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Abstract

The research monograph begins with a discusson of the roles of science in the politica world
and, borrowing from Shakley and Wynne (1996), describes some different relaionships which
can exist between science and poalicy. It argues that education systemic reform (ESR)
condtitutes a novel gpproach to educationa reform, about which little is known, and about
which much is yet to be discovered. ESR requires “abracadabra’ science, in the language of
Shakley and Wynne. To be conggtent with the philosophy of ESR, the evauation of ESR must
be an evduation of systems undergoing change, and s0 evduation itsdlf dso requires a good
dedl of abracadabra science.

The monograph describes three styles of modding in science: andlytic modding, exemplified by
eighteenth century phydcs, sysems modeling, exemplified by biology; and macro-systemic
modeling, exemplified by studies of ecologies undergoing change. Each modding style depends
on and incorporates its predecessor. The dominant intellectud traditions in educetion have been
analytic, rather than systemic. The emergence of systemic reform as a paradigm for educationa
change has created a need for gpproaches to educationa evauation that set out to judge the
functioning of systems; this will require atention to each of the mgor phases of evaduation-the
evaduation of plans about some new system, the evduation of the implementation of the plans,
and the provison of summative feedback about its success or otherwise. However, systemic
reform requires more than just an undersanding of systems; rather, it requires an understanding
of sysems undergoing change. It follows that the evaduation of education systemic reform
requires the evauation o:f macro-sysemic change. Severd disciplines outsde education have
systemic and macro-systemic approaches as their dominant intellectud traditions. This
monograph considers the gpproaches taken to evaluaion and inquiry in some of these
disciplines, notably epidemiology and ecology, and the centrd roles that evaduation plays in

planning and monitoring change.

From a description of the methods used in other disciplines, a specification of the evidence base
needed to conduct evaluations of ESR is derived. Attention is given to some of the research
gyles from a number of different academic disciplines (including physics and earth sciences)
that face the same problems as those faced by education in terms of handling complexity. Some
ideas on data gathering, modeling, and drategies for further research into educationa evauation
are presented.

The monograph points out the importance of making full use of existing knowledge and the
knowledge that the evaluation community is rapidly creeting. It endorses arguments made by
Wilson (1994) and Scriven (1993) that there is a pressng need for an intelectud community to
emerge that addresses the issues of the management and evauation of syslems undergoing
change.

vii



I ntroduction

The Nationd Science Foundation (NSF) has spent very large sums of money on education and
has promoted a vison of sysemic reform. The 1993 Government Performance and Results Act
(GPRA; P.L. 103-62) decreed that, by 1999, al agencies show that they have measurable
objectives and that these are being met. It follows that NSF must evauate the whole program of
education systemic reform (ESR), using objective measures, a task that may prove to be
problematic. ESR is a complex business with long term gods; it is not a dl clear how such an
initigtive might be evauated.

ESR is a rdativdy new activity. The underlying assumption of ESR is that important dements in
education do not have smple additive effects. Providing a better textbook will not necessarily
improve student attainment unless teachers know how to use the new text; introducing a
dandards-based curriculum will not necessarily improve attainment unless teachers and the
community understand and vaue the standards.

The theory that underpins ESR makes a number of assumptions:

¢ no education system should be viewed as a set of independent eements,

+ dl the dements of an education system (such as texts, teacher competencies, school-
community relaions, sae policies, and the actions of different funding agencies) should be
seen as interdependent dements of a “system’”;

¢ changing a sngle dement is unlikey to result in changes in the performance of the overal
sysem,

¢ if educationa reform is to be effective, a concerted effort is needed which changes severd
eements in unison, and in such a way that ther effects are compatible and mutualy
supportive.

For any particular attempt a ESR (such as a specific satewide systemic initiative) to be
successful, it is necessary to understand the eements in the current system and their
interconnections. On the basis of this understanding, changes can be planned that take into
account the mutua effects of interacting elements. Feedback will be necessary to see how well
plans have been implemented and to monitor the successes of these plans. Some summative
feedback will be necessary to judge the success of the whole initiative,

Evauation is concerned with determining the vaue and worth of something. A useful digtinction
can be made between the evduation of plans, formative evauation, and summétive evauation
(Stevens, Lawrenz, & Sharp, 1993). In contexts such as evauating the impact of a new
curriculum on student attainment, or a program to increase minority students and women's
enrollment in science, mathematics, and engineering courses, the evauation community has a
number of techniques that can be applied routindly. For example, an evauator might start by
eiciting the ams and objectives of the program, then derive rdevant measures of performance,
and then identify suitable benchmarks againgt which to judge the success of the new program.
Although congderable intdlectua effort is required to get the detalls right, the process itsdf is
unproblematic, because evaluators have a congderable body of knowledge to draw upon.



The evaduation of ESR is a rdaively new chalenge. Some aspects of evauation, such as
summative evauation, might be seen as unproblematic. A paticular Systemic Initiative (SI)
might be viewed as a “treatment” that can be compared with other trestments or with no
trestment at al. However, summative evauation of ESR is difficult for a number of reasons.
Educationd gods have changed to reflect new standards, and measuring the attainment of these
new gods is difficult (Ridgway, 1998; Zawojewski, Hoover, & Ridgway, 1997). There are
conceptual issues related to the attribution of the cause of changes that are detected; there are
technicad issues about the gppropriateness of many research methods for determining change
(Manski, 1995); and there are practical issues such as the time frame over which one might
expect to see some change. The evauation of plans and the provision of formative feedback in
the context of ESR raises even more difficult problems than does summative evauation (Heck &
Webb, 1998; Webb, 199'7). They both take the evaluator into unknown territory. Rather little is
known about how to evduate plans for ESR or about how to describe systems that are
undergoing change in such a way as to inform directors of ESR on possible effective courses of
remedia action.

Education is not done in facing “systems problems” A number of other disciplines tackle the
problem of trying to change complex systems in particular ways. Medicine and ecology, for
example, both ded with systems characterized by a large number of interacting variaoles that
change over time, which are subject to outside influences, and where there are time lags
between actions and observable effects. It makes sense to look to these disciplines to see how
they conceptudize their subject matter, how they describe systems and systems undergoing
change, and to condder the role evaduation has in managing complex systems.

The focus of this monograph is to explore the evidence bases, modedls and research styles used
in a range of disciplines in order to inform the development of methods for evauating education

systems.
Science and Social Policy

Shakley and Wynne (1996) offer a fascinating account of the conflicts that scientists face when
they enter the arena of public policy. The dilemmas arise because of a clash between two
cultures. In the scientific world, it is legitimate to confess ignorance and to announce time lines
measured in decades before knowledge will be available. In contrast, in the political domain,
leaders are expected to solve problems or at least to be active in solving them within the span of
their term of office. Any scientist who enters the public domain has to reconcile these
conflicting postions.

Shakley and Wynne (1996) describe a number of relationships that can exist between scientists
and policymakers and identify the following styles

¢ the “monastery” modd, where the stientific community is supported by the community
around it and is expected to contribute to the spiritual well-being of everyone in the
community (and not much ese);



¢ the “dtic’ modd, where the scientific sore is sufficiently full so that a policy request can be
addressed by getting groups of scientists to hunt around in what is aready known to find a
olution;

¢ the “gopher” modd, where a (seemingly) researchable question is identified, rdlevant to
policy, and scientigts s&t off to find the answer;

¢ the “abracadabra’ modd, where the policy issue is so pressing that a new branch of science
has to be invented.

Clearly, this ample classfication system does violence to the spectrum of policy-oriented
research activities that can be conducted; nevertheless, it makes some useful digtinctions. It is
interesting to peculate on the focus of some of the components of educationa research within
this framework. Any academic community can exist usng the monastery modd. The monagtery
modd requires no engagement with practica problems, and so the issue of evauation does not
arise. The atic modd works well when the task is to generdize from one well-understood
Stuation to another. Educational researchers and teachers have a great wedlth of craft skills that
can be generdized from one Stuation to another Stuation that closdly resembles it. For the attic
model, the existence of an appropriate body of knowledge means that evauation methods are
likely to be available, or very easy to congtruct, because scientists are working from what is
aready well known. Education Systemic Reform (ESR) is a new venture for educators and is
likely to be an example of ether the gopher or the aoracadabra modd. Similarly, the fied of
evaduation of ESR is a0 likely to be an example of ether the gopher or the abracadabra mode.

It is important to diginguish between the evduaion of an individud systemic initiaive (SI) and
the evauation of ESR. The evaduation of an Sl will need to ask:

¢ Isthe plan for the S “*systemic’?
¢ Is the implementation of the S “sysemic’?
¢ Hasthe Sl been a success?

The last question-which addresses the success of the ST—can be seen as gopher research. An
S can have well-defined gods, specified in terms of student outcomes, and evauators can have
avariety of methods to judge how well these gods have been met. Even 0, there are conceptua
problems in aitributing changes in student performance to the activities of the S, rather than to
other causes. These problems are discussed at length by Manski (1995), but are beyond the
scope of this monograph..

The answers to the first two questions depend on a view of systemic reform and so must be
related to some theory of ESR. Theories differ in terms of the assumptions they make, the
representations they use, and the sorts of evidence they consider. A theory of ESR might be cast
in any one of a number of digtinct theoretica frameworks. It is important for evauators of Sls to
be familiar with a variety of theoretica styles in order to contextualize particular approaches
and to help frame gppropriate questions for evauation. It may well be the case that a particular

Sl has a theory of ESR that is quite inadequate and that will doom the Sl to failure.



The evaduation of ESR as a whole is even more problematic. ESR is a theory of change. A
thorough evauation of ESR mugt evauate the theory dong with judging the reform. One might
evauate a theory by asking:

¢
¢
¢
¢

What body of knowledge does it summarize?

Is it internaly consgtent as a theory?

What predictions does it make, and how do they stand up to tests?
How useful is the theory in guiding practice?

To answer these questions, an evauator must have a view of the key features of the body of
knowledge, some critica flair, access to field test results, and a keen sense of whether or not
different SIs have been implemented in systemic ways (clearly, one cannot judge the success of
a theory if the implementation of tha theory has faled), and the generative value of ESR.



Styles of Science: Evaluations of Systemic Reform Require an Appropriate Theory of
Systemic  Reform

Make things as smple as possible - but no smpler.
— Albert Eingein

Science is concerned with answering a few direct questions: about Structure (what is there?);
about function (how does it work?); and about evolution (how do things change over time?).
Members of the scientific community share a number of common assumptions and gpproaches:
evidence should be collected systematicdly; evidence should be reported in such a way that
others can comment on the appropriateness of the methods used and (in many cases) can repeat
the study themselves, theories should account for the available data

Tedting any theory — scientific or not — can dso be guided by two smple principles.

¢ Is the theory internaly congstent?
¢ Does it fit dl the evidence?

A mgor god of scientific activity is to tell a story about a range of phenomena in such a way
that phenomena are neatly summarized, and in such a way that future events can be predicted,
and in a way that provides a plausble explanaion for what is happening.

The first stages of exploration are likely to pay attention to phenomenaWhat interesting things
happen? What needs to be explored and perhaps explained?

A second stage is likely to explore effects-under what conditions do things occur? Under what
conditions can certain things be made to occur?

The discovery of effects is amplified if:

¢ Vvaiables can be manipulated systematically (easy to do in school chemistry and physics, but
hard to do in astronomy and anatomy);

¢ there are few interactions between variables, so that the effects of severd variables acting
together can be deduced by smply adding together the effects of each one acting done.

A third stage is likely to combine studies of effects into models of data. With models of data, a
large collection of results can be summarized by a few mathematicd summary statements, such
as the combined gas laws, Newton's equations of motion, or the Lotka-Volterra modd of
predator-prey relationships (e.g., Lotka, 1956).

A fourth stage involves the creation of theories-explanations of what is observed. These might
dam the existence of objects or agents that are unobservable when the theory is created, such as
eectrons, viruses, or phlogiston.



Each of these stages produces things of red vaue to the individua and to the scientific
community. Descriptions of phenomena can be a guide to practica behavior (e.g., when the ball
game ends, traffic congestion is increased; Florida is warmer than Wiscondan in January).

Studies of effects and modeling data dlow one both to summarize large quantities of
information which have been gathered, and to make predictions about future events ether on the
basis of direct past observation, or on the bass of interpolation or extrgpolation from existing
evidence. Theory building can lead to an undersanding of phenomena, to predictions that go
beyond smple extrgpolation and interpolation usng exiging data, and to guiding scientific and
practica endeavor.

It is useful to identify a number of digtinct gpproaches to modding that different scientific
communities employ in their attempts to understand the world. The choice of modd is colored
by the phenomena of interest. It is dso a function of scientific culture — sdientific communities
can be characterized by their topics of interest, by the range of research tools they use, and by
the sorts of models they employ.

Analytic Modeling

Andytic modding is quite familiar to the education community. Andytic modding depends on
experiment and quasi-experiment; some variables are controlled, others are manipulated (or
observed a different levels when manipulation is impossible), and the effects on some variable
of interest are noted. This gpproach is implicit in studies that depend on correlation or
regresson andysis (including recent techniques such as sructurd equation modeling). The
gpproach is likely to be successful when:

¢+ agndl number of vaiables is involved,
+ effects of pogtive and negative feedback are negligible, and
+ ffects of variables can be accumulated in sraightforward ways.

The gas laws provide a good example of an anaytic research style and of anaytic modeling.

A range of phenomena concerning the expansion of gases was noticed.
Three effects were described after carefully controlled experimentation. For a fixed mass of an
ided ges
Boyle's law dates that the volume is inversdly proportiond to the pressure, a a fixed
temperature; i.e., PV = congtant
Charles law dates that the volume is proportiona to the temperature (in degrees
absolute), at a fixed pressure; i.e, V = T*congtant
The Pressure law gtates that the pressure is proportiona to the temperature (in degrees
absolute) at a fixed volume, i.e, P = T*congtant
These three “laws’ (actudly, idedized generdizations from data) can be combined into a model
of data — the ided gas equation; i.e., PV = T*congtant.
A theoretical account is offered in terms of the actions of molecules.



Challenges to analytic modeling. Consider the second law of thermodynamics. The second law
dates that entropy (i.e., uncertainty or randomness) increases over time. A classicd example is a
warm drink left in a cold room. At the gart, the distribution of energy can be predicted; after a
while, it cannot. The second law of thermodynamics applies to dl physicd systems, but is
unhelpful in undergtanding the thermodynamics of living sysems. For example, the entropy
associated with a warm mouse in a cold room stays pretty much the same, over severa hours.
Living systems are characterized by an increase in structurd complexity from conception to
maturity, and (in many animas) by homeodatic feedback that maintains a reatively constant
body temperature despite heat gain from and loss to the outside. Both of these characterigtics
contradict the second law of thermodynamics and show thet its application is limited to physica
systems.

Systems Modeling

The underlying mechanisms for defying chaos are a blueprint for action, gppropriate resources
in the environment, and a good ded of feedback. Models that use feedback and involve a large
number of varidbles are cdled “Sysems’ modds. Sysems modds are far more common in
school biology than in school physics and are essentia to understanding everyday problems
sudied by biologists (such as enhancing plant growth) in ways that are not essentid to
underganding everyday problems in physics (such as choices of bicycle gearing).

Systems approaches are useful in Stuations that involve feedback loops, and in Situations where
a large number of variables interact in nonlinear ways. Computer-based modeing commonly is
used in systems agpproaches because the complexity of the interactions between eements means
that predictions about future behavior in the modd can only be made using computers, which
bear the computationd load. Examples are smulations of power dtations, of the economy, and
of world wegather. The dements (e.g., the furnace, generator, vaves, fuel supply, in the case of a
power dation) are relatively stable over time, but the state of the system can change a good ded.
In terms of a theoretical account of any system, one needs to specify the dements of the system,
the functiona links among the eements, and the levels of particular resources.

Predator-prey relationships provide a smple example of a dynamic system. The phenomena are
the large swings in Szes of the hare population and the lynx population, as observed in records
of pelts kept by the Hudson Bay Company. The effects are cycles in the hare and lynx
populations, which are out of phase with each other.

A dynamic sysems modd (created in STELLA I from High Performance Systems) is shown in
Figure 1. This modd specifies that the hare population is

¢ increased by births (births = number of hares * hare natdity)
¢ decreased by desth (desth = number of Iynx * kills per lynx)
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Figure 1. A systems model of predator-prey relationships

The lynx population is:

¢ increased by births (births = number of lynx * lynx natality)
¢ decreased by deaths (deaths = number of lynx * lynx mortality)

(Note that “natality” and “mortality” are rates.)

The number of hares killed by each lynx is a positive linear function of the density of hares in
the ecosystem—the more hares, the more are killed by each lynx.

The lynx mortality is a negative linear function of the density of hares in the ecosystem—fewer
hares leads to a higher proportion of lynx deaths.

The model, when run on a computer, produces the cyclic fluctuation in hares and lynx shown in
Figure 2. In this model, there are initially 50,000 hares and 1,250 lynx living in a 1,000-hectare
ecosystem. The model shows marked cycles in the sizes of the two populations. It can be
adjusted to explore the effects of changes in the parameters, or in the starting values of the
numbers of hares and lynx. The model could be made more complex by adding more layers in
the food chain, or by adding other predators and other prey.
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Figure 2. Cycles in the populations of predators and their prey

After this extended example, it is appropriate to consider the uses and limitations of systems
modeling. Systems modeling is essential when:

¢ alarge number of variables are involved,;
+ effects of positive and negative feedback are significant.

Modeling is at the heart of all science, and systems modeling inherits all the problems of other
sorts of modeling. These include:

specifying elements;

specifying the connections between elements;

estimating parameters;

specifying functional relationships between variables;

fitting the predictions of the model to data;

making and testing predictions for situations beyond ones where data are already available.
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Challenges to systems modeling. Systems modeling assumes that the phenomena being studied,
the effects, and the modds of data stay sable over time. If the system is modified by introducing
another eement or a new relationship between exising eements, then a new modd will have to
be created.

In ESR, such changes can be amgor god. For example, an Sl that adopts mentor teachers, or
Web-based resources, is deliberately changing the system. In the case of Web-based resources,
the education system might be conddered to change each time a sgnificant new dement is
added, such asintegrating The Why Files (from NISE) into science lessons, or posting new
forms of assessment for schools to download.

Sysems modeling, then, is well suited to the depiction of stable systems, but not well suited to
representing systems that are undergoing changes of the sort that characterize ESR. Theoretica
models need to be developed that facilitate the description of systems undergoing change. For
the purposes of this monograph, the depiction of systems undergoing radica change will be
cdled macro-systemic modding.

Macro-Systemic  Modeling

The macro-systemic approach (e.g., Wilson, 1994) sets out to account for the evolution of
systems. The macro-systemic approach accepts the complexities of modeling dynamic systems,
and addresses the added chdlenge of describing ways in which systems themsdaves change over
time in terms of the eements that are added to, or that become irrdlevant in, the system, and in
terms of the changes in the functiona relationships between dements.

Congder the changes in the biogphere over the course of the history of the earth. In the initid
stages, the planet cooled and condensed. The early atmosphere contained large amounts of
carbon dioxide. Around 2500 million years ago, the level of oxygen began to rise (plausibly) as
the result of oxygenic photosynthesis (the converson of water and carbon dioxide to
hydrocarbons and oxygen) by agae. Increased oxygen made it possble for other life forms to
evolve, notably the invertebrates, then fish, amphibians, reptiles, birds, and mammals. Each
sage set the scene for future development; however, the nature of that future development could
not have been predicted from one stage to another.

Another example of macro-systemic development is provided by Wilson (1994), who describes
the evolution of the ar trangportation industry. In 1903, the Wright brothers built an arcraft that
flew about 100 yards. Less than 100 years later, there are systems in place that transport millions
of people around the world. The trangtion from the first powered arcraft to modern
trangportation systems has not been an unrolling of a snglesystem; rather, it has been the
creation and recreation of new systems. Each new system developed because the previous

system set up conditions that dlowed it to develop; in turn the new system makes future systems
possible. Once a new system is in place, it makes a whole new set of systems possible, which in
turn facilitate the emergence of other systems.
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Challenges to macro-systemic modeling. Macro-systemic modeling approaches inherit all the
problems of systems modeling. However, a macro-systemic model has to account for the
emergence of new elements that arise in the system, the developments made possible from these
new elements, the new relationships formed among the elements, and changes that occur in the
fundamental nature of the system.

Table 1 summarizes the differences among the models.

Table 1

Characteristics of analytic, systems and macro-systemic models

Models Elements Relations between Interactions Stability of the system
elements

Analytic fixed Fixed Modest stable

Systems fixed Fixed extensive relatively stable

Macro-systemic changing changing extensive unstable, evolving, or n-

stable

Table 2 provides illustrations of analytic, systems, and macro-systemic modeling from the
natural and human-engineered world. Macro-systemic modeling applies to the evolution of
transport systems described earlier.

Table 2

Hlustrations of analytic, systems, and macro-systemic models

Tlustrative example

Model

Analytic
(cf., classical physics)

Systems
(cf., biology)

Macro-systemic
(cf., evolution)

Airplanes

model for choosing a plane

for the NY to LA route

model of the design of
the 747

modeling the evolution of
transport systems 1903 to 2003

Learning theory

B. F. Skinner’s theory of

models of memory

Piagetian and Vygotskian

conditioning theories of cognitive
development
Epidemiology statistical models used to models of the modeling the evolution of public
analyze drug trials mechanisms of cholera health, 1800 to 2000
transmission
Ecology statistical models used to models of predator—prey  models of ecology changes

analyze field trials

relations

Education systemic
reform

statistical models used to
analyze experiments and
quasi-experiments

?
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Airplanes. To illugrate the differences among the three types of modeling, consder arplanes.
Anaytic modeing gpplies to the “choice problems’ of an arplane for a particular route. This
modding usudly requires listing dedrable features, rating objects (arplanes) on each, and
aoplying some weighted combination of the ratings.

Systems modding gpplies when congdering the design of interacting component parts of an
arplane. For example, increasing the number of passengers to be carried has obvious effects on
the fusdage in terms of accomodating extra seets. It has dightly less obvious effects on the
provison of “hotel” facilities such as food and restrooms, on safety provisons, and on luggage
handling. Increased weight requires increased lift, which has implications for engine and wing
design (which interact with each other). Computer models are used to map these interactions.

Learning theory

¢ Analytic modeling. Skinnerian conditioning (e.g., Skinner, 1953) was explored by careful
control of Stuations and an exhaudive andyds of individud variables on learning
outcomes.

¢ Systems modeling. Models of memory (e.g., Badddey, 1976) often propose a number of
discrete components such as sensory buffers, a short-term working memory store, and a long
term memory store. Different components place limits on human functioning, such as the
number of digits in an unfamiliar telephone number that can be remembered when diding,
and the rate of learning new information.

¢ Macro-systemic modeling. Piaget (1929) proposed a modd where children go through a
number of distinct stages in the same order; their rate of progress is a function of the
environmental simulation they receive, dong with ther genetic inheritance. The different
stages reflect quditatively different worldviews and so correspond to macro-systemic
changes. Much of the work in the Piagetian tradition has focused on documenting these
stages. In the terms used here, the work sets out to produce a macro-systemic account
described in terms of the trandtions between well-specified systems. For Vygotsky (198 1),
the course of development is less like the unfolding of a flower in response to externa and
internd triggers; rather, its course of development is determined largely by the culture the
child is brought up in. So the language and the intellectua tools of a culture such as its
mathematics and science have a profound effect on the cognitive development that ensues.
Vygotsky would argue that, unless one has studied human development in a particular
culture in detail, one would not be &ble to predict the course of development that will take
place.

Epidemiology

¢ Analytic modeling. The gatisticdl analyss of data from drug trials models the deta in terms
of additive effects and their interactions (e.g., drug or no drug; young or old persons, high or
low blood pressure; etc.).

¢ Systems modeling. Andysis of the transmisson of cholera requires a mode of interacting
systems involving human waste, water systems, cholera itsdf, and public hygiene measures.

12



¢+ Macro-sysemic modding. Anayss of public hedth changes might trace the introduction
and impact of measures such as sewage collection and trestment, improved nutrition, the
development of new drugs, and changes in medical provison on the hedth of a nation.

Ecology

¢ Andytic modding. Feld trids examine the conditions that facilitate the growth of certain
plants via experimenta plantings to explore the effects of shade, moisture, and soil in
caefully controlled ways.

¢ Systems modeling. The predator-prey model described earlier provides an example.

¢ Macro-systemic modeling. Modeling changes in ecological systems that can result from
changes in water provison, soil eroson, naturad disaster, or human intervention al require
macro-Systemic  accounts.

Education systemic reform

¢ Analytic modeling. Anadytic modes abound in education research. Describing the effects of
teaching interventions or the introduction of new curricula are usudly explored by controlled
experiment, in order to determine the “effect Sze” of particular changes.

¢ Systems modeling. Informa systems models can be created smply by drawing “box and
arrow” diagrams connecting elements of an educationa system (teacher competence, initiad
teacher education, professona development, school resources, etc.). Zucker and Shieds
(1997) use an informal representation of mgor elements in education systems as the basis for
describing the focus of work by individud SIs.

¢ Macro-systemic modeling. Macro-systemic modes can be created by considering the
evolution of educationa systems over time. For example, the introduction of computer-
supported learning in a school might begin with two enthusiastic geography teachers who use
departmental funds to buy computers, sensors, and software and who rewrite the geography
curriculum. It might evolve into a schoolwide system with laboratories and laptops, technical
support, and cross-curricular planning to coordinate student learning of word processing,
Spreadshests, and uses of the Web.

Although macro-systemic models relate to the evolution of sysems modds, the absolute time
scales need not be long. The examples of human development (say over 10 years), engineered
ecologica changes such as the creation of gardens (say 2 to 200 years), and the introduction of
computer-supported learning into a school (say 5 years) show that the time scale need not be
great.

Table 2 shows that most scientific disciplines make use of each form of moddling, athough the
extent to which they use formd (e.g., computer based) models differs a greet dedl.

In education, there are few forma systems or macro-systemic models on which to base the

planning and evauation of systems reform. The next section consders an example of a sysems
modd from epidemiology and an example of a macro-sysemic modd from ecology. The purpose
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of these examples is to show how they might be used in ESR and to describe the uses of such
models for the purposes of evauation.
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L ooking Outside Education for Evaluation Models

If I were you, | wouldn't start from here.
— Lewis Carall

There is an extengve literature on educationd evauaion. Why should one look outside this
literature for new ideas? An argument can be made on a number of grounds.

Fird, the chalenges presented by systemic reform are new, and one should not make the
assumption that assessng a new kind of educationd venture can be done by a Smple extenson
of exising methods. This might be like gpplying the evauation methods associated with
preparing ahletes for the 100 meter butterfly to a “new” Olympic event such as synchronized
svimming. Many of the methods currently used to explore and evaduate issues in education are
grounded in andytic approaches that dominate education and psychology; these methods and
theories have evolved in a particular cultura setting, in response to a particular st of culturd
pressures. The dominance of anaytic methods in psychology can be illustrated by the uses of
andyss of variance (ANOVA) over the past 60 years. ANOVA received a good dea of
atention following the publication of Fisher's (1935) publicetion The Design of Experiments.
By 1955 more than 80% of articles in four leading psychology journds used ANOVA and
related methods for sgnificance testing and the evauation of hypotheses (Sterling as cited in
Girgerenzer, 1992); by the early 1990s, Girgerenzer (1992) estimated that the figure was amost
100%. It can hardly be the case that dmost dl of the problems that psychology might address
are best sudied using investigative techniques of the sort suitable for andyss of variance.
Systemic and macro-systemic models are highly relevant, but are rarely used.

A second reason to consider other disciplines is that many disciplines employ evauation
techniques when facing essentialy the same problems as those faced in education. These
problems include:

4+ exploring Stuaions where there are a large number of interacting variables that change over
time, both in terms of the variables that are rdlevant and in terms of their interrdations;

¢ making decisons about future practices that have profound effects upon human lives, and

¢ being accountable for these decisons in a very public way, and so needing not just a robust
account, but aso an account that can be communicated to nonexperts who are stakeholders.

It seems reasonable to believe that one might learn something about representing and evauating

complex evolving sysems from intdlectud domains such as medicine and biology, which have
dready addressed such matters via systemic and macro-systemic modeling with some success.
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Characteristics of Educational Systems

Educationd systems have a number of important characteristics:

¢ Educationd systems involve a large number of interacting agents and agencies.

4+ The notion of one sysem is fundamentdly flawed; subsystems differ in so many ways that
each needs to be modeled separately.

+ Educational systems are open sysems, outside influences are important (e.g., politica
decisons a locd, date, and government levels, community concerns, via the media; client
concerns, via students, teachers, and employers).

¢ Educationd systems are loosdly coupled, unlike tightly coupled systems such as those found
in the human body, or in a car, where changes in one element of the sysem (heart, lungs,
tires, eectronics) can have dramaic and immediate effects on the functionality of the whole
sysem, S0 it is uncertain how changes in one part of a system will affect other parts.

¢ Agentsin the educationd system are sdf aware, so ideas themsdlves (and the act of
evauating) can trandform the nature of the system and many of its properties.

+ The sysem is subject to great time lags in terms of educationd effects, so, for example, a
decison is made to reform basic teacher educetion, it will take a great ded of time before the
effects will be visble in the education system.

¢ Thereis no sngle “right” leve of andyss, one can view each human as a sdf-contained
sysem or as an element within a socid group, or as a member of some broad community.

If one is to look for modes that might guide the evauation of ESR, it is important to find
scientific domains that share the characteristics of education, yet which are more advanced in
terms of developmenta methods and conceptua models. Two domains have been chosen as
exemplars here, namely disease control and ecology. Both share many of the characteristics of
education (although the elements in neither system, diseases or plants, are sdf-aware). Both are
domains where there is a great ded of human intervention in the sysem’s management, and this
management is effective. These two domains will be used to illustrate different lessons for
evauation in education. A systemic modd of the pread of disease is adapted from
epidemiology to illudtrate the creation of smple dynamic models. A more daborate (and less
well-specified) modd is borrowed from ecology to illustrate macro-systemic modeling. In both
cases, an attempt is made to show how each mode might be transferred to education. Later
sections of the paper offer an andyss of how educationd evauation might be conducted in the
intellectud traditions of both sysems modding and macro-sysemic modeling.

A Systems Model from Epidemiology: The SEIR Model
The key questions to be asked of any atempt to modd a system are:
¢ What are the dements in the sysem?

¢ What are the interconnections?
¢ What are the functiond relationships among different components of the sysem?
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To build and vdidate even smple models, one needs a theory of the underlying processes, some
reasonable estimation of the modd parameters, and some evidence from redigtic settings so that
the model can be tested.

A great ded of effort has been devoted to modeling (and to preventing) epidemics. The SEIR
(Susceptible, Exposed, Infectious, Recovered) modd is often used as a generic starting point to
model the likely transmission rates of specific diseases. The modd is expressed as a set of three
nonlinear ordinary differentia equations, which are easy to amulate iteratively via computer.

Every population is composed of collections of individuads who are susceptible (that is, in
certain circumstances, they can contract the disease), who are exposed (that is, are placed in
circumstances where the contraction of the disease is likely), who are infectious (thet is, when in
certain kinds of contact with others who are susceptible, are likdly to infect them) or who are
recovered (that is, they have developed antibodies that render them immune to infection by the
same disease). In smple cases, the higtory of infection for an individua runs through each stage
in turn. Congder the smplest of epidemics such as a common cold in Wisconsin; some gross
amplifying assumptions will be made, for didactic purposes. In this society, there are public
meetings every day, and seating is alocated at random, subject to the condraint that people are
not permitted to Sit next to anyone they have been seated next to before. The epidemic starts
with the arrival of Jm, who flies in from Britsville to a population thet is entirdy susceptible.
Assume that Jm, and each subsequently infectious person, infects two other people each day;
the number of infectious people in the population each day grows by 2, 4, 8, 16, 32, 64, 128,
256,512, 1024, etc., so that within 10 days there are over a thousand new infections each day, in
20 days a million, and in 30 days, a hillion new infections.

The modd needs to specify the recovery period (which dents the power function, above). It is
common to assume (and often true) that recovered people are no longer infectious; and, of
course, the population is finite.

An example of a computer smulation is shown in Figure 3 where it is assumed that the whole
of the susceptible population is exposed (caled the Non Infected Popul in the diagram) to some
infection.

The time course of the disease is shown in Figure 4. It is characterized by little gpparent
influence of the disease in its early stages, then by a dramatic rise in the number of infected
people, which declines as people recover,

Modes written as programs have the virtue that al sorts of “what if?" conjectures can be
explored by changing the parameters. What if there are more contacts per infected person? What
if people are infectious even when they have recovered? What if there are subpopulations who
behave differently (e.g., consder the transmisson of AIDS in mde and femae homosexud
communities)?
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Some diseases, like maaria, remain dormant within individuas, and can recur. Others, like
AIDS, are asymptomatic for a long time, yet are infectious (and, of course, the recovery rate is
very smdl). For others, like gonorrhea, no body defenses build up, and exposed individuds can
be re-infected. Each of these different diseases could be modeled by a variant of the smple EIR
modd in Fgure 3.

Applying the Model to Education

In the context of education, one might adapt the same mathematical mode to describe the
functionad form of the impact of professond development on’classsoom practice. A mapping of
elements between epidemiology and education is shown below.

Epidemiology Professonal  Development
Susceptible Susceptible
Exposed Exposed
Infected Changed classroom behavior
Recoverd Classroom behavior relapses

A variety of verdons of the mode can be congdered that reflect different forms of professiond
development (e.g., Ridgway, 1997). Pyramid modes have the same sructura form as the model
in Figure 3. (Conceptudly, they differ in that the nature of what is transmitted-classroom
behavior-is far more likely to suffer mutation than is a disease passed from one person to
another.) In a model to smulate change in classroom practices by teachers who attend summer
schools, there would be no effect of the Tota Changed Population on the Influence Rate; and so
on. The evauation of ESR plans (and indeed the whole engineering science of ESR) can benefit
from some direct modeling of subprocesses, such as the process of professona development.

The process of building models need not be difficult. However, difficulties do arise because of
ignorance about key feetures of education, such as the likeihood of changed classroom behavior
given exposure to different sorts of professond development, or the likdihood of certain kinds
of classroom practices reverting to old forms. The act of thinking about exactly what

information is essentid to inform the modd is an important component of evauation and is one
of the benefits that derives from modding activities

Even informa systems modeing can serve a vaduable role in the evduation of S plans. For
example, usng just the smple modd here, an evauator might ask:

How many teachers need to change their classsoom behavior?

What opportunities do they have to be exposed to new practices?

What is the probability that teachers will change their classsoom behavior after exposure?
What is the time horizon for remisson?

* & o O
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The answers to many of these quedtions lie in the existing (andyticaly derived) literature that
relates to descriptions of classroom behaviors and the effectiveness of different professonda
development experiences in changing classsoom behavior over different periods of time.

Different gradations of forma modeing (from hand caculaions to computer smulations) can
provide demongtrations that an Sl plan can (or cannot) in principle have an impact on
classrooms throughout the whole system, in the time scae specified.

Comparing the Knowledge Bases in Epidemiology and Education

In modding the epidemiology of common diseases, dl the required informetion is available,
induding:

¢ awedl-developed description of diseases in terms of the cycle of symptoms in humans, direct
observations of viruses or bacteria, and effective and ineffective means of transmission;

¢ the “naurd” time course of a disease within an individud (so “infectious periods’ and
“recovery rat€’ can be identified);

¢ reasonable etimates of the infection rate; and

4 data on the time course of diseases through populations to vaidate models.

To build a modd of the dissemination of professond development, one needs

¢ adescription of the target behaviors,

4+ knowledge of the “naturd” time course of skill and knowledge acquisition, and of their
breakdown;

¢ reasonable estimates of the rate of change; and

¢ data on the time course of the changes in classroom behavior through the population as a
whole.

Exiging literature can act as a guide when evduating S plans. From the viewpoint of formative
evauation, detalled studies of specific interventions on the desired classsoom behaviors are
necessary to inform the modd that then can be used to provide formative feedback. Again, the
purpose of systems-modd-based evaluation is to predict the likely success or failure of current
practices. The features of forma models that dlow “what if?" conjectures to be explored are
critica. Forma modes can be used to cdculate the minimum tota amount of time that must be
spent on professona development, using the methods adopted by a particular Sl, that will be
required to reach al the teachers in that SI, for example. This result can be used to make
judgments about the vdue and worth of the initiative.

Professona development has been used here to provide an example of the roles that might be
played by systems models in evaluation. Any aspect of an Sl could be the focus of a sysems
model, a the level of evduating plans, or for making decisons. At present, it seems unlikely
that sysems modes of an entire SI would be worthwhile, because of the likely complexity of
the model and the problems of parameter estimation.
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Macro-Systemic Models from Ecology
An Introductory Analogy -~ Breeding Butterflies

Imagine that one faces the task of evaduating new programs designed to breed butterflies. In
order to breed butterflies, the proposer/breeder needs a detailed knowledge of the life cycle of
the butterfly. Butterflies go through a number of distinct Sages —— egg to caterpillar to pupa to
butterfly. At each stage, different environments are necessary (a lesf to stick to, leaves to feed
on, twigs to hang from, environments to fly in with pollen to feed on, and places to meet fdlow
butterflies). Different creature behaviors are to be expected in order to promote population
growth (gticking, browsing, hanging, feeding, and mating). What intdlectud tools might benefit
the evaduator of new breeding programs? The evauator needs.

¢ aknowledge of the stages of development;

¢ aknowledge of the conditions that are appropriate a each stage; and

¢ ways to describe the stages, signs of development within each stage, and appropriate
environments.

Armed with this information, the evauator can make informed judgments about:

1. Pans for breeding

+ Does the breeder have an account of the life cycle stages?

4 Are gppropriate environments being created?

¢ Will procedures be put in place to monitor the stages of development, to provide gppropriate
environments, and to monitor them carefully?

2. Formative evduation
¢ At what stages are the different butterflies (how are stages concelved and described)?
¢ Has the appropriate environment been created for each cycle of butterfly life? How is the
environment monitored and modified? How are environments concelved and described?
¢ What is the breeder doing to discover how things can be changed to make them more
effective? What mechanisms are in place to enable the breeder to improve on current
breeding practices?

3. Summative evauation

¢ How many butterflies are produced?

¢ What varieties of butterflies are produced? How can butterflies be classfied?

¢ How hedthy are they? How can the gtate of hedth of a butterfly be determined?

It is clear that the stages of development (if they exist a dl) in changing educationd systems are
far harder to describe than the stages of butterfly development. Schools are unlikely to be as
amilar to each other as are different kinds of butterfly. In education, the knowledge base
associated with systemic change is a an early stage of development. Information about the
cycles of change and the conditions that trigger these changes is only just beginning to emerge.

If the notion of macro-systemic change is to be taken serioudy, an essentid target for research
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in evauation is the development of a knowledge base about stages of reform, critica factors in
the reform process, and the like, which will complement existing knowledge about the
evduaion of more familiar change derived from program evauations.

Andogies with imaginary evauations (here, butterfly breeders) can be useful for scene setting.
However, a detaled account of actud evauation practices during a socidly important macro-
gystemic reform is more likely to highlight issues critica to educationd evauation.

A Detailed Example == Prairie Restoration

Aldo Leopold (1949) emphasized the importance of studying the whole ecology of a landscape:
plants, animas, and the physicd setting. His pioneering work in the 1930s on prairie retoration
a the Universty of Wisconsan-Madison arboretum led to a rich body of knowledge about the
restoration of naura environments.

Ecology might provide some good andogies for education because the interacting eements are
themselves complex systems (e.g., an individua animd or plant can be viewed as a sysem in its
own right, comprisng a variety of subsysems (blood circulation and systems for nutrition in
animds, food cregtion and fertilization in plants, for example); subsysems exist with different
degrees of coupling (such as dry soil communities, wet lands, eic.); systems are affected by
external conditions, some of which are rdatively stable (such as climate and soil), and some of
which are relatively ungtable (such as fire and flood); changes occur over time, sometimes via
naturd shifts in environmental conditions, or sometimes via deliberate or accidental human
intervention. Research methods are well established, athough models of change are poorly
developed. Nonetheless ecology has a number of key concepts and methods that can inform
practices in education for data collection, data display, and descriptions of phenomena, and for
planning, implementing, and monitoring change. Ecologists have studied a range of dtudions in
order to build their current state of knowledge:

¢ sydems in rddive dads,

¢ sydems that are restarted from a relatively undeveloped date (for example, after some
disagter, such as a massive flood in a canyon, that sweeps dmost everything away; or after
fires, volcanoes, or nuclear testing);

¢ systems undergoing change as a result of nonintentional changes (for example, in response
to changes in water provison, or nutrients, or the emergence of some new predator, eg.,
garfish edating the cord on the Great Barrier Ref); and

¢ the active management of ecosystems, both to maintain stasis (e.g., preserve wetlands) and
to create “new” (actudly, often “old”) ecosystems from existing systems.

Studying Systems in Relative Stasis
Ecosystems in “relative stasis’ are recognizably the same over periods of years or decades.
Ecologists have devoted a greet ded of time to the detailled description of abiotic factors

(temperature, exposure, water, nutrients, wind, and the like), and of assemblages, communities,
and guilds of plants and animds in the fiedd. They have described in detall individud plants and
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animas (descriptions include both form and behavior) under both naturd and laboratory
conditions. In addition, they have conducted controlled experiments in both the laboratory and
the fiddd on the conditions that favor and inhibit growth.

The resulting bodies of knowledge from research on ecosystems serve a number of distinct
functions. They endble ecologigts to identify certain types of communities (such as wet
grasdands, prarie, Savannah, etc.) for inventory and mapping. They show which conditions are
favorable for the growth of different plants, animas, and communities. They show which
communities of plants and animas coexist necessarily or easlly. These data are useful because
they suggest some symbiatic relationships|-for instance, between pollinating insects and plants
with flowers. They offer a view about what is common and what is rare locdly, nationdly, and
internationaly. This knowledge is important for informing possble future actions on changes in
land uses. For example, actions that will destroy rare plant communities are viewed as having a
higher cogt than actions that destroy common plant communities. This information dso offers
pointers to the type of ecologica systems easily recrested, given particular abiotic factors.

Evduators of education sysems in relaive sasis would find it extremdy useful to have access to
information about educetion that is andogous to the information available to ecologists. For
example, when evduding S plans, useful information includes:

¢ destriptions of different types of communities such as classsooms, schools, neighborhoods,
school digtricts, and dates,

¢ causa reationships between classsoom practices and student attainment; and

¢ identification of common and rare activities.

In the short term, this information is unlikely to be available, but developing this knowledge base
would be vauable both for evauators and for those engaged with ESR.

Studying Systems Undergoing Change

Ecologists make detailed studies of systems undergoing change. Consder, for example, the
recolonization of desert after nuclear testing is stopped (e.g., in Nevada). A sequence of changes
can be observed:

¢ blagts kill dl life

¢ ayea dter the last blast, some spring annuas appear, such as desert pincushion and
stickleaf, from seed brought by the wind or by birds;

¢ asthese plants die, nutrients are added to the soil, their roots increase water retention, which
in turn reduces soil temperature, thereby changing the environment in important ways,

¢ this new environment now permits other plants to grow, such as wild buckwhesat and foxtall
chess.

Recovery from nuclear devadtation is a dramatic example of phenomena that occur more

commonly (such as, recovery after the eruptions on Mount &. Helens). Most ecologicd systems
can be judged to be in a gate of change, if along enough time scade is consdered. The
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community that ends the succession (for a long period of time, at least) is cdled the climax
community. An important lesson for educeation is that, over a long time scae, the same climax
community can evolve from quite different Sarting points.

For example, woodlands of spruce trees can derive from different initid conditions.

¢ rock to lichen to meadow to aspens to spruce; or
+ pond to marsh to meadow to aspens to spruce.

The knowledge base that supports macro-systemic modeling comprises descriptions of systems
undergoing change where significant changes take place in the system itsdlf. The knowledge
base associated with systems in relative stasis is used here, too.

The knowledge base can serve a number of different functions:

¢ identifying conditions favorable to certain kinds of communities,
¢ planing desrable changes,

¢ implementing dedrable changes and

¢ monitoring ongoing changes.

Ecological Restoration as Systemic Reform

The settlement by Europeans created marked changes in the ecology of North America. Corn
and whest replaced prairies; cities covered plant and anima habitats, waterways were crested,
and a great ded of land was drained. This pattern of increased agriculture and urbanization
reflects changes globaly and is associated with a decrease in biodiversty. At the time of the
settlement of Wisconsain, about 42% of the land was covered in oak savannahs, which are areas
of scattered trees with some ground leve vegetation (Keley, 1997). Oak savannahs now
account for around 0.0 1% of land cover.

A number of initiatives are underway to recreate ecologica systems in Wisconsn and sewhere
that have been destroyed by farming or other sorts of cultivation:

large scae restorations of oak savannahs in arboretums and other locations;
prairie restoration in school grounds;

schemes to promote gardening with native plants, and

European initiatives to “decommisson” agriculturd land.

* & & &

These initiatives have strong paralels with systemic reform in education. Each ecology provides
a cdlasscd example of “a sygem.” There are wdl-articulated views about the nature of the
changes that are sought. Deliberate attempts are made to bring about particular sorts of change.
Ecology has an advantage over education because of its “engineering basg’: there are clear
descriptions of the dements in the system (plants, animals, and their behavior over ther life
cycles); phenomena are well documented; the outcomes of different environmental changes can
be predicted with a reasonable degree of accuracy; techniques exist to monitor and adjust the
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course of systemic reform; and attempts at system change have a reasonable track record of
success.

Ecologicd management typicdly follows this sequence:

¢ A dteis andyzed via a basdine survey.
What communities have existed here before?
What is here that should be preserved?
What will have to be removed?
What could exig on this Ste?
¢ Gods are st and plans are made.
Why does this ste need renovation?
What are the new gods for the Site?
Does a particularly rare species need to be preserved?
Should things that grow wdl localy be reestablished?
4 The biotic community is selected.
What species will be used?
What needs to be implemented in order to attain the find god date (eg., in terms of
abiotic factors and interim plant cornmunitites)?
¢ The dteis prepared.
¢ The gte is managed.
The atainment of gods is monitored.
Radicd approaches are devised to support desirable development.

# Ste analysis — Describing the current system. Different ecologists approach the problem of
classfication in different ways. Some begin by identifying digtinct plant communities (eg.,
Rodwell, 1991-1995), others by describing the abiotic conditions that favor the growth of
individua plants. For the purposes of this analyss, the gpproach pioneered in Wisconan will
be used. Naturd prairies are commonly classfied (eg., Curtis, 1971) as wet, wet mesic,
mesic, dry mesic, or dry. Some species of plants are found predominantly in one sort of
environment, and not in others, while some plants can be found under a great variety of
conditions. Precise definitions of ecological systems are not aways possble. For example, in
the definition of “oak Savannah” there is agreement on the naure of the tree canopy (manly
0aks), but the nature of the ground layer is less certain, Snce it comprises nearly dl the plant
species in the savannah community.

Ecologigts firg andlyze the available land in terms of Ste, soil, drainage, and light. Then
they identify those families of plants and plant communities that will grow wel in those
settings. Curtis (197 1) examined the vegetation in over 1400 examples of prarie, wetland,
and forest and related species composition to environmental factors, such as the nature of
the soil (nitrogen, phosphorus, potash, pH, moisture content, moisture retaining properties,
organic matter concentration, permeability, soil components) and loca climate (eg.,
Wisconsin mesic prairies have an average precipitation of 3 1.3", a growing season of 152
days, and monthly mean temperatures that range from about 16 degrees to 72 degrees
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Fahrenhait).' Prairies develop in full sun and require a least 12 hours sunshine during the
growing period. Prairie types are determined by the qudlities of the soil and by drainage.

Similar environments produce smilar ecologies. Places that lie between clearly
digtinguishable ecosystems are described as “tension zones’ or “buffer zones” Ecologists
have a vaiety of wdl-developed techniques for describing plant communities. These
indude sysemdtic sampling by ingpecting communities lying aong particular lines or by
random sampling using quadrats. These sampling methods are complemented by detailed
systems for describing exactly what is present. However, ecologists differ markedly in how
they define the variety they encounter. A description of an ecosystem is likely to require
vigts many times during a year, so that changes in the plant community can be observed.

/# Goal setting — Considering possible plans. An archive of knowledge developed by research
ads those interested in change. Analyss of a Ste using abiotic features dlows an ecologist to
identify individuad plants and plant communities that could thrive and those that are unlikey
‘to succeed. Novices can easily access this knowledge. A beginner can gain a great ded of
information to identify individual plants likely to succeed in the Ste conditions that prevalil
locadly. A school interested in restoring a prairie, for example, can cal upon a considerable
body of knowledge (Murray, 1993). Design work should begin by looking at natura
communities living in settings as Smilar to the target Ste as possble. Seeds for planting
should be collected from sites with conditions as smilar as possble to the ste to be planted.
Schools and gardeners can buy mixtures of native plants from plant collections indexed in
terms of the characteristics of the most commonly occurring local conditions.

It is important at the outset to map out the evolution of the target ecology or, in the language
of this monograph, to specify the stages of macro-systemic change. A centrd idea is that
certain conditions have to be created in order to alow later developments. For example, by
planting oaks at the outset, the way is paved for a savannah at a later time, once shade is
established.

Species sHection is condrained by the ste. Within these condraints, planning should
address the vishility and visua essence of different plants at different times. This will be a
function of the didribution of species. Species grow to different heights, bloom at different
times, and reach maturity over different periods of time. Schools restoring prairies are
advised to plant both fast maturing species and some dow maturing ones (Murray, 1993).

+ Site preparation. “Proper preparation of your site is probably the single most important factor
in.. .success...” (Murray, 1993). This advice is based on evidence from the early days of
prairie restoration, when native plants were planted into degraded pasture. Native plants
faled to compete well with the pasture plants. A good ded of empirica work identified
plants that should be avoided, or removed if they are discovered.

/% Management. Prairie plants, like most perennias, do not flower the first year they are

planted. Rather, they spend most of the first year developing a root system designed for
surviving drought. A prarie planting often does not look like a prarie until the fifth year after
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planting. A great deal depends on weather and how effectively weed competition has been
controlled.

Murray (1993) distinguishes short-term management (the first two years) and long-term
management. In the early years, the central problem is weed control. The treatments are
familiar to mogst gardeners. Over the longer term, different management techniques are
necessary. The central problem in the long term for margind prairies such as those in
Wisconsain is that they revert to woodland without interventions such as burning, grazing, or
mowing. Curtis (197 1) discovered that fire was essentid to the vigor and spread of prairie
plants, and that mogt prarie plants show significant increased blooming after fires.

Prairie management techniques include prescribed burning; controlling exotic plants and
pest plants, collecting and distributing seeds; propagating plants, and protecting Sites. In
restoring praries in school grounds, many sStes are Smilar and have used a common &t of
plants and seeds as ther garting points. Nevertheless, quite different plant communities
develop; al are recognizably prairie-like, but the dominant grasses differ, as do other
ecological features (Murray, 1997, persond communication). In generd, there is increasing
diversity as the prairie matures,

If the long term plan is to create Savannah, then the management activities are aso
concerned with steady evauation of the land, as well as with the establishment of a
reatively seady Sate.

Applying the Model to the Evaluation of ESR

The sequence of ecologica management has relevance for evauators concerned with the
evauation of an S plan or the evauation of the way an S approaches school planning. It is
worth consdering each aspect in turn. The purpose of the andyds is to identify the nature of the
knowledge used to support ecological restoration in order to identify some research targets for
the evauation community concerned with studying systemic reform in the context of ESR. The
fina section of this monograph will describe ways in which the requisite knowledge base for the
evauation of ESR might be crested.

« Site analysis-Describing the current system. Schools and school systems vary in a great
many ways. Edablishing ways to dassfy schools as dike or dissmilar on successful
educationa activities poses an interesting chalenge. It would be useful for an evauator to be
able to classfy a specific educationd setting using a broad classficatory framework and to
make informed judgments about the likely success of the proposed set of educationa
activities in that setting. Smply knowing what educationd environments are common and
what activities are tolerant of a wide range of environments would be useful for both
planning and evauation. Knowing that some kinds of activities can only take place in a
narrow range of circumstances would be powerful informeation for evauators to have. It is
unlikdy that precise classficaions of educationd communities will ever be possble This is
not fatal to the argument-ecologists face exactly the same problems. Fuzzy knowledge can
be very useful. The scae of the research necessary to describe ecologies is impressive (see
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Curtis, 197 1; Rodwell 199 1- 1995). Smilar comparable levels of investment probably are
needed to achieve smilar levels of description in education. Short-cut methods that might be
suitable for short-term purposes are described in the find section of the monograph.

+ Goal setting-Considering possible plans. Andysis of a ste adlows the ecologist to identify
those individud plants and plant communities those that could thrive and that are unlikely to
succeed. Murray (1993) recommends that prairie restorers identify Stes that are as close as
possible to the target Ste and use them as models for their restoration. In the educationa
context, this has a number of pardlds. Evauators might critique plans for SIs by asking
about the base of evidence that judtifies the proposed scheme. A good ded of evidence has
been developed by the education community on which ESR can build (e.g., Grouws, 1992).
Evauators might review working examples established in settings that maich the target
settings reasonably closely. Plans that set out to extend loca good practice might be more
likely to succeed than plans that promote good practice taken from contexts that are
condderably different from loca conditions.

Murray stresses the importance at the outset of mapping the evolution of the target ecology
or, in the language of this monograph, specifying the stages of macro-systemic change. A
centra ideais that certain conditions have to be created in order to dlow later

developments. Within the condraints imposed by the ste, planning should address the
vishility and visua essence of different plants throughout the year and over the course of
the restoration. She recommends planting some fast maturing species and some dow
maturing ones. There are anaogies with education. Evauators can judge plans for macro-
systemic change concelved by an SI. Timeframes for effects of proposed interventions need
to be judged. Plans without any “fast maturing” effects are likdy to be less successful than
those that include a mixture of more immediate and long term effective changes.

# Ste preparation. From the early days of prairie restoration, native plants planted into
degraded pasture failed to compete well with the pasture plants. Site preparation requires
identification of plants that should be avoided and removed if they are discovered. Again,
there are useful andogies for education. Teschers are often influenced by the ways in which
they were taught. Teaching methods have often been practiced over many years, and new
gpproaches that are planted on top of these practices are unlikely to persst for a very long
time. Evauators need to understand and judge how the new is to fit in with the old. It is
necessary for evauators to check that new methods will receive appropriate resources so that
they can compete with well-established methods. They need to determine how undesirable
forms of teaching and learning will be eradicated.

/ Management. Prairie plants spend most of the first year developing a root system designed
for surviving drought. A prairie planting can be rather unimpressive for as long as five years.
Murray (1993) distinguishes short-term management, over the first two years, and long-term
management. In the early years, the central problem is weed control. Over the longer term,
different management techniques such as prescribed burning, control of exotic plants and pest
plants, seed collection and distribution, plant propagation, and Site protection are essentia to
the vigor and spread of prarie plants. Again, there are interesting analogies with education. A
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key issue for SI evaluators is to identify a reasonable time scale over which an educational
innovation should be judged. It is hardly appropriate to keep digging up each plant to see
whether its roots are growing; conversely it is irresponsible not to do some form of evaluation
to ensure that planned growth is on track. From the viewpoint of evaluating plans, an
evaluator should ask about SI plans to inform stakeholders about the likely timescale over
which negative and positive signs might be detected. Plans for recognizing and controlling
undesirable teaching and learning activities over both the short and long term can be
reviewed. There is at least one example in the UK where the incoming head of mathematics
burnt all the mathematics books in school as his starting point in curriculum reform (John
Mason, 1997, personal communication). Evaluators might reflect on earlier discussions of the
need for careful site analysis before recommending this approach as a panacea for educational

ills.

The Knowledge Base

By way of a summary, tables 3, 4, and 5 identify important aspects of the knowledge base that
make ecological restoration possible. Analogies are drawn with education. The final section of
the monograph makes suggestions about how this knowledge base might be built up.

Table 3

Illustrations of the knowledge bases in ecology and education: Classification and description

Ecology

Education

Individual level (e.g., students
and teachers)

Organization level (e.g.,
schools and SIs)

Methods to classify individual
plants; detailed descriptions of
phenomena such as plant
heights, colors, blooming times

Methods to describe students
and teachers; methods used to
describe standards and
curricula; methods to describe
student achievement

Methods to describe
classrooms and schools;
methods to report
student outcomes

Methods to recognize healthy

Methods to recognize healthy

Methods to recognize

and unhealthy growth and unhealthy growth, e.g., healthy and unhealthy
appropriate measures of growth, e.g., of
changes in student performance organizations

Methods to describe Methods to describe Methods to describe

environments environments, €.g., in class environments, €.g., in

school; or the school in
the community
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Table 4

Hlustrations of the knowledge bases in ecology and education for understanding learning

and change

Ecology

Education

Individual level (e.g., students
and teachers)

Organization level (e.g., schools
and SIs)

Studies of seasonal cycles of
growth

What is the course of learning
under different treatments ?
What are the cognitive
characteristics of students at
different ages? How does
professional skill develop
over a course of years? If
teachers hit a “steady state,”

‘how do you pull them out?

How do school structures
change over time?

Analysis of reproductive
mechanisms: conditions, time
lines, methods of dispersal
(e.g., good times for seed
collection, ideas on
appropriate seed collection
methods, germination
treatment)

How do students and teachers
learn? How is knowledge
disseminated? How are good
ideas passed on without
damage?

What are the mechanisms of
school change? What are the
time lines? How is knowledge
disseminated? How are good
ideas passed on without
damage?

Analysis of environment plant
interactions

What student-by-treatment
interactions exist? What
teacher-by-treatment
interactions exist? What new
classroom practices would
work well in a particular
context?

How does school structure
affect classroom practice? What
SI actions are effective in
bringing about changes in
different types of schools?
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Table 5

Illustrations of the knowledge bases in ecology and education for understanding systems and

systemic change

Ecology

Education

Individual level (e.g., students
and teachers)

Organization level (e.g., schools

and SIs)

A classification of ecosystems
and descriptions of the
variability within each

What sorts of classroom
organization are there? How
does classroom style interact
with curriculum? What
school-home links exist?
What are the processes in
each?

How can the processes within
schools and school systems be

described? Are there “clusters’

of each that have the same
essential features?

b

Descriptions of the evolution
of ecosystems over time

How does classroom practice

~ change over time? How will

student attainment change
over time? What sequence of
changes is appropriate to
show improvements over
both the short and long term?

How do schools and districts
change over time? How can
they be planned? What
resources have to be put in
place to create an appropriate
environment for new
developments?

Details of invasive weeds,
and methods for their removal

What restricts learning for
individual students? What
types of regression occur in
teaching practices after
professional development?
Can poor practices be
recognized and changed?

What undesirable
organizational developments
occur? How can they be
recognized and eradicated?

Management via diagnosis
and remediation

How can progress be
monitored and
misconceptions remedied?
How can regression in
classroom practice be
detected and corrected?

How can organizational
progress be monitored and
undesirable changes be
corrected?

Ways to communicate with
the local community about
what to expect over a 5-year
time course

Ways to communicate with
students and teachers over a
short period of time

Ways to communicate with the
local community about what to

expect over a S-year time
course
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Evaduation of ESR in education needs to consder the ESR design, the implementation and
management of ESR, and the outcomes of ESR. Successful evaluation of each of these
components of ESR needs to call upon an evidence base that is as rich as the evidence base in
epidemiology and ecology. The education community dready has a consderable assembly of
evidence about the conditions of learning & the level of the individud, the classroom, and the
school. However, ESR is a new venture. Strenuous efforts are necessary to. learn as much as
possible, and as quickly as possible, so as to maximize the effectiveness of current initiatives.
The find section of the monograph offers suggestions on how an gppropriate knowledge base
might be constructed.

Building the Evidence Base for the Evaluation of Systemic Reform

There is a pressing need for a research community of practitioners and academics devoted to
the evauation of ESR that contributes to and draws upon a common pool of knowledge.
Research cultures are not set in one. There are a number of examples of disciplines that have
emerged because of socia need (e.g., statistics: Hacking, 1990) or academic need (e.g.,
molecular biology, neurophysiology, cryogenics, geophysics). People concerned with ESR
might reflect on the things that have to be put in place to establish ESR and the evauation of
ESR as a viable academic discipline with its own digtinctive features.

The underlying philosophy of ESR requires that evauation must become an integrd part of the
whole system. Evauation must not stand gpart from the activities of SIs or ESR. The
evadudion community has an important role in assembling, acquiring and disseminging
knowledge about effective practice. (See the work of the Consortium for Policy Research in
Education (CRPE), for example, Goertz, Floden, and O’Day, 1995.) One can hardly evaluate a
plan and the techniques for managing that plan without some knowledge of what is likey to
work. Nor can one evauate the success or falure of a course of action without some definition
of what desirable effects are, and how these desirable outcomes might be assessed. In the case
of ecology, the whole design, management, and evauation cycle of SR is based on a great ded
of knowledge gleaned from different sources. The education community needs to continue
building a body of knowledge about the process of educationd change, making extensve use
of information gathered from the evauation community. This knowledge will complement the
large body of work that has aready been conducted in educational research on processes of
learning, classroom practices, and school effectiveness.

Evaduation is not a neutrd activity. The act of observing can result in profound changes in what
is being observed. For example, an interview for gathering data to evaluate the plans for an S
might ask about aspects of ESR that the Sl directors did not consder. The result of the initia
evaduation interview is likely to be a revised plan, rather than a poor score on “planning’
followed by the unfolding of a faling SI. Smilarly, asking about how performance will be
measured, how feedback on progress will be obtained, and what multiplier effects will be
caled upon can change the design of the Sl. It follows that evduators can serve arole in the
disssmination of information about effective SR.
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The levels of scientific knowledge described in an earlier section-phenomena, effects, modds
of data, theories-provide a framework for conceptudizing different kinds of knowledge. Each
S, past and present, can be seen as a set of educationa experiments that can provide evidence
a every knowledge levd. Iris Weiss (1997) offered vivid illugtrations of ways in which the
knowledge accumulated by the evaduatiion community can be used to inform both the day-to-
day pragmatics of change and the local theory of ESR. As this evidence accumulates and is
collated, it will be possible to offer more detailed theories of ESR, as wdll as techniques for the
evauaion of individud SIs and ESR as a whole.

Describing phenomena. Each S evauation has collected evidence about a whole range of
phenomena related to educational change. As this evidence accumulates (e.g., Massl, Kirst, &
Hoppe, 1997; Breckenridge, Goldstein, Zucker, & Ademan, 1996; Clune, Millar, Raizen,
Webb, Bowcock, Britton, Gunter, & Mesquita, 1998), the collection of examples of
phenomena will make it possble for evduators embarking on new evauations to identify
gtuations smilar to the ones that they are investigating. When close matches are found,
evauators can examine the reevant case histories for evidence about likely outcomes, to
inform the evduation of plans and to hdp design formative feedback.

Discovering effects. Gathering descriptions of phenomena, dong with detailed descriptions of
the circumstances under which the phenomena occurred, can provide the bass for conjectures
about effects. That is, factors that are often found together may be causdly related.

Creating models of data. Modeling requires evidence about effects and some mathematical
tools. Andytic tools, such as andyss of variance and structurad equation modeing, provide
relatively smple models of datic data. Tools such as dynamic modeling packages provide
ways to describe data that allow complex feedback between eements.

Creating models and theories. At present, ESR has many of the halmarks of an intellectua field
in its earliest stages of development (e.g., Knapp, 1997):

¢ some definitions are absent or contradictory;

¢ some ideas are conflated (eg., dthough “sysemic” refers to “influencing the whole system”
it is often confused with “standards-based reform.” Logicaly, one could have a systemic
approach to a back-to-basics curriculum and an anaytic approach to standards-based reform);

¢ accounts of the dements in the system, specifications of ther interconnections, or the
functiond relations between pairs of varigbles are patchy;

¢ there are few atempts at forma modding;

¢ thereis little analyss of what a theoreticd account might look like, or of what the appropriate
levd of spedificity might be; and

¢ despite widespread use of the term “systemic,” there appears to be little use made of the large
literature on systems theory (e.g., Banathy, 1992; Beer, 1976; Bertdanffy, 1968; Checkland,

1981) or the literature on the management of change (e.g., Asch & Bowman, 1989; Kanter,
1984; Wilson, 1992).
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Dynamic models can be seen as theories of systlem change. The development of dynamic models
can help the development of the intellectud fiedd of ESR as a whole. The creation of macro-
systemic models of change require a description of systems (for example, classrooms, or schoals,
or school didricts) at different times as they evolve. Any discovery of smilar developmenta
patterns across systems then can provide the bass for macro-systemic theories, which can guide
both the evaluaion of SI designs and development.

As with any attempt to build theories, there is a need for a critical examination of the qudity of
the evidence that is available. In the context of evauating ESR, it is essentid to begin with a
diginction between the intended curriculum, the implemented curriculum, and the atained
curriculum. The success of an individud Sl should be judged a each of these levels. In judging
the success of the theory of ESR (whatever it might bel), one must be careful not to confuse a
barren theory with a poor implementation. It would be foolish to form a negative view of the
utility of the theory of ESR on the basis of evidence from SIs that had failed to introduce ESR.

A related point should aso be borne in mind. Because a particular theoretical approach has
been shown to be vauable in one ingtance, one cannot conclude that it can be easly gpplied
across a wide range of Stuations.

Michad Faraday, the nineteenth century English physcist, once clamed that there is nothing
S0 practical as a good theory. It dso is clear that there is nothing so impractica as waiting for a
good theory before any actions are taken. Evauation of SIs can support the engineering of
future SIs and can inform the development of the theory of ESR. The next section offers some
ideas about how the evauation community can help build a knowledge base that can promote
effective ESR.

Strategies to Build the Evaluation Evidence Base

This section continues the theme of the monograph by identifying research techniques used in a
range of academic disciplines outsde education. Disciplines were chosen that face problems
gmilar to those faced in education, notably, that the information flow is essentidly infinite
compared with our ability to record and analyze. Idess are presented in the form of Strategies
that might be used to accelerate the development of the knowledge bases necessary for the
evaudion of STs and of ESR. Identifying people who might conduct the necessary work is not
easy. Many of the strategies require efforts that go way beyond the resources provided to
individua SIs for evauation. A web dte that collates information from different evauations
could provide a red service to the evaluation community. It could be used to guide the
evaduation of future Sl plans and could be useful in the development of formative feedback.
Again, evauating evidence and presenting it in a usable form are nontrivia tasks that would
require the deployment of considerable resources.

It is logically impossible to draw conclusons about the critical factors in an Sl and ESR on the
basis of a sngle case higtory. Given severa case histories, one can at least begin to piece a
dory together. However, the multidimensondity of systems ill poses mgor problems for
making inferences. Researchers schooled in conventional science commonly use experimenta
methods where the mgority of variables are held congtant and the interrdations between a
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to evauate educationd effects. Humans have congderable problems in handling large numbers
of variables. One approach to the problem might be to store research results in a database that
dlows a very large number of descriptors of the system and the trestment to be stored. As
individua case histories are added, the evidence will accumulate, dbeit in patches. Conjectures
about critica variables, triggering thresholds, cost-effectiveness, and the like can be explored
and re-explored as more data accumulates (this strategy dlows direct exploration of
phenomena and the search for effects described above). A variety of ways to present complex
data to make it more intelligible is described by Tufte (1983, 1990, 1997). Such methods are
rarely used in education and might be of vaue.

Strategy 1: Compare Comparable Schools and Districts

An approach to the problem of identifying effective educationa trestments which avoids
datisticad moderation (and the required strong assumptions) is to look for differences in
performance between individual schools, or between whole school digtricts, that are roughly
comparable, but have had different levels of involvement in the SI. A problem arises in
defining “roughly comparable” One solution is to use multidimensond scding (MDS). This is
a datidica technique rather like factor andyss, but it dlows more control over the necessary
datisticd assumptions. It dlows a number of objects, each of which has a number of different
attributes, to be related to each other in an object space. MDS alows schools (or school
digtricts) to be related to each other in terms of their distance apart determined by some
combination of the attributes that are available. For example, suppose data are available on
school funding levels, some measure of family poverty, and loca crime rates. A measure of
smilarity between two schools can be obtained by cdculating the differences on each indicator
and summing the absolute value of these differences. Distance measures can be as complex as
one chooses. Factors can be scaled, can be weighted, and can be combined in al manner of
ways. MDS can be used as a decriptive tool that facilitates the identification of “smilar”
schools. The search for effects begins by exploring practices in schools that are amilar in terms
of relevant descriptors, but that differ in terms of student attainment. It is clear that the measure
of “dmilarity” will reflect one's theory of the key features that determine school performance.
Few people identify the gender of the head teacher as a key variable, or the loca weather
conditions. More common choices might be school sze, percentage of students from families
defined to be economicdly disadvantaged, percentage of students from different ethnic groups,
average educationd attainment of parents, local crime rates, rurd-urban location, poverty leve,
and prior sudent attainment levels in SMET. Refining these implicit theories about what
makes schools smilar or different will contribute to understanding more about educationa
processes and educational effects. Comparing schools that are smilar in terms of these
characterigtics, but different in terms of student attainment, is vauable for evduating the
design of SIs.

MDS has the potentid to be a powerful technique to support forming and testing hypotheses
about ESR. Schools that seem to show considerable improvements can be judged against
schools that were comparable initidly. The use of matched controls is a powerful educetive
device for teachers, principals, and supervisors, as wel as for evauators. It is of little practica
help to be told that the attainment of students in inner city schools is lower than that of students
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in middle class suburbs. This information is too coarse in grain Sze to be useful. Teachers can
hardly be expected to reshape their city in order to improve the educationd attainment of their
sudents. Information about the relaive attainment of students in schools that are comparable is
far more useful.

Strategy 2: Treat the Attribution of Causality Seriously

The development of a theoretica framework for interpreting educational change is criticd to
Success, as is amassing a large collection of results that hang together. Interventions that can be
shown to affect student outcomes provide strong evidence about causdity, if these effects are
shown to be robust and unambiguous. (“I beieve that A causes B. | change A in these Sites,

and B changes, but changes in B hardly occur at dl if nothing is done about A.*)

The problems of attributing causdity using the conventiona tools of socid science research
discussed oquently by Manski (1995) has been addressed by seismologists (e.g., The
Incorporated Research Indtitutions for Seismology, funded by NSF, www. iris.washington.edu/)
who are concerned with monitoring seismic events to determine their likely causes. In
paticular, they are interested in didtinguishing among nuclear explosons, mining blagts,
earthquakes, and meteor impact. This work has achieved a new prominence with the recent
United Nations resolution to end dl nucdlear testing. This chdlenge of making plausble
inferences about the cause of some detectable change is directly andogous to the problem
faced in education, where a need is seen to distinguish between aternative possible causes.

Saismologigts use a number of diginct kinds of evidence when forming judgments about
causdity:

¢ the nature of the event, its “fingerprint” (eg., shock waves from nuclear blasts begin with a
diginctive spike as the ground is compressed violently, followed by rapid exponentia
decay; earthquakes typicdly begin with minor tremors that increase in drength; aftershocks
are common);

¢ knowledge of locd capability (eg., nuclear tests are more likdy in Pakistan than in
Barbados);

¢ knowledge of locd intent (e.g., a nuclear test is more likdly in territory held by nations that
are not sgnatories to the UN resolution than in territory held by strong advocates of the
resolution);

¢ locdion (eg., a seismic event located on a French idand in the Pacific Ocean is more likely
to result from a nuclear test than one located in Los Angeles); and

¢ dze of the event (eg., s8ismic recordings can eiminae mining blasts as a cause of mgor
events, the size of the event can be used to judge the likely sze of a meteor impact crater
and hence the ease which it could be found).
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Other triangulating evidence includes

¢ eyewitness reports (eg., lights in the sky before a seismic event suggest meteor impact as
the most likely cause);

¢ ar treffic daa; and

¢ evidence on the ground, such as new craters.

Saismology has a number of specific lessons for education:

¢ Locd intention and loca capability to effect change are relevant.

¢ The locus of the change is relevant-one should expect change where there has been S
activity.

¢ It may be worth looking for “fingerprints’ that one associates with ESR and not with other
sorts of changes which affect education.

“Fingerprints’ might be nonrandom change associated with S Stes. For example, there may be
observed change in SMET subject areas, but not in other subject areas; perhaps weaker effects
away from centers of change (e.g., as “cascade’ modes fail progressvely).

The overdl lesson from seismology is that a variety of sources of evidence needs to be brought
to bear on the problem of attributing causdity. Data, such as changes in the profile of student
performance, need to be understood in the context of some interpretative framework, and
conclusions need to be drawn on the bass of plausible inferences that relate data and theory.

Strategy 3: Learn from Failures

Fast prototyping and testing is a characteristic of successful research and devel opment
activities. For example, some research and development groups have sayings such as “ready,
fire am’; “fal fowad’; “fal fad, fal often.”

In many areas of engineering, a great ded of effort is devoted to the study of failures of

working systems (eg., Levy & Sdvadori, 1992). Disagters involving arcraft, power stations,
bridges, cars, etc., are followed by detailed andysis and often by changes in legidation that
governs safe working practices. Specific falures often can be viewed as individud symptoms
of broader system failures (e.g., Fortune & Peters, 1995). In contrast, in education current
traditions of focusng amost entiredly on pogtive results provide a poor srategy for
understanding the phenomena, or for theory testing and building. There is an urgent need to
learn from current failures. For example, NISE might provide a strong lead by convening a
conference on S “effects’ where participants are constrained to spend as much time describing
what they have learned from failures as they spend describing seemingly postive effects.

In the case of some NSF-funded STs, funding has been discontinued. It would be worth
andyzing these SIs in some detall. If they have “faled” for reasons to do with implementation
drategy rather than outside palitica influences, the knowledge about these faled Strategies can
be extremdy vauable. Knowing what does not work can be as important as knowing what
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does work. The benefits to the evauation community are twofold. The direct benefit comes
from the search for informative indicators. For example, what performance indicators (with
hindgght) give dear evidence that an S is failing? The long-term bendfit is a contribution to
the emerging body of knowledge about what makes for successful and unsuccessful SIs.

Strategy 4: Spend Most Time Looking at the Most Informative Evidence

In earth sciences there is a strong emphasis on the detection of big effects (e.g., volcanoes)
which is rdaively easy to do. However, the study of big effects by extensve recording around
sgngle stes is not easy to do. Clearly, one wants to focus one's resources where they are likely
to do most good. Didributing data gathering evenly across dl posshble stes is unlikdy to be

optima.

Physcigs face a number of problems when conducting experiments in particle physics. These
relate to the total volume of data and the rate of data flow. In a typica experiment, a beam of
particles will be directed a another beam, or at a ationery object, such as an atom. The
purpose of the experiment is to cause a colligon in which interesting things happen-atoms or
particles might be split, for example. The occurrence of such events is relatively rare, o there
are condderable advantages to be gained by developing methods that dlow the experimenters
to record information from a small set of events that are likely to contain interesting things. A
number of experimental methods have been designed specificaly to do this. One approach is to
have detectors that record only the presence of particular particles. Another approach is to use
such detectors as triggers that switch on a broader spectrum of recording devices.

These techniques illudrate two fundamenta principles of scientific work on complex systems.
Fird is the idea that one can best understand the dynamics of systems when they are

undergoing dramatic changes. Second is that data are essentidly infinite and the sooner one can
eradicate irrdevant information from congderaion the better.

The firgt principle suggests that detailed evaduation should be conducted on extreme cases.
These might occur “naturdly,” as in the case of schools or school didricts that perform
exceptionaly well or exceptionaly badly (as in vulcanology). An dternative is to destablilize a
school or schoaol digtrict ddliberately and to observe the dynamics (as in physics). This is likdy
to require high levels of energy, in the form of added resources. To learn from the Studtion, a
good ded of instrumentetion is likely to be needed. Physics offers some suggestions here, too.
One idea is to develop a set of indicators that are specidized to detect particular kinds of
events. In an educationa context, these might refer to events at a variety of layersin the

system, such as changes in the behavior of school principas (eg., fostering home-school
links), changes in classsoom practices (e.g., the introduction of collaborative working groups in
science, or changes in sudent performance (e.g., improvements on tasks involving decimals).
Some indicators dready exist, while others will need to be invented.

At the levd of detecting Situations that ought to be investigated further, there are two digtinct

ways to acquire information. One is to locate schools that have been deemed to be faling; the
other is to use published data on student attainment, such as those provided by Sate tests. State
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tests can have consderable weaknesses, for current purposes. The tests may not provide
messures of academic performance that cover a broad set of SMET indicators or may not be
relevant to new standards-related goals (see Ridgeway (1998) for a critique, and Schoenfeld,
Burkhardt, Daro, Ridgway, Schwartz, & Wilcox (eds.) for approriate resources in
mathematics). It might well be worthwhile establishing a Center (or a divison within an
exiging Center such as NCES) with a specid responshbility for detecting educationa Stes
where extraordinary events are taking place.

Another useful idea that can be borrowed from physics is to make ddiberate atempts to filter
events of particular interest. Here, there are andogies with classsoom observations. The key is
to tallor the research instrument to study the specific phenomena of interest, such as student
teacher interaction with maes and femaes, classroom atmosphere, metacognitive remarks, or
other occurrences. No attempt should be made to summarize “everything,” a logicaly
impossible task. Given the congtructive nature of knowledge, new measures could be invented
ad infinitum.

Strategy 5: Search for Big Effects, and Disseminate Them Quickly

The most useful sort of feedback an evaduator can provide in the early phases of a program is
the rapid identification of large-scde effects. These can be large-scde effects that are postive
or that are negative. Once they have been identified, then ways of permesting (or inhibiting)
these effects throughout the system quickly can be sought. Techniques for ensuring that
trestments do not suffer from dilution or corruption are beyond the scope of this monograph,
but see Elmore (1996).

In New York, in 1983 there were 425 desths attributed to AIDS. This rose steadily to 7,102
deaths in 1994. Chiasson (1997) reported that, in November 1995, deaths peaked at 20.9 per
day, yet in November 1996 the number was 10.1 degths per day. The number began to decline
in March 1996, fell steeply over the summer and fal, and then leveled off. AIDS mortdity fell
for both sexes, dl races, and al ages above 24 years old. Chiasson commented that the trend
“appears to have occurred a a Sngle moment in time garting around March 1996.” There
were about 20 desths a day in January and February; by July they had fallen to 11.5 per day.

The new trestment is a cocktall of existing drugs that usudly includes a protease inhibitor. This
cocktall is capable of arresting virus growth in many patients and returning them to a better
gate of hedth than they have enjoyed for severd years. The treatment costs more than $10,000
per year. Chiasson atributes the decline not just to the drugs, but dso to a sgnificant injection
of funds to pay for the new treatments. In 1994, New Y ork received $100 million through the
Ryan White Care Act, compared with $44 million in the previous year. More patients could be
treated with drugs and more patients had access to traditiona treatments for the diseases that
killed AIDS patients, such as pneumonia

New York City’s hedth department collects birth and death records on its own residents. In
other places, a common route is for state hedth departments to collect data and then pass these
data on to city hedth departments. News of the effectiveness of the triple drug therapy was



learned early in New York City, illudrating the effectiveness of fagt data collection, analyss,
and dissemingtion.

Another example from epidemiology of rapid dissemination is provided by the Centers for
Disease Control (CDC). CDC uses a number of channds for the rapid dissemination of
information. For example, the Morbidity and Mortdity Weekly Reports contains recent data on
morbidity and mortaity, and a dailly summary of news clippings relevant to CDC is published
and is avalable throughout the organization.

Strategy 6: Use Systems Models as Part of Design Evaluation

Relevant groups (states, urban aress, etc.) made bids to receive Sl funding and submitted plans
for their work. Such plans can be evduated usng a systemic framework. The evauation of
plans must address a number of key arees that relate to the “systemicness’ of the plans that are
proposed. These key areas cover:

A description of the exiging system:

human and physcd sysems

deployment of resources (Where are existing resources being spent?);
demographics of students and teachers,

exiging assessment schemes and associated performance data.

* & o o

Identification of aress of current sysem dysfunctiondity:

¢ those inherited from conflicts anong federal and nationd programs,
¢ locad problems.

An account of the changes proposed:

¢ S0me schematic representation of key system functions and their interreations,

¢ a description of the intended curriculum;

¢ adescription of how the conceptua gaps among the intended curriculum, the implemented
curriculum, and the attained curriculum will be addressed;

4 predictions of the time scde over which different effects of the reform might be expected to
emerge (eg., When can improvements in student performance be expected?).

An account of management issues.
¢ adexription of the plans for system monitoring, and the scope for corrective action.
When the amount of money being spent on each S is compared with the amount of money

being spent on the educationd system to which it is being applied, it is quite clear that the

money must be used as a catalyst, not as a primary source of energy for there to be any
ggnificant change. It follows that SIs should make it clear just how S funds will be used to
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steer the educational system. It follows that there needs to be a justification of the changes that
are proposed, including:

¢ an account of leverage issues and multiplier effects—what is planned? how are they to be
observed?;
¢ the expected cross-impact matrix of planned changes.

Figure 5 shows a “model” of systemic reform produced by the SRI evaluation of Statewide
Systemic Initiatives that provides a clear representation of a number of key elements in the
education system. The model has two components. It identifies an education system as
comprising two blocks, one of states, regions, and districts, and the other of schools, classrooms,
and teachers. Each block has a primary responsibility for certain kinds of actions (e.g., incentives
for reform; classroom experiences). The two blocks also influence each other. The model shows
that SIs can influence either or both components of the system.

Student
Outcomes

Classroom Experiences

) Student,
Material School Parent, and

Resources Organizational Community

Factors Factors

Teachers
Knowledge
Skills, Beliefs

Schools, Classrooms, Teachers

Clear, Access to .
Consistent and Human and Incentives Professional
Supportive Material for Reform and Public
Policies Support Support for Reform
-~ it N " Institutional Collaboration and Leadership
A Gug&'n%;/ ;ztazlrfst‘l:gzn(‘)suamy (Including Capacity to Leamn and
Modify Strategies)

States, Regions, Districts

Figure 5. A “model” of systemic reform

Source: Zucker, A., & Shields, P. (1997). Evaluation of NSF’s Statewide
Systemic Initiatives Program. Arlington, VA:SRI International.

This model is useful because it identifies key elements that SIs should take into account. Its
primary use (Zucker & Shields, 1997 and personal communication with Zucker and Shields )
was to help SIs articulate their approaches to ESR by, for example, mapping the locus of their
major efforts onto the diagram, and talking about the ways that the identified system components
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were involved in the SI. The role of the modd is to support a discussion and the evolution of
ideas. It is to focus attention on the educationd manipulations proposed in the plans to see
whether they are conagtent with the available evidence. It is not a mode in the sense of the
combined gas laws, or in the sense of SEIR in epidemiology, or in the sense of an ecologist’s
plan for prairie restoration.

One can concelve of a continuum of models that range from the SRI mode (actudly a useful
representation that can be the basis for diciting models sated verbdly), through the “box and
arrow” models favored by systems modelers such as Checkland (1981) and Banathy (1992),
through to fully implemented systems modds such as the SEIR modd from epidemiology.
Fully implemented models are chdlenging to create, because they require dements to be
Specified, dong with the connecting links, and an account of the functions that relate variables
to each other. Given the congtraints on time and resources, the creation of a computer
amulation of an entire S a a particular moment in time would be quite unredidtic, and
probably usdess, given that SIs are congtantly undergoing changes. However, the act of
attempting to create partid modeds can serve a useful function in clarifying on€'s conceptions
of the S design.

Strategy 7: Attend to Parameter Estimation and Model Small Parts of the System

In the case of AIDS in New Y ork, effective treatments could be repeated on each client group,
given adequate quality control in the production of the treatments. The Sze of the effect
appears to be dramatic. The good news for AIDS patients might not be good news for the
hedlthy citizens of New Y ork, for two related reasons. Fird is the cost. As patients are kept
dive longer, the costs of care increase linearly with a very steep dope. Consder the crudest of
models. Drugs for one hundred AIDS patients cost $1 million per year. One year's 3,500 saved
lives added $35 million to that year's cogts. If the trend continues, the costs will be increased
by a further $70 million in the next year. A second problem relates to epidemiology. Incressing
the number of cured patients is a good thing. Increasing the number of infectious people in the
population is not. There is an interesting set of questions about how infectious patients are on
new drug trestments and how much exposure the noninfected population suffers.

By now, evidence should be avalable within state SIs both about big effects and about some of
the key parameters for modeling ESR, for example, the length of time required to produce
changes. Congtance Barsky (persond communication) reports that deta from the Ohio ST—
where a mgor god is to help teachers incorporate sgnificant amounts of discovery learning
into their teaching styles-suggest that science teachers needed about 120 hours of professiona
development before visble differences in classsoom behavior emerged after about 3 years. It is
easy to use these data to calculate the costs of going to scale (Elmore, 1996) across the state.

One need not depend on computer models for systems modding. Weiss (1997) gives an
example of an SI whose main method of bringing about more investigative methods in
elementary science was to have practicing scientists teach demondtration lessons in class. A
total pool of 500 scientists was identified, al of whom were prepared to volunteer some of
their time, a no cost to the project. There were several thousand teachers, but no analysis had
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been done a an early stage of the success or falure of the demondration lessons. Also, no
estimate was made of the number of vigits required per teacher or the nature of the
interventions that are effective in changing teacher behavior. One does not need a full
smulation of the approach on a computer in order to decide that the modd won't work. It is
enough to do a “thought experiment” and ask about the modd and its likely effectiveness to
decide that it would not produce the desired results.

Strategy 8: Construct Macro-Systemic Models

If the notion of macro-systemic change is to be treated serioudy, there needs to be an active
research program that sets out to identify stages, possible transtions between stages, and the
mechanisms whereby these trangtions can be brought about. From the viewpoint of evauation,
such knowledge is important for the design of evauation:

How is change conceived?

What stages are envisaged?

How will they be recognized?

What causd agencies will be deployed?

What tools will be used to identify the current stage of development?

What stages are found in practice?

What trangitions are possible between stages?

What factors are relevant at each stage, and what precipitates the evolution of the schoadl,
the department, and the individud teacher?

What mechanisms are in place to support a learning community (eg. to gather evidence
about classroom effects in order to inform policy, and to inform teachers and key change
agents about what is effective)?

¢ How will information about possible stages be disseminated?

@ & & & 6 o o o

<>

Ridgway and Passey (1995) describe a macro-systemic moded of the development of computer
use in schools. The modd was derived from three sources of information: case histories of the
evolution of computer use in individual schools, aggregation of patterns across “sngpshots’ of
schools, and logicd andyss. The mode is macro-systemic because it identifies a number of
stages of development and the need for different organizational features, and different behaviors,
to be put in place a different Stages. A smple representation of the modd is shown in Figure 6.
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In the early stages of development—Innovation and Firelighting—the responsibility for the
innovation rests with a few individuals, who make all the decisions about equipment provision,
software, curricular ambitions, and their own professional development. When Promotion and
Growth occur, school management need to be involved because of the implications for
professional development and the need for a large increase in computer provision. At the stage
of co-ordination, there is a need to ensure curriculum coherence from the viewpoint of
students; provide technical support, equipment and routine maintenance; define school policy
on software provision; establish ways to record student progress across their educational
careers. Illustrations of the macro-systemic nature of the development are shown in Table 6.

Table 6

Macro-systemic stages in the evolution of schools’ computer use

Factors

Stages of Development

Innovation

Promotion

Coordination

Persons responsible
for computer use

individuals

supportive managers

the majority of teachers

Focus group for
development

self-motivated
individuals

departmental groups

whole school

Teaching styles

specified by an
expert teacher

explored by small
numbers of teachers

wide variety, known about

within and across
departments

Assessment and
recording of student
capability using
computers

done by one person,
if at all

some information
about students
shared across staff

schemes are in place;
teachers understand what

is

to be learned and how this

can be recorded
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Review

This section began by drawing attention to the evidence base needed to support the reform
movement. It argued that systemic reform necessarily mugt include a fuller integration of
evidence from current evauations into the processes of SR. SR is a new venture, a a relatively
ealy sage; a great ded of information has been gathered by different evauators in different
places about the phenomena and the effects of different educationd treatments. The evauation
community faces chdlenges in assembling this digtributed wisdom in such a way that it can be
shared and made useful to the community a large. Severd ideas are proposed for knowledge
sharing. Some suggestions are made about how systems models and macro-systemic models
can provide intellectua frameworks to support SR.
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Concluding Remarks

This monograph has offered a classfication of the gpproaches to modding science in terms of
andytic, systemic, and macro-systemic gyles. It has argued that the shift from an anaytic style
to a sysemic gyle in education conditutes a paradigm shift (abeit one that encompasses dl that
has gone before) that is sufficiently greet to justify a reconceptudization of the process of
evauation. Systemic reform actudly requires a deep anayss of the processes of macro-
sysemic reform if it is to be successful. The “dimax community” that matches current
educationd ambitions is unlikely to be attainable from the current educational sysem in a Sngle
systemic jump. Interim stages, which might have some temporary stability, need to be
considered.

Scriven (1993) argued that evauation should be established as a transdisciplinary subject, rather
like statistics and logic. Wilson et d. (1996) argue that there is a pressing need for an intellectud
community to emerge that addresses the issues of the management and evauation of systems
undergoing change. These views are endorsed strongly here. There is an urgent need to develop
ways to share information around the evauation community and to support the emerging fied.

This monograph set out to review disciplines outsde education to look for ideas that might
inform the evauation of sysemic reform. A number of conclusons can be drawn.

1. Sygemic reform has been adopted as if it were a naturd extenson of existing knowledge in
education. A case is made that, while enough is known to support the design and evauation
of each individud Sl, a new generd field of inquiry needs to be promoted to support the
evauation of systemic reform in generd, because of the need to treat systemic and macro-
sysemic issues serioudy.

2. Educationa reform should devote more attention to systems and macro-systemic modeling
since these are closer to the core ideas of systemic change. Evaluators need appropriate
methods of judging whether such models are in place and how well they have been designed
and implemented.

3. Ecologicd restoration is a generic example of macro-systemic reform. The knowledge base
needed to engage in systemic reform and the evaduation of systemic reform has a pardle with
ecologicd restoration in terms of the need for:

clear definitions of dedrable end poaints,

ways to describe critical aspects of educationa systems;

knowledge of the timeline of different sorts of development;

knowledge of the conditions that need to be established before certain kinds of growth

can occur;

¢ knowledge of trandtion states that are necessary and sufficient to reach desirable end
points from particular garting points,

¢ ways to recognize undesrable developments, and knowledge of how to eradicate them;

¢ ways to communicate effectively to stakeholders about the time lines of macro-systemic

change.

> & > &
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4. A set of vignettes from sciences that face the same problems as those faced in education
illustrate some of the research methods that might be used to build the requisite knowledge
base. These research methods are important to congtruct the evidence on which the evauation
of systemic reform (as an entire program) and systemic initiatives (as individud case sudies)
can be based.

A key issue for the evauation community is how the knowledge base reevant to research

questions is assembled, stored, and accessed by the rlevant communities. There is a clear role to
be played by some coordinating group such as NISE.
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