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The marked changes in health care expenditures in recent years
have led to a call for greater accountability in the areas of health
education, policy, services, and reform. In recent years, evalua-
tive research has been conducted in health arenas under the
rubric of health services research. The research methods em-
ployed have evolved not from evaluation research methodology,
but from frameworks that often do not lend themselves to de-
riving appropriate causal inferences in multi-causal environ-
ments. Given the complexity of the interrelated political, social,
psychological, and economic factors that can affect health serv-
ices, more complex evaluative techniques are needed. This arti-
cle describes the epistemology of evaluative research and,
through a series of examples from the health services litera-
ture, demonstrates the strengths of theory-driven approaches
and statistical multivariate techniques compared to traditional
black-box methods, as ways to increase validity for causal in-
ference.

À cause des modifications marquées des dépenses en soins de
santé, la demande de reddition de comptes dans les secteurs de
l’éducation, de la politique, des services et de la réforme dans le
domaine de la santé s’est intensifiée. Ces dernières années, des
évaluations ont eu lieu dans les secteurs de la santé dans le
cadre de la recherche sur les services de santé. Les méthodes
de recherche sur les services de santé ne s’inspirent pas de la
méthodologie de recherche évaluative mais adoptent plutôt des
mécanismes qui ne se prêtent pas toujours à formulation de
déductions causales dans des milieux englobant plusieurs cau-
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ses. Étant donné la complexité des rapports entre les facteurs
politiques, sociaux, psychologiques et économiques qui influen-
cent les services de santé, des techniques d’évaluation plus com-
plexes s’imposent. Cet article décrit l’épistémologie de la
recherche évaluative et, par une série d’exemples tirés de la
documentation scientifique sur les services de santé, montrent
les forces des approches fondées sur la théorie et des techni-
ques statistiques à variables multiples par rapport aux métho-
des traditionnelles de la boîte noire pour accroître la validité de
la déduction causale.

Over the last 30 years, the industrialized world has wit-
nessed major changes in health care expenditures (Nair & Karim,
1993). For example, between 1971 and 1991 health care expendi-
tures as a percentage of GDP almost doubled in the U.S.A. (7.5% to
13.4%), increased by one third in Canada (7.4% to 10.0%), and in-
creased between 25% and 33% in other industrialized countries ex-
cept Sweden (Nair & Karim, 1993). This dramatic growth has led to
a call for greater accountability in health care expenditures, and
has spurred evaluative research in health education, policy, serv-
ices, and reform.

Unfortunately, many evaluation studies in the health/medical field
have been fraught with problems, arising from the use of simplistic
and inadequate conceptualization, methodology, measures, and
analyses (Vingilis & Burkell, 1996). If the results of these studies
simply sat on the shelf, these problems would not be of concern.
Unfortunately, as Terris (1999) recently observed, many of these
problematic evaluations are the bases for decisions on health poli-
cies and the provision of services. Such decisions, made on the basis
of weak, incomplete, or poor evidence, are at best no better than
decisions made with no evidence, and are in many cases worse be-
cause they are likely made more confidently, in the misguided be-
lief that they are based on facts.

Fundamental to all evaluative studies is the issue of causal infer-
ence. Cook and Campbell (1979) describe three necessary conditions
for causal inference: (1) the cause must precede the effect in time,
(2) the cause and effect must covary, and (3) there can be no plausi-
ble alternative explanation for the covariation. The third condition
is the one most commonly unmet by researchers attempting to draw
conclusions from the results of health services evaluative studies.

Research methods typically used to determine causation are those
associated with control of various aspects of the condition/situation
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under study (such as the random control trial), and are consistent
with the simple cause-effect models of causation. These research
methods were developed for problems that differ from those cur-
rently facing the health of a population and health care system, and
are based on a conceptualization of health that differs from those
currently in use (McMichael, 1999; Susser & Susser, 1996a, 1996b;
Syme, 1996). Although simple cause-effect models may have been
effective in determining the causes of ill health, such as the role of
E. coli in gastrointestinal illness, they are often not appropriate for
the study of changes in health services. As Terris (1999) succinctly
points out, there are problems with using simple short-term studies
to evaluate the effect of health care changes on a population’s health
status because such studies do not account for the fact that health
care is only one of three major determinants of health status (the
other two being living standards and the use of preventive meas-
ures, such as environmental protection of food, water, air, etc.). Long-
term trends in these other two determinants may cause changes in
health status that are mistakenly attributed to health care changes.

The seminal work of Campbell, Stanley, and Cook (Campbell &
Stanley, 1966; Cook & Campbell, 1979) has been one of the founda-
tions for the conceptualization of causal inference in evaluative re-
search. The impetus for improved evaluation methods has also come
from the need to evaluate the effectiveness of large-scale, govern-
ment-funded social services implemented during the last half cen-
tury. This need challenged social scientists to develop
methodologically and statistically stronger designs for such evalua-
tions (Rossi & Freeman, 1993; Rossi, Freeman, & Lipsey, 1999). Some
of these methodological and statistical approaches, commonly de-
scribed in social services evaluative texts (Bernstein & Sheldon, 1983;
Cook & Campbell, 1979; Isaac & Michael, 1997; Mitchell, 1985;
Posovac & Carey, 1997; Rossi & Freeman, 1993; Rossi et al., 1999)
can provide relevant methods and approaches to health services re-
searchers.

The purpose of this work is to present problems of causal inference
associated with certain traditional approaches to evaluating health
services, and to introduce approaches that better support causal in-
ferences. Examples from published studies that illustrate the use
and misuse of approaches, methods, and data analyses will be in-
cluded. Finally, we will offer some suggestions about how an inno-
vative combination of approaches can help researchers answer
questions of critical importance as our health care systems head into
the 21st century.
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Two traditional health services evaluative approaches can be prob-
lematic for establishing causal inference (Cook & Campbell, 1979;
Isaac & Michael, 1997; Mitchell, 1985). The first such approach is
the “black-box paradigm.” Black-box-oriented or method-oriented
evaluation is atheoretical, and as such is characterized by a primary
focus on the overall relationship between the inputs and outputs of
an intervention (Chen, 1990). As Chen indicates, simple input/out-
put or black-box evaluations may provide an overall assessment of
whether or not a program works, but do not identify the underlying
causal mechanisms that generate the intervention effects, thus fail-
ing to pinpoint the deficiencies of the intervention for future im-
provement or development. Chen continues: “A black-box evaluation
is usually not sensitive to the political and organizational contexts
of input and output, and it neglects issues such as the relationship
between delivered treatment and planned treatment, between offi-
cial goals and operative goals or between intended and unintended
effects” (p. 18). Health services evaluation is often carried out using
the black-box approach; that is, little consideration is given to why
and how interventions work. Numerous authors have called for al-
terations in strategies used in health-related evaluations (Chen &
Rossi, 1989, 1993; Lipsey & Pollard, 1989; National Institutes of
Health, 2000; Palumbo & Oliverio, 1989; Petrosino, 2000; Rossi et
al., 1999; Vingilis & Burkell, 1996).

A second source of issues related to causal inference concerns sources
of random error variance and appropriate use of statistics and sta-
tistical tests (Mitchell, 1985). The statistical methods used in vari-
ous health services evaluative studies may be inappropriate because
of possible violations of assumptions, biased estimators, and eco-
logical fallacies. Often, simple pre-post designs and statistical tools
are used to evaluate complex changes to health services. Research
designs and statistical methods (Cook & Campbell, 1979; Isaac &
Michael, 1997; Posovac & Carey, 1997; Rossi & Freeman, 1993; Rossi
et al., 1999) designed to address large-scale or complex interven-
tions have unfortunately been absent in most health services stud-
ies. Time series, hierarchical regression, and structural equation
modelling are examples of some statistical methods that, if appro-
priately used, can increase the accuracy of predictions and effects
estimates, enhance interpretation of health services data, and lead
to more valid causal inferences (Posovac & Carey, 1997; Rossi &
Freeman, 1993; Rossi et al., 1999). These designs have generally
not been addressed or used in health services studies and texts
(Atkinson, Hargreaves, Horowitz, & Sorensen, 1978; Fink, 1993; Fink
& Kosecoff, 1978; Smith, 1990; World Health Organization, 1981)
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(although a recent epidemiology text by Rothman and Greenland
[1998] describes the techniques and identifies the importance of us-
ing these more advanced designs for complex causal relationships).

SIMPLE CAUSE-EFFECT MODELS VERSUS MIXED-METHOD,
MULTI-MEASURES, CAUSAL MODELLING APPROACHES:
EXAMPLES

Evaluative research should begin with some “cause-and-effect link(s)”
between intervention and outcome, based on explanatory (why the
intervention should work) and change (how the intervention should
work) theories (Chen, 1990; National Institutes of Health, 2000;
Petrosino, 2000). Lipsey (1988) writes that most cause-effect links
between interventions and outcomes fall along a continuum of causal
complexity, with at one end “relatively molar, monolithic, undiffer-
entiated causes applied at distinct points in time with effects that
are produced directly, immediately and overtly” (p. 8). The simple
cause-and-effect link is exemplified by immunization or other medi-
cal or pharmacological interventions that are delivered in measured
doses and work primarily through physiological mechanisms (Lipsey,
1988; Petrosino, 2000).

Lipsey continues:

On the other end of the continuum of causal complexity
we have processes in which the cause is applied over an
extended period of time and is both multidimensional
and variable from occasion to occasion. Such causal proc-
esses may have many components, may involve long
chains of cascading direct and indirect effects, may be
influenced by various extraneous events (i.e. be context
dependent) and may have results that are delayed, dif-
fuse, and subtle. (1988, p. 8)

A schematic diagram, or model, of this end of the continuum of causal
complexity is shown in Figure 1 (Chen, 1989, 1990; Chen & Rossi,
1980; Lipsey, 1988; Sidani & Braden, 1998). The model indicates
that interventions with causal complexity have four sources of po-
tential causal impact on final outcomes: exogenous variables, im-
plementation system, endogenous variables, and random error.
Exogenous variables are confounders, which already exist prior to
intervention. The implementation system refers to the actual deliv-
ery of the intervention, comparing hypothesized interventions to
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those that are actually delivered and comparing official goals with
operative goals. Endogenous (also called intervening or mediating)
variables refer to factors representing a wide range of direct and
indirect influences within the causal links occurring during the
course of the intervention that could affect the final outcomes. Fi-
nally, random error refers to measurement error and the need to
take this error explicitly into account through appropriate statisti-
cal methods. The specification of a causal model, although not nec-
essary for evaluation research, is the recommended approach to
developing designs to enhance researchers’ abilities to draw causal
inferences (Chen, 1989, 1990; Chen & Rossi, 1980; Lipsey & Pol-

Note. T = time, A...F = variables.
Fox (1984) states in his statistics textbook: “the use of time-series data in regression or similar analy-
ses generally cast doubt upon the assumption that errors from different observations are independent,
since the observation period from one period is likely to share characteristics with observations from
other periods in time. If, in fact, errors are autocorrelated in this manner, different estimation tech-
niques than ordinary least-squares regression are called for.” In addition, time series analyses can
“de-trend” common trends, such as declining hospital bed occupancy rates, and seasonal trends, such
as increased deaths due to MVIs in summer months, thereby reducing variation and possible estimator
bias.

Figure 1Figure 1Figure 1Figure 1Figure 1
Representation of Generic Causal ModelRepresentation of Generic Causal ModelRepresentation of Generic Causal ModelRepresentation of Generic Causal ModelRepresentation of Generic Causal Model
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lard, 1989; National Institutes of Health, 2000; Palumbo & Oliverio,
1989; Petrosino, 2000; Posavac & Carey, 1997; Rossi & Freeman,
1993; Rossi et al., 1999; Sidani & Braden, 1998). Because causal
inferences drawn from the results of black-box-oriented or method-
oriented evaluation are purely empirical and not theory based —
the causal links are identified and tested empirically — researchers
cannot easily determine why an intervention does or does not ap-
pear to work. And when it does, the mechanisms are not known.

A central feature of most health services evaluations is the use of
black-box evaluative studies. These approaches are appropriate in
situations where the causal pathways of a particular outcome are
simple and direct. However, black-box designs are problematic in
studies of complex situations in which an outcome has multiple
causal pathways. The use of theory and a causal model to explain
the processes by which changes in outcomes are expected to occur is
an important design tool to enhance the validity of research (Chen,
1989, 1990; Chen & Rossi, 1980; Petrosino, 2000; Sidani & Braden,
1998; Vingilis & Burkell, 1996).

An example of an intervention with causal complexity is a program
providing public and professional education on reducing the delay
in presentation and referral of stroke patients. Alberts, Perry,
Dawson, and Bertels, as part of a larger experimental treatment
study using tissue-type plasminogen activator, developed a “multi-
faceted program of public and professional education to encourage
early hospital arrival upon signs and symptoms of a stroke” (1992,
p. 352). Their educational efforts focussed on improving the recog-
nition of stroke symptoms and emphasizing the need for rapid treat-
ment of stroke victims. The intervention included six components:
television and radio interviews, newspaper articles, lectures to lo-
cal and regional primary care and emergency department physicians,
mailings to several thousand local physicians, having neurologists
on call 24 hours a day for referrals, and use of air ambulance heli-
copters. They used a simple pre-post design, where they compared
the percentage of patients with cerebral and intracerebral infarc-
tion who presented or were referred to their emergency department
within 24 hours of symptom onset for the 26-month period before
their educational intervention with the percentage presenting within
24 hours for the 12-month period after their educational interven-
tion had begun. A significant increase in presentation within 24
hours was found for patients with cerebral infarction (86%) during
the intervention period; the percentage presenting within 24 hours
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before the intervention was 37%. However, no significant change
was observed between patients with intracerebral hemorrhage be-
fore and those afflicted during the intervention. No other data were
collected. The authors concluded: “We found that a program of pub-
lic and professional education was successful in raising awareness
about stroke and significantly reducing the time delay seen in the
presentation and referral of stroke patients to our facility” (p. 355).

The research and statistical methods used and conclusions drawn
are inappropriate in this study because of the causal complexity of
the intervention. Causal complexity exists for two reasons: the causal
pathways for each of the components are complex, and the inter-
vention has a number of distinct components, any of which could be
causing the outcome. The causal mechanisms by which education
leads to changes in behavioural outcome, based on health decision-
making theory (Tones, 1985) or any other communication/education
theories, require sensory detection of, attention to, and perception
of the educational message by the audience, which generally requires
high media saturation (high levels of message penetration). Then
the audience must correctly interpret, understand, learn, and re-
member the message. Finally, the audience must try new behav-
iours and maintain them in order for an educational intervention to
show actual impact on behaviour. Without measuring whether or
not the audience actually heard, understood, and learnt the mes-
sage, one cannot assume that any behavioural outcome was due to
the message. Thus, the conclusion that “awareness” had increased
in the target audiences is invalid, as we are provided with no meas-
ures of “awareness,” and no direct causal link can be drawn to the
actual educational components of the intervention.

Moreover, the intervention is multifaceted, with six different com-
ponents, any one or combination of which could be causing the out-
come results. Again, no data were collected to determine whether
the observed changes were due to increased public or professional
knowledge about stroke symptoms and early presentation. Perhaps
the observed changes in reduced delay of presentation to the emer-
gency department were due to the increased use of the air ambu-
lance and not to education at all. Perhaps having neurologists on
call 24 hours a day caused the changes in presentation patterns.
Without detailed information and data measuring the implementa-
tion system, including what and how much intervention was pro-
vided, and measuring mediating variables, the outcome results
cannot be readily interpreted. Thus, the cause-and-effect link can-
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not be established with any certainty because this evaluation used
a simple pre-post design within a black-box approach to test an in-
tervention with causal complexity.

Another example of black-box evaluation whose output was not caus-
ally or conceptually linked to the intervention input was recently
described in the newsletter of the Canadian Health Services Research
Foundation (1999), a governmental granting agency for health serv-
ices research. The headline of the article reads, “Research shows
hospital cuts don’t hurt health, access to care.” The actual report,
by the Health Services Utilization and Research Commission
(HSURC) (1999) in Saskatchewan, concluded that closing small ru-
ral hospitals and cutting acute care hospital beds in major cities
actually reduced death rates. In 1993, when 52 small hospitals were
closed or converted to health centres because of spending cuts, the
commission evaluated the impact of the closures.

First, the commission analyzed hospital use and mortality data in
Saskatchewan before and after the cuts, from 1990 to 1996; this
analysis, they stated, would “determine whether access to hospital
care or the health of rural residents was affected” (p. 2). To deter-
mine whether or not these cuts affected the health of rural resi-
dents, they examined death rates as a proxy measure for health
status. They compared hospital use and death rates among four
groups: (1) communities that stopped receiving acute care funding
to keep their hospitals open, (2) rural communities that never had
hospitals, (3) rural communities that still maintained their rural
hospitals, and (4) the rest of Saskatchewan. They tabulated heart
attack, stroke, motor vehicle injury, premature (aged 0–74), and to-
tal (all causes) deaths per 100,000 population using a simple pre-
post design (1990–92 versus 1993–96) for communities that never
had small hospitals, for communities that kept small hospitals open,
and for communities that closed small hospitals in 1993. They con-
cluded that “health status as measured by death rates improved
throughout the province during the study period. Communities that
experienced the 1993 acute care funding cuts had the largest over-
all improvement in mortality rates; communities that still have small
hospitals, the smallest. Communities that never had a hospital had
the lowest mortality rates throughout the study period” (p. 3). Death
rates per 100,000 population showed pre-post hospital closure de-
clines for heart attacks, strokes, and all causes in all three commu-
nities (where hospitals closed, where hospitals remained open, and
where no hospitals had existed) and for the rest of Saskatchewan.
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However, after the 1993 hospital closures, deaths per 100,000 due
to motor vehicle injuries and premature deaths increased for com-
munities that still kept hospitals open, but decreased for the other
two communities, with no and closed hospitals, and for the rest of
Saskatchewan. In addition, they found hospital use declined through-
out the province: communities with hospitals whose funding for acute
care was cut had the sharpest decline in rates, and communities
that maintained their rural hospitals continued to have the highest
hospital use rates.

Second, the commission interviewed residents, through telephone
surveys and focus groups, about their opinions of their hospital clo-
sures (HSURC, 1999). The telephone survey found that 18% were
dissatisfied with health services prior to the 1993 funding cuts, and
54% were dissatisfied after the cuts. Concerns were lack of local
emergency services, decreased availability of health services and
doctors, and travel distance to access care. Yet the report also indi-
cated that of those who were surveyed via telephone, 89% stated
that the funding cuts had no direct effect on their personal health
and 64% were in good health. The conclusions of the study were
that

[c]utting the acute care funding to 52 rural Saskatch-
ewan hospitals has not adversely affected the health sta-
tus of residents in these communities.... Community
residents’ perceptions were consistent with the mortal-
ity data. Despite widespread fears that health status
would deteriorate, respondents overwhelmingly reported
that the loss of acute care funding did not adversely af-
fect their own health or their family’s health. In addi-
tion, two out of every three people surveyed rated their
current health status as either good or very good ... Al-
though we have no data to confirm that removing acute
care funding from communities improved residents’
health status, some of the data are intriguing. (p. 9)

The implicit causal model here is that hospitals increase deaths.

Unfortunately, a simple pre-post design, within a black-box ap-
proach, was also not appropriate for conducting this evaluation. First,
the three community groups had different population-based death
rates even before the intervention, ranging from 680 to 880 per
100,000 population. The highest death rates pre- (and post-) inter-
vention existed in communities with hospitals, and the lowest pre-
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(and post-) death rates existed in communities that never had hos-
pitals. If we consider the generic model in Figure 1, clearly there
are pre-existing conditions (exogenous factors) that could affect the
results, and that needed to be accounted for in the research design
and statistical analysis. Moreover, no endogenous factors were dis-
cussed to explain the findings. That is, the causal mechanisms by
which the changes, or lack thereof, occurred have not been meas-
ured, so that the how and why are not understood.

Of particular concern should be the findings that deaths due to mo-
tor vehicle injury (MVI) actually decreased in communities that
closed hospitals and in which average driving distance to the near-
est hospital had increased to more than 50 kilometres, yet increased
in communities that kept hospitals open (HSURC, 1999). Empirical
evidence indicates that most critically injured patients can be saved
if definitive medical intervention is provided within one hour (the
“Golden Hour” for emergency treatment) (Stewart, 1990). It is hard
to believe that an injured patient’s chance of survival would not be
affected by having to endure an additional 30–60 minute drive. To
explain the findings of this study and to eliminate other possible
causal factors, one would need to assess the exogenous precondi-
tions, the actual implementation of the closures, and endogenous
mediating variables (see Figure 1). In other words, how and why
did some death rates decrease in the experimental communities and
increase in the communities that kept their hospitals open? The re-
port does not attempt to explain the increase in MVI mortality in
the still-open hospital communities. Rather, it states: “The data do
not suggest that the affected communities have suffered ... as a re-
sult of the 1993 acute care funding cuts; if anything, death rates for
heart attacks and motor vehicle trauma are no different and possi-
bly better” (HSURC, 1999, p. 11). Had they conducted a theory-based,
causal modelling evaluation, they would have questioned the use in
a population health study of mortality rates (Vingilis & Burkell,
1996) to determine whether access to hospital care or the health of
rural residents was affected (HSURC, 1999) by hospital closures over
a short time period, and a priori presented the causal mechanisms
for expected outcomes (Chen & Rossi, 1989, 1993; Lipsey, 1988;
Lipsey & Pollard, 1989; Petrosino, 2000; Sidani & Braden, 1998).
As it stands, this black-box evaluation raises more questions than it
answers.

Regardless of results, the simple input/output or black-box type of
evaluation often draws conclusions that are less than satisfactory.
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On the one hand, black-box-based positive findings of intervention
success may be difficult for policy-makers or practitioners to apply
(Chen, 1990). For example, the Alberts et al. (1992) study, mentioned
above, evaluated a multifaceted intervention of great causal com-
plexity. In this study, even if the causal link that the researchers
claim to have established was valid, one cannot determine which
and how much of the above-mentioned interventions resulted in the
desired positive outcome. Thus, this type of evaluation typically pro-
vides no information about which combination of components and
intervention strength of components are necessary to obtain the
desired outcome (Lipsey, 1988).

Findings of intervention failure that are based on a black-box evalu-
ation may be even more misleading. Is the failure due to a poor choice
of intervention or a poorly implemented intervention (Chen, 1990;
Vingilis & Burkell, 1996)? Is the strength of intervention too low, or
is the measurement not sensitive enough (Chen, 1990; Lipsey, 1988)?
The true intervention effect may be hidden by a gross estimation of
the intervention effect. This interpretation problem associated with
black-box evaluations will be demonstrated in the cold self-care
evaluations described later in this article.

Many argue for specification of prior theoretical assumptions within
a causal framework in evaluative research in order to meet policy
needs (Chen, 1990; Mitroff & Bonoma, 1978; Petrosino, 2000; Vingilis
& Burkell, 1996). They disagree with the view that overcoming meth-
odological difficulties alone can always render data collected in evalu-
ations valid and scientifically precise. In the HSURC (1999) study,
even given more rigorous methodology, researchers would still need
to think through the causal model that closing small hospitals in
communities reduced the motor vehicle death rate. An obvious policy
implication of the HSURC study, for example, is that all small com-
munity hospitals should be closed so as to reduce the death rates
further. Yet this obvious policy implication is plainly absurd.

The second problem besetting causal inference within traditional
health services evaluative research concerns appropriate use of sta-
tistics. The challenges of evaluating complex, multi-causal outcomes
have led to the development of mixed-method, multi-measures re-
search and statistical designs (Bernstein & Sheldon, 1983; Cook &
Campbell, 1979; Greene, Caracelli, & Graham, 1989; Posovac &
Carey, 1997; Rossi & Freeman, 1993; Rossi et al., 1999). Detailed
descriptions of the different designs and statistical methods have
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been previously published (Cook & Campbell, 1979; Posovac & Carey,
1997; Rossi & Freeman, 1993; Rossi et al., 1999) and are beyond the
scope of this article. Suffice it to say that appropriate research de-
signs and multivariate analytic tools, such as time series, hierar-
chical regression, and structural equation modelling techniques, can
produce substantially more accurate predictions and effects esti-
mates (Greenland, 1998). For example, when observational studies
where data are collected over a time period use simple pre-post de-
signs as described above, less rigorous statements about cause and
effect can be made because simple pre-post statistical analyses may
not be the appropriate statistical treatment for causal inference. A
set of observational data, collected over time and comprised of equally
spaced or at least consecutive observations, which may be denoted
by Xt t = 1,2, ..., is called a time series. A time series design consists
of numerous, repeated measurements of data points preceding and
following an “intervention” (or some independent variable manipu-
lation), taken on an aggregate unit, such as deaths due to MVIs
(Ross, Campbell, & Glass, 1970; Vingilis, Blefgen, Lei, Sykora, &
Mann, 1988), with the expectation of a change in the dependent vari-
able (Rossi et al., 1999; Simonton, 1977). For such data standard
statistical procedures such as t-tests, anova, and regression are likely
to give misleading and spurious results due to lack of statistical in-
dependence inherent in the assumed error distribution.1 Time se-
ries methods have been developed for such time-dependent data.
The goal of intervention time series analysis is to model and de-
scribe statistically the effect of such external change on a time se-
ries. Time series analysis offers a sophisticated procedure for
isolating the critical effects of an intervention and for ruling out a
number of rival hypotheses, such as changes due to instability of
data or to long-range trends already in motion prior to the interven-
tion (Bernstein & Sheldon, 1983; Box & Jenkins, 1970; Cook &
Campbell, 1979; Fox, 1984; Rossi & Freeman, 1993; Rossi et al., 1999;
Simonton, 1977; Snortum, 1988).

Yet this design is rarely used in health services evaluative research,
despite the fact that longitudinal, repeated measurements of ad-
ministrative data commonly form the basis of many of these evalua-
tions. Leaving aside the serious problem of potential violations to
statistical assumptions when these administrative time series
datasets are subjected to traditional statistical methods (Fox, 1984;
Norusis, 1985), these longitudinal datasets of morbidity, mortality,
procedure, hospitalization and readmission rates, and the like are
ideally suited to the more methodologically and statistically valid
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time series analyses. As Wagenaar (1998) summarizes in a recent
article on research methods used to demonstrate intervention effec-
tiveness:

Some authors unfortunately lump together all non-
randomized designs under the term “ecologic,” implying
that such studies contribute little to the literature. While
a simple pre/post design without comparisons or with
one comparison group is of limited value, time series in-
tervention trials with hundreds of repeated measures
over time, switching replications of one or more inter-
ventions, and multiple levels of comparison groups have
very high levels of internal validity. Designs with re-
peated measures over time on a single unit also have
the advantage of more statistical power than treatment/
control independent group designs. I suggest we call such
studies “controlled time-series trials” and include them
with fully randomized trials in the high-quality group
that provides strong evidence on which to base policy
and programmatic decisions. (p. 10)

The previously mentioned Alberts et al. (1992) and HSURC (1999)
hospital closing studies are examples of time series observational
studies where appropriate analyses were not conducted. The HSURC
report, for example, presents a graph of age- and sex-standardized
mortality rates by community group for 1990 to 1996, which shows
complex variation and a slightly decreasing trend over the six-year
time period. A simple pre-post design cannot capture the variation
or possible long-term trend. If daily or weekly data of this six-year
period were subjected to time series analyses, the analyses could
determine if statistically significant changes in mortality rates ac-
tually were related to hospital closings, once long-term trends and
other variation were statistically removed.

Encouragingly, theory-driven evaluations within a causal framework
and the use of more complex research and statistical methods such
as time series analyses are beginning to appear in evaluative health
services research (Alexander, Halpern, & Lee, 1996; Banaszak-Holl,
Zinn, & Mor, 1996; Goes & Zhan, 1995). For example, Alexander et
al. (1996) recently evaluated the short-term effects of mergers on
hospital operations by using the causal framework of two merger
motivation theories and employing a multiple time series design.
The two merger motivation theories reflected the need for either
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activities expansion or services consolidation. The authors reasoned
that if the merger was motivated by the need to achieve access to
capital and improve ability to attract other health care resources,
little or no consolidation in staffing or service capacity and few im-
provements in operating efficiency would follow a merger of two or
more hospitals. On the other hand, if consolidation was the main
reason for mergers, they hypothesized that changes in operating
practices would occur in those institutions involved in merger
(namely a reduction in the overall scale of operation, improved op-
erating efficiency, and reduced duplication in staffing in the period
following merger). Although the use of only secondary data, as the
authors state, prevented them “from assessing directly the issue of
how and why changes in operative practices did and did not occur”
(p. 845), their two theoretical models identified causal mechanisms.
This design involved a six-year longitudinal assessment, using daily
mean values, of change in hospital operating characteristics before
and after merger, and a parallel analysis of change in a randomly
selected group of non-merging hospitals. Changes in hospital oper-
ating characteristics before and after merger were assessed by six
variables representing three areas of hospital operations: scale of
operation, operating efficiency, and staffing practices. By using time
series analyses they were able to control for secular trends other
than the merger, and to identify changes in levels and slopes over
and above general pre-existing trends in operating characteristics
of merging partners. One of the time series analyses established
that the decline in occupancy rates for merging hospitals between
pre-post merger periods was most likely a continuation of the sig-
nificant pre-merger trend towards declining occupancy in the merg-
ing hospitals. This finding could have been misinterpreted had a
simpler pre-post case-control design been applied, as the lower post-
merger rates of the merged hospitals, when compared to the rates
of the non-merged hospitals, might well have been interpreted as
due to the merger rather than to a significant downward trend found
in the merging hospitals only, well prior to their mergers. Thus, the
time series analyses provided a richer source of information by which
to interpret the results of the evaluation, a source of information
that may have prevented faulty conclusions being drawn about the
impact of hospital mergers.

The consequence of using the black-box approach with simple pre-
post research and statistical methods in studies evaluating health
services interventions of causal complexity is that these studies can-
not be sure that the intervention being evaluated is necessarily
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linked to the outcome or that the conclusions and recommendations
appropriately follow. In the remainder of this article we will present
as examples two evaluations of the same health education interven-
tion, one using a theory-driven approach within a causal framework
and a mixed-method, multi-measures design and the other using
the traditional black-box approach within a simple pre-post design.

In 1993, the Ontario Ministry of Health (MOH) determined that
12.6% of visits to physicians between January and March 1991 listed
on the government’s administrative, physician billing dataset, On-
tario Health Insurance Plan (OHIP), were coded as “common cold.”
On the assumption that this health care utilization rate was too
high, the MOH launched a public education campaign to increase
patient self-care and thereby reduce the number of “inappropriate”
visits to physicians’ offices because of cold and flu symptoms. The
campaign consisted of radio and newspaper ads and a patient infor-
mation booklet to be delivered to every household in the city of Lon-
don, Ontario. The MOH did not conduct a needs assessment of
baseline data on health care practices to determine brochure con-
tent and approach, although some professional and consumer focus
groups and consultations were set up for the purpose of testing ideas
and materials. The materials focussed on informing the public that
(1) the flu and colds account for the greatest number of unnecessary
doctor visits, (2) unneeded cold visits cost taxpayers $200 million a
year, and (3) doctors can’t cure a cold. The materials also provided a
number of home remedies for self-care (Vingilis et al., 1994).

Vingilis et al. (1994, 1998; Vingilis, Brown, & Hennen, 1999; Vingilis,
Brown, Sarkella, Stewart, & Hennen, 1999) conducted the initial
evaluation of the MOH’s cold/flu education campaign. As this cam-
paign to change health practices had a high level of causal complex-
ity, they used a mixed-method, multi-measures approach (Greene
et al., 1989) informed by Tones’ (1985) health decision-making theory,
which hypothesized a series of causal links needed for successful
health information campaigns (Figure 2). Vingilis et al. measured
exogenous variables, the implementation process, and endogenous
and outcome variables within the causal model. Exogenous variables
that could affect outcome were the public’s practices, knowledge,
and awareness of cold/flu treatment prior to the intervention. This
was assessed by using qualitative and quantitative (mixed) meth-
ods and multiple, independent measures. Vingilis et al. conducted a
pre-intervention random-digit-dialling telephone survey in the ex-
perimental and comparison cities to measure the general public’s
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levels of awareness, knowledge, attitudes, skills, and health prac-
tices. They found that respondents were already quite knowledge-
able about colds/flu and felt that physician visits were unnecessary
unless the cold lasted longer than 7–10 days, showed signs of sec-
ondary infections, or affected people such as children or the elderly
who were at high risk for complications. Only 4% self-reported that
they would go to a physician with the “common cold”; self-care was
the overwhelming treatment method of choice. An independent but
convergent study of family physicians’ patient caseload for one week
during the campaign corroborated the self-report information from
the public surveys. Results of the caseload study showed that pa-
tients reported experiencing symptoms for an average of 10 days
before visiting a physician, and that the most common reasons for
physician visits were persisting/worsening symptoms and the pres-
ence or indication of secondary infection (Keast, Marshall, Stewart,
& Orr, 1999).

Intervention implementation was assessed by examining message
penetration. Results of the post-intervention survey showed that two
thirds of London respondents neither knew of the campaign nor had
read the booklet.

The public survey assessed the causal links (mediating variables) of
awareness, interpretation, new knowledge, and attitudes in the ex-
perimental and comparison cities. The pre-post comparisons showed
that London residents correctly answered only 2 of 10 knowledge
questions significantly more often than did residents of the com-
parison city. No pre-post changes were found for attitudes or for
knowledge about new self-care remedies. In addition, a survey of
family physicians assessed their opinions and observations on the
effects of the campaign (Vingilis et al., 1994, 1998). The surveyed
physicians were ambivalent about the intervention, expressing con-
cerns about self-diagnosis. Moreover, physicians questioned the va-
lidity of using billing codes as a marker for “inappropriate” visits,
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as many stated that the “cold” code was used as a catch-all for bill-
ing purposes only, and remarked that after the campaign they were
less likely to use the “cold” code when presented with multiple health
problems (Vingilis et al., 1994, 1998).

The outcome component of the evaluation measured whether the
intervention (information booklet and ads) was specifically linked
to outcome (increased self-care and decreased health care utiliza-
tion in the London area). Vingilis et al. (1994, 1998) found no evi-
dence that use of self-care remedies advised by the booklet had
increased in the London area following the campaign. Moreover, of
the respondents who remembered their last cold (about 90% of re-
spondents), about 1% in London and the comparison city reported
visiting the doctor for their cold symptoms, in both the pre- and post-
surveys.

The results of this study suggest that the MOH’s implicit hypoth-
esis that the public are uneducated about colds/flu and “appropri-
ate” health care utilization for colds/flu may have been questionable
because most survey participants were knowledgeable and reported
making “appropriate” physician visits for cold/flu. Campaign imple-
mentation appeared to have limited impact in that message pen-
etration was low. The mediating variables of knowledge and attitudes
and the outcome variables measuring health practices were virtu-
ally unchanged over the campaign period among London residents
exposed to the campaign and among members of the comparison
city. Vingilis et al. (1994, 1998) thus concluded that the campaign
had little effect because of the limited success in implementation
and the lack of self-reported behaviour change.

However, as Vingilis et al. (1994, 1998) did not have access to direct
objective measures of health practices over time, they could not con-
duct intervention time series analyses in order to determine if ob-
jective health practices data converged with the results presented
above within the causal model of health decision-making (Tones,
1985). However, the Institute for Clinical Evaluative Studies, with
access to OHIP data, conducted a subsequent evaluation of the in-
tervention (Brown & Goel, 1996).

In evaluating the effectiveness of this campaign, Brown and Goel
used one outcome measure within a simple pre-post design. They
used OHIP physician billing codes for visits for cold and flu symp-
toms and total billings for all types of visits. They compared the two
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months before and after the start of the campaign with the same
two periods in the previous year for London and for the rest of On-
tario. Although they conducted no statistical tests, they stated that
London showed a 28% reduction in “cold” billings during the cam-
paign; the rest of Ontario, which was not targeted by the campaign,
showed a 21% decrease in “cold” billings during the campaign pe-
riod. Furthermore, there were virtually no changes in total billings
in either London or the rest of Ontario. They concluded that “the
modest relative reduction in physician billings for visits because of
cold and flu symptoms in London following the introduction of the
public education campaign may have been due to the intervention
as well as to other factors” (p. 835).

The Brown and Goel (1996) evaluation raises a number of questions
that cannot be addressed by the data in their black-box study. First,
if the campaign caused a true reduction in health care utilization
for the cold/flu, why did the overall billings not decrease in the ex-
perimental area? That is, how and why did the reduction in cold/flu
billings occur? The 28% reduction in cold/flu billings should lead to
some reduction in overall billings. These seemingly contradictory
results, however, can be explained by the implementation informa-
tion from the Vingilis et al. (1994, 1998) family physician survey,
which suggested that family physicians, during the intervention
phase in this non-blinded study, may have been changing their bill-
ing code practices.

Second, the reductions found in the number of billings for cold/flu in
both the experimental and comparison regions suggest that histori-
cal factors were clearly reducing the cold/flu billings in Ontario as a
whole. Although Brown and Goel (1996) do note that the cold/flu
season had actually passed by the time the campaign was imple-
mented, they would have had to conduct intervention time series
analyses of multiple months of the OHIP billing claims in order to
determine whether the decrease in cold/flu billings was related to
the implementation of the campaign or to long-term or seasonal
trends (Vingilis et al., 1994).

Finally, Vingilis et al.’s theory-driven, causal model study shows
that the actual mechanisms of change were not in place; that is, the
campaign did not fully realize the steps of the health education model
that described the process by which changes in health practices could
occur. Ultimately, the conclusions of Brown and Goel (1996) have to
be tempered by the fact that two thirds of the surveyed community
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had not even heard of the campaign, let alone absorbed the mes-
sage, and that there was no evidence of changes in self-reported
health practices as a consequence. The difference in the conclusions
reached by the two studies discussed here highlight the problems
inherent in black-box evaluations. The estimated cost of the cam-
paign for London, a community of 300,000, was half a million dol-
lars (Mickleburgh, 1994). Had the MOH expanded the campaign to
all of Ontario, with a population of 10 million, on the basis of results
from the Brown and Goel study, it would have done so at great tax-
payer expense in the belief that the campaign had been a success.
In contrast, the theory-driven evaluation of Vingilis et al. (1994,
1998), with its mixed-method, multi-measures design, suggested a
different educational outcome.

CONCLUSIONS AND RECOMMENDATIONS

In this article we suggest that the black-box study design is inad-
equate for much health services evaluative research. Instead we
suggest that researchers evaluating complex multi-causal outcomes
should consider using mixed-method, multi-measures research and
statistical designs in conjunction with a priori knowledge and theory
to build causal models of the intervention process and implementa-
tion system. This could enhance the validity of the evaluations and
provide more information about how to achieve desired effects (Chen,
1989; Petrosino, 2000).

This call for a broader approach to health services evaluative re-
search into complex evaluative questions has become a recurring
theme (Koopman, 1996; Lipsey & Pollard, 1989; Posovac & Carey,
1997; Susser & Susser, 1996a, 1996b; Syme, 1996; Terris, 1999).
Yet despite the advantages of a theory-driven causal model approach
and more complex methodological and statistical designs, the health
services evaluation field is characterized by a remarkably low level
of explicit theorizing about process (Lipsey & Pollard, 1989), although
some recent health services evaluations have begun to move beyond
the black-box paradigm to use theory-driven approaches and more
appropriate research and statistical methods (Alexander et al., 1996).
The challenge, however, will be to convince health services research-
ers and funding agencies of the feasibility and efficacy of such theory-
driven approaches. The various groups involved in and affected by
evaluative research will need to communicate with each other and
agree upon common goals before theory-driven approaches can be-
come more generally accepted. This proposal for the use of more
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complex evaluation methods requires patience and re-education of
the research community, policy-makers, funding agencies, and the
public. Although this re-education process may take some time, we
believe that improved health services evaluations will be well worth
the time and effort.

NOTE

1 Fox (1984) states in his statistics textbook: “The use of time-series
data in regression or similar analyses generally cast doubt upon the
assumption that errors from different observations are independ-
ent, since the observation period from one period is likely to share
characteristics with observations from other periods close in time.
If, in fact, errors are autocorrelated in this manner, different esti-
mation techniques than ordinary least-squares regression are called
for.” In addition, time series analyses can “de-trend” common trends,
such as declining hospital bed occupancy rates or unemployment
rates, and seasonal trends, such as increased deaths due to MVIs in
summer months, thereby reducing variation and possible estimator
bias.
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