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Abstract

Health and education practitioners, evaluators, and researchers have litte guidanee to help them translate implementation rescinelh
nito meamnglubimplementation strateges. This article describes the development and testing of a model to help schools assess their
likelihood of suceesstully implementing health education innevations. The model was developed using an integrative group process
technigque that captures experts” qualitative and quantitative judgments as a subjective Bayesian probability model The experts
developed a measurable definition of suceesstul implementations identified eight Fictors containing 40 questions relevant For predicting
suceessful implenentation. wnd specilied the dingrostic value ol cach of the Tactors. Internal validation showed a correlation o 042
between the model scores and the experts” direet ratings of 100 hypothetical school profiles. Preliminary external and conlent
vulidution have been conducted. Apphication of the model te planming. munagement, and evaluation of school-based innovations is
discussed. ¢ 1999 Published by Llsevier Seience Lid, All rights reserved.

1. Introduction Over  lime, various  perspectives Tor predicting
implementation success have been provided. Much of the

As the complexity ol factors influencing the health and
well-being of children today s increasingly recognized.
the programmatic solutions alse are becoming moere com-
plex. Evaluation reports of program implementiation nole
numerous implementation barriers and Tatlures at the
organizitional. work group, and individual levels.

Trplementation is considered 1o oceur when an inno-
vation s put to use {Rogers, 1983), Thus, the implemen-
tation stage begins after the adoption decision is made
and culminates when the innovation “disappeuars” etther
because 1t has become so thoroughly integrated into
evervday practices that it is no longer visible as an inno-
valion or beciouse it has been discontinued (Yin. 1979,
Scheirer. 1990y An innovation is an idea, practice.
service, technology or other object that s pereeived as
new by an individual or other unit of adoption (Rogers,
1983). The mnovation may melude nucrocomputer
soltware. videodise, new instructional strategios or pro-
grams, new policies and guidehmes, andior action plans
for comprehensive. collaborative programming.
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carly literature focused on the adoption phase ol the
dilTusion process (Rogers & Shecemaker, 1971) In this
literature. use ol an innovation was viewed as an event,
rather than o 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 organtzational development {Hernandes & Kaluszny.
1994, Rothman. Ertich & Teresa. 1981, Scheirer, [990;
Yin, 1979); major school-hused studics such as the Rand
Change Agent Study (McLaughling 199000 o study ol
the effects of the National Dittusion Network (Eminck.
Peterson & Agarwalu-Rogers. 19773 and o study ol the
school improvement processes in response Lo inhovitions
{(Hubermun & Miles, 1984), Another major set ol edu-
cational implementation studies focused on schools, indi-
vidual teachers, and classroom practices (Hall & Hord,
1984). In the health promotion litcrature, a number ol
related Tactors eriticil to successtul implementation have
been identficd (Bosworth & Yoast. 1991 Brink. Gingiss
& Goltlich., 19971; Gingiss & Engel, 1995 Hall & Loucks,
1977; Levenson-Gingiss & Hamilion, 1989 Ottoson &
Grreen. 1987 Roberts-Grray & Schicirer, T988). Addition-
ally, in the carly 1990s the Nauonal Cancer Enstitute
funded (wo national centers to research the diffusion of
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health promaotion programs und policies tn schools. One
of these programs based 1ty ntervention on diffusion
theory and social learning theory, while the other used
erganizational development theory (Goodman & Steck-
ler, 1990; Parcel et al.. [989). Related reports of the
implementition of innovative, complex. multi-compon-
ent, collaborutive progrums which integrate schools,
health and social service programs. have indicated
numerous issues which span delivery system boundaries
(Crowson & Bovd, 1993 Knapp, 1995 Marks & Marzke,
1994).

A review of implementation literature conlirmed that
substantially over 300 variables can be adentified that
might be integrated into a model to guide implementation
planning and monitoring (Roberts-Crray, 1985) In spute
of the existing rescarch. heaith and education prac-
ntioners, evatuators. and researchers are lefl with little
guidance to help them translate this rescarch inlo mean-
ingful strategies to improve implementation clforts.
Without guidelines. it is very difficult to develop focused
staft development and technical assistance programs Lo
strenglthen  implementation. Given  the  diminishing
resources available (o health and education sectors,
etficient utilization of these limited resources tor program
support is critical.

A solution s to translate available implementation
research into o maodel Lo assist schools and community
groups providing school-bused or school-linked pro-
granis Lo plan for and monitor key processes. The goal of
such a model would be o provide guidunee to strengthen
implementation efforts o improve the hikelihood ol
success. Unlortunutely. an extensive, convergent data
hase upon which o build a predictive model of successiul
implementation s lacking tn the lield. However, a number
ol individual researchers and pructitioners are intenscly
involved in the rescarch and practice ol improving the
implementation stage of planned change. The approach
taken in this research was to elicit the knowledge of an
expert panel of implementation rescarchers and prac-
titioners in the form of w mathematical model. The model
detineates the factors the panclists delined as important
1o ussess the implementation process, and the diagnostic
strength ol each fuctor in contributing te 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 implementatien ol health innovations in
schools,

2. Methodology

2.1 Background

Maodeling human judgment has been central to the field
of deciston analysis (von Winterfeldt & Edwards, 1986).
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Decision analysts provides methods for eliciting people’s
vitlues or preferences and mapping them into numbers to
quantify their judgments {Gustafson. Cats-Baril & Alem,
19923, The chettation pracess involves assessing two types
ol knowledge: (1) the atiributes or factors the person
considers important when making a judgment. and wavs
to describe levels (e.g.. high, medium. low) for cach of
those fuctors: and (2) the subjective weight or importance
ol cach lictor level. A seenarto or option under con-
sideration is eviluated by assessing how it measures (e.g..
high, medium, low) on cuch fuctor level, with the cor-
responding weights for those levels combined math-
ematically 1o arrive al an overall numerical seore for that
SCCILFIO.

The mathematical model can support decision making
in a number of ways, In this rescarch. the model predicts
the likelihood ol a school successfully implementing an
inmovation. The maodel calculates o numerical score that
represents the probability of successtul implementation
given that schools characteristics, School personnel can
use this averall score ta sce how likely they are 1o uchieve
success. They can alse use the model as a diagnostic ool
by looking at how they rate an cach ol the factors ol the
model 10 see where they are experiencing difficulties. The
model also provides the capability to look at how improv-
ing in arcis where they are having difliculties would
improve their overall likelihood of success. Although
stuch models can be used in paper and pencil Torowl,
computerization greatly enhunces therr usability, This
decision analylic approdach his been used to maodel expert

judgment in a variely of arcas. including evaluating the

quality of psychiatric emergency care (Gustafson, Sain-
fort, Johnson & Suteia, 1993), assessing school drug pre-
vention programs {Bosworth & Yoast. [991) mcasuring
the severity of trauma injury {Fryback & Keeney, 1983),
and evaluating the quality of long term care (Gustalson
et oal., 1990).

The decision analytic models generally take one of two
mathematical Torms: a subjective Bayesian model, or a
multiattribute utility mode! (von Winterteldt & Edwards.
1986). Subiective Bavesian models are grounded in Buve-
sian statistics, which uses Baves theorem to revise one’s
opinion about the probubility of an outcome in light of
new information (ven Winterfeldt & Edwards, 1980).
This approach ascribes to the normative view that sub-
jective probabilitics clicited [rom people describe orderly
opinions aboul how ond’s beliels should change when
given new evidence. Subjective Bayesian maodels multiply
together alt the data that are available. 11T a picce ol data
is missing, it s simply omitted from the Bayes” theorem
calculation. Thus, subjective Bavesiun models are not
very sensitive 1o smaldl amounts of missing data. Mulo-
attribute vtilty models also capture subjective sfor-
mittion to guide decision making. However, these medels
rely on weighting attributes and crewting utility functions
across the levels of each attribute. They sufler when data
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are missing., requiring re-weighting all the remaining attri-
butes to arrive at i score (Gustalson, Sainfort. Johnson
& Sateia. 1993). The subjective Bayesian model wias
chosen as the mathematical form for this research becanse
its framework better fits the prediction task at hand,
and it is ecasier to use when small amounts of missing
information may oceur.

2.0, Subjective Bavesian madels
The purpose of the Bayesian model is 1o predict the

prabability of successiul implementation of a health imno-
vation hy a school. The overall probability caleulated by

the Bayesiun model runges from O (almost no chance of

suceesstul implementation) to 100 {almost certain chance
of successiul implementation). The format of Bayesian
models requires that there be competing outcomes o be
predicted that are mutually exclusive (only one of the
outcomes can happen) and exhaustive (the probabilitics
ot the outcomes must sum 1o 1) Unless there is clear

reason Lo the contrary, ance should limit the number ol

cutcomes being forecasted 1o twa Lo simplify the model
building process {Gustafson. Cats-Baril & Alemi 1992).
Thus. in our model the two competing outcomes were
successiul implementation and failed implementation.

Rayesian models contain three components, which will
be discussed spevific to our model: prior odds of success,
likelihood ratios Tor cach level ol cach factor. and pos-
terior odds of success. The mathematical form of the
Bayesian model 15 shown below, with the example
assuming there are 1tweo luctors that are used 1o predict
successful implementation.

PiSuccess|Fuactl,, Facl2)

Factly., Facl2,

PiFailure
B PtFactl,|Success)
T P(Factl, Failure)

P(Success)
PiFailure)

PrFact2 [Suceess)
© P(TFact2, Failure)
posterior odds ol suceess = likelihood ratio for
level *b” of Factor |
w likelihood ratio for level "a” of Factor 2
x prior adds of success

The prior odds of success 1s the probability ol success
divided by the probability of fuilure, before one has any
information about the characteristics of the school. A
non-informative prior was assumed (¢.g.. no 4 prioti
beliel about the probuability 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. cach factor will he
present at oniy one of several levels. The likelihood ratio
tor cach level of cach factor indicates the “weight” for that

picee of data about the school. The posterior odds of

success is caleulated by multiplying the prior odds (which
in our model is /1 for a non-inlformative prior) by cuch
of the likelihood ratios. The final probability score of
success can be caleulated by:

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

This form of Bayes™ thearem requires that the fuctors be
conditionally independent (von Winterfeldl & Edwards,
[986). That is. 1 one is told that a school successiully
implemented an innovation. knowing that a schaol waus
at a given level on one fuctor would not pravide any
information about the school’s perlformance on any other
factor. Conditional independence wis assessed by the
experts during the model-building process. and all factors
were identified as being conditionally independent. This
greatly simplities the likelihood ratio estimation process
described in Step 7 below. I two factlors are not con-
ditionally independent. the expert pancl would he
required o estimate more complex likclihood ratios. IFor
example. suppose Factor | is not conditionally inde-
pendent of Factor 2. Rather than simply estimating (he
probability of Factor | being at level b given thad suceess
occurred. the panel would have to estimale the prob-
ability ol Factor 1 being at level b given that success
veenrred and Factor 2 s at level o, by 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 clicitation process vsed (o model the panelists’
expertise in the form of a subjective Bayesian maodcl s
known as an integrative group process lechnigque (CGus-
tafson ctal., 19923, The expert pancel approuch used is an
ceonomical and reliable approach Lor developing pre-
diction models, Previous studies indicate that mith-
ctmatical models developed using thns approach can be as
aceurate 10 prediction as those developed using more
laborious. time-consuming. and costly approaches that
use cxlensive empirical records and primary data col-
lection (Gustafsen et al., 1971). Ao mtegrative group
process approach was particularly appropriate in this
research since the goal was to develop i usable predictive
model in a short ttme frame, A canvergent data base
upen which to build a predictive model ol successlul
implementation does not exist, necessititing the use of
cxperl estimation.

Several tusks dare necessury in creating a suhjective
Bayesian model: (1) establish & measurable definition of
successful implementation, (2) identify a set of relevant
tactors for predicting successlul implementation. {3) spec-
ify the likelihood ratios tor each fuctor level in predicting
successful implementation. and (4) test the relability and
validity of the model, The model was developed throogh
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Fable |
Steps in the model development process

Step Deseriplion Tine

1 Selection of panel members (experts) 2months pre-mecting
2 In-depth telephone interviews with panclists 2 weeks pre-nieeting
K Development of the siraw maedel I week pre-mecting

4 Ielining implementation success Dav |

5 Ielentilying the tactors Dy |

4§ Developing measures for the factors Day |

7 Developing likelihood ratios 1y 2

b Rate hypothencal profiles Dy 2

4 Re-rate hypothetical profiles I manth post-mecting
It Testimternal validity ol model Post meeting

a4 ten-step process which allowed panclists to complete
the above tusks. The ten-step process used was based on
extensive rescireh by Gustafson et al. (1992). Each step
i adentified in Table T and desceribed in this section.

240 Step 1ooselecrion of panel members

Previous experience suggests that the panel should be
no more than five or six members and conducted on a
very ight time line of approximately cight to twelve hours
of meeting tme distributed across two consecutive days
(CGustatson Bosworth, Treeee, Moberg & Hawkans, 1992
Crustalson. Tianen & Greist, 1981). Criteria Tor selecting
panel members included persons who have theoretical
knowledge ol the mmplementation process through

research, are knowledgeable about the various kinds of

new  programs and technologies Tor school-centered
health and education programs, and have had Arst-hand
experienee as “change facilitators” in schools. Panelists
represented  theoretical backgrounds and expertise in
soctil psvehology, school change. organization change.
public health education. and dilfusion research.

2.3 Step 2oin-depih inierviews with panelisis

[n telephone interviews conducted about (wo weeks
belore 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 Lo be most uselul in pre-
ficting sucecess, and then to explore other factors that
hey think should be included in a model for predicting
mplementation suceess.

Yoo Step 3:decelopimeni of the straw mode!

The delinttion ol success and the list of Faclors ¢licited
rem cach panel member in Step 2 were used to draft a
relminary “straw” model. This model included all tac-
s that appeared on the st f'or more than one member

and at least one lucter from the hist generated by cach
individual. The straw model was used at the start of the
pancl meeting Lo initiade discussion.

270 Step 4 defuring implemeniation success

Although the term “success™ in reality may be delined
on a continuum. in an ideal sense it can be thought of as
aane-time future event: implementation cither is or is not
success(ul. Given this guideline und a working delinition
developed Irom data provided in their individual mter-
views. the panelists collaboratively developed o linal
definition. The precision of the dehinition s impartant,
ser that all panclists are working with the same criteria
for program success.

28 Step Soddentifving the faciors

The panel™s next task was to collaboratively develop a
list of measurable. condittonadly independent lTactors o
be ncluded in the mathematical model based on their
coltective theoretical and practicad expertise. The pane]
first reviewed the straw model, and through extensive
discussion. added missing items and combined dupli-
cates. In developing the linal list of factors, panclists
considered two criteria. First. the Tactors needed 1o be
conditionally independent of cach other. To determing
conditional independence. the panclists were asked (o
assume that g school had been successtul (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 picee of information told them u fot akout
how the school might have responded 1o any of the other
factors. This was repeated Tor numerous combinations
until the panclists indicated that there were no sets of
responses that would indicate such redundancy. Thus.
the assumption of conditional independence was mel lor
all Factors, If it had not been, the option would have been
to omil the conditionally dependent fuctors, or ehicit more
complicated hikelihood ratios that did nol assume con-
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dittonal independence among the fuctors. The second
criterion in determining the finual set ol factors was that
thev should reflect information casily uccessible 1o school
personnel. e, persannel at the school should haye access
o mlormation that would enable them to assign a score’
tor the tactor,

240 Niep 6 dereloping measwies for the fuctors
[l N .

Next. the panel was asked we identily key components
ol cach factor and o develop operational delinitions Tor
cach level. Seven of the cight factors consisted ol o num-
her of components. As part ol their discussion, the panel
developed operational defimtions For cach level and scales
for cach component. They then specified rules 1o aggere-
ile responses Lo ems v cach component inte an overall
three-point scale (high, medium. or low level) for that
Fuctor. When the panel had agreed on the fucters, their
measures. and their levels, Day | was concluded.

2000 Step 7 derveloping likelihood ratios

Dy 2 was devoted to cliciting numerical judgments
from the punel needed 1o develop the likelihood ratios
for the subjective Bayesian model. These likelihood ratios
expressed the sweight” el ecach factor level in contribuling
e the likelihood of successtul implementation at the end
ol three vears. This process involved cliciting the experts’
cstimation of the relative diagnostic value of cach faclor
level To develop Likelihoad ratios, panel members were
asked to consider 100 hypothetical schools where o health
or ceducation program was known o have been sue-
cosslully implemented. Looking at only one factor at a
time. the panel “scored” the Tactors for the 100 schools.
I'or example, of 100 schools where implementation was
A success, 70omight have had high compatibility and 30
might net. The panel then considered 100 hypothetical
schools where implementation wus not successiut and
performed the sume estimation. In estimating the like-
lithood ratos. an Estimate-Talk-Estimate (E'TE) pro-
cedure was used (Gustafson et al., 1992). Panel members
were isked Lo make estimates individually of the pre-
dictive power of cach factor. Each member clarified and
Justified his or her responses and delinittons 1o the pancl
when the estimates differed. Finally, panclists re-esti-
mated again individually, Consensus 1s not required.
Remaining  differences between panel members were
reselved by cqually weightmg cach expert’s likelihood
ratie estimale, using the geometric mean ol the estimates
as the final estimate of diagnostic value {Rowse, Gus-
talson & Ludke. (Y74},

20 Niep S pate epathelical profides

To provide data with which o test the model™s internal
validity, panel members were asked (o make subjective

bR}

“n

estimates of the probability of successful implementation
for hypothetical school profiles representing the eight
factors in the model. Profiles were randomly generated
trom the cight fuctors in the model, ie.. random numbers
were computer generated o specily scores ot | (low), 2
(medium), or 3 (highy Tor cach ol the faclors Lo generide
factor prefiles for 100 hypothetical schools. The pancl
then estimated the probability ol success Tor cach profile
by assigning o number on a scale of O to 100, where zere
means absolutely no probability of successiul implemen-
tation, and 100 means 100%, probability ol successful
implementation. These estimates, called “holistic ratings”.
ask the panelists to consider all the Tactors i total and
provide un overall cstimate of the prehability ol suc-
cessful implementation. The ETE procedure enabled the
individual pancl members to discuss their holistic ratings
ol'cach hypothetical profile, and re-rite the profiles based
on the resulting discussions, A final group estmate for
cuch profile was obtained by averaging the individual
estimates. When they completed this task. the panel’s
meceling came to an end. The internal validity ol the
madel was determined by comparing the holistic estimale
ol cach profile to the score caleulated by the model tor
cuch profile. This is discussed further in Step 10 and in
the results section,

2820 Step Y:re-rate pathetical profiles
3 Vi pro

Approximaltely one month alter the group mecting,
the panel received wmailed sample of 40 of the onginal
hypothelical school profiles. They were asked to again
muake subjective estimates of the probability of successiul
implementation for cach ol the profiles (a repeat of Step
8). By completing this activity. the panel supplicd data
to test the stability of the holistic ratings and evaluate
reliability.

230 Siep 1 rest internal validiny of modef

Testing internal validity involved correlating the group
holistic rating for cach profile to the corresponding score
generated for that profile by the Bayesian model. The
higher the correlation, the better the model 15 capturing
the group’s expert judgment. Also. it was invesligaled
whether all the Tactors should be mncluded i the model,
or only those with the most diagnostic power. The diag-
nostic power of a tactor refers 1o the runge between its
largest and smallest likelihood ratio corresponding 1o
the *best” and “worst level Tor that factor. For example,
Fuactor s largest likeliheod ratio. e.g.. the likelihood
ritivo that most pulls the probability towurds the “snceess’
end if the school 1s at that level on Factor 1018 2.57 |
(Table 2). Tts smallest likelihood ratio. on the other hand.
is 1:2.44, which would pull @ school towards the “failure’
end i it is at that level on the Tactor, This range ol
2574 244=501 provides a hecunstic for judging the
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Tahle 2

Model Lactors, components, likelhood ratios. and dingnostic power
Fuctor Components

Planning
Training
Coaching
Moniloring

L o fivatnion Procesy

Communiciating

Muterials

Stall

Funds

Danly time

Implementation time frame
Facilities

20 Resare ey

3 Nehood-Bascd Leadersfiip Principal
Program leaders
Temmn structure & funclion
Priorily

Professional preparation
Commitment te health
Implementation skills
Enthusiism

4 hmplenenices

Perceptions of role compatibility
Perceptions of relative advantage

Turbulenee
Support
Opposition

SO lerad Larirosiment

Guidelines
Bureiucracy

Prioritics
Strocture
Student needs

Culture
1%

O Campaiihilin

I8l SLCTU NS

T BN el Leadersiip

S fnoraion Clharocrerisiies Complexity
Relative advantage

Fase ol use

Likelihaoe ratios! Diagnostic power”

<01
High: 2.571
Mediuny: 1.29 01
lLow: | 2.44

High: 2151
Medium: 17103
Low: 1,211

High: 2.07:1 4,23

Medipm: 1°1.01
Low: 1.2.16

High: 1,901
Medium: F.O9
Luow: 12,23

High: 1.701
Medivm: 1.13 1
Low: 17105

High: 1.56:1
Medinm: 1141
Low: J.1.60

Actives 160 iz
Somewhat Active: 1,111

Mot Active: 11,25

Not [dentified: 1152

High: 1.32-1 24
Medium: 1151

Low: 1.1.52

"Factors with multiple components contain phrase anchored scales witl rules generited by the expert panel o classify responses inte high. medium.

or low levels tor the Tuctor overall,

“Dignostic power is the range between the largest and smallest likelihood ratio Tor cach factor {eg . 237 + 2 dd =501

amount of information that Factor 1 has the potential to
pive vou compared to other fuctors. Suppose there wus a
fuctor whase Lirgest likelihood ratio was 1171, and whose
smallest likelihood ratio was 1711, Neither of these like-
lihood ratios s very informative. and the diagnostic
power of that factor would be very small.

3. Results

This section deseribes the components ol the model
including the delinition of success. the predictive fuctors
and their likelihood ratios, and the validity of the model.

3.0 Measurable definition of successful implententation

Based on data provided from individual interviews and
{facilitated group discussion among the panel members,
{Step 23, a measurable definition of successlul implemen-
tation of school-bused health programs was developed
by the panchists:

Aller three years the eritical components are used with

63% fGdelity o the original design with implementer

buy-in by 80% of cligible implementers and received

by 8% of consumers.

The panel. atter much discussion, determined that three
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years wits the amount of time required for programs o
mave [rom adoption and initial trials to more mature
levels of implementation. “Eligible implementers” include
teachers, counselors. nurses, couches. and other direct-
service personnel involved in school-centered programs.
*Consumers” are the students and anyone else who s in
the target audience tor the particular innovation.

3

320 Factors  relevant for prediciion of

mmplementation,

siccessfid

Fight factors were identilied: Faciltation Process,
Resources,  School-based  Leadership. Implementers,
External  Environment, External  Leadership, Com-
patihility ol lnnovation with the Setting, and Innovation
Characteristics. Table 2 includes these Tactors and their
camponents, in descending order of the diagnostic power
of cach fuctor (see Step 7). As noted. seven of the cight
Fictors consisted ef a number ol componenis. Five-point,
phruse-unchored scales were generated tor cach compon-
ent. Rules to aggregate the levels vn cach fuetor’s com-
ponents into an overall three-point scale chigh, medium.
or low level) were agreed upen. For example, to achieve
a seore ol "High™ on the Facilitation Process fuctor, a
school would have to achieve at least a 3.5 or better (on
the S-point scaley lor cach of the components of the
factlitation process (c.g.. Planning. Traiming. Coaching.
Moenitoring, and Communicating). The only exception
to this was the fuctor “External Leadership’, which had
ne components, but rather was one four-point, phrase-
anchored scale,

Factor 1. the facilitation process, has the most diag-
nostic power. Componcents ol the fuctor pertain to (a) the
presence of o owritten plan. (b provision for on-geing
training for stdf and faculty, (¢) the level of technicad
assistinee and couching planned. (d) the frequency and
guality o monitoring and feedback provided by col-
leagues or admimstrators, and () how many com-
munication  <hannels  exist  lor  regular  two-way
comnmunicition.

Factor 2. resowrees. addresses the adequacy of a variety
of resources, including (ay materials and supplies. (b)
stafling. {¢) funding, (d) daily time allocated for planning
and Tollow-through, (¢) longer-range time for planning
and (rving out the innovation, und tacilities.

Factor 3. school-based leadership. covers {u) level of
engagement ol the principal (work group leader}) with
the innovation. (b dentitication of and administrative
commitment to the program leader. {¢) working relation-
ship between the principal and the program leader, und
id) the relative importance ol the program to the prin-
cipal.

Factor 4. anplementer characieristies. considers the tol-
lowing characteristios of teichers or other direel service
providers: () fevel of professionul preparation and
experience. {b) commitment to student health. (¢) imple-

menter capacily 10 meet innovalion implementation
requirements (level of skill und experienced. (db com-
mitment to implementation of the mnovation. (¢) com-
patibility of implementation requirements with other job
expectations and responsibilities, (1 compatibility of
implementation requirements with personal definitions
of role and professional identity, and (g) heliel in the
relative advantage of the innovation over current prac-
tice.

Factor 3, external eaciromment. pertains 1o {a) level
of disruption or turmoil outside the school, thy level of
support from parents and community. (€} level of com-
munity opposition. (d) support for use ol the innovation
throueh federal, state, and district policies and guidelines,
and ¢e) level of burcaucratic hurdies at the school tevel.

Factor 6. compearibilitv, examines how compatible the
innovittion is with the tollowimg: (21) school priortwes, (b)
school administrative structure, () student needs. (d)
school cubture. and (¢} school history of implementing
nnovations.

Factor 7. external feadership, addresses the level of
engagement of o person at the district (organizational)
level 1o facilitate. coordinate. support, and advocate for
the innovation. This fiuctor is unique in that 1t contains
only one item and uses u four-point scale.

Factor &, priovation characterisiios, pertains 1o the fol-
lowing: (a) complexily of the innovation (h) relative
advantage over what is currently heing done, and (¢) case
ol implementation.

Figure 1 contains an cxample of how one would use
the model (o calculate u probability score of suceesstul
implementation based on the characteristics of a4 hypo-
thetical school. In this example. school personnel would
rate themselves on the five-point phrase anchored sciles
on each of the seven tactors with multuiple companents.
and aggregate their perfermance on the components inlo
the high. medium. or low fevel for each factor using the
criteria identified by the expert pancl. 1For 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 likelibood rittios
for cach factor level retevant ta their profile by the prior
odds 1o arrive at overall odds of successlful implemen-
tation. This example shows that the school has a hittle
better than even chance of heing suceessful given its
profile. If the school improved its Tacilitation process 1o
the highest level, however. its probahility ol success
would rise to 7%

230 Internal validioy and reliakiliny

The first test ol the model’s internal validity was 1o
determine haw well s scores correlite with the subjeutive
estinules of panciists on hypothetical profiles of schools
{Step 10). For the 100 profiles. the panel members” direct
estimales (c.g.. a direct holistic rating on a 0 100 scale)
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FACTOR LEVEL LIKELIHOOID? RATIO
Facilitation Process Medium 1.2871
Resources 2.18/1
School-based Leadership Medium 1/71.01
Implementers 17223
External Environment Medium 11371
Compatibility 1/ 1.60
External Leadership Semewhat Active LI/l
Innovation Characteristics Medium 1.15/1

Multiplying the prior odds {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 $3% probability of successful implementation

{or little betler than a 50-50 chance of success).

Figo I Example cileulation based on hvpothetical school profile. Panelists selecied the scale of Active 1A ), Semew it active 81, Mol active {NoL

and ~otidentified (N0 for this Lctor,

for cach profile were compared o 1he values resulting
irom the applicaton ol the Bayesian model. This com-
parison demonstrated a correlation of .92 (2 < 0.000).
indicating a hagh level of agreement between the model
and the experts’ subjective estinmaltes. The model also
performed ata high level of agreement with the subjective
hohstic profile ratings ol cach of the individual pancl
menbers (e, L8000, 0.700 (.85, and (.82}, The test

retest reliabidity ol the holistic ratings was also high.

yielding w correlation of 080 for the nitial ratings of

pancl members during their group meeting and additional
ratings they made approximately one month after the
neeting. The correlation between the model scores and
the subpective ratings at a second point in tme was 0.93.
These results give confidence that the model accurately
captured the panelists” expert judgments.

The model contaiming all cight factors hetter captured
the panclists” holistic profile ratings than did a model
contiining only the four most predictive factors. When
only the Tour Targest weight Tactors (Facilitation Process,
Resources. School-based Leadership. and Implementers)
were included in the moedel, the correlation dropped 1o
82 These results indicate that all cight factors should
be mcluded in the model.

4. External model testing

In (he development ot the model. a high degree of

cansensus among panel members wus reached, even
though the panetists came from different perspectives and
backgrounds and did not know cach other prior to the
meeting. Analysis indicates that the model accurately
captures their cellective expertise. [ntportint next steps

are o examine external validity and content validity.
Since the examples of school proliles used during the
model development process were hyvpathetical. tests of
cantent validity and external validity across a variety of
innovations on a sample ol ictual schools are underway.

b Follovw-up iests for content and external validin

The first round of school-based health centers funded
by the Texas Department ol Health, in cooperation with
Texas Education Agency, have been sites Tor mitial test-
ing ol the model during the start-up phase of project
operation. Eleven elementary schools and 10 secondary
schools during their lirst year of Tunding participated.
Sixty school admimistrators, direet service providers and
communtly er district-level administrators completed the
questionnaire. In additton. Tollow-up inlerviews were
conducted using semi-structured interviews with 61 key
individuals involved in campus-level operation ol the
health centers 1o ascertiin content validity of the model
and determine additional factors influencing implemen-
tation. The level ol conttent validity was extremely high.
The modet was Tound Lo he fast and casy te use. and the
benefits for staft development. technical assistance, and
process evaluation were ascertained. Particularly, the
heavy wetghting of the most diagnostic Fuctor, the facili-
tation process, wus reflected in participant perceptions of
the Toremost barriers to implementation. Scores from the
implementation model were Tound o 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 techmcal assistance resources. {Gin-
giss & Engel. 1995). At the end of the first three years of
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program eperation. follow-up assessment ol implemen-
tation levels will be assessed to examine predictive powers
ol the Tacters.

Plans are currently underway 1o construct cuse studies
Irom several national school-based diffusion efforts in
headth and education using mature programs which have
pre-established criteria Tor successtful mplementuation.
These case studies. with rich contextual backgrounds.
will then be presented to another expert panel for rating
toassess the predictive values of the Tactors on “real
CHSCS,

The model s currently being used 1 cvaluation
projects. The Texas alliliate of the American Heart
Association s using 11 (o assess the value ol varous
program components. The maodel has been applied to
the implementation of peer mediation programs i 12
ciementary schooelsin Indiana asan evaluation tool. With
support from the Attorney General's Ollice and the Indi-
ana State Bar Association, teams from these elementary
schools have been tramed and are charged to implement
a peer mediation program, The model has assessed their
bascline implementation plan and will be included in the
follow-up cvaluation.

5. Discussion

Although much rescarch exists on implementation of

imnovalions, o gap exists in being able to transiate this
reseirch inte meaninglul implementation strategics for
school-based health program nnovations. This project

helped (o bridge this gap by modeling expertise of

miplementation researchers and  pracutioners. Ther
expertise 15 represented in a subjective Bayesian model,
which can be used by schools to guide and evaluate their
implementation processes. The panclists identificd and
delined the components of cight faclors as critical to
successlul implementation: fucilitation process. resources,
schooel-based leadership, implementers, externul environ-
ment, external leadership, compatibility of innovation.
and charavteristics ol the innovation.

The panel defined a standurd for implementation suc-
cess: that within three years. users should have achicved
65% fidelity to the original design. the innovation would
be used by ¥0% of available implementers, and would
reach 80" of the designated consumers. This definition
helped ensure that all panelists were working with (he
sume delinition when they were butlding the model,
although in practice the users of the model may choose
to define their own performance cnteria. The standards
for implementation. however, provide guidelines for pra-
grams  when  establishing time lines  for  meuasuring
implementation success. as well as levels of completeness,

fidelity, and penetration. Defining critical components of

aninnovalion. establishing criteria for meusuring success,
and providing evaluation tools 1o meuasure these are a

critical part ol the process Tor planning lor inplemen-
tation,

The implementation model showed high ternal and
external validity, Tt captured the panclists” expertise and
demonstrated its ulility as an implementation guide tor
actual schools m field tests. The model has proved o be
an cxcellent self-assessment and planoning tool o guide
people charged with tmplementing innovations through
these mitial processes. The model may be used at various
phases ol progrum implementation.

1. Duoring program development. An optimal mitiad use
ol the model s during the developmental process. As
developers generatle innovations, the model provides
a ool for testing those new concepts and approaches
in the ficld by providing feedback on intended wsers’
strengths and barriers, With this inlformation, devel-
apers and distributors can forecast the aceessibility,
usability. and it ol the product with settings ol
intended use v lime o make crucial product modi-
fications. Lp-front needs for prodoct training and
technical assistunce can be identified during this phase
so il resources can be identificd to accompany the
mnovalion.

]

Beforeimplementation. The model may be used hefore
implementation. when o oew program has been
adopted or s being considered Tor adoption and
school or ageney personnel wish 1o prediet the like-
lthood of muking an innovation work in their setiing.
Lse at this time allows adopting organizations 1o sys-
tematically plan lor organiztional. work group. and
user clunges necessary o maxinize implementation
suceess. Since the system is focused on the campus
level, scores across campuses allow @ school district or
program coordinator to compare cantpus cpabihitics
to plan for allocation ol assistance.

After completion of implementation trials. The model
may be used after initial efforts ta use the program
liave been underway. Use at this point allows the user
1o dignose how the new program is working and (o
identity arcas which require further attention. After
the new program has been used repeatedly, the madel
may be used to determine barriers and strengths which
may influence program institutionulization.

4. Tracking program changes in delivery capacity. When
used belore implementation as o needs assessment.

o

progran data provide quantitative measurement ol
lactors which may assist and mpede program use.
These values may then be used us criterion meuasures
for the development of site-specilic objectives.

At various phases during program implementation the
same measures may be repeated 1o assess changes in
program delivery capacity. This 1y an especially effective
way Lo assess the impact of tollow-up stadl development
and techrical ussistance programs. Results may also be



10 A Roswarthr er ol Eratuation and Program Planning 22019990 1 1]

used to explain program implementation successes and
failures.

The next tusk Tor improving this model is to design a
strivtegy Lo help turn this model into a ool that can be
maore casily used in the implementation process. Com-
puter technelogy could assist in making the model cusily
accessihle to schools, Using an interactive computer
wssessment interview. i school representative could assess
that school on each factor, Strengths and weaknesses
could he idendificd. Information and resources (o boost
scares an Lhe factors could be presented. This concept is
similar to that which guided the development of DIADS
(Drug Information Assessment and Decision Support), a
compuler-hased system designed to help schools plan
clfective drug abuse prevention programs (Bosworth &
Yousl. 1991). This system combines an assessment func-
tion based on a subjective Bayesian model with infor-
mition, resouree duta bases, and action plans to guide the
selection, development, and implementation of schoaol-
hused drug prevention programs.

In summary. this model hus proved to be a uselul tool
to ssist schools in implementing health and education
innevations. Compulterizing the model and providing on-
line informution and resources regarding implementation
viee o Cfriendly’ interactive computer program would
enhance its usability.
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