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Summary

Objectives: The primary aim of this study was
to assess the antecedents of health informa-
tion technology (HIT) innovativeness in public
hospitals. To do so, we built upon our own pre-
vious work to relate the level of HIT innovative-
ness to organizational capacity characteristics.
Methods: We conducted a survey of chief in-
formation officers (CIOs) in public hospitals in
the two largest Canadian provinces to identify
the level of HIT innovativeness in these set-
tings and test nine research hypotheses de-
rived from the proposed research model.
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1. Introduction

It is widely accepted that the adoption of
health information technology (HIT) in
the healthcare sector offers great potential
for improving the quality of services
(e.g.[1,2]) and the efficiency and effective-
ness of personnel (e.g. [3-5]), as well as re-
ducing organizational costs (e.g. [6, 7]). In
recent years, HIT has become critical for
achieving several health care organiza-
tional reform priorities, including home
care, primary care, and integrated care
networks (e.g. [8-11]).
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Results: A total of 106 completed question-
naires were received, which represents a re-
sponse rate of 52%. Our findings indicate
strong support for the research model. Seven
out of nine hypotheses were supported in-
dicating a significant relationship between
HIT innovativeness and structural, financial,
leadership, and knowledge sharing capacity
characteristics. Results also reveal a moderate
level of HIT innovativeness in the surveyed
hospitals, with more emphasis on adminis-
trative systems and their integration than on
clinical systems and emerging technologies.
Conclusions: This study demonstrates that
organizational characteristics are related to
HIT innovativeness; this relationship holds ir-
respective of the public or private nature of
hospitals.
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Hospitals, which represent critical con-
stituents of health care systems, are con-
tinuously exploring opportunities for in-
vesting in HIT to improve efficiency,
promote patient safety, and better quality
of care [12—-14]. According to a recent sur-
vey by the American Hospital Association
on hospital use of HIT, around 46% of
hospitals reported moderate to high use of
clinical information systems in 2006 [15],
which represents an increase compared to
previous years. In Canada, a recent sur-
vey of hospitals in the province of On-
tario also showed that the implementa-

tion of technologies that reduce medical
errors and promote patient safety was
ranked as top e-health priority for hospitals
[16].

Despite recognizing the role of HIT as a
critical enabler for patient safety and qual-
ity of care and the increasing efforts in-
vested by hospitals to benefit from these
resources, little is known about the organi-
zational characteristics that influence the
level of innovativeness with regard to HIT
applications in hospitals. According to
Hikmet et al. [17], prior adoption studies
have mainly focused on single applications
like computerized physician order entry
(CPOE) and electronic medical record
(EMR) systems, were conducted in less-
generalizable settings such as academic
medical centers, and used secondary data-
sets of uncertain quality, which present
limitations in relation to the observed in-
ferences. Importantly, previous studies that
investigated the factors influencing the
broader adoption of HIT applications were
all conducted in U.S. hospitals, which
might also limit the generalizability of the
results to other nations such as Canada,
Australia, and several European countries
where the health care system is mainly
public. This research presents a contribu-
tion in this area by examining HIT in-
novativeness in the context of Canadian
hospitals and addressing the research ques-
tion below. HIT innovativeness is used in
the context of this study to refer to the ex-
tent to which administrative and clinical
applications/technologies are deployed,
used, and integrated in healthcare or-
ganizations.

What organizational characteristics are
most likely to influence HIT innovativeness
in public hospitals?
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2. Background

Following Jaana et al. [18], we identified
four categories of organizational character-
istics as being salient to HIT innovativeness
in hospital settings, namely: 1) structural
capacity characteristics; 2) financial capac-
ity characteristics; 3) leadership capacity
characteristics; and 4) knowledge-sharing
capacity characteristics. The characteristics
considered under each domain as well as
the theoretical rationale for choosing these
specific factors are presented in the follow-
ing paragraphs.

2.1 Structural Characteristics

Organization size has been one of the most
widely investigated antecedents of HIT in-
novativeness in hospitals (e.g. [17, 19-21]).
According to the resource-based theory?,
large organizations have the capacity to
accommodate environmental pressures by
making strategic choices and using the
abundant internal resources and adminis-
trative skills that they possess. The dif-
fusion of innovation theory® also considers
size as a positive predictor of organiza-
tional innovativeness. In the present con-
text, it is likely that larger hospitals may be
more innovative with regard to HIT adop-
tion, use and integration than smaller hos-
pitals since they are usually more geo-
graphically dispersed, deal with more com-
plex tasks, and require greater coordination
to perform administrative and clinical ac-
tivities. Empirical evidence to this effect is
obtained from several studies including

*  Resource-based theory [22, 23] argues that organi-
zations possess resources, a subset of which enables
them to achieve competitive advantage, and a sub-
set of those that lead to superior long-term per-
formance. Resources that are valuable and rare can
lead to the creation of competitive advantage. That
advantage can be sustained over longer time
periods to the extent that the firm is able to pro-
tect against resource imitation, transfer, or sub-
stitution.

Diffusion of innovation theory [24] posits that
organizational innovativeness is related to such
variables as individual leader characteristics (e.g.,
attitude toward change), internal organizational
structural characteristics (e.g., size, complexity),
and external characteristics of the organization
(e.g., system openness).
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Burke et al. [19], Wang et al. [20], Mc-
Cullough [21], and Furukawa et al. [25].
Hence, we posit that:

H1a: Larger hospitals have higher levels of
HIT innovativeness than smaller hospitals

Past research has also observed that aca-
demic hospitals are more inclined to in-
novate than non-teaching institutions
[e.g., 26-29]. In the particular context of
HIT innovations, limited evidence to this
effect was reported by Furukawa et al. [25]
and McCullough [21]. Teaching hospitals
tend to be associated with medical schools
and, hence, are expected to adopt, use and
integrate HIT to support their research and
training activities in addition to the usual
clinical and administrative processes.
Therefore, we suggest that:

H1b:Teaching hospitals have higher levels
of HIT innovativeness than their counter-
parts

2.2 Financial Characteristics

Financial resources represent another im-
portant factor recognized in the innovation
literature [24, 30]. The decision to adopt
HIT applications requires significant fi-
nancial resources for which hospitals often
have competing demands. In support of
this view, Wang et al. [20] found that oper-
ating revenue is positively associated with
HIT innovativeness in nonfederal U.S. hos-
pitals. In the present study, two variables
are used as indicators of available financial
capacity in Canadian hospitals, namely,
overall operating budget and the percent of
the budget allocated to HIT operations and
activities. We propose the following hy-
potheses with regard to the financial ca-
pacity of public hospitals:

H2a: Overall operating budget is positively
related to the level of HIT innovativeness in
hospitals

H2b: The proportion of the overall budget
allocated to HIT activities is positively re-
lated to the level of HIT innovativeness in
hospitals

2.3 Leadership Characteristics

Leadership resources represent the third
conceptual domain examined in this study.
The resource-based view emphasizes the
managerial role and its importance in
facing organizational challenges and envi-
ronmental pressures [31]. In the case of
hospitals, individuals who have the power
to allocate resources can certainly affect
decisions involving adoption, use and in-
tegration of innovative technologies [32].
It is argued that CIOs who have long IT
tenure would have more legitimacy, knowl-
edge, experience, and skills that would
favor the adoption of innovations in organ-
izations [33-36]. In the healthcare context,
Jaana et al. [18] found a positive relation-
ship between the CIO’s level of IT tenure
and the level of HIT innovativeness in a
sample of Iowa hospitals. Hence, we posit
that:

H3a: IT tenure of the CIO is positively re-
lated to the level of HIT innovativeness in
hospitals

Another organizational mechanism that
can enhance IT leadership in organizations
is the presence of an IT steering committee
[37, 38]. A steering committee is a high-
level team of representatives from multiple
divisions or functions who are entrusted
with the task of linking IT strategy with
organizational objectives and strategy by
setting a strategic direction and matching
organizational concerns with technological
potential. IT steering committees are likely
to enhance HIT innovativeness levels in
hospital settings by providing strategic di-
rection to IT operations, ensuring leader-
ship in exploiting and managing IT, re-
solving resource allocation decisions, and
supporting visibility of IT initiatives [39].
Hence, we propose the following hypothe-
sis:

H3b: Hospitals with an IT steering commit-

tee have higher levels of HIT innovativeness
than their counterparts
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Table 1 Summary of research hypotheses and previous empirical support
Hypotheses Independent Capacity Nature of hypotheses Previously tested hypotheses
variables dimensions Newly Previously Full support  Partial Included as a
developed tested support control vari-
hypotheses  hypotheses able
H1a Number of beds Structural 1 [19-21, 25] [17,18] -
H1b Teaching status Structural 1 [25] [21] =
H2a Operating budget Financial 1 [20] - -
H2b % budget allocated to  Financial 1
HIT
H3a ClIO's IT tenure Leadership 1 [18] - -
H3b IT steering committee  Leadership 1
H4a Network affiliation Knowledge sharing 1 [17,20, 21, 25] [19] -
Hab Urban hospital Knowledge sharing 1 [19, 21] - [18, 20]
H4c IT knowledge resources  Knowledge sharing 1 [18] - -
2.4 Knowledge-sharing areas usually have greater access to finan- 3 Methods

Characteristics

The fourth and last family of predictors
falls under the knowledge-sharing domain.
The diffusion of innovation theory dis-
cusses “interconnectedness” as a positive
predictor of organizational innovativeness
[24]. Through this connection, it is argued
that the extent of transfer of new ideas in-
creases and goes beyond organizational
boundaries, which support innovations
[40]. Thus, the chance to learn about new
technologies and innovations increases,
and the exchange of information and ex-
pertise is facilitated. Membership in a net-
work is an example of communication
channels that allow health care organiza-
tions to exchange and share information
more easily. Past research has found a
strong relationship between membership
in a multihospital system and HIT inno-
vativeness [e.g., 17, 19-21, 25, 41]. Hence,
we posit that:

H4a: Hospitals that belong to a multihospi-
tal network have higher levels of HIT inno-
vativeness than independent hospitals

Further, past research reveals that a hospi-
tal’s geographic location also tends to have
a significant impact on its HIT adoption
pattern [19, 25]. Hospitals located in urban
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cial, infrastructural, and human resources,
by virtue of their proximity to technology
vendors, funding agencies, and support
organizations (e.g., systems integrators)
that also tend to be co-located in urban
areas, than hospitals in rural areas [19,35].
Thus, we propose the following hypothe-
sis:

H4b: Urban hospitals have higher levels of
HIT innovativeness than rural hospitals

Finally, based on the resource-based the-
ory,itis argued that the presence of special-
ized human IT resources allows organiza-
tions to access knowledge, new ideas, and
technical expertise, which then facilitate
the adoption, use, and integration of inno-
vations in organizations [32, 36]. Dewar
and Dutton [42] posit that “the greater the
number of specialists, the more easily new
technical ideas can be understood and
procedures developed for implementing
them” (p 1424). In this line of thought, we
argue that:

H4.: The number of IT knowledge resources
in hospitals is positively related to the level
of HIT innovativeness in hospitals

» Table 1 synthesizes the empirical support
in the literature for each hypothesis.

3.1 Data Collection

As a first step, pretesting of the question-
naire was performed with five HIT experts
in Canada and two in the U.S. We sent them
an electronic copy of the questionnaire and
conducted interviews with them, during
which participants provided their feedback
regarding the question form, wording and
order. Their feedback was integrated to im-
prove the content and structure of the in-
strument (e.g., adding examples in the in-
strument, rewording items). Further, the
measures assessing the implementation of
Enterprise Resource Planning (ERP) sys-
tems and the modules deployed, and the
items measuring the implementation of
electronic medical records and the systems
with which it is integrated were moved to
the section assessing IT internal integra-
tion. These items were considered by re-
spondents as reflective of internal clinical
and administrative integration rather than
computerized processes.

The revised version of the question-
naire, with a cover letter indicating the pur-
pose of the study, was sent to all acute care
hospitals in Québec and Ontario between
June and September 2007. We first con-
tacted CIOs by phone, excluding those who
had participated in the pretest, to present
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the study and solicit their participation
(Québec: N = 92; Ontario: N = 129). CIOs
were chosen as key respondents given their
expertise in the area of IT in health care,
and their ability to answer questions about
a wide range of systems and technologies.
Five CIOs in Québec and 12 in Ontario re-
fused to participate due to reported time
constraints; these were excluded from the
survey. A hardcopy of the questionnaire
was then sent with a return envelope to all
remaining hospitals (N = 204). We sent a
reminder letter to the health care organi-
zations that had not yet responded four
weeks following the initial mailing. In total,
60 and 46 responses were received in Qué-
bec and Ontario, respectively. The overall
response rate was 52%.

3.2 Variables and Measures

As shown in p>Table 2, a total of eight di-
mensions provided the conceptual frame-
work for the HIT innovativeness measure-
ment instrument. The first four dimen-
sions refer to the functional vector, the fifth
dimension relates to the technological vec-
tor, and the last three dimensions refer to
the integration vector. Functional innova-
tiveness measures the extent to which pro-
cesses are computerized in the following
areas: administrative (e.g., accounting, dis-
ease costing, material management, staff
scheduling), patient management (e.g., pa-
tient admission, discharge and transfer),
patient care (e.g., emergency room, oper-
ating room, nursing care), and clinical sup-
port (e.g., pharmacy, laboratory, radiol-
ogy). Technological innovativeness refers to
the extent to which various technologies
are used in each of the areas mentioned
above. Lastly, integration innovativeness
represents the extent to which information
systems are internally and externally inte-
grated with other systems inside or outside
the hospital. With the exception of external
integration that was measured on a (1-7)
scale, respondents were asked to provide
information for the seven dimensions, in-
cluding internal integration, along a time
frame that reflects “plans for” versus “cur-
rent implementation” of IT. Respondents
would choose along the four categories:
1) no plan for implementation; 2) planning

© Schattauer 2010

Table 2 Structure and components of the HIT innovativeness measure

Vectors Dimensions # of items in
instrument
Functional innovativeness D1 Administrative systems 8
D2 Patient management systems 8
D3 Clinical support systems 4
D4 Clinical systems 10
Technological innovativeness D5 Emerging technologies 13

Integration innovativeness D6 Internal integration — administrative 1
D7 Internal integration — clinical 1
D8 External integration 4

to implement; 3) began installation; and 4)
implemented. In case of current imple-
mentation, the extent of use of computer-
ized processes and technologies was as-
sessed ona 1-7 scale. A detailed description
of the survey instrument and its validation
is provided in Jaana et al. [43], and all items
from the HIT innovativeness measurement
instrument are presented in »>Appendix 1°.

Survey respondents were also asked to
provide information on: the number of in-
patient beds in their hospital and whether
their hospital is affiliated to a medical
school (measures of structural capacity);
the approximate annual operating budget
of their organization (in CANS$) and the
percentage of the budget allocated to IT
(measures of financial capacity); the
number of years of experience in the IT
field or domain (IT tenure) and whether
there is a formal IT steering committee in
their organization (measures of leadership
capacity); the geographic location of their
hospital (urban or rural), the number of
permanent IT staff, and whether their
hospital is affiliated with a network (as
measures of knowledge-sharing capacity).

3.3 Scoring Approach

We developed a scoring approach that as-
signs weights to the questions in the survey
instrument and allows the calculation of a
score for each dimension, as well as an over-

¢ Appendix 1 is accessible on our website
www.methods-online.com

all HIT innovativeness score [43]. First,
items measuring the status of computer-
ized applications and emerging technol-
ogies (dimensions D1 — D5) were assigned
the following weights: 1) no plan for imple-
mentation = 0 point; 2) planning to imple-
ment = 1 point; 3) began installation = 3
points; 4) implemented with weak usage as
indicated by answers within the 1-4 inter-
val on the Likert scale = 4 points;and 5) im-
plemented with strong usage as indicated
by answers within the 5-7 interval on the
Likert scale = 5 points. Second, the ques-
tions assessing internal integration (di-
mensions D6 and D7) were assigned simi-
lar weights as above: 1) no plan for imple-
mentation = 0 point; 2) planning to imple-
ment = 1 point; 3) began deployment = 3
points; 4) implementation completed with
(1-3) ERP modules or 1-4 systems inte-
grated with the EMR = 4 points; and 5) im-
plementation completed with more than
four ERP modules or more than five sys-
tems integrated with the EMR = 5 points.
The resulting score (over 100) for the first
seven dimensions (D1 to D7) equals the
sum points for all items under a specific di-
mension, divided by the total number of
items in that dimension multiplied by 5
(i.e. maximum number of points for an
item), times 100.

Third, the questions measuring the ex-
ternal integration of systems (Dimension
D8), which was assessed on a 1-7 scale,
were assigned the following weights: 1) No
external integration (i.e. 1 on the Likert
scale) = 0 point; 2) Minimal external inte-
gration (i.e. 2 and 3 on the Likert scale) =

Methods Inf Med 1/2010
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Table 3 Profile of the surveyed hospitals (n = 106)

Average Stand. dev. Minimum  Maximum
Structural capacity
Number of beds 354 296 18 1,227
Number of physicians 216 334 14 2,500
Number of registered nurses 853 1,228 30 10,000
Financial capacity
Operating budget (M$) 155 180 4 1,200
% of budget allocated to HIT 2.0% 1.8% 0.5% 12.0%
Leadership capacity
ClO's IT tenure (years) 17 9 1 37
Knowledge sharing capacity
IT resources (FTEs) 19 29 0 180
Structural capacity
Institutions affiliated to a university ~ Yes 48%

No 52%
Leadership capacity
Presence of an IT steering committee Yes 73%

No 27%
Knowledge sharing capacity
Network affiliation Yes 78%

No 22%
Geographic location Urban 62 %

Rural 38 %

1 point; 3) Moderate level of integration
(i.e. 4 on the Likert scale) = 3 points; 4)
High level of external integration (i.e. 5 and
6 on the Likert scale) =4 points; and 5) Very
high level of external integration (i.e. 7 on
the Likert scale) = 5 points. The score (over
100) for the external integration dimension
D8 equals the sum of points for the four
items measuring external integration, di-
vided by the total number of items (i.e.
four) multiplied by the maximum number
of points for an item (i.e. five), times 100.
Based on the answers to the questions
falling under the eight dimensions in the
survey instrument, scores (over 100) repre-
senting functional innovativeness, tech-
nological innovativeness, integration inno-
vativeness, and overall HIT innovativeness
were computed as follows:
- functional innovativeness score = sum
(D1 to D4)/4

Methods Inf Med 1/2010

- technological innovativeness score =
D5

- integration innovativeness score = Sum
(D6 to D8)/3

- overall HIT innovativeness score = Sum
(D1 to D8)/8

A score of zero represents no current or
plans for implementation of systems and
technologies along the dimensions D1 to
D7, and no external integration at all. A
score of 100 is associated with strong utili-
zation of technologies and systems, and
very high systems integration. By using this
formula, hospitals can assess their level of
HIT innovativeness in various areas, exam-
ine the evolution of their scores over time,
and compare themselves to other hospitals.

3.4 Data Analyses

Descriptive data analysis was conducted to
provide an overview of the respondents
and surveyed organizations. HIT innova-
tiveness scores were calculated according to
the weights assigned to the survey items,
which reflect the time frame presented
above. In order to test the hypotheses, hos-
pitals were divided into two groups, which
represent low/high HIT innovativeness on
a given vector. A hospital that is regarded as
having low innovativeness on a given vec-
tor has a score ranking in the lower one
third of the total sample. A hospital re-
garded as highly innovative on a given vec-
tor has a score ranking in the upper one
third of the total sample. Hypotheses Hla,
H2a, H2b, H3a, and H4c were tested using
t-test and hypotheses H1b, H3b, H4a, and
H4b were tested using chi-square test, for
each of the functional, technological, and
integration vectors as well as the overall
HIT innovativeness score.

4. Results

4.1 Description of the Sample

As shown in »Table 3, the profile of the
sample reveals that surveyed hospitals were
relatively large in size (average of 354 beds)
with a considerable number of health pro-
fessionals (average number of physicians
and nurses was 216 and 853, respectively).
Almost half of the sample consisted of
teaching hospitals that are affiliated to a
medical school. With respect to financial
resources, the average operating budget of
these hospitals was 155M CANS, of which
an average of 2.0% was allocated to IT in-
vestments and operations. Assessment of
leadership resources at the managerial level
indicates that CIOs working in these hospi-
tals had spent approximately 17 years in IT-
related positions. Interestingly, a vast
majority of the surveyed hospitals had an
IT steering committee. Finally, the major-
ities of hospitals were members with a
larger hospital network (78%) and located
in urban areas (62%); the average number
of permanent IT staff in these settings
was 19.
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4.2 Extent of HIT Innovativeness

As explained in Jaana et al. [43], we com-
puted HIT innovativeness scores for all
hospitals, which revealed information
about their HIT capacities (overall and
along the eight dimensions). As indicated
in > Table 4, the overall HIT innovativeness
score for the sample was 56%. A closer
examination of the results shows that the
functional innovativeness score was mod-
erate to high (66%), the technological in-
novativeness score was low (30%) and the
integration innovativeness score was mod-
erate (51%). Detailed information about
HIT adoption rates along each of the HIT
dimension considered and its respective
items is presented in »Appendix 2¢.

With respect to functional innovative-
ness, hospitals reported moderate to high
levels of implementation of administrative
systems (e.g., financial, human resources),
patient management systems (e.g., ambu-
latory care scheduling, admission/dis-
charge/transfer), and clinical support sys-
tems (e.g., laboratory, pharmacy) (»Ta-
ble 4). However, computerized clinical
systems (e.g., nursing and clinical docu-
mentation, CPOE, and clinical decision
support systems) are still not widely
adopted among the surveyed hospitals al-
though a high percent of hospitals reported
plans to implement these systems.

The technological innovativeness score
reveals a significant gap in relation to the
implementation of emerging technologies
(e.g., bar coding for patient identification
and materials management, bedside ter-
minals, single sign-on, RFID, biometry).
Surprisingly, most of the surveyed hospi-
tals did not report plans for implementing
several of these technologies (e.g., RFID,
biometry, and bedside terminals), which
underscores a greater emphasis on imple-
menting computerized processes rather
than adopting emerging technologies.

Finally, the level of systems integration
was relatively low in our sample, with the
exception of the internal integration of
administrative systems as highlighted by
the wide implementation of enterprise
resource planning (ERP) systems. From a

4 Appendix 2 is accessible on our website

www.methods-online.com
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Table 4  HIT innovativeness scores in hospitals (n = 106)

HIT innova- Vectors Overall HIT
tiveness score innovative-
ness score
Functional vector | Administrative systems 65% 66% 56%
Patient management systems  64%
Clinical support systems 84%
Clinical 52%
systems
Technological Emerging technologies 30% 30%
vector
Integration vector | Internal integration: 74% 51%
administrative
applications
Internal integration: 45%
clinical applications
External 34%
integration

clinical perspective, hospitals in Ontario
had significantly higher level of implemen-
tation of EMR, and more external systems
integration with other organizations than
hospitals in Québec (not shown here),
which might be explained by the creation of
Local Health Integration Networks by the
Ontario government in 2006 supporting
the integration of services in the province.

4.3 Antecedents of HIT
Innovativeness

> Table 5 reports the results of t-test and 2
analyses that assess the relationship between
HIT innovativeness and organizational ca-
pacity characteristics. Structural, financial,
leadership, and knowledge sharing char-
acteristics showed significant relationships
with HIT innovativeness among the sur-
veyed hospitals. As in Burke et al. [19], Wang
et al. [20], McCullough [21], and Furukawa
et al. [25], hospital size was found to be one
of the strongest predictors of HIT innova-
tiveness (H1a). Highly innovative hospitals
have more than twice as many beds as less in-
novative hospitals. However, size was not as-
sociated with one of the three vectors,
namely, integration innovativeness.

Both hypotheses related to the financial
capacity of hospitals were also supported.

Highly innovative hospitals had four times
more financial resources than their coun-
terparts (H2a) and they allocated 2.5% of
their budget to HIT investments and
operations compared to only 1.5% for less
innovative hospitals (H2b).

From a leadership capacity perspective,
and as in Jaana et al. [18], our results show
that CIOs in highly innovative medical
centers had more experience in IT posi-
tions than those working in less innovative
hospitals (H3a). IT steering committees
were also more diffused in highly inno-
vative hospitals than in less innovative in-
stitutions (H3b). However, while the pres-
ence of an IT steering committee was posi-
tively associated with functional and inte-
gration innovativeness scores, it was not a
strong predictor of technological innova-
tiveness.

Two of the three knowledge-sharing
characteristics were also found to be associ-
ated with HIT innovativeness. First, con-
sistent with prior research, hospitals in
urban or metropolitan locations showed a
higher level of HIT innovativeness com-
pared to hospitals located in rural areas
(H4b). It is important to note that while
geographic location played a significant
role in terms of functional innovativeness,
it was not associated with the technologi-
cal and integration dimensions. Second,
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Table 5 Antecedents of HIT innovativeness

Independent variables

Functional vector

Technological vector

Integration vector

Overall HIT
innovativeness

Low High p Low High p Low High p Low High p
Structural capacity
H1a : Number of beds 219 524 e 221 483 * 279 390 ns 231 480 *rk
H1b: Teaching institutions 40% 57% ns 33% 63% * 33% 53% ns 35% 53% ns
Financial capacity
H2a: Operating budget 55M  273M  *** 75M  233M ** 95M  221M  ** 65M 269M  ***
H2b: % budget allocated to IT 1.6% 26% * 1.7% 24% ** 1.5% 24% * 1.5%  2.5% ***
Leadership capacity
H3a: CIO's IT tenure 149y 205y * 152y 190y ns 155y 16.1y ns 147y 195y *
H3b: IT steering committee 61% 8% * 63% 8% ¥ 69% 67% ns 64%  84% *
Knowledge sharing capacity
H4a: Network affiliation (yes) 82% 77% ns 82% 80% ns 75% 85% ns 78% 75% ns
H4b: Urban hospitals 25% 54%  ** 26% 41% ns 31% 44% ns 22%  44% *
H4c: IT resources (FTEs) 7.7 372  *** 9.0 30.0 *F** 8.5 275  *** 6.6 BTN

*** p<.001; ** p<.005; * p<.05; ns = non significant.
“Low" on the vectors as well as the overall HIT innovativeness refers to the group of hospitals that fall in the bottom one third scores for the respective
category (i.e. functional, technological, integration, overall HIT innovativeness).
“High” on the vectors as well as the overall HIT innovativeness refers to the group of hospitals that fall in the top one third scores for the respective
category (i.e. functional, technological, integration, overall HIT innovativeness).

highly innovative hospitals counted 37 in-
ternal IT specialists (average) compared to
only seven in less innovative institutions,
providing strong support for H4c.

Only two hypotheses in our research
model were not supported. First, while
teaching status was associated with the
adoption of emerging technologies
(technological vector), it was not associated
with the overall HIT innovativeness in-
dex (HIb). Highly innovative hospitals
counted a larger proportion of institutions
affiliated to a medical school than less in-
novative hospitals (53% versus 35%); this
difference however was not statistically sig-
nificant. Second, contrary to our expec-
tations, multihospital network members
were not more innovative than indepen-
dent hospitals; the absence of a significant
relationship between network affiliation
and HIT innovativeness was consistent for
the functional, technological, and integra-
tion vectors.
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5. Discussion

This study examines HIT innovativeness in
the context of Canadian hospitals and as-
sesses the organizational factors that are
most likely to influence public hospitals’ in-
novativeness in relation to HIT adoption,
usage and integration. We adapted a pre-
viously developed research model [18] and
conducted a survey of hospitals in the two
largest provinces in Canada (Ontario and
Quebec) to assess the relationship between
organizational capacity factors and HIT
innovativeness. Unlike previous studies,
which relied on proxy measures, this research
used a comprehensive and validated survey
instrument [43], which included items that
reflect eight dimensions of HIT innovative-
ness along the functional, technological, and
integration vectors. Measures of various or-
ganizational factors (structural, financial,
leadership, and knowledge-sharing capacity)
were also included in the survey.

Our results indicate that the surveyed
hospitals have a moderate level of func-

tional and integration innovativeness as re-
flected by the scores on these two vectors
(66% and 51%, respectively). However, a
closer examination of the results shows that
HIT innovativeness with respect to the im-
plementation of computerized systems and
internal integration of systems in adminis-
trative areas exceeds the level of innovative-
ness in clinical areas. The implementation
of clinical systems is lagging behind admin-
istrative, patient management, and clinical
support systems. Specifically, clinical sys-
tems (e.g., nursing and clinical documen-
tation, computerized physician order entry,
and clinical decision support systems),
which have the potential to reduce errors
and support clinical decision making, are
still not widely adopted in the surveyed
hospitals. Although a high percent of hos-
pitals reported plans for implementing
these clinical systems, financial barriers re-
main as important challenges, especially
with the competing priorities and minimal
available resources. The aging of the popu-
lation, the burden of chronic diseases, and
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the increasing demand on the health care
system for reduced wait time and improved
patient safety are a few examples. The level
of internal integration of clinical systems
and external integration with other facil-
ities/organizations also appears to be lim-
ited in these settings. It is expected however
that the federal initiative led by Canada
Health Infoway, an independent not-for-
profit organization that support the devel-
opment and adoption of IT in health care,
would move forward the efforts for imple-
mentation of clinical systems and external
integration given its mandate to ensure an
interoperable electronic health record for
Canadians.

The lowest score on HIT innovativeness
was observed in the case of implementation
of emerging technologies. The technologi-
cal innovativeness score reveals a signifi-
cant gap in relation to the implementation
of emerging technologies (e.g., bar coding
for patient identification, bedside ter-
minals, single sign-on, biometry) that have
the potential of reducing errors, improving
efficiency, and addressing security issues.
This reveals a greater emphasis among
Canadian hospitals on the implementation
of computerized processes rather than
technologies, which reflects their priorities
in relation to the investments in HIT. This
might be explained by the public nature of
the health care system in Canada that
necessitates the existence of computerized
systems for supporting the exchange of in-
formation between providers and govern-
ment institutions.

The results of the survey demonstrate
strong support for the research model.
Seven out of nine hypotheses were sup-
ported indicating a significant relationship
between HIT innovativeness and struc-
tural, financial, leadership, and knowledge-
sharing capacity. As in previous research
[e.g., 19-21], hospital size appears to play a
major role in the implementation of HIT in
Canadian hospitals; larger hospitals have
more capacity and resources to acquire and
maintain new systems and technologies. Fi-
nancial resources are also very important
factors in determining HIT innovativeness
(all three levels — functional, technological,
and integration) in these settings, which is
in line with previous research that high-
lights the significance of these factors in af-
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fecting HIT implementation in health care
settings (e.g. [20, 44]). Leadership capacity,
as measured by the CIO’s IT tenure and the
presence of an IT steering committee, seem
to play a significant role in the implemen-
tation of new systems and technologies, but
not HIT integration innovativeness. Fin-
ally, the availability of IT personnel is a
variable that showed relationship with all
three levels of HIT innovativeness, which is
in line with previous findings observed in
U.S. hospitals [18].

Itis important to highlight that network
affiliation was not significantly associated
with HIT innovativeness. In the context of
Canadian hospitals, network affiliation re-
fers to close relationships between hospi-
tals; it is equivalent to the concept of system
membership observed in the context of
U.S. hospitals. Unlike prior research in the
U.S. that reported significant relationship
between system membership and IT [20,
21, 25], network affiliation was not signifi-
cantly associated with the implementation
of new systems and technologies, or the
integration of systems. This might be ex-
plained by the difference in the nature of
the health care system between the two
countries. In Canada, the health care sys-
tem is very structured and organized, and
hospitals in each province may be consid-
ered as permanently belonging to a large
network. Hospitals receive funds from the
government based on the allocated budget
each year, and are expected to function
within these resources. As such, even if a
hospital has access to I'T personnel or other
resources from a sister hospital in a net-
work, it will not be able to implement new
systems or technologies unless it has the
financial resources to do so.

Teaching affiliation was also not signifi-
cantly related to HIT innovativeness, with
the exception of technological innovative-
ness. This might be explained by the learn-
ing environment in teaching hospitals,
which tends to be open to the use of new
technologies. However, teaching hospitals
do not seem to have more implementation
of computerized systems, nor higher levels
of system integration, than their counter-
parts. We suggest that future research in-
vestigates this issue further.

In short, it is important to note that de-
spite the satisfactory response rate in this

study, we did not have data available on
non-responding hospitals that would allow
a comparison with the surveyed hospitals
to confirm the representativeness of our
sample. Given the fact that the sample had a
relatively large sample size and consider-
able resources (average budget and number
of health professionals), we expect that the
average level of HIT innovativeness might
be slightly lower than what was observed in
this study. This is a clear indication that
more efforts are still needed, especially in
the area of the implementation of clinical
systems and technologies as well as clinical
systems integration, which can play an im-
portant role in supporting clinical decision
making, reducing errors, and integrating
patient care. Finally, and as highlighted by
previous research (e.g. [18, 20, 44]), this
study confirms that there are important or-
ganizational variables (including bed size,
technical resources, financial resources,
and leadership variables) that continue to
play a significant role in the implementa-
tion of HIT in health care settings. Unless
carefully considered, these variables may
turn into barriers that prevent hospitals
from benefiting from available and rich IT
solutions in the field.

As a final remark, we must recognize
that the familywise error rate (FWER) was
not applied in this study. The FWER is a
concern when performing multiple pair-
wise tests. In the present context, FWER
represents the probability of making one or
more false discoveries or type I errors
among all nine hypotheses. If we apply the
Bonferonni correction [45, 46], we observe
in the last column of Table 5 that four out of
the seven significant findings are unlikely
to have occurred by chance (significance
level for the family of tests = 0.05/9 = .006).
Therefore, the results associated with fi-
nancial capacity characteristics (H3a and
H3b) and geographic location (H4b)
would deserve further investigation.

6. Conclusion

This study makes a contribution in the field
of medical informatics by exploring the re-
lationship between organizational capacity
characteristics and HIT innovativeness in
the particular context of public hospitals.
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By using primary data to test the relation-
ships presented in the research model, this
study demonstrates that the organizational
characteristics that play a significant role in
the implementation of HIT hold, irrespec-
tive of the public or private nature of the
hospital. The survey of hospitals in Canada
revealed a moderate level of HIT innova-
tiveness, with more emphasis on adminis-
trative systems and their integration than
on clinical systems and technologies in
these settings. Future efforts are necessary
to move the agenda forward in this direc-
tion and benefit from available solutions in
the market with the potential of supporting
patient care.
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