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Science and Implementation
Dean L. Fixsen, Melissa Van Dyke, Karen A. Blase
Active Implementation Research Network

Implementation science is being developed for use in human services and other domains (Fixsen,
Naoom, Blase, Friedman, & Wallace, 2005; Meyers, Durlak, & Wandersman, 2012; Tabak,
Khoong, Chambers, & Brownson, 2012; Winter & Szulanski, 2001). While implementation
science has been developing for some time (Saetren, 2005), in the last few decades it has begun
to develop rapidly. For example, on December 15, 2018 a Google Scholar search for
“implementation research” yielded 80,600 returns, 23% of them since 2014. A search for
“implementation science” produced 46,100 returns with 40% of them since 2014. Rapid
development can be attributed to recognition of the role of implementation in closing the science
to service gap: the gap between substantial investments in developing effective innovations and
the continuing need for significant improvements in health, education, and social services (Bryk,
2016; Kessler & Glasgow, 2011; Perl, 2011).
Given the increasing attention to implementation science, the purpose of this article is to explore
implementation science as a science. The idea of science, and the use of the scientific method to
test predictions and hypotheses to advance science are discussed in the practical contexts faced
by implementation scientists.
What is Science?
The Merriam-Webster dictionary (https://www.merriam-webster.com/) defines science as the
“system of knowledge covering general truths or the operation of general laws especially as
obtained and tested through scientific method.” The scientific method is defined as “principles
and procedures for the systematic pursuit of knowledge involving the recognition and
formulation of a problem, the collection of data through observation and experiment, and the
formulation and testing of hypotheses.” In his book The Invention of Science, Wootton (2015, p.
393) says, “What makes it science is not that it provides an explanation but that it provides
reliable predictions.”
What is Implementation Science?
The Merriam-Webster dictionary defines implement as “to equip” and as a “device used in the
performance of a task.” In this sense, implementation science is the science of equipping people
to perform tasks. After decades of study, Fixsen, Blase, Metz, and Van Dyke (2015) defines
implementation science as “the study of factors that influence the full and effective use of
innovations in practice. The goal of implementation science is not to answer factual questions
about what is, but to determine what is required (mission driven).” That is, “to proceed from
wonder to no wonder” as implementation knowledge is developed.
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Theory
There are many things that may have some bearing on how to improve the impact of proven or
developing interventions. Unfortunately, “may have” does not equate to “does” in science.
“Scientific inquiry” demands more than speculation – a clearly stated theory that generates
predictions (if … then) and testable hypotheses (Popper, 1963, 2002). There are multiple
implementation frameworks (Meyers et al., 2012; Tabak et al., 2012) that could serve as a source
of predictions (if-then) and hypotheses (explanations of if-then relationships).
For implementation science, the Improved Clinical Effectiveness through Behavioural Research
Group (2006) distinguishes among grand theories, mid-range theories, and micro-theories. A
mid-range theory is designed to guide empirical inquiry and is made up of relatively concrete
concepts that are operationally defined and relatively concrete propositions that can be
empirically tested. The implementation frameworks that have been developed can be considered
mid-range theories of implementation.
Predictions and Hypotheses
If reliable predictions define science and if testing predictions is the work of scientists, then
implementation science is a science to the extent that a) predictions are made and b) those
predictions are tested in practice using the scientific method.
Predictions in the if-then logical format necessarily require a way to first produce the “if.” In
science, Wootton (2015) distinguishes between discovery and invention. If something already
exists, a scientist or explorer can discover it. Gravity already existed before Galileo described
the “law of fall” and Newton described it in a mathematical formula. In physics, chemistry,
biology, and other “hard sciences” scientists can study natural phenomena that exist everywhere
(e.g. every living thing has chromosomes that can be studied at any time; chemical elements
already exist and are waiting to be observed). The independent variable often exists in nature.
On the other hand, inventions are new and do not exist in nature. In the so-called “soft sciences”
the independent variable must be produced by the scientist. Unlike waiting for a solar eclipse to
test Einstein’s predictions of spacetime (Pasachoff, 2009), implementation scientists cannot wait
for an expert implementation team (a postulated implementation independent variable) to form
and begin to function then assess the outcomes. This may never happen in any predictable and
assessable way.
Implementation Independent variables (if this …)
The independent variables in implementation science are inventions. To have an implementation
science, implementation scientists must be able to produce the independent variable on demand
so that predictions of its effects can be measured (if this, then that). At this point, soft-science
increases in complexity. Consider the logic:
1. An implementation scientist must be able to produce the independent variable on demand
(if this). For example, a prediction might be that if a high functioning implementation
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team supports practitioners’ use of an evidence-based program, then the practitioners will
use the evidence-based program with high fidelity and good outcomes.
2.
Production of the independent
variable itself requires implementation
knowledge and skill. For example, who
produces implementation teams? How can
they be produced reliably and effectively so
they can be studied within an experimental
design?
a.
A contributor to the complexity of
implementation science is that each
independent variable required to test a
prediction is, itself, a dependent variable in
the context of a test of the prediction.
The overall logic is presented in Figure 1.
A research group (the independent variable)
must be sufficiently skilled in
implementation practice to produce
Figure 1. A logic model showing how a dependent variable at one
practitioners who use an innovation with
level is an independent variable at the next level.
fidelity (the dependent variable). At the
next level, the practitioners’ use of an innovation with fidelity (the independent variable) is
assessed in terms of benefits to recipients (the dependent variable). In this example, the fidelity
of practitioners’ use of an innovation is both a dependent variable and an independent variable.
Perhaps this dual role helps to explain the number of studies of fidelity and its role in producing
desired outcomes and in analyzing outcome data (e.g. Bartley, Bright, & DePanfilis, 2017;
Durlak & DuPre, 2008; Hurley, Lambert, Gross, Thompson, & Farmer, 2017; Naleppa & Cagle,
2010; Sanetti & Kratochwill, 2014; Tommeraas & Ogden, 2016).
Without an assessment of the fidelity of the implementation independent variable it is difficult to
interpret the outcomes of intervention independent variables (Harvey, McCormack, Kitson,
Lynch, & Titchen, 2018; Rycroft-Malone et al., 2018; Seers et al., 2018).
How, then, can implementation independent variables be produced on purpose so they are used
in practice with fidelity? Perhaps by using implementation best practices to produce them? The
circularity of developing implementation science as a science becomes apparent – some
implementation knowledge and skill are required to produce implementation independent
variables suitable for study.
This calls for a different perspective on developing theory and testing hypotheses and predictions
in implementation science. For example, Galileo had a powerful (at that time) telescope built to
enhance his observations of the night sky. However, he did not have to produce the stars that
were the object of the observations. The difference is implementation scientists need to
“produce the stars.” That is, they need to produce high functioning implementation teams if they
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want to study implementation teams. The independent variable is not already there waiting to be
observed.
To establish implementation independent variables, implementation science must rely on
implementation practice. Fortunately, implementation practice has been developing and
improving since the middle of the 20th century. Best practices have been summarized and
operationalized and lists of best practices have been organized into coherent frameworks to guide
implementation practice in human services and other fields (for recent examples, see: Allanson et
al., 2017; Blanchard et al., 2017; Blase, Fixsen, Naoom, & Wallace, 2005; Fixsen et al., 2005;
Glennan Jr., Bodilly, Galegher, & Kerr, 2004; Greenhalgh, Robert, MacFarlane, Bate, &
Kyriakidou, 2004; Meyers et al., 2012; Øvretveit, Mittman, Rubenstein, & Ganz, 2017;
Schoenwald & Garland, 2013). Implementation best practices are needed to establish
implementation independent variables at the right time and place and with the quality required to
test predictions and hypotheses.

Observation
Predictions in the if-then logical format require a way to observe the “then” to see if a prediction
is disconfirmed in practice. When describing the invention of science, Wootton (2015, pp. 258259) states that "Before the Scientific Revolution facts were few and far between: they were
handmade, bespoke rather than mass produced, they were poorly distributed, they were often
unreliable."… "Establishing facts depends upon instruments ... which have to be standardized."
… "Precision was pointless when units of measurement were local." Centuries ago, telescopes
and microscopes provided new ways to observe with clarity and precision that far exceeded
human sensory capacity. Observation became reliable and repeatable from one group of
scientists to another to inform science.
In implementation science, observation is a problem. If implementation independent variables
must be produced, then there must be some way to detect the presence and strength of the
independent variable in practice. Otherwise, the risk of Type III errors increases; that is,
attempting to study the impact of a variable that does not exist in practice (Dobson & Cook,
1980). In implementation studies, the fidelity with which implementation supports are provided
is an important factor. Pinnock et al. (2017) have proposed criteria for publishing research on
implementation that include specific descriptions of intervention methods and outcomes, and
specific descriptions of implementation methods and outcomes. These criteria hold promise for
advancing the field.
Various measures do exist and typically fit the “handmade” and “often unreliable” versions that
pre-date the Scientific Revolution. Lewis et al. (2015) catalogued 104 existing implementationrelated measures and found them lacking in reliability, validity, and conceptual clarity. Proctor
et al. (2011) described potential measures derived from a review of concepts in the literature. Of
the eight proposed measures four relate to implementation (feasibility, fidelity, cost,
sustainability), one relates to scaling (penetration), and the remainder concern the intervention
(acceptability, adoption, appropriateness). Weiner et al. (2017) sought to remedy this situation by
developing new implementation outcome measures that concern the innovation (“this EBP meets
my approval;” “This EBP seems applicable”). A review of the implementation research
literature noted that it was unusual for any measure to be used by more than one researcher
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(Fixsen et al., 2005). Implementation science will progress when implementation measures
permit reliable and replicable observations of implementation phenomena.

Conclusion
At this point, implementation science is approaching the criteria for being a science. It is not yet
a “system of knowledge covering general truths” nor does it make regular predictions (if-then)
that are tested in practice (then-what). In general, implementation research is poorly designed,
does not systematically test theory, and has few ways to generate implementation variables on
purpose to study hypotheses related to theory.
Yet, the field is on the cusp on rapid and dramatic development. Potentially powerful
implementation variables have been identified and operationalized. The efforts of so many over
the past half century are about to bear fruit.
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