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ABSTRACT
U.S. hospitals are under continual pressure both to increase productivity and to improve quality
through the use of Health Information Technology. This paper analyzes 3,187 US hospitals, using
data reported to the American Hospital Association, to assess changes in productivity over a five-
year period (2002-2006). The Malmquist Indices derived indicate that Total Factor Productivity
(TFP) and Efficiency Change (EFFCH) both increased during that timeframe. The low
Technological Change (TC) index indicates that improvements to organizational processes did not
contribute substantially to productivity. A secondary analysis examined the use of Computerized
Physician Order Entry (CPOE) in relationship to the three indices. TFP trended positively for those
hospitals further into the CPOE implementation process. 

Keywords: hospital productivity, frontier analysis, quality improvement, computerized physician
order entry (CPOE)

1. INTRODUCTION
The American Recovery and Reinvestment Act (ARRA) of 2009 offered an
unprecedented set of financial incentives for providers to accelerate their adoption of
certified electronic health records (EHR). The act outlines criteria, codified in
December 2009, which defines “meaningful use” and links adoption to a pool of $19.2
billion in incentives for hospitals and physicians. A key element of the U.S. healthcare
reform targeted the effective use of information to support better decision-making and
more effective care processes, resulting in improved health outcomes and reduced cost
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growth. To that end, the timetable for achieving EHR meaningful use had Computerized
Provider Order Entry (CPOE) as the first capability target for 2011 in its matrix of care
goals, data capture objectives and quality measures.

The ARRA includes incentives for early health information technology (HIT)
adopters because evidence suggests that the widespread use of CPOE is fundamental to
improving quality while safely reducing costs [1]. CPOE is an essential early step on
the critical path to full adoption of the interoperable EHR technologies, because other
applications, such as lab reports and decision support, rely on order entry as an initiating
activity. Therefore, CPOE adoption is both an early goal and a cornerstone for those
seeking to increase hospitals’ productivity levels through technological change and
more efficient operations. Despite the many positive reports about CPOE’s efficacy [2],
the positive relationship between CPOE and productivity gains is still a contested
assertion [3]. 

The purpose of this paper is to evaluate the relationship between CPOE use and
hospital productivity in the United States using longitudinal frontier analyses. In
particular, hospitals’ use of CPOE systems are compared to their Total Factor
Productivity change specified using the Malmquist Indices. This study’s plan of work
involves four steps. First, the Malmquist Indices for measuring Technical Efficiency
Change (EFFCH), Technological Change (TC) and Total Factor Productivity (TFP)
over time are introduced and defined. Next, an empirical analysis of United States
hospitals from 2002 through 2006 (5 years) is conducted to measure changes in
efficiency, technological process change and total productivity. Third, the Malmquist
Indices are analyzed in relationship to a measure of CPOE adoption status drawn from
the Leapfrog Group’s annual survey. The Leapfrog Group is a voluntary program aimed
at leveraging employer purchasing power to recognize and reward safety, quality and
customer value. The Leapfrog Hospital Survey provides data for comparing hospitals’
performance on national standards of safety, quality and efficiency [4]. Finally, the
implications of the study are discussed.

1.1. New Contributions
This research makes three important contributions to the health policy, administration
and research literatures. First, the five-year period studied immediately follows the
release of the Institute of Medicine [5, 6, 7] reports highlighting endemic process
failures in U.S. hospitals and the emergence of large-scale efforts to address these
failures [8, 9]. Therefore, it empirically documents a period when significant effort to
increase both EFFCH and TCs are likely to have occurred in the hospital sector.
Additionally, the study provides a benchmark to measure the effectiveness of the ARRA
pay-for-performance program. 

Second, empirically demonstrating the link between increased productivity and
CPOE adoption is an important aspect of promoting behavioral change. Further, the
analysis performed herein can be replicated within health systems to compare discrete
units’ productivity levels and relate them to technology utilization. Therefore, frontier
analyses offers an alternative approach that front-line managers might use to assess the
effectiveness of their HIT implementations.
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Third, the method that yields the Malmquist Indices, Data Envelopment Analysis
(DEA), is an important addition to the growing body of frontier analysis techniques
being used by policy and health services researchers. At the facility level, measuring
changes in hospitals’ TFP and its related elements (viz., EFFCH and TC) can identify
hospitals where best-demonstrated practices are likely to be the norm. At the market and
national levels, the impact of meaningful use reforms designed to increase efficiency
and improve processes can be assessed. For example, the economic stimulus legislation
enacted in 2009 included over $19 billion to promote HIT adoption in the near term
[10]. Through 2019, that amount may rise to $38 billion [11]. Given that major public
and private investments designed to increase the hospital sector’s productivity has been
focused at the acute setting, research on the impact of CPOE diffusion will play a
critical role as stories of success and failure begin to permeate the specialist and general
practitioner community as they decide when and if to make the transition. 

1.2. Background on CPOE Diffusion
The evolution of CPOE systems has proceeded gradually since the first one was
introduced in 1969 [12]. However, as seen in many technology diffusion efforts, high-
technology products often require three, or even four, successive generations of product
innovations and marketplace substitutions to achieve full diffusion [13]. Even when
systems are adequately well developed, implementation can take extended periods of
time [14] depending upon factors idiosyncratic to the organization [15]. For CPOE
systems, there are still significant questions about the efficacy of the state-of-the-art.
Given that the pace of product evolution likely impacts adoption and diffusion,
innovation progress may accelerate adoption rates, but adoption may still proceed
slowly, as predicted in other studies [16]. 

Several trends in the healthcare marketplace and literature support the likelihood of
a longer time horizon. There have been several reports of costly CPOE system
implementation failures [17]. Combined with the added costs and expected resistance
to system introduction, these well-known barriers may cause administrators to take a
wait-and-see approach to adoption. Further, in many settings, a fully usable CPOE
system depends on the existence and interoperability of other technologies and systems
[18]. As a result, the need for an operational electronic medical record (EMR) may be
a rate-limiting first step in the implementation of a CPOE system throughout the
organization. In addition, the ability to integrate CPOE systems into other existing
information technologies, such as legacy billing systems, can slow adoption. Finally,
and potentially more problematic for CPOE proponents, is the emergence of empirical
studies questioning CPOE’s clinical efficacy [19-21]. Given that these trends directly
impact the two major adoption stakeholders – hospital administrators and clinicians, the
barriers to CPOE adoption may be greater than previously estimated [22].

On the other hand, some trends seem to support an increase in the speed of CPOE
adoption. First, the current generation of physicians is slowly being replaced with a
generation of professionals with an increased familiarity with all forms of IT. This
generational shift is resulting in a concomitant change in their expectations for clinical
systems in the hospital environment, creating new internal influences on technology
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innovation [23]. As a result, it is likely that this new generation of physician users will
bring with them a new cultural expectation for the use of CPOE systems. A second trend
is the increased demand for electronically compiled clinical information in support of
payment claims documentation. It is becoming increasingly impractical to have post
hoc entry of orders and other diagnostic information, as more detail is required.
Medicare, in particular, has both the leverage and expressed intent to support programs
such as the Premier pay-for-performance demonstration [24, 25]. In technology
diffusion terms, such changes to payment schemes represent important new external
influences that may affect technology innovation and adoption rates. Thus, combined,
CPOE technology, the population of end-users, and health care environment were all
coevolving in ways that would accelerate diffusion in the future – even before the
ARRA.

1.3. Measuring Hospital Efficiency, Technological Change and Productivity
While there are many and competing definitions of efficiency in the literature, they are
all built on the same basic principle: the “transformation” of inputs to outputs. The
Agency for Healthcare Research and Quality (AHRQ) uses a definition of efficiency
that aligns with this perspective - “efficiency [is] as an attribute of performance that is
measured by examining the relationship between a specific product of the health care
system (also called an output) and the resources used to create that product (also called
inputs)” [26].

Current efficiency measures can be classified in one of three basic forms: ratios,
frontier analytic indices, and regression-based estimates. These forms can be simple or
complex. Simple measures are those that focus on outputs and present themselves in the
context of an input. This may be done in the form of either output alone, as in the case
of patient discharges, or as a ratio of inputs to outputs such as Full Time Equivalent
(FTE) personnel per discharge. Simple measures are advantageous because they are
easy to understand and are relatively simple to implement as key performance
indicators. However, simple measures often fail to provide actionable information
because, while they explain “what”, they do not explain “why” hospitals differ in their
performance, and therefore point the way to performance improvements. Complex
measures focus on the transformation rate – T in eqn. 1 – rather than the outputs.
Complex measures are indicators of transformation, the rate at which inputs (I) are
converted to outputs (O), rather than the outputs themselves. 

(1)

The most common analytic method in the literature for estimating the conversion rate
of inputs to outputs is regression analysis; however, frontier analysis is gaining
increased traction in healthcare. Frontier analysis offers a significant benefit over both
simple models and competing complex models. Frontier analysis allows for multiple
output variables to be used in the calculation along with multiple input variables–
allowing a more holistic perspective on efficiency than that provided by simple output
or ratios alone. The advantages of frontier analysis over regression are described below.

I OT →
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2. METHODS
2.1. Methods of Analyzing Hospital Efficiency: Regression vs. Frontier Analysis 
Figure 1 provides an illustration of the basic dynamics of both regression and frontier
approaches. In both cases, the data points are positioned identical and the axes in the
figure support the argument advanced in eqn. 1 – inputs are used to create outputs. The
purpose of regression is to identify the function that represents the average (mean)
efficiency relationship between inputs and outputs. In that case, the line of best fit (the
regression line) is the one that minimizes the squares of the deviations, and the slope of
the regression line represents the average efficiency among the variables.

Frontier analysis takes a fundamentally different approach by looking for the best
demonstrated practice: identifying the best demonstrated output for varying occasions
of input. Frontier analysis gets its name because it seeks to identify the ‘frontier’ or
‘leading edge’ on which the most productive/efficient organizations balance input and
outputs. In frontier analysis, the “residuals” then represent the distance of each
observation from the best demonstrated practice frontier. These residuals represent the
degree to which an observation falls short of expected production. Put another way,
regression analysis identifies the line that best represents the relationship among
variables, whereas frontier analysis identifies the line that represents the best
relationship among variables.

The focus on best demonstrated practice aligns well with the move towards evidence
based management through quality improvement iteration. While the regression model
works on identifying the poor performers relative to the average standard, the frontier
model focuses on identifying how far an individual observation is from its potential –
defined against the standard of best demonstrated practice.

2.2. Longitudinal Efficiency: The Malmquist Indices
Productivity analysis – a longitudinal approach to efficiency – is also linked to frontier
analysis. The most commonly used productivity measurement devices used in the
economics literature are the Fisher and Törnquist indices [27]. However, both of these
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measures require price data to assess productivity and that data is often either confidential
or not clearly understood at the hospital level in healthcare. A third approach was
developed by Malmquist in 1953 and was subsequently linked to frontier analysis,
specifically DEA, by Caves, Christensen and Diewert [28] as an alternative to the
Törnqvist [29] index. The Malmquist Total Factor Productivity (TFP) Index was further
explored by Fare et al. [30] who proposed the use of linear programming to identity the
frontier, facilitating analysis. In the end, research has found that, under the right conditions,
the Malmquist, the Fisher and the Törnqvist indexes can be derived from one another [31].

TFP is an economic term to describe the transformation of inputs to outputs over
time in a manner that accounts for all factors – both endogenous and exogenous. Rather
than separating the two, TFP indexes simply describe the transformation over time. TFP
is often seen as the real driver of growth. Some comparisons of national economies
indicate that TFP may account for up to 60 percent of growth over time [32]. Therefore,
understanding TFP, its parts and its impact is an important aspect of changing the way
hospitals do business. The Malmquist TFP Index focuses on changes in productivity
over time, and differs from the cross-sectional approach generally used in most frontier
assessments like DEA and Stochastic Frontier Analysis (SFA) [33].

Healthcare is an ideal candidate for indexing using the Malmquist TFP Index. The
Malmquist TFP Index is particularly useful when two conditions are satisfied: first, when
the objectives of the firms are not known, have not been achieved, or differ from firm to
firm; and, second, when output pricing information is either not available or is unusable
because some outputs’ values are purposely overstated. To the first issue, in the healthcare
sector, the mix of for-profit, nonprofit (often religiously affiliated) and community
ownership arrangements lead to differing strategies and goals for the organizations. To the
latter issue, given that contracting arrangements with insurance companies and Medicare fee
structures routinely mask true reimbursement rates relative to the largely fictional ‘charges’
the consumer usually experiences, the Malmquist indices can offer a useful productivity
measure. Further, the reimbursement structure of US healthcare with specialists providing
and billing for professional services creates distortions for understanding the true costs of
providing those services. Uri [34] argued that the Malmquist approach was clearly superior
for market or industry level assessment under such conditions. 

Secondarily, and of significant impact in this research, the Malmquist TFP Index has
a number of additional benefits for use in research in healthcare. First, while frontier
analyses are non-parametric, the Malmquist is, in this case both parametric and
normally distributed – a point not often raised in the literature. This emerges from the
fact that the index is not limited to a number from zero to one, but rather takes a positive
number centered on the overall shift in productivity. Further, the function is constructed
so that degradation in performance manifests itself as an index of less than one, whereas
an improvement in performance is presented by a Malmquist index greater than one.
Second, the Malmquist TFP Index can be decomposed into two components: efficiency
change (EFFCH) and technological change (TC). Equation 2 illustrates the relationship
between TFP, EFFCH and TC:

(2)TFP EFFCH TC= ×
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The decomposition of TFP productivity has been widely explored in the literature, and
more specifically, it has been used to explore issues in healthcare [35]. 

The EFFCH (i.e., X-inefficiency) component, on one hand, is an indicator of the
‘management effect’ on organizational performance. EFFCH is typically attributed to
insufficient competitive pressures that allow management to perform at subpar
productivity levels. Under competitive pressure, managers are incented to improve their
underlying organizational processes in order to keep pace with other firms in the market
through innovation. It occurs when more of each input is used than should be required
to produce a given level of output in specific organizational activities [36].

On the other hand, the TC index measures shifts in the TFP frontier that arise from
such organizational innovation. It is interpreted as the change of the “best practice”
frontier over time typically due to improvements in the “technology” of organizational
processes [37]. The term “technology” has a general meaning here and it refers not only
to information or clinical technology innovations but to process innovations as well.
The most significant technological changes in an organization often rely on behavior
modifications rather than the implementation of technological systems. For instance,
the reduction of hospital-acquired pressure ulcers at Ascension Health emerged from a
redesign of the socio-technical system within the facility [38], resulting in a shift in
demonstrated best practice. TC then is an important component of TFP because it
identifies changes in the production frontier over time.

2.3. CPOE’s Projected Impacts on Workflows and Productivity
When effectively implemented in hospitals, CPOE systems can enhance care quality,
improve revenue cycle management systems and increase productivity [39]. Enhanced
quality arises from factors including the use of clinical decision support to ensure that
practice guidelines are met, reduced medical error rates [40], and more timely delivery
of both test results and medications [41]. Improvements in revenue cycle management
occur because paper records no longer need to be abstracted for billing purposes [42]
and costly duplication of orders are avoided [43]. CPOE contributes to increased
productivity by realigning workflows to remove repeated keying of orders (also a
potential error source), simplifying and ensuring orders that are transmittal to the
appropriate receiver, and reducing the need for allied health professionals to seek
clarification from the clinician generating the order [44]. 

However, it should be noted that CPOE has mixed results [45]. The worst-case
scenario arises when the CPOE implementation fails completely and a hospital reverts
to its previous modes of operation. Not only are the costs of the system increased, but
organizational trust in future EHR endeavors is undermined [46]. A more common
concern is the shifts in costs associated with CPOE adoption. The most commonly cited
negative impact arising from CPOE use is the additional time for physicians to
electronically enter orders compared to handwritten or transcription modes of operation
[47]. Historically, the value of physicians’ time has been sufficiently greater than all
other labor inputs. However, the economics of the healthcare workforce has changed
dramatically. As a result, the net effect on hospital productivity of adopting CPOE
technology is a complicated phenomenon to measure and analyze.
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A number of studies in the literature have used the Malmquist-based analysis to more
deeply explore the root of productivity change. A Malmquist-based analysis not only
provides an index that can be reconciled against the stage of adoption of CPOE to
determine whether CPOE adoption is related to TFP, but also whether the efficiency
gains emerge from shifts in management or shifts in tools – or put another way – how
we do things versus what we do things with. We therefore posit three hypotheses.

H1: TFP will be systematically related to CPOE adoption;
H2: EFFCH will be systematically related to CPOE adoption;
H3: TC will be systematically related to CPOE adoption.

Further, we expect that as CPOE adoption progresses, there will be a concomitant
increase productivity.

H4: TFP will increase as stage of CPOE adoption progresses;
H5: EFFCH will increase as stage of CPOE adoption progresses;
H6: TC will increase as stage of CPOE adoption progresses.

2.4. Malmquist Model Specification
Our analysis began by drawing on similar input/output DEA models defined in the
literature [26, 48, 49]. In a review of frontier analysis studies conducted by McGlynn et
al. [26], common outputs included measures of health services, such as discharges and
inpatient days. Inputs generally center on how resources in the organization were
allocated, including the amount of resources allocated to labor and measures of
available capital, such as beds. In the case of our model, total facility expenditures, the
number of beds for each hospital, and the Case Mix Index (CMI) were used as inputs
for the Malmquist model, and the number of admissions and patient days were used as
outputs. While these variables are common for the literature, they do diverge in a single,
and significant way – the use of CMI as an input variable.

In fact, the use of CMI has often been associated with outputs rather than inputs.
Rosko and his colleagues have used Case Mix adjusted discharges in a number of
papers [50-52]. This is because CMI is directly related to gross revenues for those
patient admissions reimbursed under the prospective payment system by the Centers
for Medicare and Medicaid Services (CMS). However, CMI is a global figure
representing an inventory of Diagnosis Related Groups (DRGs) for a particular
provider during a particular time frame. As such, CMI can also be seen as a proxy for
the acuity of the patient catchment area served by the hospital. The variables used in
the model specification are more fully described elsewhere [53] and are summarized
in Table 1.

The analysis generated the Malmquist TFP Index, and was further broken down into
components of EFFCH and TC. The five-year average of the Malmquist index, its
standard deviation, and value range were generated. These variables were then
compared to the Leapfrog Group’s measures of technological change – CPOE adoption
status. 
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2.5. Secondary Analyses Specification
For the second stage of the analyses, it was necessary for the hospital to have responded
to the Leapfrog Group’s annual survey. A comparison of the Leapfrog Group sample
and the balance of the facilities assessed in stage one (i.e., the DEA) was made. The data
are presented in the context of understanding response bias in the Leapfrog sample.

The CPOE scale has five response levels. The highest level of adoption is ‘Fully
Implemented’ (level 5) which indicates that at least 75 percent of a hospital’s
medication orders are transmitted via a CPOE system. The next two highest levels of
adoption, labeled ‘Good Progress’ (level 4) and ‘Good Early Stage Effort’ (level 3),
indicate that a hospital is moving toward the ‘Fully Implemented’ standard within the
next two (level 3) to three (level 2) years. The final two reporting levels are ‘Willing to
Report Publicly’ (level 2) and ‘Did Not Disclose Information’ (level 1). Hospitals that
fail to progress through the adoption levels from one year’s survey to the next have their
scores lowered as part of the evaluation algorithm. 

The Malmquist TFP index was analyzed using a One-way Analysis of Variance
(ANOVA). Post hoc multiple comparisons of means were also conducted to determine
whether the path of significance, if any, is consistent in that higher levels of CPOE
attainment were positively correlated with TFP, EFFCH and TC. 

2.6. Dataset and Sample Descriptions
Three data sources were employed for the analyses. The first was the American
Hospital Association’s (AHA’s) Annual Survey for fiscal years 2002 through 2006 [54].
The CMI was drawn from the Centers for Medicare and Medicaid Studies (CMS)
Inpatient Prospective Patients System for the same period [55]. The Leapfrog Group’s
2006 Annual Survey provided data on CPOE [56]. Medicare provider number was used
as the key variable and cross-referenced to ensure matches across various datasets.
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Table 1. List of inputs and outputs used in the Malmquist index calculations

Variable name Description

Total Facility Expenditures Input – Total facility expenses including labor and 
materials, excluding bad debt.

Beds Input – Total number of licensed beds including general 
surgery, intensive care unit, skilled nursing and other
bed types.

CMI Input – The CMS measure of the average diagnosis-
related group weight for a facility’s Medicare patient 
volume. Used as a proxy for the overall facility acuity of 
patient illness. 

Adjusted patient days Output – Total facility patient days (inpatient and 
outpatient) minus nursing home unit discharges.

Adjusted patient admissions Output – Total facility discharges (inpatient and 
outpatient) minus nursing home unit discharges.



In order to be included in the TFP analyses, it was necessary to limit this analysis
to facilities with complete data for the entire panel span. Altogether, 3,178 hospitals
had complete responses for the five years included in the study. Among the
facilities analyzed in the first stage, 1,462 responded to the Leapfrog Group’s
survey. Within this population, a smaller subset (N = 963) were assessed on their
adoption of CPOE. 

The datasets used in this study were merged, cleaned, and cross-validated using
Microsoft Excel. The Malmquist TFP Index, EFFCH and TC were calculated using
DEAP 2.1 [57]. In order to assess whether or not these indexes correlate with other
measures related to CPOE, a second set of analyses was also conducted. In particular,
ANOVA algorithms were executed using the indexes as dependent variables, and
measures drawn from the Leapfrog Group’s annual survey as factors. Second stage
analyses were conducted using SPSS 17.0 for Mac. Factor analysis and visualization on
the input and output data were conducted using STATA for Mac.

3. RESULTS
U.S. hospitals’ diachronic performance was evaluated using the Malmquist productivity
and efficiency indices described earlier. Table 2 summarizes the three indices’
geometric means for the period from 2002-2006 – inclusive. Hospitals experienced an
average annual increase of 5.3 percent in EFFCH over the five-year period. However,
declining efficiency attributed to TC component of the productivity measure largely
offset the gains in the EFFCH factor. Overall, the Malmquist analysis indicates that
TFP increased approximately six-tenths of one percent each year (mean = 1.0058) in
the 3,187 hospitals that provided complete response to the AHA where CMI data were
available from CMS.

Table 2. Summary of Malmquist Indices derived from the AHA and CMS data
for participating U.S. hospitals (2002–2006) 

Variable Mean Std. Dev. Min Max

EFFCH 1.053 0.086 0.523 1.836
TC 0.958 0.062 0.794 1.373
TFP 1.006 0.064 0.515 1.709

N = 3187. All indices are geometric means. The standard deviation, minimum and maximum values are for
individual facilities.

To further explore the utility of the Malmquist Indices (MI) for studying
hospitals, additional measures of change were drawn from another survey.
Specifically, respondents to the Leapfrog Group’s annual survey were compared to
non-respondents (see Table 3). As part of the secondary analysis, t-tests were run
to compare the Leapfrog respondents’ scores on the MI factors. Leapfrog
respondents differed significantly on EFFCH and TC factors relative to the rest of
the sample.
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The primary purpose of analyzing the Leapfrog respondents was to compare their MI
scores to other performance standards. In particular, the CPOE measure from the
Leapfrog survey was analyzed. Table 4 displays the comparison of MIs to the hospitals’
CPOE scores. Again, EFFCH and TC measures had significant relationships to CPOE. 

Post hoc analyses of the ANOVA measures were also performed to identify where
significant differences exist in the Leapfrog survey variables’ response levels vis-à-vis
MI. The TFP measures’ mean differences progressed in a positive linear fashion moving
up the CPOE scale. Therefore, the inference is that higher attainment levels on the
CPOE scale are positively correlated with increased levels of TFP. 

A factor analysis was performed on the input and output data to facilitate the
visualization of the data. For both the inputs (eigenvalue = 1.76) and outputs
(eigenvalue = 2.19), one factor was identified. Figure 2 illustrates a scatterplot
representation of the data and the differences between the Leapfrog respondents and
those that did not participate in the Leapfrog effort. The Leapfrog group tended to be
higher volume facilities and, as a result, defined a distinct yet unique frontier.
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Table 3. T-test for difference between Leapfrog Group survey respondents and
non-respondents

Leapfrog Std.
respondent Std. error Sig.

(Yes = 1) N Mean deviation mean t-test (2-sided)

EFFCH
0 1462 1.0659 0.0934 .0024

7.992 <.001
1 1725 1.0425 0.0728 .0018

TC
0 1462 0.9445 0.0649 .0017

�11.75 <.001
1 1725 0.9700 0.0572 .0014

TFP
0 1462 1.0031 0.0713 .0019

�2.231 .026
1 1725 1.0082 0.0561 .0014

Table 4. ANOVA for Malmquist Indices and the use of CPOE by hospitals1

Variable Sum of squares df Mean square F Sig.

Between Groups 0.149 3
.050

EFFCH Within Groups 5.021 959
.005

9.49 <0.001
Total 5.170 962

Between Groups 0.207 3 .069
TC Within Groups 2.298 959

.002
28.74 <0.001

Total 2.505 962
Between Groups 0.010 3

.003
TFP Within Groups 3.163 959

.003
1.04 0.373

Total 3.173 962

1 The ANOVA only includes the Leapfrog Group survey respondents.



4. DISCUSSION
Efforts to increase U.S. hospitals’ productivity are meeting with mixed results. On the
one hand, over the five years studied, managers were able to increase the output-to-
input ratio and increase EFFCH levels in the sector. On the other hand, efforts to
improve the underlying care processes (i.e., TC) are not succeeding to the extent that
they made a positive contribution to TFP. Therefore, there has been a trade-off between
the EFFCH and TC factors, resulting in negligible gains in overall TFP.

In this study, quality improvement measured as the mean TC did not exceed unity (TC
> 1) over the period studied for the entire sample. Fortunately, that is not the entire story
and some support for the Value Proposition can be seen in the comparison between the
Leapfrog respondents’ results and the rest of the sample presented in Table 3. The
Leapfrog respondents are significantly higher in both TC and TFP MIs vis-à-vis the
other hospitals studied, while not experiencing any significant drop-off in the EFFCH
measure. Therefore, it is possible to make meaningful technological improvements to
organizational processes without adversely impacting efficiency or productivity.

The CPOE measure is significantly related to both the EFFCH and TC MIs that
contribute to TFP; however, their impact seems to be a wash. The results from the
present analyses indicate that hospital employees are working harder (i.e., increasing
efficiency gains), but not necessarily smarter (i.e., effectively employing new
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and frontiers illustrated



technologies) in order to hold productivity constant. The EFFCH measure does account
for the majority of gains in overall productivity rather than TC. These results would
seem to support the supposition that there is a trade-off between EFFCH and TC,
related to CPOE. However, it should also be noted that there is a net positive, although
there may be some positive impact on productivity on balance.

Computerization of clinical information is an essential component of a broader
system of hospital changes. To gain productivity advantages from computers in
healthcare settings, rather than simply computerizing the traditional practices, managers
have to re-engineer the hospital to match workflows with the capabilities of computers.
Therefore, it is necessary to implement work process changes throughout the hospital,
which represents a major TC.

In addition, CPOE is a networked technology. Networked technologies’ efficiency
increases as more users join the system. Therefore, the benefits of information
technologies, such as CPOE, are not fully realized until their adoption reaches critical
mass [58]. The time delay in the development of such symbiotic network connections
is one reason economists give for the appearance of a Productivity Paradox, mainly
because the return on investment (ROI) expected is beyond the typical payback horizon.

Nevertheless, there is more to implementing a CPOE system than mere technology.
Computers need to be accompanied by a rethinking of job processes and employees’
roles and responsibilities (i.e., scope of practice) as well as organizational hierarchy
[59]. Among other things, this implies upgrading the skills of the workforce, which
would impact EFFCH favorably. For increasing productivity and fostering innovation,
a multi-disciplinary educated workforce is critical. Nonetheless, many organizations
retain their old structures because the required changes are time consuming, risky, and
initially costly. In large part, this problem emerges because such changes are perceived
as impinging on the professional domains of many clinically trained stakeholders –
physicians in particular [60]. Therefore, rather than changing the behavior or increasing
the skills of current staffers, it is a more common strategy to add a costly specialist (i.e.,
outsourcing) to handle specific types of issues in professional domains. The increased
use of scribes is one indication that this phenomenon may be occurring [61].

4.1. Limitations and Future Research
The study presented here suffers from several limitations. First, neither the AHA, CMS,
nor Leapfrog Group surveys has complete information on all U.S. facilities for the
entire period studied. CMS is limited to hospitals above a minimum size and further
limited to only those that accept Medicare patients. The AHA and Leapfrog Group
surveys are both voluntary. The favorable response bias that exists between the
Leapfrog Group sub-sample and the rest of the facilities studied probably extends to
those hospitals omitted from the analyses [62]. Therefore, the productivity gains for the
period studied are not representative of the entire hospital sector. Further, the findings
from these analyses are probably an overestimate of the entire sector’s productivity
performance. 

Additionally, it would be useful to generate information on allocative efficiency
using the Fisher [63] and Törnqvist [29] productivity indices. However, such models
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require better service pricing information that is not widely available. Indices that
include accurate pricing data would be more directly applicable to the study of policy
changes designed to increase productivity by using global payment schemes. Such
policies are central to many healthcare reform plans being promoted at the outset of the
Obama administration [64].

One possible solution to both the reliability issue associated with voluntary surveys
would be to rely exclusively on CMS data to conduct hospital productivity analyses.
The fidelity of the facilities’ submissions would be better assured because false
reporting would constitute fraud and be punishable. Because CMS has the payment
information related to its Medicare enrollees, other productivity analyses could be
conducted. In addition, CMS has a complete census of hospitals. This would reduce
many of the statistical concerns that researchers have raised related to using DEA [65].
Lastly, the larger data set would increase the sample size and potentially remedy the
statistical power issue discussed above in the CPOE analysis. The disadvantage to this
approach, as stated earlier, is that CMS data underrepresent smaller, rural and critical
access hospitals.

Another option for addressing the power issue is to use market-level analytic
approaches. Both hospitals’ technological processes and technical efficiency are linked
to the markets they operate in. Previous studies have successfully used market-by-
market analytic strategies [e.g., 53, 66]. Further, identifying entire markets that have
above average TC and EFFCH paradigms would make the search for best-demonstrated
practices easier to translate into evidence-based practices.

However, the use of CMS data does not increase the availability of historic CPOE
data. The largest dataset for that variable is the Leapfrog Group’s data. In 2010, AHA
began collecting data on CPOE. As those data become available over a longer time
frame, the present study will provide the basis for exploring those data. Further, as
attitudes change and programs to reward increased e-prescribing are expanded [67],
there should be an impact on CPOE adoption. As a result, other factors that are not
directly measured may be contributing to the productivity gains observed. Further direct
examination of providers’ attitudes is warranted.

5. CONCLUSIONS
For the sample of U.S. hospitals studied, total productivity levels (TFP) increased from
2002 to 2006, but only to a small degree. Further, the productivity gains are the result
of increased EFFCH rather than changes in the underlying technological processes
(TC) used in facilities. Nevertheless, there are positive trends occurring in parts of the
hospital sector. 

Hospitals that are willing to make their progress in implementing evidence-based
patient safety practices publicly available through the Leapfrog Group’s Annual Survey
are experiencing above average gains in both TC and TFP. For managers, our secondary
analyses indicate that implementing CPOE is likely to have the greatest impact on
productivity in the near term. For policymakers, our findings reinforce the fact that
public reporting, or transparency [68], is a critical feature for making meaningful
changes to the way hospitals execute their activities. 
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These findings, coupled with a growing body of research [69] that hospitals engaged
in public reporting deliver above average quality, are important for promoting and
realizing the aims of the ARRA. Therefore, both policymakers and managers should
promote the simultaneous pursuit of productivity gains, quality improvement, and
increased reporting transparency in their initiatives. Merely pursuing payment reform
policies, without linking them to discreet TCs, does not appear to be an effective
strategy [70], and may delay the ROI for early adopters [71].
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