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Abstract

Background: Telemedicine technology can improve care to patients in rural and medically underserved
communities yet adoption has been slow. The objective of this study was to study organizational readiness to
participate in an academic-community hospital partnership including clinician education and telemedicine outreach
focused on sepsis and trauma care in underserved, rural hospitals.

Methods: This is a multi-method, observational case study. Participants included staff from 4 participating rural
South Carolina hospitals. Using a readiness-for-change model, we evaluated 5 general domains and the related
factors or topics of organizational context via key informant interviews (n=23) with hospital leadership and staff,
compared these to data from hospital staff surveys (n=86) and triangulated data with investigators’ observational
reports. Survey items were grouped into 4 categories (based on content and fit with conceptual model) and
scored, allowing regression analyses for inferential comparisons to assess factors related to receptivity toward the
telemedicine innovation.

Results: General agreement existed on the need for the intervention and feasibility of implementation. Previous
experience with a telemedicine program appeared pivotal to enthusiasm. Perception of need, task demands and
resource need explained nearly 50% of variation in receptivity. Little correlation emerged with hospital or ED
leadership culture and support. However qualitative data and investigator observations about communication and
differing support among disciplines and between staff and leadership could be important to actual
implementation.

Conclusions: A mixed methods approach proved useful in assessing organizational readiness for change in small
organizations. Further research on variable operational definitions, potential influential factors, appropriate and
feasible methods and valid instruments for such research are needed.
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Background
Broadly considered, telemedicine is a tool linking clini-
cians and patients otherwise separated by distance. It
has intuitive appeal in settings where a clinical need
cannot be optimally met by local clinicians and could
theoretically lessen health care disparities experienced
in rural communities. Through the use of telemedi-
cine, physicians in multiple specialties have been able
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reproduction in any medium, provided the or
to provide cost effective care to rural and underserved
patients [1-4]. Telemedicine alleviates some of the
issues rural physicians experience, including lack of
onsite specialists, isolation, poor communication, and
lack of access to current medical information and con-
tinuing medical education [2]. Patients’ perception of
the quality of care may be improved via telemedicine
[5] and financial impact of transfer avoidance may be
reduced [6]. Despite these demonstrated and potential
benefits, the literature reveals that hospitals and rural
physicians have been slow to adopt telemedicine initia-
tives [7-9].
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Dissemination and diffusion efforts have been increas-
ingly highlighted as a priority to improving population
health and reducing disparities [10-13]. Yet numerous chal-
lenges for adoption and implementation at the provider
and organizational levels exist and many are poorly under-
stood. Thus, a better understanding of the factors in the
contextual domains which impact decisions to adopt
new interventions is needed [10,14,15]. Related to this
concern are theories of readiness to change and imple-
mentation [9,10,16,17] and a need for rigorous assess-
ment tools [18-20].
Given these priorities, this paper profiles the contextual

factors associated with readiness to participate in an in-
novative telemedicine project designed to improve care for
patients presenting at rural hospitals with high acuity con-
ditions – sepsis and trauma. We investigated key elements
of the provider and organizational context as reported by
hospital leadership, explored relationships of these data
with hospital staff survey ratings and triangulated these data
with the observational reports of investigators.

Methods
Setting and intervention
South Carolina (SC) is a state in which rural commu-
nities disproportionately experience health care dis-
parities [21]. Given severe resource limitations and a
national shortage of critical care clinicians [22,23],
rural SC communities are unlikely to obtain critical
care experts on site who can optimally manage severe
sepsis and trauma. Thus, with external funding (NIH/
NIMHD, RC1MD004405-01) the Critical Care Excel-
lence in Sepsis and Trauma program (CREST) was
established at the Medical University of South Caro-
lina (MUSC). The overall objective of CREST is to
improve the timeliness and quality of key treatment
decisions in sepsis and trauma. To accomplish this,
CREST partnered with four rural SC hospitals’ Emer-
gency Departments to disseminate clinician education
and telemedicine consultation services and strategies.
CREST hospitals were chosen from a geographic re-
gion of SC along the Interstate-95 corridor which
transects the state. This region of SC has marked
health disparities including increased mortality from
sepsis and trauma and a high proportion of minorities
and citizens living below the federal poverty level.
Hospitals were then selected for participation based
on two criteria: designated as rural by the US Depart-
ment of Agriculture and designated as fully medically
underserved [21]. The sites have no formal affiliation
agreement with MUSC. Together the 4 hospitals serve
165,500 citizens with 27% of the population living
below the federal poverty level [24].
CREST was implemented in a stepwise fashion at part-

ner hospitals in the following manner. First, administrative
and regulatory issues were considered. This included
memoranda of agreement (MOA), human subjects desig-
nation and IRB process, physician credentialing and privil-
eging and explication of current and future financial
obligations. Next an onsite clinical educational program in
sepsis and trauma was conducted. The education included
training in the use of the web-based telemedicine equip-
ment. The final phase was activation and utilization of the
telemedicine consultation service which was embedded
into existing MUSC clinician on-call systems. During the
grant period no reimbursement to the lead organization
was required as it was covered by grant funds. CREST
remains ongoing.

Design
This is a multi-method, observational case study. There
has been increasing research interest in mixed methods
research as it provides a more comprehensive picture of
health services than individual methods alone [25,26].
We employed a core qualitative component as well as a
supplementary quantitative component [27]. Data were
collected during the implementation and medical educa-
tion phases of the CREST intervention in 2010–2011.
This study was approved by our Institutional Review
Board which is responsible for overseeing the ethical
conduct of human subjects research. Key informants
gave signed informed consent prior to participation and
a waiver of signed consent was granted for survey
respondents.

Guiding framework
Conceptual frameworks which integrate the theoretical
domains of multiple disciplines are receiving increasing
attention given convincing evidence of the need to
understand the context in which change and adoption
take place [14,20,28,29]. In this study we adapted ele-
ments of an organizational readiness for change model
proposed by Weiner [28]. We incorporated factors and
items suggested by Stetler [29] and Helfrich and collea-
gues [18]. These included such factors as clinician per-
ceptions about the evidence related to efficacy of
telemedicine, and factors related to facilitation of adop-
tion such as local champions and available resources.
Other investigators have discussed related factors con-
sonant with a broad readiness model [20]. For example,
the Content, Context and Process Model of the strategic
management of change [30] urges differentiation be-
tween non-receptive and receptive features of the
organizational context. Hu and colleagues [9] purport
that behavior potential is predicted by attitudes, per-
ceived usefulness and perceived ease of use. In our
observations and inquiries, we were also guided by the
classic domains which affect quality of care, factors
related to structure, process and outcome [31].
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Alexander and Hearld [32] emphasize the need to study
multiple perspectives on delivery system design and
Weiner [28] urges that readiness items should focus on
the specific impending change which we did in our data
collection queries (i.e., reference to CREST). Broadly,
our model included readiness for CREST, the dependent
measure in this paper; and four potential mediating
domains; historical contextual factors such as experience
with host institution and other telemedicine projects; en-
abling generic contextual factors of the organization such
as leadership, staff structure; and two CREST specific
domains, “change valance” factors which could nega-
tively or positively impact decisions to participate, such
as perception of need, and awareness of scientific evi-
dence and assessment of CREST characteristics, such as
task demands and resources needed see Figure 1.

Data sources and collection
Three data sources were used: systematic project field
notes, key informant interviews with CREST hospital
leaders and selected staff, and a self-administered survey
of clinicians at the four participating hospitals.
As CREST planning and training proceeded, systematic

field notes were kept by investigators. During contacts via
telephone, email, and in-person meetings, we noted obser-
vations about dynamics. Investigators’ observations were
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ences and ratings, with a 6 response category choices ran-
ging from 1–6 from “strongly agree” to “strongly disagree”.
A choice of “don’t know/not applicable” was provided.
Within the Hospital Context domain, three factors were
queried: leadership and quality improvement (5 items), ED
culture (5 items) and strategic concerns such as hospital
 VALENCE

mong staff
rialism)
s. trauma

t

tability

RS-ENABLING
tics
ilability

f

es
I Culture

nsfer skimming

T
SSESSMENT

s
ent
nt,

ing

 Attendings,

lity

READINESS FOR CREST
Change Receptivity

dapt CREST. Adapted from Weiner [28], Helfrich [18], Hu [9], Stetler [29].



Zapka et al. BMC Health Services Research 2013, 13:33 Page 4 of 11
http://www.biomedcentral.com/1472-6963/13/33
transfers (2 items). Within the CREST Change Valance do-
main, defined as how staff value a specific impending
change [28], three factors were investigated: evidence as-
sessment (1 item), need (3 items), and usefulness (3 items).
Within the CREST Information Assessment domain, 4 fac-
tors were queried: task demands (5 items), resource avail-
ability (3 items), involvement/communication (3 items),
and evaluation needs (4 items). Change readiness was mea-
sured by one item “ED staff is receptive to CREST”. The
CREST survey was self-administered anonymously at the
start of the CREST educational session at each hospital.

Analytic approach
Data from each source were first summarized for each
hospital site; then responses were compared across sites.
Qualitative data from the managerial reports and KIIs
were sorted for themes related to the core domains and
factors by two investigators (LH, JZ) and then reviewed by
another investigator (DF) until consensus was achieved.
Given the small number of respondents, survey data

were pooled across the hospitals. We reviewed the fre-
quencies of responses to the individual items as we
reviewed comments from the other two data sources
[26]. Additionally, the 34 survey items were combined
based on the content face validity and where they fit into
the conceptual model domains. See Table 1 for the
domains, factors and related items. This resulted in three
summary scores where low scores indicated general
agreement and high scores expressed disagreement. This
was a crude method for exploring the extent to which
survey responses agree with the hypothesized relation-
ships posed by the innovation model. We used simple
summation across responses and assigned a zero value
to missing and not applicable responses. Thus, all factors
had a possible low value of 0, but the high values varied.
For example, a factor with three relevant items will have
a maximum score of 18, while a factor with five items
will have a possible score of 30. This process allowed the
use of regression analyses to examine correlations be-
tween each factor and our proxy measure for commit-
ment to CREST (ED staff are receptive to CREST). In
the regression modeling, the Likert scale response to the
dependent measure was used as a continuous variable.
SAS 9.2 was used for survey data analyses [34].
Findings from all data sources were then triangulated

or integrated [35]. While there are several operational
definitions of triangulation [27], we use it here to pro-
vide rich data on potential content validity—that is
reports of factors related to adoption. Additionally, we
compare data from more than one source to confirm if
an observation from one data source is evident in an-
other data source [27]. In this exploratory research, we
do not view any of the data sources as the “gold stand-
ard”, that is, we are not assessing criterion validity.
Results
Selected organizational characteristics of the participat-
ing hospitals are reported in Table 2. Significant propor-
tions of the hospital service area population were below
the federal poverty level and are minorities; only one
hospital had trauma level status.
A total of 23 KIIs were conducted with 6, 5, 4, and 8

interviewees respectively at hospitals A-D. Interviewees
included Emergency Department Medical and Nursing
Directors, physicians (e.g. ED, hospitalists), Quality Im-
provement Managers/leaders, Chiefs of Staff and Nurs-
ing, and Chief Administrators.
There were 86 completed staff surveys from the 4 hos-

pitals with 13, 15, 2 and 56 surveys respectively at hospi-
tals A-D. It is difficult to provide an accurate response
rate of eligible participants, given the variable and fre-
quently changing number of part-time and rotating staff
on shifts in very small resource poor hospitals. Respon-
dents included physicians, nurses, EMS personnel, and a
sampling of other disciplines. Findings are reported by
domain and factor (Figure 1) and by data source.

Historical contextual factors
KIIs from two hospitals reported experience with telemedi-
cine programs, notably an MUSC tele-stroke program
(REACH) [36] and a SC Department of Mental Health (SC
DMH) tele-psychiatry program [37]. It was evident that
this experience enabled support for CREST. One KII com-
mented that “REACH is the word. Everyone wants CREST
because of the success of REACH”. Another noted that the
quality of patient care had increased – length of stay,
choice of medications, communication between ED physi-
cians and psychiatrist, patient satisfaction—because of SC
DMH Tele-psychiatry.
With respect to previous interaction with MUSC, some

concern was expressed by interviewees from 3 hospitals
about the importance of getting feedback communication
on the patients transferred to MUSC. Two hospitals
stressed the need to communicate processes of care with
local primary care physicians. Distance to MUSC was men-
tioned several times. One asked if MUSC would resist
accepting transfers of indigent patients.

CREST Change valance
KII and staff survey data both reflected important posi-
tive and negative factors which could affect readiness to
be involved with CREST.
There was general agreement among KIIs at all hospi-

tals on the need for CREST. Responses highlighted need
because of lack of specialty staff and resources. Between
hospitals however, there were differences of opinion on
the consultation need for sepsis as compared with
trauma. For example, KIIs from one hospital with a very
large geriatric population emphasized their need for help



Table 1 Survey domains, factors, and items

CREST CHANGE VALANCE

Need

The need for CREST is supported by your clinical experience here at your hospital

The need for CREST-Sepsis is supported by your clinical experience at your hospital

The need for CREST-Trauma is supported by your clinical experience at your hospital

Effectiveness/ usefulness

Using CREST will enable me to complete patient care more quickly

Using CREST will improve my productivity in patient care

Using CREST will enable me to provide better quality care

Evidence Assessment

The CREST program strategy is strongly supported by key evidence in the clinical literature

CONTEXTUAL FACTORS -
ENABLING

Hospital leadership/ QI culture

Senior leadership/clinical management in your organization promote team building to solve clinical care
problems at your hospital

This hospital is formal and structured place. Bureaucratic procedures govern what people do

Managers in this hospital are risk-takers. They encourage employees to take risks and be innovative

Managers in this hospital are coordinators and coaches. They help employees meet the hospital’s goals

Administration, staff, and physicians work together to improve patient care

ED culture

ED staff have a sense of personal responsibility for improving patients and outcomes

ED staff (MDs, RNs and others) cooperate and improve effectiveness of patient care

ED staff are willing to try new approaches to improve clinical procedures

ED leaders work cooperatively with hospital leadership to make needed and appropriate changes

ED leadership provides effective management for continuous improvement of patient care

Strategic concerns-transfer,
skimming

There is a disagreement between different hospital groups on the desirability of keeping a patient versus
transferring the patient

How often is there disagreement between different hospital groups on the desirability of keeping a patient
versus transferring the patient

CREST INFORMATION
ASSESSMENT

Tasks demands

Implementation of CREST is feasible at our hospital

I am clear about my roles and responsibilities in CREST

Learning to operate CREST technology will be easy for me

Learning to operate CREST technology will NOT be easy for me

The CREST project will require team work among all ED staff

Resource perceptions

There are enough MDs in the ED to implement CREST

There are enough RNs in the ED to implement CREST

We have the resources to implement CREST effectively

Facilitation (involvement,
communication)

There is a clear leader or champion for CREST at our hospital

Communication with staff about CREST planning has been excellent

I was appropriately involved in the planning for CREST
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Table 1 Survey domains, factors, and items (Continued)

Evaluation

It is important to collect feedback from patients regarding CREST

Collecting feedback from staff regarding implementation of CREST will be important

Developing and distributing regular CREST-related performance measures to clinical staff will be important

It will be important to provide a forum for presentation/discussion of CREST’s progress and implications for
continued improvement
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with sepsis cases. Another felt great need for assistance
with trauma cases as neurosurgical and orthopedic
specialists were not available. In three hospitals, there
was difference in KII rating of need by discipline—since
ED physician staff was contracted and often changing,
the nursing staff emphasized the need for CREST more
so then did the physicians. The perceived need was
corroborated by the survey item “the need for CREST is
supported by your clinical experience here at your
hospital” to which 78% responded they strongly agreed
and another 13% moderately agreed (mean=1.36).
In the KIIs, there was next to no familiarity with or men-

tion of the scientific evidence related to telemedicine effi-
cacy. However 65% (mean=1.56) of survey respondents
reported they strongly agreed that “the CREST program
strategy is strongly supported by key evidence in the
clinical literature”. KII comments indicated a disposition
toward “common sense” observation that a resource for
expertise was necessary and would be effective. With
respect to “evidence”, interviewees at two hospitals again
emphasized their experience with the REACH and SC
DMH Tele-psychiatry programs.
When reflecting on potential usefulness of CREST, inter-

viewees from all hospitals commented on the potential
usefulness of CREST to improve the quality of care for
patients, “quicker” consults and better outcomes. When
queried about patient/family acceptance, all KIIs felt that
the response would be very favorable: “patients will be
amazed”; “it will be seen as a blessing.” Survey respondents
reported that CREST would enable them to complete
patient care more quickly, would improve productivity and
enable them to improve quality care 42% (mean=2.05),
45% (mean = 1.68), and 52% (mean=1.99), respectively,
strongly agreed.
Table 2 Participating hospital characteristics

Critical access
hospital

% County population that is
minority (range)

% C
po

HOSPITAL A No 40-49

HOSPITAL B Yes 60-69

HOSPITAL C No 60-69

HOSPITAL D No 60-69

*All sites are Rural County, Federal #4, in medically underserved areas and are Med
Enabling contextual factors
The structural features of the hospital’s organization
were highlighted by KIIs as well as by CREST investiga-
tors’ notes. Most frequent were comments on availability
of specialist staff. In one hospital, administrative issues
were difficult with leadership changing three times
among contracted management firms and because of
poor physical plant for administration and the ED itself.
Interviewees at several hospitals pointed out that the ED
physicians, including the Medical Director were not hos-
pital employees, but rather contracted physicians and
frequently were hard to reach and/or had limited hours.
With respect to leadership and the structure and pro-

cesses of their quality improvement activities, different fea-
tures were highlighted. High-level leadership was at least
nominally supportive, and was highly present in two of the
hospitals according to both KIIs and project management
notes. The QI presence was quite variable. At only one
hospital was a structured QI unit championing CREST and
coordinating the planning and implementation process.
The responses to survey items related to hospital leader-
ship culture (not necessarily focused on CREST) demon-
strated less agreement that “hospital leadership encouraged
employees to take risks and be innovative” (9% strongly
agreed) or promoted team building to solve clinical care
problems at the hospital (23% strongly agreed). In fact the
survey items about hospital leadership quality had higher
means, i.e. stronger disagreement, than all the other groups
of items.
The observations in the staff field notes about communi-

cation processes were noticeably different among the hos-
pitals. For example at one hospital, the medical staff and
the ED staff appeared in regular communication, not so at
other hospitals. The ED culture at two hospitals appeared
ounty below federal
verty level (range)

Joint commission
accredited

# of Beds
(range)

Trauma
level

20-29 Yes 50-99 N/A

30-39 Yes < 50 N/A

30-39 No 50-99 N/A

20-29 Yes 200-350 Level 3

ical Facility Status Level 3.
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as functional and organized—as illustrated by survey com-
ments about nurse-physician collaboration – the nursing
staff as “willing to learn” and all clinicians as “responsive to
change”. Championship by ED directors varied from “being
distant” to being committed to communication and sha-
ring. Two camps were evident in KII statements at one site,
“enthusiastic young Turks and the old guard”. Survey items
referring to the ED culture were rated generally in agree-
ment but not strong agreement. For example, approxi-
mately 25% of respondents strongly agreed that “ED staff
(MDs, RNs and other) cooperate and improve effectiveness
of patient care”, and “ED staff have a sense of personal
responsibility for improving patients care and outcomes”.
The KIIs and investigator observations however frequently
highlighted the importance of nursing staff leadership in
day to day functioning.
Several strategic concerns were evidenced in the KII

reports and also in the interactions with CREST investi-
gators. Concern about “patient stealing” was heard from
only one hospital. More common were the remarks
about CREST helping with hospital survival (two
hospitals), improving public confidence and trust and
improving statistics with state regulators.

CREST Informational assessment
Interviewees offered many comments on CREST task
demands and resource availability. A KII from one hospital
stressed that the technology would have to be easy to use.
One wondered if the tasks would result in increased time
to disposition. Participants from all hospitals stressed
that the education/training would be very important;
“. . .training will make it or break it as there are many
part-timers who are at some distance away”. All intervie-
wees from one hospital in particular commented on the
lack of space in the ED. KIIs at one hospital discussed
their close collaboration with the local area EMT service
as a strength in its collaborative network.
Several survey items queried about CREST resource

assessments. Sixty one percent (mean=1.62) strongly agreed
that implementation was feasible at their hospital, but only
32% (mean=2.32) felt their roles/responsibilities were clear;
48% (mean = 1.81) strongly agreed CREST would require
ED staff teamwork. About one-third of respondents
strongly agreed there were enough resources and enough
nurses to implement CREST (2.32 and 2.18 respectively);
40% (mean = 1.97) strongly agreed there were enough MDs
for implementation.
KIIs were asked about their involvement and communi-

cation among personnel to date. Response varied but most
felt they were at least somewhat informed. At two of the
hospitals, KIIs referred to particular “champions”. In two
hospitals, comments about the challenges of communica-
tion were voiced by CEO/senior administrator and the
nurses as there was no real ownership at the ED level. In
the survey, while 36% (mean= 2.12) of respondents
strongly agreed communication with staff had been excel-
lent, 27% (mean=2.85) strongly agreed they had been
appropriately involved. The reality of facilitating the imple-
mentation of CREST was most evident in the structured
notes of the staff and investigators. Managerial notes
chronicled the interactive processes of developing and
signing a MOA, applying for Federal Wide Assurance as
required in human subjects research, and establishing
credentialing and privileges. The time and energy needed
by CREST staff was judged to be directly related to the
organization's available support staff and efficiency. Time
for completion of administrative tasks ranged from 11–12
months, and would have actually been longer in one or
two without diligent administrative prodding.
With respect to evaluation expectations and availabi-

lity of metrics for success, several KII comments were
offered. Most common was the mortality rate pre- and
post- CREST implementation, particularly for sepsis.
Getting feedback on transferred patients from MUSC
was again mentioned. In the survey, more than half
strongly agreed that collecting feedback from staff,
developing and distributing CREST performance mea-
sures to staff and providing a forum for discussion of
implications for continued improvement.

Readiness for CREST and related domains and factors
The survey responses to the item “ED staff is receptive to
CREST” were 42% strongly agree, 23% moderately agreed,
32% agreed, 2% disagreed and 1% moderately disagreed
(n=20 missing).
Table 3 reports the exploratory findings from the

regression model of independent associations of the
summary measures with the rating of receptivity to
CREST. The results of the five-factor model (Model 1)
show that the factors were not equal in explanatory
power. The summary measure of perceived need for
CREST is the most important factor in explaining the
variations in CREST receptivity. The summary measure
of hospital leadership and QI culture had the lowest
explanatory power and removal of this factor from the
model improved explanatory power. The factors that
measure aspects of ED culture also contributed little to
explaining variation. This factor contains items related
to cooperation between hospital administration and ED
leaders to make needed changes, ED staff responsibility for
care quality, cooperation between ED staff, and willingness
of ED staff to try new approaches.
The three factors that explain nearly 50 percent of the

variation in responses to the change commitment meas-
ure are “need for CREST”, CREST “task demands” and
perceived “resource needs” relevant to implementation.
Respondents who strongly agreed to the “task demands”
items also strongly agreed that ED staff is receptive to



Table 3 Regression models and factors measures associated with level of CREST receptivity

Summary measure Model 1 Beta (p-value) N=60 Model 2 Beta (p-value) N=60 Model 3 Beta (p-value)

Task Demands 0.06787 0.06751 0.07358

(0.0772) (0.0728) (0.0248)

Resource Perceptions 0.09839 0.09800 0.11661

(0.0209) (0.0189) (0.0015)

ED Culture 0.02817 0.02726 -

(.2909) (0.2214)

Need for CREST 0.46691 0.46907 0.45350

(0.0156) (0.0128) (0.0060)

Hospital QI Culture −0.00153 - -

(0.9488)

Intercept −0.9025 −0.09956 0.6886

(.81) (0.7712) (0.7962)

R2 0.4852 0.4851 0.5111

Adjusted R2 0.4375 0.4477 0.4878

(model <0.0001) (model <0.0001) (model <0.0001)
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CREST. Respondents who strongly agreed that CREST is
feasible, the technology is easy to use, their roles vis-à-vis
CREST are well defined and ED teamwork is required for
CREST to succeed, also recorded a strong CREST com-
mitment score. Individuals who strongly agreed to the
“resource perception” questions (we have enough physi-
cians and nurses and general resources to implement
CREST) also reported strong CREST receptivity scores.

Discussion
The domains and factors that support or hinder the imple-
mentation of change in the hospital care processes is an
important area of research, and our study results demon-
strate the importance of using a mixed-methods approach
to examine them. The use of this approach may be espe-
cially important for research focused on issues in small
organizations with their inherent sample size limitations
and variable and changing structural and communication
characteristics. Our study findings support important
aspects of the conceptual model of adoption of innova-
tions, yet support the call for intensive work on instrument
development for this area of inquiry [32] and need for in-
tensive multi-variate and time analyses [17,32].
From a managerial or implementation perspective, the

findings reveal that in order to foster individual staff
intentions to adopt and use a technology, the perceived
clinical need and usefulness is crucial. Clarification of,
and communication about, task demands is also key.
While the findings from the regression models were
exploratory, they indicate that individuals who strongly
agreed there was need for CREST, resources for imple-
mentation were adequate, CREST technology was easy
to use and that their personal role was well defined were
most likely to agree that there was high commitment to
CREST. Interestingly in our study, the summary mea-
sure “hospital leadership and quality improvement cul-
ture” contained five questions related to hospital-wide
perceptions of team building, organizational structure,
perceived management attitude toward risk taking, and
management and medical staff working together to
improve quality of care and these were less related to
CREST commitment. This finding is somewhat counter
to recommendations from general change management
literature, that it is essential to have management com-
mitment and the support of a local champion [38,39].
Perhaps the participating organizations were character-
ized by decentralization, with broadly defined jobs, mak-
ing hierarchical leadership less of a factor. It may be
more important to assure that we “sell the idea” to the
individuals who provide the actual care when we imple-
ment changes in small institutions. This issue requires
further investigation.
Previous rigorous work has applied numerous models

and highlights the challenges of theory-testing and develop-
ing more valid measurement tools. For example, these in-
clude the Content, Context Process Model [29], the
Technology Acceptance Model (TAM) [9], the Promotion
Action and Research Implementation in Health Services
Model (PARIHS) [18] and the Evidence, Context and Facili-
tation Model [33]. All investigators championed the need
for theory testing and validated measures. Published
reviews indicate that to date instruments for measuring
organizational readiness for change demonstrate variable
operational definitions and little evidence of reliability or
validity [17,32,40]. Conceptually, many of the domains and
factors discussed in various models are similar. The chal-
lenge is to establish generalizable construct and content
validity within survey instruments. Clearly this is not an
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easy task, given health care organizations are complex
adaptive systems, [41,42] as are physician-organizational
relationships [43].
Indeed, much needs to be done. Meanwhile the conti-

nued application of mixed methods is urged to promote
triangulation of findings and prompt debate [27,32,44]. The
qualitative comments and observations in the CREST study
for example elicited undercurrent comments about need
for feedback from MUSC to local providers and primary
care clinicians. Effective communication between hospitals
will likely increase in importance in the context of the
Patient Protection and Affordable Care Act that includes a
mandate to develop patient-centered medical homes [45].
Clearly more qualitative observation of variability will

inform item construction choices for quantitative measures.
Kitson and colleagues [33] remind us of the need to be
mindful that while clinical effectiveness agenda stress the
level and rigor of evidence as the most important factor for
consideration, other factors may be critical. Review of the
CREST management notes, reminded CREST investigators
to be cognizant of the method or way the process is facili-
tated. For example, the factors of facilitation [33] consider
the characteristics of the facilitators, their role and their
styles. These facilitation factors not only apply to the cham-
pions at respective sites, but to the scientific leadership at
academic leadership sites. These should be the target of
more exploratory research. Jean and colleagues illustrate
that while a multi-method approach is challenging it is feas-
ible and vital to understanding the process and outcome of
an innovation implementation process [46]. Work in other
areas such as cancer, has highlighted that care processes
have numerous task and interfaces, all of which can impact
the ultimate implementation of quality care [47]. Imple-
mentation of innovation will require flexible and variable
processes. Additionally, an intervention may well require
several multilevel strategies which must be carefully
considered in a causal framework [48,49].
As projects and collaborations develop across the U.S.,

interest and readiness for telemedicine interventions will
undoubtedly increase. Notably, the collaboration/negotia-
tions with the two CREST hospitals with experience with
REACH and SC DMH Tele-psychiatry were more enthusi-
astic and efficient. This trend should also be reinforced by
the overall increase in use of web-based media by physi-
cians as well as the general public [50]. This secular trend,
a potential threat to internal validity, will however provide
challenges to the design of studies aimed at establishing
efficacy and effectiveness of innovations.
We acknowledge several limitations to this work. Clearly

we have a small sample size at both the organization and
individual clinician levels, which limit generalizability and
cross-hospital comparisons. For example, Weiner [28]
emphasizes that within the change valance domain,
perceived value may not be exhibited consistently in cross-
site relationships, even if readiness to change measures are
similar. We were not able to obtain details of the numbers
of full-time and part-time staff on all shifts at all hospitals
and thus are unable to determine a response rate. This calls
for caution in interpreting results because of selection bias.
Also given the survey was administered at the continuing
education program itself, our results reflect selection bias.
As with any survey, the potential effects of social desirabi-
lity in responses is a threat to internal validity which must
be considered. For example while it was clear from the
qualitative data that staff were unaware of empirical evi-
dence, 65% of survey respondents strongly agreed the evi-
dence supported the CREST intervention. Our sample size
was too limited to report rigorous factor analyses on the
survey items. As discussed above, vigorous psychometric
work on survey and scale development must be a high
priority.

Conclusions
It is clear that the use of an exploratory mixed methods
approach is valuable in the examination of domains and
factors affecting technology adoption and implementation
in small organizations. The importance of staff perception
of both a clinical need and usefulness of an intervention
may be crucial factors for successful implementation. Clari-
fication of, and communication about task demands asso-
ciated with the change is also a key variable. Factors related
to top management support and leadership may be less im-
portant in these smaller organizations, perhaps because of
frequent changes due to contract management, or due to
differences in structures and job responsibilities in small
organizations. Importantly, our study design and findings
indicate that there is a great need for further research on
instruments to measure the domains and factors related to
implementation of evidence based interventions. Studies
should assess important operational definitions which
reflect the developing models and theories about adoption
and institutionalization of change in health systems of
variable size and structure.
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