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Abstract This systematic review of mixed methods studies
focuses on factors that can facilitate or limit the implemen-
tation of information and communication technologies
(ICTs) in clinical settings. Systematic searches of relevant
bibliographic databases identified studies about interven-
tions promoting ICT adoption by healthcare professionals.
Content analysis was performed by two reviewers using a
specific grid. One hundred and one (101) studies were
included in the review. Perception of the benefits of the
innovation (system usefulness) was the most common
facilitating factor, followed by ease of use. Issues regarding
design, technical concerns, familiarity with ICT, and time
were the most frequent limiting factors identified. Our
results suggest strategies that could effectively promote the
successful adoption of ICT in healthcare professional
practices.
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Introduction

Information and communication technologies (ICTs) en-
compass all digital technologies that facilitate the electronic
capture, processing, storage, and exchange of information.
ICTs have the potential to address many of the challenges
that healthcare systems are currently confronting. ICT
applications could improve information management, ac-
cess to health services, quality and safety of care, continuity
of services, and costs containment [1]. What is more,
patients want clinicians to use ICTs [2]. With increasing
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computerisation in every sector of activity, ICTs are
expected to become tools that are part of healthcare
professional practice. Nevertheless, it appears that several
ICT applications remain underused by healthcare profes-
sionals [3, 4]. Healthcare organisations, particularly physi-
cian practices, are often pointed out as noticeably lagging
behind in the adoption of these technologies [5]. Human
and organisational factors have frequently been identified
as the main causes of ICT implementation failure [6-S8].

Although barriers and facilitators to ICT adoption in
healthcare settings are described to a certain extent in the
literature, only a few studies have systematically reviewed
factors influencing the adoption of different types of ICTs
[5, 9—-12]. Furthermore, there is no consensus on the
categorisation of barriers and facilitators related to ICT
adoption since most of these reviews have looked at those
factors from a specific angle. In addition, they have rarely
considered the external validity of factors that could affect
healthcare professionals’ ICT adoption.

The present study aimed at systematically reviewing
factors that are positively or negatively associated with ICT
adoption by healthcare professionals in clinical settings.
This review complements a Cochrane systematic review on
the effectiveness of interventions for promoting ICT
adoption [13]. Furthermore, this review allowed us to
highlight the differences and similarities of factors associated
with adoption between ICT types.

Methods
Eligibility criteria

To account for the different types of studies on factors
affecting ICT adoption by healthcare professionals, a mixed
studies review was conducted. A mixed studies review is a
literature review that concomitantly examines qualitative,
quantitative, and mixed methods studies. A mixed studies
review could be conceptualized as a mixed methods
research study where data consist of the text of papers
reporting primary qualitative and quantitative studies in
addition to mixed methods studies [14].

A study was included if: (1) a qualitative, quantitative, or
mixed method methodology used to collect original data was
described; (2) the intervention for promoting the adoption or
the use of a specific ICT in healthcare settings (i.e. a planned
strategy that goes beyond the simple provision of or access to
the ICT application) was described; (3) the outcomes
measured included barriers and/or facilitators to the adoption
of a specific ICT application by healthcare professionals,
including professionals in training (residents, fellows, and
other registered health professionals) in a clinical setting.
Studies reported in French, English, or Spanish were included.

@ Springer

Search strategy

The literature search performed for the Cochrane review on
the effectiveness of interventions for promoting ICT
adoption [13] was used for this review. The search strategy
based on the Effective Practice and Organisation of Care
Group (EPOC) search strategy and including selected ICT
terms and free text terms relating to ICT is described
elsewhere [13]. The following databases were searched for
studies published between January 1st, 1990 and October
Ist, 2007:MEDLINE, EMBASE, CINAHL, Cochrane
Database of Systematic Reviews, Ovid, Database of
Abstracts of Reviews of Effects (DARE), Biosis Previews,
PsycINFO, Current Content, Health Services/Technology
Assessment Text (HSTAT), Dissertation Abstracts, Educa-
tional Resources Information (ERIC), Proquest, ISI Web of
Knowledge, Latin American and Caribbean Health Sciences
(LILACS), and Ingenta. We also searched publications citing
the retrieved articles through the ISI Science Citation Index.
An update of the review was made on January 12th, 2010 in
MEDLINE and EMBASE.

Data selection

Two reviewers screened all titles and abstracts for poten-
tially eligible studies. Full texts of all potentially eligible
studies were assessed by the same two reviewers.

Data abstraction and classification of barriers
and facilitators

A data extraction form was developed applying a combi-
nation of deductive and inductive methods related to the
classification of reported barriers and facilitators to ICT
adoption in healthcare settings. Following established
theoretical concepts [5, 9, 15-18] and previous work by
Legaré et al. that developed a classification of barriers and
facilitators to implementation of shared decision-making in
healthcare settings [19-21] a data extraction form was
created. This grid allowed the initial classification of the
factors facilitating or limiting ICT adoption. The grid was
improved as other emergent categories were added during
the review process.

Data regarding authors, year of publication, type of
technology, participants and sample size, care setting,
intervention, study design, data collection, and barriers
and facilitators were abstracted.

Quality assessment
A scoring system for appraising the quality of qualitative,

quantitative and mixed methods studies developed by Pluye
et al [14] was used in this review. This appraisal tool
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calculates the quality score of a study by dividing the
number of positive responses (presence of criteria that was
scored 1) by the number of “relevant criteria” x 100. This
assessment was performed by two independent reviewers and
discrepancies were resolved by consensus. This appraisal tool
could be used to exclude studies based on their poor
methodological quality. However, given the exploratory
purpose of our review, we chose not to exclude any studies
on the basis of their methodological quality. The quality scores
of the studies included are presented in Appendix 1.

Synthesis

A narrative synthesis was performed to summarize the
evidence. Narrative synthesis is the process of synthesising
primary studies to explore heterogeneity descriptively rather
than statistically [22]. This type of synthesis provides an
overall picture of current knowledge that can inform policy
and practice decisions in relation to a particular topic [23].

Results
Description of the studies

A total of 1,986 titles and/or abstracts from the Cochrane
review database were assessed for eligibility; 244 articles
were retained for detailed evaluation. Of these, 141 studies
were excluded from the review because they did not meet
inclusion criteria. One hundred and six (106) articles
fulfilled the inclusion criteria of the review, with four
studies reported in two (or three for one of them) distinct
articles. The review therefore included 101 studies. [6, 24—
123]. The study selection flow diagram is shown in Fig. 1.

The characteristics of included studies are summarised in
Appendix 1. The types of ICT covered were: Electronic
Medical or Health Records (EMR/EHR) or Clinical Patient
Records (CPR) (n=23); Clinical Information Retrieval
Technology (CIRT) (online databases, digital libraries,
online guidelines) and computers (n= 21); Personal Digital
Assistants (PDAs or handheld devices) (n=13); Hospital,
clinical and nursing information systems (HIS, CIS, NIS)
(n=10); Computer-based Decision Support Systems
(CDSS) (n=8); Computerised Provider Order Entry sys-
tems (CPOE) (n=5); Telemedicine and Telehealth (n=5);
e-learning (n=4); Picture Archiving and Communication
Systems (PACS) (n=2); e-prescribing (n=2); Point-of-care
computing (POC) (n=2); others (laboratory reporting
system, clinical reminder system, email between provider
and patient, Internet portal for patient education, Internet-
based network services, smart phones) (n=6).

In most cases, the setting of care was a hospital.
Participants were physicians (including residents) in 38

studies (37%); nurses in 17 studies (17%); mixed clinical
staff (physicians, nurses, and others such as pharmacists) in
25 studies (25%); and clinical but also clerical staff,
managers or members of the implementation project in 21
studies (21%). More than half of the studies (n=53; 52%)
took place in North America, 40 in the United States (40%)
and 13 in Canada (13%). A number of studies were from
the UK (n=11; 11%), 8 studies were from Australia, 4 from
Sweden, 3 from Netherlands, and 3 from Denmark. 72
studies (71%) have been published since 2003, and 21
(21%) during the last two years.

Forty-nine studies (48%) had a qualitative research
approach, using one or more of the following methods for
data collection: interviews, focus groups, observation, and
document analysis. Twenty-seven studies (27%) used a
quantitative research approach, but only 4 of them were
randomised clinical trials. Other quantitative studies were
most frequently cross-sectional surveys. Twenty-five studies
(25%) used a mix of qualitative and quantitative methods.
Interviews, focus groups, and questionnaires with open and
closed questions were the methods used for data collection in
these studies.

Most studies were of good or moderate methodological
quality (mean scores of 81% for qualitative studies, 77%
for quantitative studies, and 67% for mixed methods
studies). This score was calculated by dividing the number
of positive responses by the number of “relevant criteria” x
100. The number of criteria was 5 for qualitative studies, 3
for experimental or observational quantitative studies, and
12 for mixed studies [14] (see Appendix 2).

Most of the included studies described interventions in
the context of an implementation or an attempt to introduce
a specific ICT. Many different types of intervention were
used. The most common was training, but this intervention
varied from general instructions to intensive training
sessions of different time lengths. Training could be one-
to-one [28, 53, 84, 98, 105, 106, 123], tailored to users’
needs [49, 57, 72, 74, 82], or in group workshops [31, 41,
42,52, 69, 81, 85, 104, 113]. In some studies, training was
given to superusers who could then train others [63, 79, 93,
99, 116, 120]. The involvement of superusers was
described in many studies. Many interventions focused on
the participation of clinicians (or superusers) in the
development of the ICT [32, 40, 43, 44, 91-93, 107,
112], and/or in the implementation plan [6, 37, 63, 69, 79,
92, 93, 107]. Recent studies particularly reported the
development of an ICT on the basis of a user-centred
design [36, 50, 55, 83, 90, 111]. Three studies included an
economic intervention combined with other interventions
[62, 66, 105]. Finally, many studies and particularly the
more recent, described a multifaceted intervention where a
mix of strategies such as training, support, and involvement
of users was used to introduce the ICT. In the same way,
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Fig. 1 Study selection flow
diagram

« Screening titles and abstracts for potentizlly eligible studies

\

® Initial references source: Cochrane Review
n=49173

*Notrelevant: 514
*Nospecific intervention to promote adoption of ICT: 763
«No mention of barriers and/or facilitators: 202
*No empirical data: 200
*Notin French, English or Spanish: 10
Ith fi |

« Identified titles and abstracts ~N
n=1986

*Notrelevant: 26

*No specific intervention to promote adoption of ICT: 65
*No mention of barriers and/or facilitators: 29
*Moempirical data: 17

*Notin French, English or Spanish: 1

*Notabout health profess onals: 3

* Full text retrieved for detailed assessment
n=244

/

\

¢ n= 106 publications accounting for
101 studies

/

some studies reported an implementation designed follow-
ing an unsuccessful previous implementation process [33]
or that attempts to address some of the barriers of the
adoption or use of a ICT [56].

Adoption factors

The final categorisation of adoption factors is presented in
Table 1 (see the grid in Appendix 3). Globally, various
types of factors (technological, human, and organisational)
influenced the success or failure of ICT implementation.
Factors facilitating ICT adoption tended to be mostly
related to the perception of the characteristics of the
specific ICT application and to organisational aspects.
Barriers were related to ICT characteristics too, but were
also found at the individual, professional, and organisa-
tional levels. Some of the adoption factors identified were
‘multilevel” since they could affect more than one level
(e.g. ease of use can be seen as a characteristic of the ICT

@ Springer

but is also related to familiarity with ICT at the individual
level), and they were described as a facilitator by some and
as a barrier by others.

Factors related to ICT

Perception of the benefits of the innovation (or system
usefulness) was the most frequent adoption factor encoun-
tered in the studies. Successful cases of ICT adoption were
usually characterised by a clear understanding of the
benefits of the innovation by its users. Ease of use was
the second most cited facilitator in this category. Design
and technical concerns was one of the most cited barriers
among all categories of factors. Compatibility (or lack of)
with work process, tasks or practice was also an important
adoption factor, more often a barrier than a facilitator. A
frequent reason for unsuccessful implementation reported in
included studies was that the information system was not a
very good fit with work practices or daily clinical work
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Among other factors in this category, interoperability,
concerns about validity of the resources (scientific quality
of the information resources, content availability or
relevance), and cost and legal issues were also cited several
times, mostly as barriers.

Individual and professional factors

Lack of familiarity with ICT and time consuming or
increased workload associated with ICT use were frequently
reported as limiting ICT adoption at the individual level. In a
context where health professionals’ time constraints or heavy
workload was a key potential barrier to the introduction of an
innovation, time efficiency was often viewed as an important
aspect to be considered in relation with ICT adoption.
Familiarity with ICT was a factor that affected time
efficiency and that was also related to training issues
(organisational factor). Successful ICT implementation gen-
erally included adequate user training and support. Among
individual factors, socio-demographic characteristics (age,
gender, experience, etc.) were seldom considered as ICT
adoption factors.

Human environment

Factors associated with patients and peers could be
facilitators or barriers. Twenty-nine (29) studies identified
factors in this category, and all but two [55, 70] had used a
qualitative or a mixed methods approach. Factors reported
here were mostly barriers; they concerned patient/health
professional interaction, applicability to patients’ charac-
teristics and attitude of colleagues towards ICT. Patients’
attitudes regarding ICT were also cited in a small number
of studies, as positive or as negative factors.

Organisational environment: Internal environment

In this category, the main factors that acted as barriers to ICT
adoption were time constraints and workload. 1t is therefore
not surprising that in a context where clinicians have very
limited time to learn to use a new ICT, good strategies for
training and IT support are needed and are important factors
of implementation success. Training was the most cited
factor in this category: it was reported a little more often as
contributing positively to the success of an implementation.
When it was a negative factor, training could be non-existent,
but also inadequate. Another frequent barrier to ICT adoption
was linked to relationships between different professional
groups: this concerned role boundaries and changes in tasks.
Problems related to material resources (access to ICT) were
also often reported as barriers in the included studies.

In a number of studies, the presence and use of champions
(or superusers) and the participation of end-users in the
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design of the ICT or to the implementation strategy were
factors that contributed to successful ICT implementation.
Organisational support and management were also identified
as factors to consider in the success of ICT implementation.

Main adoption factors according to ICT type

There were some differences and similarities between
adoption factors associated with each type of ICT. Table 2
presents those differences and similarities by emphasizing on
the main facilitators and barriers according to different types
of ICTs. Perceived usefulness was a consistent factor across
all types of ICTs, but its importance varied according to the
technology. In the case of Internet and computers, perceived
usefulness was the principal adoption factor whereas lack of

familiarity with ICT and time constraints were the key

barriers. Except for fraining, organisational factors did not
play an important role in the success or failure of the
adoption of information retrieval technologies. For CPOE
and PDA, organisational factors were, with perceived
usefulness, the main factors related to successful adoption
or implementation. Design and technical concerns was the
main category of barriers to PDA adoption. In the case of
EMR (or EHR) adoption, perceived usefilness, ease of use
and training were the main factors contributing to successful
implementation while design and technical concerns, lack of
compatibility (with work process, values, etc), time consum-
ing, role boundaries, and lack of perceived usefulness were
identified as barriers to adoption. Training and participation
of end- users in the implementation strategy were the main
factors related to successful adoption in the case of CIS/HIS
while lack of familiarity and inadequate or lack of training
were among the main barriers, together with time issues
(time consuming and time constraints).

Discussion

This systematic mixed studies review presents an integra-
tive and comprehensive structure of factors associated with
ICT adoption, along with their relative importance for all
ICTs and for specific types of ICTs used in healthcare. This
review highlights many findings from previous work. For
instance, the factors proposed by Davis [16] as the direct
determinants of ICT adoption in his Technology Accep-
tance Model, system usefulness and ease of use, were the
most common ICT adoption facilitators found in this
review. Positive cases of ICT adoption were usually
characterised by the clear perception of the benefits of the
innovation (system usefulness) shared by its end-users.
Before implementation, clinicians need to be aware of the
capabilities of the system and training program must focus
on influencing the attitudes of participants toward the tool
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Table 2 Main adoption factors according to ICT type (factors more frequently retrieved)

Type of technology N of Main facilitators Main barriers
Studies
Electronic medical/ health/ 23 « Perceived usefulness (12) * Design and technical concerns (12)
patient record (EMR, EHR or » Compatibility (4) * Perceived usefulness (4)

EPR) (4 or more) « Ease of use (6)

« Participation of end-users in the design (4)
* Presence of champions (5)

* Training (8)

* Management of implementation(5)

Information retrieval system (online 21 * Perceived usefulness (13)
databases, electronic guidelines) « Ease of use (5)

and computers (4 or more) * Design and technical aspects (4)

* Familiarity with ICT (4)

» Agreement with the particular ICT
(general attitude) (4)

* Training (6)

» Material resources (access to

ICT) (4)
Personal digital assistant 13 * Perceived usefulness (5)
(PDA) (2 or more) » Ease of use (3)

» Familiarity with ICT (3)
* Presence and use of champions (4)

« Other: training (2), management (2),
IT support (2), incentive structures (2)

Clinical information systems (CIS), 10 « Participation of end-users in the design (2)
Hospital information systems ¢ Training (4)
(HIS), Nursing information * Management (3); organisational support (2)
system, (NIS), Electronic nursing « Participation of end-users in the
record (ENR) (2 or more) implementation strategy (4)

Computerised decision support 8 * Perceived usefulness (3)
system (CDSS) (2 or more) « Training (3)

» Compatibility (2)

* Lack of compatibility (9)

* Lack of familiarity with ICT

* Time consuming or increased
workload (10)

®)

* Time constraints and workload (6)

* Role boundaries (4)

» Material resources (4)
* Training (5)

* Management (4)

* Lack of familiarity with ICT

(10)

* Time constraints and workload (10)

 Time consuming or increased

workload (5)

» Material resources (access to
* Training (4)

* Design and technical
concerns (9)

* Perceived usefulness (3)
* System reliability (3)

ICT) (6)

* Confidentiality (3) and security

related concerns (2)

* Cost issues (3)
* Lack of familiarity with ICT
* Lack of motivation to use IC

3)
T (4),

* Other: Scientific quality of the
information resources (2); age (2)
material resources (2) and lack of

training

* Design and technical concerns (3)

and non participation of end-

the design (2)

» Compatibility (2)
* Lack of familiarity with ICT

users in

“

 Time consuming (5) and time

constraints (3)

* Lack of motivation to use the

ICT (2)

* Patient/health professional
interaction (3)

* Interprofessional relationship
boundaries) (3)

(role

* Lack of or inadequate training (4)

* Access to material resources

* Relationship between
administrators and healthcare
professionals (2)

4)

* Design and technical concerns (4)

* Perceived usefulness (3)
» Compatibility (3)
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Table 2 (continued)

Type of technology N of Main facilitators Main barriers
Studies
« Ease of use (2) * Doubt about validity of the resources
* Impact on clinical uncertainty (2) (scientific quality or relevance) (3)
* Lack of familiarity with ICT (6)
* Time consuming (3) and time
constraints (4)
* Training (lack of or inadequate) (3)
* Other: Complexity (2), interoperability
(2), lack of awareness (2) and lack
of agreement with the ICT applicability
at the clinical situation (2), challenge
to autonomy (2)
Computerized Physician Order 5 * Perceived usefulness (2) * Perceived usefulness (2)
Entry (CPOE) (2 and more) * Participation of end-users in » Compatibility (2)
the design (2) * Validity of the information resources (2)
* Leadership (2)
« Presences and utilisation of
champions (3)
« Participation of end-user in
the implementation strategy (3)
Telemedicine 5 * Perceived usefulness (2) * Design and technical concerns (3)
« Patients’ attitudes and * Perceived usefulness (2)
preferences (2) * Applicability to the characteristics of
 Applicability to the characteristics patients (4)
of patients (2)
E-learning (2 and more) 4 * Perceived usefulness (2) * Lack of familiarity with ICT (3)

» Motivation/inertia (2)

* Time constraints and workload (3)
» Work flexibility (2)

 Material resources (2)

[33]. Ease of use is a necessary basis for ICT adoption by
healthcare professionals, as reported in a recent systematic
review by Yusof [12]. The findings of this review are also
consistent with existing literature on adoption factors in
contexts other than ICT. For example, time constraints,
which was one of the main ICT adoption barriers cited, was
also the main barrier cited to the implementation of shared
decision-making in clinical practice [19].

Another reason that has often been advanced for unsuc-
cessful implementation was the lack of fit between the ICT
application and work practices [124, 125]. This lack of
compatibility could be due to diverse reasons. For instance,
the complexity and multidimensionality of healthcare makes
that several dimensions could not be properly taken into
account in the design and development of ICTs. Transferring
an ICT application from a setting to another without
adaptation to the context and to the different working practices
and culture could also represent a serious threat to adoption.

This systematic review shows that interventions to foster
implementation of ICTs in clinical practice will need to

@ Springer

address a broad range of factors. This is congruent with other
authors, such as Yarbrough and Smith [5], who concluded
that time/practice-related issues, organisational issues, per-
sonal issues, and system-specific characteristics all influence
physicians’ acceptance of a new technology. Our grid of
adoption factors is similar to the model proposed by Callen et
al. [126], the Contextual Implementation Model, that
includes multiple dimensions at three contextual levels: the
organisational context, the clinical unit context and the
individual context.

May et al [127] also developed a theoretical model of the
implementation of complex intervention in healthcare. This
model includes four factors that have demonstrated to
promote or inhibit the implementation of complex interven-
tions: interactional workability (e.g. “how does a complex
intervention affect interactions between people and practi-
ces”), relational integration (“how does a complex interven-
tion relate to existing knowledge and relationships™), skill-set
workability (“how is the current division of labour affected
by a complex intervention”), and contextual integration
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(“how does a complex intervention relate to the organisation
in which it is set”). This model would be particularly
interesting to study factors affecting the implementation of
healthcare ICTs over time, as they move through different
integration phases.

The grid proposed in this paper can guide decision-
makers through their implementation of ICT applications,
providing them with issues to consider for ensuring the
success of the implementation. Three main strategies can be
defined based on the factors that this review has highlight-
ed. First, favouring the active involvement of users during
all implementation phases can help them develop feelings
of ownership toward the clinical system [92]. This
psychological ownership is positively associated with the
perception of the system’s usefulness and user-friendliness.

The second strategy is to identify and support project
champions or other key staff to lead the project and promote
the use of a new ICT [85]. These champions or leaders could
be involved in testing the system, taking on the role of
experts and superusers when the system is introduced. Third
and last, adequate training, for example involving end-users
through onsite training by colleagues or individual follow-up
[120], reinforces the perception of future benefits and allows
for lesser degrees of resistance. Another factor that is
important to consider in training healthcare professionals is
subsequent interdisciplinary cooperation [79], which fosters
successful adoption [30]. Engagement in the evaluation
process is also important, particularly during prototype trials
[91]. These implementation strategies, which will improve
usability and usefulness [69], should also be adapted to the
specific technology and context in which the implementation
takes place [69, 91, 95, 107]. Furthermore, the fact that ICT
adoption is complex, multi-dimensional, and influenced by a
variety of factors at individual and organisational levels [11]
underscores the importance of developing interventions
aimed at different levels simultaneously.

Unanswered questions and future research

Based on a systematic review of all types of research studies,
we have proposed a comprehensive classification of factors
related to ICT adoption in healthcare professional practice. A
comprehensive search strategy based on a Cochrane system-
atic review of interventions to promote ICT adoption in
healthcare professionals [13], the inclusion of all types of
ICTs, all healthcare providers and all study designs, as well
as the development of a comprehensive analytical framework
are among the strengths of this review. A limit of this review
is that only studies reporting interventions to promote
adoption or use of ICTs were included since our goal was
to complement a Cochrane systematic review on interven-
tions promoting ICT adoption in healthcare [13]. This
criterion could have led to the exclusion of some valuable

studies that examined reasons for system adoption (or non
adoption) without linking them to a specific implementation.
However, given the high number of studies included, we
believe that this review provides an overview of the key
factors involved in the change process of implementing ICTs
in healthcare settings. Furthermore, including studies that
describe the implementation process allows linking the
observed adoption factors with specific contexts, thus
providing a contextualised knowledge synthesis that is more
likely to support decision-making [128].

Another limit of this study is that we did not assess the
extent to which interventions addressed the barriers
identified or the extent to which they built on the facilitators
identified. This would constitute an interesting avenue for
further research in the field of ICT implementation. Other
unanswered questions are related to the impact of inter-
ventions taking the barriers and the facilitators identified
into account. The relative importance of each factor in
specific ICT implementation contexts remains to be
explored by studies using prospective designs. It is also
important to consider how these factors change over time
with the use of a specific technology and with overall
computer literacy.

In this review, we focused on ICT adoption by healthcare
professionals, but we have to acknowledge that ICT adoption
in healthcare organisations is a multifaceted process since
various stakeholders are involved [129]. As noted by
Menachemi et al. [130], it is important to consider the
viewpoints of all key adopter groups, because resistance in
any of these groups could slow the overall adoption rate. For
instance, patients’ perceptions regarding barriers and facili-
tators to healthcare ICTs have received little attention until
now [131, 132] and would provide essential information for
decision-makers.

Conclusion

ICT adoption is complex, multi-dimensional, and influenced
by a variety of factors at individual and organisational levels.
Based on the adoption factors identified in this review, the
main ingredients for a successful ICT implementation strategy
for healthcare settings should include: involving users at
different development and implementation phases, using
project champions or other key staff, providing adequate
training and support, and monitoring system use in the early
stages of implementation.
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Appendix 2. A scoring system for mixed methods
research and mixed studies reviews (Pluye et al 2009)

Qualitative studies and qualitative components of mixed methods studies:
(1) Qualitative objective or question
(2) Appropriate qualitative approach or design or method
(3) Description of the context
(4) Description of participants and justification of sampling
(5) Description of qualitative data collection and analysis
(6) Discussion of researchers’ reflexivity
Quantitative experimental studies, and quantitative experimental components of mixed methods studies:
(1) Appropriate sequence generation and/or randomization
(2) Allocation concealment and/or blinding
(3) Complete outcome data and/or low withdrawal/drop-out
Quantitative observational studies, and quantitative observational components of mixed methods studies:
(1) Appropriate sampling and sample
(2) Justification of measurements (validity and standards)
(3) Control of confounding variables
Overall mixed methods approach of selected mixed methods studies:
(1) Justification of the mixed methods design
(2) Combination of qualitative and quantitative data collection-analysis techniques or procedures
(3) Integration of qualitative and quantitative data or results
Total score in percent

The presence/absence of criteria (yes/no) may be scored 1 and 0, respectively. Then, a ‘quality score’ can be calculated as a percentage: [(number
of ‘yes’ responses divided by the number of ‘appropriate criteria’) x 100]. For example, studies with good qualitative and quantitative
observational components plus good overall mixed methods approach may be scored 100%: [(6 + 3 + 3)/12] x 100 (Pluye 2009)

Appendix 3. List of factors related to the success
or failure of ICT adoption

1. Factors related to ICT

1.1 Design and technical concerns
1.2 Characteristics of the innovation
1.2.1 Relative advantage (usefulness)
1.2.2 Compatibility (with work process, values)
1.23 Ease of use / complexity
1.2.4 Triability
1.2.5 Observability
1.3 System reliability
1.4 Interoperability
1.5 Legal issues
1.5.1 Confidentiality - privacy concerns
1.52 Other legal issues (including security)
1.6 Evidence regarding benefits of IT
1.7 Validity of the resources
1.7.1 Scientific quality of the information resources
1.7.2 Content available (completeness)
1.7.3 Appropriate for the users (relevance)
1.8 Cost issues
1.9 Environmental issues
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2. Individual factors or healthcare professional characteristics (knowledge and attitude)

2.1 Knowledge
2.1.1 Awareness of the existence and/or objectives of the ICT
2.1.2 Familiarity with ICT
2.1.3 Familiarity with technologies in general
22 Attitude
2.2.1 Agreement with the particular ICT

2.2.1.1 Applicability to the clinical situation

2.2.1.2  Confidence in ICT developer

2.2.1.3  Challenge to autonomy

2.2.1.4 Impact on clinical uncertainty

2.2.1.5 Time consuming/ time saving

2.2.1.6  Outcome expectancy (use of the ICT leads to desired outcome)
2.2.1.7 Motivation to use the ICT (readiness) /resistance to use the ICT
2.2.1.8 Self-efficacy (believes in one’s competence to use the ICT)

2.2.1.9  Impact on professional security

222 Agreement with ICTs in general (welcoming/resistant)
2.3 Socio-demographical characteristics

2.3.1 Age

232 Gender

233 Experience

234 Ethniciy

2.3.5 Other
3. Human environment
3.1 Factors associated with patients

3.1.1 Patients’attitudes and preferences regarding ICT

3.1.2 Patient/health professional interaction

3.1.3 Applicability to patients’ characteristics

3.14 Other factors associated with patients
32 Factors associated with peers

3.2.1 Attitude of colleagues about ICT

322 Support and promotion of ICT by colleagues

323 Others factors associated with peers (relations between colleagues)
4. Organisational environment
4.1 Internal environment

4.1.1 Characteristics of the structure of work

4.1.1.1  Setting of care (hospital, outpatient, primary care)
4.1.1.2  Practice size
4.1.1.3  Status (university/other, private/public)
4.1.1.4  Physician salary status and reimbursement
4.1.2 Work (nature of work)
4.1.2.1 Time constraints and workload
4.1.2.2  Work flexibility
4.1.2.3  Relation beetwen different health professionnels (including role boundaries, change in tasks)
4.1.2.4  Professional culture
413 Skill -Staff
4.1.3.1 Leadership
4.1.3.2  Staff issues (stability, shortage)
4.14 Resources availability
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4.1.4.1 Resources available (additional)
4.1.4.2 Material resources (access to ICT)
4.1.4.3  Human resources (IT support, other)

4.1.5 Organisational factors
4.1.5.1 Training / lack of or inadequate training
4.1.5.2 Management (strategic plan to implementing applications)
4.1.5.3  Presence and use of “champions”

Participation of end-users in the design
4.1.5.4 Participation of end-users in the implementation strategy
4.1.5.5 Communication (includes promotional activities)
4.1.5.6  Relation management/health professionals
4.1.5.7 Ongoing administrative / organisational support
4.1.5.8 Incentive structures
4.1.5.9 Readiness
4.1.5.10 Other organisational or cultural aspects
4.2 External environment

4.2.1 Financing of ICT / financial support

422 Interorganisational relations

423 Health care policies
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