement, as reported 
at the time of the interview, was 2  years. Furthermore, 
95% of the interviewees reported being the initial users of 
the DOAC Dashboard since its adoption by their clinics.

Changes in resource availability and implementation 
climate over time
In our previous research interviews [30], we explored the 
barriers encountered during the implementation of the 
DOAC Dashboard. By analyzing participants’ responses, 
we were able to gain valuable insights into the resources 
or support they used to overcome these barriers. Dur-
ing the initial analysis of the transcripts, we found that 
certain available resources mentioned by the participants 
were closely connected to other CFIR constructs, such 

as champions and leadership engagement. For example, 
several participants mentioned that champions played 
an important role in offering training and other needed 
resources; time and staffing dedicated to the interven-
tion were closely linked to formal leadership support. We 
therefore expanded our definition of available resources 
to incorporate the support from stakeholders, such as 
champions, leaders, and other implementation partners 
to fit the context of DOAC Dashboard implementation.

To understand how available resources and implemen-
tation climate vary over time and across clinical sites, 
we graphed each site’s scores on these two parameters 
from implementation to sustainment phases (Fig. 1). This 
allows us to compare the “direction of movements” of the 
relative positions of the two CFIR constructs among vari-
ous sites.

In the early phase of implementation, the sites in the 
study had a wide variety of available resources and imple-
mentation climate with scores ranging from − 2 to + 2 
for both measures. Among the 17 sites, nine sites (green 
arrows and dots) had a more positive implementation 
climate in the sustainment phase. These sites generally 
had an increase in resource availability or maintained the 
same level of high resource availability (+ 2) over the tra-
jectory of the implementation process. Four sites (black 
arrows and dots) had no change in implementation cli-
mate while their resource availability increased or main-
tained the same moderate levels (− 1 to 0). The sites with 
increased resources but no improvement in implementa-
tion climate (black arrows) are further examined in the 

Fig. 1 Changes in implementation climate and available resources from the implementation phase to the sustainment phase
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following section (group 2). Four sites out of 17 had a 
decreased level of implementation climate (or remained 
the lowest (− 2)) on this dimension, and these sites all had 
the lowest level of resource availability in the sustainment 
phase.

The interplay between available resources 
and implementation climate
Based on the groupings in Fig.  1, we conducted a the-
matic analysis to examine what types of available 
resources influenced the implementation climate in the 
implementation phase and the sustainment phase.

Group 1: Sites with positive changes in both available 
resources and implementation climate
We first focused on the sites with positive changes in 
both resource availability and implementation climate 
across phases (Table  1). Champions, time, staffing, and 
leadership support during the implementation phase 
were identified as key resources that facilitate the adop-
tion of the intervention at the clinical sites of those 
interviewed.

Champions Several participants from these sites men-
tioned that certain champions, such as intervention 
developers or experienced users, played an important 
role in providing support to help them trust and use the 
DOAC Population Management Dashboard. The partici-
pants stated that despite initial concerns about the reli-
ability of the intervention, the support provided by cham-
pions during the implementation phase helped them 
develop trust and acceptance of this new tool. Notably, 
the champions’ support, according to the participants, 
not only included help resolving technical problems but 
also an in-depth explanation of the logic behind various 
actions on the dashboard; moreover, the participants 
found it valuable that the champions empathized with 
them and understood their pain points. Meanwhile, par-
ticipants reported that no formal training was provided 
when they first started to use the dashboard at their VA 
clinical sites. As a result, some of the participants learned 
and navigated the intervention by themselves during the 
implementation phase. They then helped create training 
materials or step-by-step guidelines for other colleagues 
who implemented the intervention.

Time, staffing, and leadership Whether there were 
sufficient time and staff for implementing the DOAC 
Population Management Dashboard greatly influenced 
the implementation climate during the implementation 
phase. At some sites, for example, the pharmacists con-
tinued using their previous system while implementing 
the new tool to verify that the new tool was providing 

accurate alerts and catching all potential errors for their 
patients. In such cases in which participants and their 
colleagues were able to experiment with the new tool, the 
resistance to the intervention tended to diminish over 
time as the users could verify the accuracy of the dash-
board. Participants also highlighted the need for time and 
staff when faced with the challenge of processing an ini-
tial backlog of patient alerts in order to establish the ideal 
practice setting in which the alerts could be reviewed and 
managed daily by anticoagulation professionals. Accord-
ing to some participants, it took a significant amount of 
time or recruitment of extra help to review and process 
the initial backlog of alerts. They reported that to accom-
plish that, their leaders at the clinical sites often played an 
essential role in the deployment of necessary resources.

In the sustainment phase, time and staff remained 
key resources that affected the implementation climate. 
While some clinical sites were able to quickly activate 
existing staff or recruit extra help to learn and imple-
ment the intervention, many sites found it challenging to 
integrate the dashboard into their workflow during the 
implementation phase. According to the participants, as 
they already worked on various medication management 
tasks and patient care services, such as walk-in patient 
consultations, the dashboard often took a lower priority 
at their clinical sites. The lack of dedicated staff and time 
gradually surfaced as a major barrier to the sustainment 
of intervention over time. To overcome this barrier, these 
clinical sites ended up hiring staff that had dedicated time 
for dashboard management in the sustainment phase.

Support from partners The support from implementa-
tion partners was also a critical factor that influenced the 
implementation climate during the sustainment phase. 
Since the DOAC Population Management Dashboard 
is designed for the use of anticoagulation professionals 
(pharmacists or nurses) to monitor safe outpatient anti-
coagulant prescribing by physicians and other clinicians, 
prescribers’ attitudes toward the recommendations made 
by the anticoagulation professionals greatly affected the 
implementation climate at the clinical site. According to 
one interviewee, despite feeling supported by the clinical 
site most of the time, the physicians’ preference for indi-
vidual clinical judgment over the guidelines on the man-
agement of DOACs still caused frustration.

Group 2: Sites with increased resources but no improvement 
in implementation climate
We identified instances where available resources 
increased as the intervention moved from the 
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implementation phase to the sustainment phase; how-
ever, the implementation climate did not improve 
(Table 2).

In the early implementation phase, one interviewee, 
who was a program manager, was aware of the need for 
more staff to keep up with the DOAC Dashboard due to 
a significant increase in the number of patients switch-
ing from warfarin to DOACs. Over time, the participant’s 
clinical site had increased the number of pharmacists 
working on the intervention as a result of the VA’s policy 
change (the Diffusion of Excellence Initiative). Despite 
the increase in human resources in the sustainment 
phase, the interviewee and colleagues still had difficul-
ties integrating the DOAC Dashboard into their existing 
workflow due to the lack of a dedicated team and time.

One interviewee from another site also discussed the 
issue of the lack of dedicated time. The staff needed to 

use their downtime at another clinic to manage the dash-
board. Although the staff was still able to maintain the 
dashboard regularly, the use of the staff’s downtime did 
not significantly influence the implementation climate in 
this case.

Group 3: Sites with negative changes in both resources 
and implementation climate
Lastly, we examined the clinical sites where avail-
able resources and implementation climate changed 
in a negative way over time (Table 3). One interviewee 
wished there was technological support to stream-
line the dashboard and other tools into one system to 
make the tool more implementable. Although the inter-
viewee was aware of the potential benefits of using the 
intervention, time constraints throughout the imple-
mentation process appeared to be a major barrier to 

Table 2 Examples of resource‑climate interactions at group 2 clinical sites

Available resources Implementation climate Interplay Phase Illustrative quote

Staffing (more staff were 
involved, but no dedicated 
staff/time)

Compatibility and relative 
priority (integration of the 
dashboard into existing 
workflows)

Staffing (↑) → climate (≈)
More staff were involved in the 
intervention from implementa‑
tion to sustainment phases due 
to their facility policy; however, 
the staff could not always get to 
the intervention because they 
had to juggle too many other 
dashboards. The interviewee sug‑
gested that having a dedicated 
group and dedicated time for 
intervention might help resolve 
the problem

Sustainment “it was in the fall of 2016 when we 
started to use it and it was really 
just me using it as the anticoagula‑
tion program manager… as we 
have more and more patients 
switched to a DOAC, it needs to 
be a multiple person you know 
job, not just me because I wasn’t 
keeping up with it as I should 
have and since 2016, there’s been 
several more columns and types 
of flags added too, which is helpful 
in identifying those patients that 
may require a re‑evaluation of dose 
or the critical drug interaction… 
something like that.”
“… we may not always get to 
the DOAC dashboard every 
week because we have so many 
other dashboards to be using 
and addressing for population 
management. So, I think myself 
in our group, we would prefer to 
have a separate anticoagulation 
pharmacist group and a separate 
PACT pharmacist group so that we 
could manage these dashboards a 
little bit better and more effectively 
and efficiently.”
Site 28, Study ID 118

Time (staff’s downtime) Compatibility and relative 
priority (integration of the 
dashboard into existing 
workflows)

Time (≈) → climate (≈)
The dashboard was seen as a 
priority; however, the staff did not 
have sufficient time to manage 
it on the same clinic day. The 
interviewee used downtime time 
from other clinic days to manage 
the intervention—relying on 
downtime (slack resources) did 
not have a significant influence 
on the implementation climate

Sustainment “If VA’s prescribing it, we have to 
be responsible and do it the right 
way… because it’s part of our 
patient care, it’s supposed to be 
part of our clinic day, but again it’s 
not always feasible. So, I use the 
downtime that I have in my other 
clinic so I can go in and manage it”
Site 38, Study ID 156
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integrating the tool into workflows and caused the staff 
to experience guilt and burnout at work.

Another critical aspect of the interaction between 
available resources and implementation climate was 
the relationship between the support from implemen-
tation partners (physicians) and the intervention users’ 
motivation, which was also a theme that emerged from 
the interview data of group 1. One interviewee felt that 
the time they spent on the intervention was not valued 
as the physicians did not often sign their notes about 
medication renewals or changes. Even though the phar-
macists identified potential medication errors from the 
dashboard, they still needed collaboration and support 
from physicians to make changes in patients’ medica-
tions. When the physicians chose to ignore the notes, 
the pharmacists and nurses could not see any difference 
they made to patient outcomes through the interven-
tion use and would not feel motivated in the process.

Summary: the dynamics of available resources 
across phases
Our findings of the dynamics of key resources across 
implementation phases are summarized in Table  4. 
Technological resources and champions played critical 
roles in facilitating users’ adoption of the technology-
based intervention. Sufficient time and staffing were 
key resources throughout the implementation process. 
Having time to experiment with the new tool and to 
establish the ideal practice setting laid a solid foun-
dation for the sustainment of the intervention. Our 
interview data showed that having more staff and time 
was not necessarily sufficient to guarantee success; the 
organizations needed time and staff specifically dedi-
cated to intervention use in the sustainment phase. 
The deployment of time and staff often required sup-
port from leadership at the organizations. Consistent 
support and cooperation provided by implementation 
partners were essential to maintain users’ motivation 
over time.

Discussion
To our knowledge, this is the first empirical study which 
(1) examines the dynamics of available resources and 
their influence on the implementation climate of an 
intervention across the implementation and sustainment 
phases and (2) contributes to a better understanding of 
the changing needs for resources and support over the 
course of implementing technology-based interventions 
in healthcare settings.

The dynamic nature of available resources
Using the CFIR rating system, we assessed the levels of 
resource availability and the implementation climate 
across phases of the implementation program. We found 
that users’ resource needs were not static; instead, both 
the quantity and types of resources required for support-
ing the users of the intervention shifted throughout the 
phases of the implementation process. In the implemen-
tation phase, users required technological resources that 
streamlined the integration of the tool into their existing 
systems; in addition, they needed the support of cham-
pions to help them overcome apprehension and build 
trust in the new technological tool. In the sustainment 
phase, participants expressed the need for collaborative 
relationships and support from implementation partners 
(physicians) to implement the medication appropriate-
ness recommendations. In some cases, the lack of sup-
port from the physicians diminished users’ motivation 
over time.

Most cases in this comparative study were in line with 
previous research that demonstrated a positive asso-
ciation between resource availability and implementa-
tion climate [36–38]. Nevertheless, we also identified 
instances where increased resources did not guaran-
tee a more positive implementation climate over time. 
For example, one site with increased human resources 
involved in the intervention use did not result in a more 
positive implementation climate in the sustainment 
phase because the staff and time were diverted to com-
peting priorities. Our findings echo those of previous 

Table 4 The dynamics of available resources across phases

Phase Available resources

Technology Time Staff The support of stakeholders

Leaders Champions Implementation 
partners (e.g., 
physicians)

Implementation  +  +  +  +  +  +  +  +  +  +  +  + 

Sustainment  +  +  + (dedicated 
time)

 +  + (dedicated 
staff )

 +  +  +  +  +  + 
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studies that have shown the importance of dedicated 
resources in the sustainment of interventions [39, 40].

Support beyond the technology
To implement the technology-based intervention, the 
intervention users needed different types of support that 
went beyond the technical aspects of an intervention 
and varied over time. Specifically, interview participants 
pointed out that social and emotional support provided 
by the champions was critical during the adoption and 
implementation of the new technological intervention. 
This finding strongly resonates with recent research 
that highlights the anxiety and burnout experienced by 
healthcare professionals during the adoption and utili-
zation of EHRs and health information technology and 
underscores the importance of providing appropriate 
support to address these challenges [41, 42].

For many of the pharmacists who first adopted the 
DOAC Dashboard, it was a huge transition from moni-
toring individual patients to using a technology-based 
population health management approach that relies 
on data analytics to identify patients prescribed DOAC 
medications and to screen for any potential prescrip-
tion red flags (e.g., inappropriate dosing for a given renal 
function). Since the intervention entailed a very different 
mechanism to identify and manage potential medication 
errors, pharmacists needed an in-depth understanding of 
the logic of the dashboard, and it took time for the phar-
macists to verify the accuracy and ensure the interven-
tion provided patients with safe and effective medication 
use, which is the core of their professional identity [43]. 
The support from champions included helping users 
understand the rationale behind the dashboard codes, 
sharing successful experiences and benefits associated 
with using the intervention, empathizing with users, and 
relating to their frustrations during the initial implemen-
tation phase.

The collaboration between the intervention users and 
other implementation partners was an important theme 
in our interview data. The implementation partners 
(the primary care physicians) have played a critical role 
in making the changes recommended by the anticoagu-
lation professionals. As one interviewee pointed out, 
increasing resources, such as enhancing provider edu-
cation in these clinical sites, may encourage prescribers 
to adopt recommendations for safer DOAC monitoring. 
Additionally, establishing proactive measures to promote 
mutual respect and organizational norms for effective 
communication and collaboration between pharmacists/
nurses and prescribers during the medication review 
process may further encourage prescribers to embrace 
safer DOAC prescribing recommendations. By fostering 
and maintaining collaboration among stakeholders, the 

pharmacists would feel more motivated to use and sus-
tain the intervention, ultimately driving positive changes 
in patient care.

Study limitations
This study has important limitations that must be con-
sidered when interpreting the results. First, it relied on 
self-reported information about the implementation 
process and without on-site observations, which would 
have been impractical. We also acknowledge the unavail-
ability of policy/practice documentation or other types of 
data for the purpose of triangulation. Second, applying 
the CFIR scoring approach to qualitative interviews may 
unavoidably result in the omission of certain nuanced 
aspects of the qualitative data. Third, we focused mainly 
on the implementation and sustainment phases, and 
especially on the front-line health professionals’ experi-
ences with the intervention. We did not examine how 
available resources were planned and allocated during 
the pre-implementation phase, which often occurred at 
the higher level of the organization. Fourth, we discussed 
the role of leadership in the implementation from the 
perspectives of the participants. Additionally, the views 
of the intervention from patients were also beyond the 
scope of this study. Fifth, the findings of this study were 
drawn from a technology-based intervention and their 
applicability to a non-technology implementation inter-
vention remains to be studied. Finally, this study was con-
ducted in the United States VA health system, and results 
may not be generalizable to the settings outside of the VA 
or the USA.

Despite the limitations, this study highlights the 
dynamic nature of available resources and their impacts 
on the implementation climate across different phases 
of implementation. A more nuanced understanding of 
the dynamics of available resources over time from the 
users’ perspectives will allow adaptation to the resources 
to better meet the needs of the intervention stakehold-
ers. Future studies can further explore the factors that 
affect physicians’ implementation of pharmacists’ recom-
mendations and the strategies to facilitate collaboration 
between physicians and pharmacists.

Conclusions
This study demonstrates the dynamic interactions 
between available resources and implementation cli-
mate across implementation phases. Combining the 
determinant and process approaches, we examined the 
changes in and interactions between available resources 
and implementation using stakeholder interviews. Our 
findings showed that the resources necessary to sup-
port the successful implementation of an intervention 
are not static; instead, both the quantity and types of 
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resources shift based on the phases of the intervention. 
This study highlights the importance of different types 
of support for intervention users from the implemen-
tation phase to the sustainment phase. In the imple-
mentation phase, users needed technological support 
that facilitates the integration of the intervention into 
users’ existing system and social/emotional support to 
help them overcome apprehension and develop trust 
in adopting the new technological intervention. In 
the sustainment phase, the support from other imple-
mentation partners, especially the physicians, greatly 
affected whether the intervention could produce a posi-
tive outcome in patient care. Fostering and maintaining 
the collaboration between users and other implementa-
tion partners could help the users stay motivated dur-
ing the sustainment phase.
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