EVALUATION
and PROGRAM PLANNING

PERGAMON

Evaluation and Program Planning 22 (1999) 1-11

A Bayesian model to predict the success of the implementation of
health and education innovations in school-centered programs

K. Bosworth®*, P.M. Gingiss®, S. Potthoff®, C. Roberts-Gray®

2 College of Education, University of Arizona, Tucson. AZ 85721, USA
® University of Houston
¢ University of Minnesota
4 The Resource Network, Austin, TX

Received 22 July 1995; received in revised form 18 January 1997 accepted 24 May 1998

Abstract

Health and education practitioners, evaluators, and researchers have little guidance to help them translate implementation research
into meaningful implementation strategies. This article describes the development and testing of a model to help schools assess their
likelihood of successfully implementing health education innovations. The model was developed using an integrative group process
technique that captures experts’ qualitative and quantitative judgments as a subjective Bayesian probability model. The experts
developed a measurable definition of successful implementation, identified eight factors containing 40 questions relevant for predicting
successful implementation, and specified the diagnostic value of each of the factors. Internal validation showed a correlation of 0.92
between the model scores and the experts’ direct ratings of 100 hypothetical school profiles. Preliminary external and content
validation have been conducted. Application of the model to planning, management, and evaluation of school-based innovations is

discussed. © 1999 Published by Elsevier Science Ltd. All rights reserved.

1. Introduction

As the complexity of factors influencing the health and
well-being of children today is increasingly recognized,
the programmatic solutions also are becoming more com-
plex. Evaluation reports of program implementation note
numerous implementation barriers and failures at the
organizational, work group, and individual levels.

Implementation is considered to occur when an inno-
vation is put to use (Rogers, 1983). Thus, the implemen-
tation stage begins after the adoption decision is made
and culminates when the innovation ‘disappears’ either
because it-.has become so thoroughly integrated into
everyday practices that it is no longer visible as an inno-
vation or because it has been discontinued (Yin, 1979;
Scheirer, 1990). An innovation is an idea, practice,
service, technology or other object that is perceived as
new by an individual or other unit of adoption (Rogers,
1983). The innovation may include microcomputer
software, videodisc, new instructional strategies or pro-
grams, new policies and guidelines, and/or action plans
for comprehensive, collaborative programming.
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Over time, various perspectives for predicting
implementation success have been provided. Much of the
early literature focused on the adoption phase of the
diffusion process (Rogers & Shoemaker, 1971). In this
literature, use of an innovation was viewed as an event,
rather than a phenomenon that has a time line and pro-
cess (Hall, 1992). Other areas of research and theory that
shaped perspectives on implementation included work
on organizational development (Hernandez & Kaluzny,
1994; Rothman, Erlich & Teresa, 1981; Scheirer, 1990;
Yin, 1979); major school-based studies such as the Rand
Change Agent Study (McLaughlin, 1990); a study of
the effects of the National Diffusion Network (Emrick,
Peterson & Agarwala-Rogers, 1977) and a study of the
school improvement processes in response to innovations
(Huberman & Miles, 1984). Another major set of edu-
cational implementation studies focused on schools, indi-
vidual teachers, and classroom practices (Hall & Hord,
1984). In the health promotion literature, a number of
related factors critical to successful implementation have
been identified (Bosworth & Yoast, 1991; Brink, Gingiss
& Gottlieb, 1991; Gingiss & Engel. 1995; Hall & Loucks,
1977; Levenson-Gingiss & Hamilton, 1989; Ottoson &
Green, 1987; Roberts-Gray & Scheirer, 1988). Addition-
ally, in the early 1990s the National Cancer Institute
funded two national centers to research the diffusion of
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health promotion programs and policies in schools. One
of these programs based its intervention on diffusion
theory and social learning theory, while the other used
organizational development theory (Goodman & Steck-
ler, 1990; Parcel et al., 1989). Related reports of the
implementation of innovative, complex, multi-compon-
ent, collaborative programs which integrate schools,
health and social service programs, have indicated
numerous issues which span delivery system boundaries
(Crowson & Boyd, 1993; Knapp, 1995; Marks & Marzke,
1994).

A review of implementation literature confirmed that
substantially over 300 variables can be identified that
might be integrated into a model to guide implementation
planning and monitoring (Roberts-Gray, 1985). In spite
of the existing research, health and education prac-
titioners, evaluators, and researchers are left with little
guidance to help them translate this research into mean-
ingful strategies to improve implementation efforts.
Without guidelines, it is very difficult to develop focused
staff development and technical assistance programs to
strengthen implementation. Given the diminishing
resources available to health and education sectors,
efficient utilization of these limited resources for program
support is critical.

A solution 1s to translate available implementation
research into a model to assist schools and community
groups providing school-based or school-linked pro-
grams to plan for and monitor key processes. The goal of
such a model would be to provide guidance to strengthen
implementation efforts to improve the likelihood of
success. Unfortunately, an extensive, convergent data
base upon which to build a predictive model of successful
implementation is lacking in the field. However, a number
of individual researchers and practitioners are intensely
involved in the research and practice of improving the
implementation stage of planned change. The approach
taken in this research was to elicit the knowledge of an
expert panel of implementation researchers and prac-
titioners in the form of a mathematical model. The model
delineates the factors the panelists defined as important
to assess the implementation process, and the diagnostic
strength of each factor in contributing to the likelihood
of successful implementation. This article describes the
theoretical background for this approach, and the devel-
opment, testing, and application of the model in assessing
and guiding implementation of health innovations in
schools.

2. Methodology
2.1. Background

Modeling human judgment has been central to the field
of decision analysis (von Winterfeldt & Edwards, 1986).

Decision analysis provides methods for eliciting people’s
values or preferences and mapping them into numbers to
quantify their judgments (Gustafson, Cats-Baril & Alemi,
1992). The elicitation process involves assessing two types
of knowledge: (1) the attributes or factors the person
considers important when making a judgment, and ways
to describe levels (e.g., high, medium, low) for each of
those factors; and (2) the subjective weight or importance
of each factor level. A scenario or option under con-
sideration is evaluated by assessing how it measures (e.g.,
high, medium, low) on each factor level, with the cor-
responding weights for those levels combined math-
ematically to arrive at an overall numerical score for that
scenario.

The mathematical model can support decision making
in a number of ways. In this research, the model predicts
the likelihood of a school successfully implementing an
mnovation. The model calculates a numerical score that
represents the probability of successful implementation
given that school’s characteristics. School pérsonnel can
use this overall score to see how likely they are to achieve
success. They can also use the model as a diagnostic tool
by looking at how they rate on each of the factors of the
model to see where they are experiencing difficulties. The
model also provides the capability to look at how improv-
ing in areas where they are having difficulties would
improve their overall likelihood of success. Although
such models can be used in paper and pencil format,
computerization greatly enhances their usability. This
decision analytic approach has been used to model expert
judgment in a variety of areas, including evaluating the
quality of psychiatric emergency care (Gustafson, Sain-
fort, Johnson & Sateia, 1993), assessing school drug pre-
vention programs (Bosworth & Yoast, 1991), measuring
the severity of trauma injury (Fryback & Keeney, 1983),
and evaluating the quality of long term care (Gustafson
et al., 1990).

The decision analytic models generally take one of two
mathematical forms: a subjective Bayesian model, or a
multiattribute utility model (von Winterfeldt & Edwards,
1986). Subjective Bayesian models are grounded in Baye-
sian statistics, which uses Bayes’ theorem to revise one’s
opinion about the probability of an outcome in light of
new information (von Winterfeldt & Edwards, 1986).
This approach ascribes to the normative view that sub-
jective probabilities elicited from people describe orderly
opinions about how one’s beliefs should change when
given new evidence. Subjective Bayesian models multiply
together all the data that are available. If a piece of data
is missing, it is simply omitted from the Bayes’ theorem
calculation. Thus, subjective Bayesian models are not
very sensitive to small amounts of missing data. Multi-
attribute utility models also capture subjective infor-
mation to guide decision making. However, these models
rely on weighting attributes and creating utility functions
across the levels of each attribute. They suffer when data
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are missing, requiring re-weighting all the remaining attri-
butes to arrive at a score (Gustafson, Sainfort, Johnson
& Sateia, 1993). The subjective Bayesian model was
chosen as the mathematical form for this research because
its framework better fits the prediction task at hand,
and it is easier to use when small amounts of missing
information may occur.

2.2. Subjective Bavesian models

The purpose of the Bayesian model is to predict the
probability of successful implementation of a health inno-
vation by a school. The overall probability calculated by
the Bayesian model ranges from 0 (almost no chance of
successful implementation) to 100 (almost certain chance
of successful implementation). The format of Bayesian
models requires that there be competing outcomes to be
predicted that are mutually exclusive (only one of the
outcomes can happen) and exhaustive (the probabilities
of the outcomes must sum to 1). Unless there is clear
reason to the contrary, one should limit the number of
outcomes being forecasted to two to simplify the model
building process (Gustafson, Cats-Baril & Alemi 1992).
Thus, in our model the two competing outcomes were
successful implementation and failed implementation.

Bayesian models contain three components, which will
be discussed specific to our model: prior odds of success,
likelihood ratios for each level of each factor, and pos-
terior odds of success. The mathematical form of the
Bayesian model is shown below, with the example
assuming there are two factors that are used to predict
successful implementation.

P(Success|Factly, Fact2,)
P(Failure|Factl,, Fact2,)

_ P(Factl,|Success)
" P(Factl|Failure)

P(Fact2,|Success)
P(Fact2,/Failure)

P(Success)
P(Failure)

posterior odds of success = likelihood ratio for
level ‘b’ of Factor |
x likelihood ratio for level ‘a’ of Factor 2
x prior odds of success

The prior odds of success is the probability of success
divided by the probability of failure, before one has any
information about the characteristics of the school. A
non-informative prior was assumed (e.g., no a priori
belief about the probability of success was assumed
before collecting information about the school). This
assumption can be as accurate in predictive ability as
assuming prior knowledge (Gustafson, Kestly, Greist &
Jensen, 1971). For any given school, each factor will be
present at only one of several levels. The likelihood ratio
for each level of each factor indicates the ‘weight’ for that
piece of data about the school. The posterior odds of

success is calculated by multiplying the prior odds (which
in our model is 1/1 for a non-informative prior) by each
of the likelihood ratios. The final probability score of

-success can be calculated by:

Probability of successful implementation
= (Posterior odds)/(1+ Posterior odds)

This form of Bayes’ theorem requires that the factors be
conditionally independent (von Winterfeldt & Edwards,
1986). That is, if one is told that a school successfully
implemented an innovation, knowing that a school was
at a given level on one factor would not provide any
information about the school’s performance on any other
factor. Conditional independence was assessed by the
experts during the model-building process, and all factors
were identified as being conditionally independent. This
greatly simplifies the likelihood ratio estimation process
described in Step 7 below. If two factors are not con-
ditionally independent, the expert panel would be
required to estimate more complex likelihood ratios. For
example, suppose Factor 1 is not conditionally inde-
pendent of Factor 2. Rather than simply estimating the
probability of Factor 1 being at level b given that success
occurred, the panel would have to estimate the prob-
ability of Factor 1 being at level b given that success
occurred and Factor 2 is at level a, b, or ¢. This increases
the complexity of the likelihood estimation process and
the number of estimates that must be elicited.

2.3. Integrative group process

The elicitation process used to model the panelists’
expertise in the form of a subjective Bayesian model is
known as an integrative group process technique (Gus-
tafson et al., 1992). The expert panel approach used is an
economical and reliable approach for developing pre-
diction models. Previous studies indicate that math-
ematical models developed using this approach can be as
accurate in prediction as those developed using more
laborious, time-consuming, and costly approaches that
use extensive empirical records and primary data col-
lection (Gustafson et al., 1971). An integrative group
process approach was particularly appropriate in this
research since the goal was to develop a usable predictive
model in a short time frame. A convergent data base
upon which to build a predictive model of successful
implementation does not exist, necessitating the use of
expert estimation.

Several tasks are necessary in creating a subjective
Bayesian model: (1) establish a measurable definition of
successful implementation, (2) identify a set of relevant
factors for predicting successful implementation, (3) spec-
ify the likelihood ratios for each factor level in predicting
successful implementation, and (4) test the reliability and
validity of the model. The model was developed through
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Steps in the model development process
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Step Description

Time

Selection of panel members (experts)

2 months pre-meeting

1

2 In-depth telephone interviews with panelists 2 weeks pre-meeting
3 Development of the straw model 1 week pre-meeting

4 Defining implementation success Day |

5 Identifying the factors Day 1

6 Developing measures for the factors Day 1

7 Developing likelihood ratios Day 2

8 Rate hypothetical profiles Day 2

9 Re-rate hypothetical profiles | month post-meeting
10 Test internal validity of model Post meeting

a ten-step process which allowed panelists to complete
the above tasks. The ten-step process used was based on
extensive research by Gustafson et al. (1992). Each step
is identified in Table 1 and described in this section.

2.4. Step 1. selection of panel members

Previous experience suggests that the panel should be
no more than five or six members and conducted on a
very tight time line of approximately eight to twelve hours
of meeting time distributed across two consecutive days
(Gustafson Bosworth, Treece, Moberg & Hawkins, 1992;
Gustafson, Tianen & Greist, 1981). Criteria for selecting
panel members included persons who have theoretical
knowledge of the implementation process through
research, are knowledgeable about the various kinds of
new programs and technologies for school-centered
health and education programs, and have had first-hand
experience as ‘change facilitators’ in schools. Panelists
represented theoretical backgrounds and expertise in
social psychology, school change, organization change,
public health education, and diffusion research.

2.5. Step 2. in-depth interviews with panelists

In telephone interviews conducted about two weeks
before the meeting, the individual panel members were
asked to give their definitions of implementation success
of school-centered health programs, discuss the two or
three factors that they perceive to be most useful in pre-
licting success, and then to explore other factors that
they think should be included in a model for predicting
mplementation success.

2.6. Step 3: development of the straw model

The definition of success and the list of factors elicited
rom each panel member in Step 2 were used to draft a
reliminary ‘straw’ model. This model included all fac-
ors that appeared on the list for more than one member

and at least one factor from the list generated by each
individual. The straw model was used at the start of the
panel meeting to initiate discussion.

2.7. Step 4. defining implementation success

Although the term ‘success’ in reality may be defined
on a continuum, in an ideal sense it can be thought of as
a one-time future event: implementation either is or is not
successful. Given this guideline and a working definition
developed from data provided in their individual inter-
views, the panelists collaboratively developed a final
definition. The precision of the definition is important,
so that all panelists are working with the same criteria
for program success.

2.8. Step 5: identifving the factors

The panel’s next task was to collaboratively develop a
list of measurable, conditionally independent factors to
be included in the mathematical model based on their
collective theoretical and practical expertise. The panel
first reviewed the straw model, and through extensive
discussion, added missing items and combined dupli-
cates. In developing the final list of factors, panelists
considered two criteria. First, the factors needed to be
conditionally independent of each other. To determine
conditional independence, the panelists were asked to
assume that a school had been successful (or had failed).
They were then told that the school had responded that
it was at level ‘a’ on factor 1. They were then asked
whether that piece of information told them ‘a lot> about
how the school might have responded to any of the other
factors. This was repeated for numerous combinations
until the panelists indicated that there were no sets of
responses that would indicate such redundancy. Thus,
the assumption of conditional independence was met for
all factors. If it had not been, the option would have been
to omit the conditionally dependent factors, or elicit more
complicated likelihood ratios that did not assume con-
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ditional independence among the factors. The second
criterion in determining the final set of factors was that
they should reflect information easily accessible to school
personnel, i.¢., personnel at the school should have access
to information that would enable them to assign a ‘score’
for the factor.

2.9. Srep 6. developing measures for the factors

Next, the panel was asked to identify key components
of each factor and to develop operational definitions for
each level. Seven of the eight factors consisted of a num-
ber of components. As part of their discussion, the panel
developed operational definitions for each level and scales
for each component. They then specified rules to aggre-
gate responses to items in each component into an overall
three-point scale (high, medium, or low level) for that
factor. When the panel had agreed on the factors, their
measures, and their levels, Day 1 was concluded.

2.10. Step 7. developing likelihood ratios

Day 2 was devoted to eliciting numerical judgments
from the panel needed to develop the likelihood ratios
for the subjective Bayesian model. These likelihood ratios
expressed the ‘weight” of each factor level in contributing
to the likelihood of successful implementation at the end
of three years. This process involved eliciting the experts’
estimation of the relative diagnostic value of each factor
level. To develop likelihood ratios, panel members were
asked to consider 100 hypothetical schools where a health
or education program was known to have been suc-
cessfully implemented. Looking at only one factor at a
time, the panel ‘scored’ the factors for the 100 schools.
For example, of 100 schools where implementation was
a success, 70 might have had high compatibility and 30
might not. The panel then considered 100 hypothetical
schools where implementation was not successful and
performed the same estimation. In estimating the like-
lihood ratios, an Estimate-Talk-Estimate (ETE) pro-
cedure was used (Gustafson et al., 1992). Panel members
were asked to make estimates individually of the pre-
dictive power of each factor. Each member clarified and
Justified his or her responses and definitions to the panel
when the estimates differed. Finally, panelists re-esti-
mated again individually. Consensus is not required.
Remaining differences between panel members were
resolved by equally weighting each expert’s likelihood
ratio estimate, using the geometric mean of the estimates
as the final estimate of diagnostic value (Rowse, Gus-

tafson & Ludke, 1974).
2.11. Step §. rate hvpothetical profiles

To provide data with which to test the model’s internal
validity, panel members were asked to make subjective

estimates of the probability of successful implementation
for hypothetical school profiles representing the eight
factors in the model. Profiles were randomly generated
from the eight factors in the model, i.e., random numbers
were computer generated to specify scores of 1 (low), 2
{medium), or 3 (high) for each of the factors to generate
factor profiles for 100 hypothetical schools. The panel
then estimated the probability of success for each profile
by assigning a number on a scale of 0 to 100, where zero
means absolutely no probability of successful implemen-
tation, and 100 means 100% probability of successful
implementation. These estimates, called ‘holistic ratings’,
ask the panelists to consider all the factors in total and
provide an overall estimate of the probability of suc-
cessful implementation. The ETE procedure enabled the
individual panel members to discuss their holistic ratings
of each hypothetical profile, and re-rate the profiles based
on the resulting discussions. A final group estimate for
each profile was obtained by averaging the individual
estimates. When they completed this task, the panel’s
meeting came to an end. The internal validity of the
model was determined by comparing the holistic estimate
of each profile to the score calculated by the model for
each profile. This is discussed further in Step 10 and in
the results section.

2.12. Step 9: re-rate hypothetical profiles

Approximately one month after the group meeting,
the panel received a mailed sample of 40 of the original
hypothetical school profiles. They were asked to again
make subjective estimates of the probability of successful
implementation for each of the profiles (a repeat of Step
8). By completing this activity, the panel supplied data
to test the stability of the holistic ratings and evaluate
reliability.

2.13. Step 10. test internal validity of model

Testing internal validity involved correlating the group
holistic rating for each profile to the corresponding score
generated for that profile by the Bayesian model. The
higher the correlation, the better the model is capturing
the group’s expert judgment. Also, it was investigated
whether al} the factors should be included in the model,
or only those with the most diagnostic power. The diag-
nostic power of a factor refers to the range between its
largest and smallest likelihood ratio corresponding to
the “best” and ‘worst’ level for that factor. For example,
Factor I’s largest likelihood ratio, e.g., the likelihood
ratio that most pulls the probability towards the “success’
end if the school is at that level on Factor 1, is 2.57/1
(Table 2). Its smallest likelihood ratio, on the other hand,
is 1/2.44, which would pull a school towards the “failure’
end if it is at that level on the factor. This range of
2.57+2.44=5.01 provides a heuristic for judging the
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Table 2
Model factors, components, likelihood ratios, and diagnostic power

Factor Components

Likelihood ratios' Diagnostic power?

Planning
Training
Coaching
Monitoring
Communicating

1. Facilitation Process

(%]

Materiais

Staff

Funds

Daily time

Implementation time frame
Facilities

. Resources

3. School-Based Leadership Principal
Program leaders
Team structure & function

Priority

Professional preparation
Commitment to health
Implementation skills
Enthusiasm

4. Implementers

Perceptions of role compatibility
Perceptions of relative advantage

Turbulence
Support
Opposition
Guidelines
Bureaucracy

5. External Environment

Priorities
Structure
Student needs
Culture

Past success

6. Compatibility

7. External Leadership

8. Innovation Characteristics Complexity
Relative advantage

Ease of use

5.01
High: 2.57/1
Medium: 1.29/1
Low: 1/2.44

High: 2.18/1
Medium: 1/1.03
Low: 1/2.11

High: 2. 07/1 4.23

Medium: 1/1.01
Low: 1/2.16

High: 1.90/1
Medium: 1.09/1
Low: 1/2.23

High: 1.70/1
Medium: 1.13/1
Low: 1/1.65

High: 1.56/1
Medium: 1.11/1
Low: 1/1.60

[9¥]
[

Active: 1.60/1

Somewhat Active: 1. 11/]
Not Active: 1/1, 25

Not Identified: 1/1.52
High: 1.32/1 2.84
Medium: 1.15/1

Low: 1/1.52

' Factors with multiple components contain phrase anchored scales with rules generated by the expert panel to classify responses into high, medium,

or low levels for the factor overall.

* Diagnostic power is the range between the largest and smallest likelihood ratio for each factor (e.g., 2.57+2.44=5.01).

amount of information that Factor 1 has the potential to
give you compared to other factors. Suppose there was a
factor whose largest likelihood ratio was 1.1/1, and whose
smallest likelihood ratio was 1/1.1. Neither of these like-
lihood ratios is very informative, and the diagnostic
power of that factor would be very small.

3. Results

This section describes the components of the model
including the definition of success, the predictive factors
and their likelihood ratios, and the validity of the model.

3.1. Measurable definition of successful implementation

Based on data provided from individual interviews and
facilitated group discussion among the panel members,
(Step 2), a measurable definition of successful implemen-
tation of school-based health programs was developed
by the panelists:

After three years the critical components are used with

65% fidelity to the original design with implementer

buy-in by 80% of eligible implementers and received
by 80% of consumers.

The panel, after much discussion, determined that three
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years was the amount of time required for programs to
move from adoption and initial trials to more mature
levels of implementation. ‘Eligible implementers’ include
teachers, counselors, nurses, coaches, and other direct-
service personnel involved in school-centered programs.
‘Consumers’ are the students and anyone else who is in
the target audience for the particular innovation.

3.2. Factors relevant  for prediction of successful
implementation.

Eight factors were identified: Facilitation Process,
Resources, School-based Leadership, Implementers,
External Environment, External Leadership, Com-
patibility of Innovation with the Setting, and Innovation
Characteristics. Table 2 includes these factors and their
components, in descending order of the diagnostic power
of each factor (see Step 7). As noted, seven of the eight
factors consisted of a number of components. Five-point,
phrase-anchored scales were generated for each compon-
ent. Rules to aggregate the levels on each factor’s com-
ponents into an overall three-point scale (high, medium,
or low level) were agreed upon. For example, to achieve
a score of "High” on the Facilitation Process factor, a
school would have to achieve at least a 3.5 or better (on
the 5-point scale) for each of the components of the
facilitation process (e.g., Planning, Training, Coaching,
Monitoring, and Communicating). The only exception
to this was the factor ‘External Leadership’, which had
no components, but rather was one four-point, phrase-
anchored scale.

Factor 1, the facilitation process, has the most diag-
nostic power. Components of the factor pertain to (a) the
presence of a written plan, (b) provision for on-going
training for staff and faculty, (c) the level of technical
assistance and coaching planned, (d) the frequency and
quality of monitoring and feedback provided by col-
leagues or administrators, and (¢) how many com-
munication channels exist for regular two-way
communication.

Factor 2, resources, addresses the adequacy of a variety
of resources, including (a) materials and supplies, (b)
staffing, (c) funding, (d) daily time allocated for planning
and follow-through, (e) longer-range time for planning
and trying out the innovation, and facilities.

Factor 3, school-based leadership, covers (a) level of
engagement of the principal (work group leader) with
the innovation, (b) identification of and administrative
commitment to the program leader, (¢) working relation-
ship between the principal and the program leader, and
(d) the relative importance of the program to the prin-
cipal.

Factor 4, implementer characteristics, considers the fol-
lowing characteristics of teachers or other direct service
providers: (a) level of professional preparation and
experience, (b) commitment to student health, (c) imple-

menter capacity to meet innovation implementation
requirements (level of skill and experience), (d) com-
mitment to implementation of the innovation, (e) com-
patibility of implementation requirements with other job
expectations and responsibilities, (f) compatibility of
implementation requirements with personal definitions
of role and professional identity, and (g) belief in the
relative advantage of the innovation over current prac-
tice.

Factor 5, external environment, pertains to (a) level
of disruption or turmoil outside the school, (b) level of
support from parents and community, (c) level of com-
munity opposition, (d) support for use of the innovation
through federal, state, and district policies and guidelines,
and (e) level of bureaucratic hurdles at the school level.

Factor 6, compatibility, examines how compatible the
innovation is with the following: (a) school priorities, (b)
school administrative structure, (c) student needs, (d)
school culture, and (e) school history of implementing
innovations.

Factor 7, external leadership, addresses the level of
engagement of a person at the district (organizational}
level to facilitate, coordinate, support, and advocate for
the innovation. This factor is unique in that it contains
only one item and uses a four-point scale.

Factor 8, innovation characteristics, pertains to the fol-
lowing: (a) complexity of the innovation, (b) relative
advantage over what is currently being done, and (c) ease
of implementation.

Figure 1 contains an example of how one would use
the model to calculate a probability score of successful
implementation based on the characteristics of a hypo-
thetical school. In this example, school personnel would
rate themselves on the five-point phrase—anchored scales
on cach of the seven factors with multiple components,
and aggregate their performance on the components into
the high, medium, or low level for each factor using the
criteria identified by the expert panel. For the factor that
did not have multiple components (external leadership)
they would choose the phrase that best matched their
situation. They would then multiply the likelihood ratios
for each factor level relevant to their profile by the prior
odds to arrive at overall odds of successful implemen-
tation. This example shows that the school has a little
better than even chance of being successful given its
profile. If the school improved its facilitation process to
the highest level, however, its probability of success
would rise to 70%

3.3. Internal validiry and reliability

The first test of the model’s internal validity was to
determine how well its scores correlate with the subjective
estimates of panelists on hypothetical profiles of schools
(Step 10). For the 100 profiles, the panel members’ direct
estimates (e.g., a direct holistic rating on a 0100 scale)
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FACTOR LEVEL LIKELIHOOD RATIO
Facilitation Process Medium 1.29/1
Resources 2.18/1
School-based Leadership Medium 1/1.01
Implementers 1/2.23
External Environment Medium 1.13/71
Compatibility 1/1.60
External Leadership Somewhat Active 1.11/1
Innovation Characteristics Medium 1.15/1
Multiplying the prior odds (1/1) and each likelihood ratio corresponding to each factor level for this school
profile yields a posterior odds of 4.06 /3.60 or 1.13/ 1. This is a 53% probability of successful implementation
(or little better than a 50-50 chance of success).

Fig. 1. Example caiculation based on hypothetical school profile. Panelists selected the scale of Active (A), Somewhat active (S), Not active (Not),

and Not identified (No) for this factor.

for each profile were compared to the values resulting
from the application of the Bayesian model. This com-
parison demonstrated a correlation of 0.92 (P < 0.000),
indicating a high level of agreement between the model
and the experts’ subjective estimates. The model also
performed at a high level of agreement with the subjective
holistic profile ratings of each of the individual panel
members (i.e., 0.80,0.081,0.70, 0.85, and 0.82). The test~
retest reliability of the holistic ratings was also high,
yielding a correlation of 0.80 for the initial ratings of
panel members during their group meeting and additional
ratings they made approximately one month after the
meeting. The correlation between the model scores and
the subjective ratings at a second point in time was 0.93.
These results give confidence that the model accurately
captured the panelists’ expert judgments.

The model containing all eight factors better captured
the panelists’ holistic profile ratings than did a model
containing only the four most predictive factors. When
only the four largest weight factors (Facilitation Process,
Resources, School-based Leadership, and Implementers)
were included in the model, the correlation dropped to
0.83. These results indicate that all eight factors should
be included in the model.

4. External model testing

In the development of the model, a high degree of
consensus among panel members was reached, even
though the panelists came from different perspectives and
backgrounds and did not know each other prior to the
meeting. Analysis indicates that the model accurately
captures their collective expertise. Important next steps

are to examine external validity and content validity.
Since the examples of school profiles used during the
model development process were hypothetical, tests of
content validity and external validity across a variety of
innovations on a sample of actual schools are underway.

4.1. Follow-up tests for content and external validity

The first round of school-based health centers funded
by the Texas Department of Health, in cooperation with
Texas Education Agency, have been sites for initial test-
ing of the model during the start-up phase of project
operation. Eleven elementary schools and 10 secondary
schools during their first year of funding participated.
Sixty school administrators, direct service providers and
community or district-level administrators completed the
questionnaire. In addition, follow-up interviews were
conducted using semi-structured interviews with 61 key
individuals involved in campus-level operation of the
health centers to ascertain content validity of the model
and determine additional factors influencing implemen-
tation. The level of content validity was extremely high.
The mode!l was found to be fast and easy to use. and the
benefits for staff development, technical assistance, and
process evaluation were ascertained. Particularly, the
heavy weighting of the most diagnostic factor, the facili-
tation process, was reflected in participant perceptions of
the foremost barriers to implementation. Scores from the
implementation model were found to be an effective and
meaningful way to compare districts and schools within
districts to provide the state with a basis for prioritizing
scarce training and technical assistance resources. (Gin-
giss & Engel, 1995). At the end of the first three years of
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program operation, follow-up assessment of implemen-
tation levels will be assessed to examine predictive powers
of the factors.

Plans are currently underway to construct case studies
from several national school-based diffusion efforts in
health and education using mature programs which have
pre-established criteria for successful implementation.
These case studies, with rich contextual backgrounds,
will then be presented to another expert panel for rating
to assess the predictive values of the factors on ‘real’
cases.

The model is currently being used in evaluation
projects. The Texas affiliate of the American Heart
Association is using it to assess the value of various
program components. The model has been applied to
the implementation of peer mediation programs in 12
elementary schools in Indiana as an evaluation tool. With
support from the Attorney General’s Office and the Indi-
ana State Bar Association, teams from these elementary
schools have been trained and are charged to implement
a peer mediation program. The model has assessed their
baseline implementation plan and will be included in the
follow-up evaluation.

5. Discussion

Although much research exists on implementation of
innovations, a gap exists in being able to translate this
research into meaningful implementation strategies for
school-based health program innovations. This project
helped to bridge this gap by modeling expertise of
implementation researchers and practitioners. Their
expertise is represented in a subjective Bayesian model,
which can be used by schools to guide and evaluate their
implementation processes. The panelists identified and
defined the components of eight factors as critical to
successful implementation: facilitation process, resources,
school-based leadership, implementers, external environ-
ment, external leadership, compatibility of innovation,
and characteristics of the innovation.

The panel defined a standard for implementation suc-
cess: that within three years, users should have achieved
65% fidelity to the original design, the innovation would
be used by 80% of available implementers, and would
reach 80% of the designated consumers. This definition
helped ensure that all panelists were working with the
same definition when they were building the model,
although in practice the users of the model may choose
to define their own performance criteria. The standards
for implementation, however, provide guidelines for pro-
grams when establishing time lines for measuring
implementation success, as well as levels of completeness,
fidelity, and penetration. Defining critical components of
an innovation, establishing criteria for measuring success,
and providing evaluation tools to measure these arc a

critical part of the process for planning for implemen-
tation.

The implementation model showed high internal and
external validity. It captured the panelists’ expertise and
demonstrated its utility as an implementation guide for
actual schools in field tests. The model has proved to be
an excellent self-assessment and planning tool to guide
people charged with implementing innovations through
these initial processes. The model may be used at various
phases of program implementation.

1. During program development. An optimal initial use
of the model is during the developmental process. As
developers generate innovations, the model provides
a tool for testing those new concepts and approaches
in the field by providing feedback on intended users’
strengths and barriers. With this information, devel-
opers and distributors can forecast the accessibility,
usability, and fit of the product with settings of
intended use in time to make crucial product modi-
fications. Up-front needs for product training and
technical assistance can be identified during this phase
so that resources can be identified to accompany the
innovation.

2. Before implementation. The model may be used before
implementation, when a new program has been
adopted or is being considered for adoption and
school or agency personnel wish to predict the like-
lihood of making an innovation work in their setting.
Use at this time allows adopting organizations to sys-
tematically plan for organizational, work group, and
user changes necessary to maximize implementation
success. Since the system is focused on the campus
level, scores across campuses allow a school district or
program coordinator to compare campus capabilities
to plan for allocation of assistance.

3. After completion of implementation trials. The model
may be used after initial efforts to use the program
have been underway. Use at this point allows the user
to diagnose how the new program is working and to
identify areas which require further attention. After
the new program has been used repeatedly, the model
may be used to determine barriers and strengths which
may influence program institutionalization.

4. Tracking program changes in delivery capacity. When
used before implementation as a needs assessment,
program data provide quantitative measurement of
factors which may assist and impede program use.
These values may then be used as criterion measures
for the development of site-specific objectives.

At various phases during program implementation the
same measures may be repeated to assess changes in
program delivery capacity. This is an especially effective
way to assess the impact of follow-up staff development
and technical assistance programs. Results may also be
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used to explain program implementation successes and
failures.

The next task for improving this model is to design a
strategy to help turn this model into a tool that can be
more casily used in the implementation process. Com-
puter technology could assist in making the model easily
accessible to schools. Using an interactive computer
assessment interview, a school representative could assess
that school on each factor. Strengths and weaknesses
could be identified. Information and resources to boost
scores on the factors could be presented. This concept is
similar to that which guided the development of DIADS
(Drug Information Assessment and Decision Support), a
computer-based system designed to help schools plan
effective drug abuse prevention programs (Bosworth &
Yoast, 1991). This system combines an assessment func-
tion based on a subjective Bayesian model with infor-
mation, resource data bases, and action plans to guide the
selection, development, and implementation of school-
based drug prevention programs.

In summary, this model has proved to be a useful tool
to assist schools in implementing health and education
innovations. Computerizing the model and providing on-
line information and resources regarding implementation
via a ‘friendly’ interactive computer program would
enhance its usability.
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