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Abstr act

Managers of governnent technol ogy prograns are under
i ncreasing pressure to denonstrate the effectiveness of their
prograns. In this paper we exam ne the issues involved in credibly
eval uating such progranms in the context of recent efforts to
eval uate manufacturing extension prograns in the US. W provide a
stylized nodel of the dynam c conpetitive environnent in which the
plants and firnms targeted by these prograns operate and discuss its
inplications for evaluation. W conpare and contrast the various
nmet hodol ogi es and data sets used to eval uate manufacturing
extension. W conclude that the best currently avail abl e net hod
for measuring the overall effectiveness of progranms such as
manuf acturing extension is to conbi ne program adm nistrative data
w th existing panel data sets.
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| NTRODUCTI ON

In 1994, federal and state governnents in the United States
spent just under $3 billion' on prograns designed to encourage
busi nesses to di scover, devel op and adopt inproved technol ogi es and
busi ness practices? Taxpayers and policymakers want to know i f
t hese prograns have the desired inpact and that this noney is well
spent. This is especially true after congress passed the
Gover nnment Performance and Results Act (GPRA) in 1993. The GPRA
will require all federal executive branch agencies to provide
annual performance reviews by the year 2000.

Program eval uat ors and managers face many chal | enges as they
try to effectively fulfill the requirenments of this nmandate in a
tight fiscal environnent. There are many data and net hodol ogi cal
i ssues that must be addressed in order to credi bly nmeasure the
performance of these prograns. GAO (1997) provides an overvi ew of
sone of the hurdles faced by a handful of agencies that
participated in a pilot inplenentation of the GPRA. These include
i) a lack of well defined and consistent program objectives ii) the
difficulty in controlling for non-programinfluences on performance
measures, iii) a lack of appropriate perfornmance information, iv)

the difficulty in altering the managenent culture at agencies to

! This estimte conbines nunmbers from Berglund and Coburn (1995) and from

a survey of state prograns by the State Science & Technol ogy Institute.

2 Exanpl es of such programs include, in addition to Manufacturing

Ext ensi on, the Advanced Technol ogy Project (ATP), SEMATECH and the Small Busi ness
I nnovati on Research (SBIR) program



stress neasurabl e performance inprovenent and v) the difficulty of
integrating performance information into the budget process.

G ven these chall enges, we believe that it is instructive to
review the recent efforts to evaluate a particul ar technol ogy
program Manufacturing Extension. Wile inportant differences
exi st between it and ot her technol ogy prograns, we believe that
many of the | essons | earned eval uati ng manufacturi ng extensi on can
be applied el sewhere.

A. Contributions of This Paper

Qur main goal in this paper is to exam ne sone of the nore
i nportant recent studies that try to evaluate the effectiveness of
manuf act uri ng extensi on prograns®. W conpare and contrast the
di fferent nethodol ogi es and data sets enployed and di scuss the
extent to which these studies satisfy the information needs of the
wi de spectrum of program stakehol ders. W also discuss the costs
and difficulties associated with the various nethodol ogi es.

Al t hough researchers have not yet arrived at a final
assessnment of the effectiveness of manufacturing extension
prograns, they have | earned nuch about the technical and practical
i ssues involved in evaluating these prograns. This know edge wi ||

hel p us to inprove ongoi ng anal yses of manufacturing extension and

® Previous reviews of this literature include Shapira, Youtie and

Roessner, 1996 and Feller, dasnmier and Mark, 1996. These studi es provide
excel I ent overviews of manufacturing extension prograns and sonme of the issues
that arise in trying to evaluate them However, they predate many of the nore
systematic and rigorous studies that have conme out in the |ast couple of years
and that we discuss here.



W ll aid researchers trying to understand the issues involved in
eval uati ng ot her technol ogy prograns.

As we began to take stock of what has been |l earned fromthe
many studi es eval uati ng manufacturing extension prograns and trying
to conpare the different nmethods researchers have used, we noted
that we | acked a coherent franmework within which we could judge the
merits of the various studies. Poorly defined or inconsistent
performance netrics plague many studies. Oten the |ink between
program servi ces and perfornmance neasures is not clear.

We believe that these difficulties arise fromthe fact that
there is no general nodel of how manufacturing extension services
inpact client plants and firnms. Most eval uation studies and,

i ndeed, nost di scussions about manufacturing extension, in general,
i gnore the conpetitive environnment within which client plants and
firms operate. It is in this environnent that extension services
are intended to inprove client performance and where the data we
use for program evaluation are generated. Thus, it is inportant to
have an understandi ng of this environnment and how prograns |ike
manuf acturing extension fit into it in order to optimally design,
provi de and eval uate program servi ces.

Thus, we provide a stylized nodel of the environnment in which
client plants and firnms operate. W then show how manufact uri ng

extension fits into this stylized nodel. The nodel provides an



excel l ent framework for our discussion of recent eval uation
st udi es.
B. Brief Description of Manufacturing Extension

Bef ore characterizing this framework, let us briefly describe
manuf acturi ng extension.* Mnufacturing extension is the term
describing the collection of organizations that provide industrial
noderni zati on services to small and nedi um si zed manufacturers
(SMES). At the federal level, manufacturing extension is
adm ni stered by the National Institute of Standards and
Technol ogy’s (NI ST) Manufacturing Extension Partnership (MEP) as
part of their effort to inprove the conpetitiveness of U S
manuf acturing industries. The MEP supports several manufacturing
technol ogy centers (MICs) around the country that provide technical
and busi ness assistance to SMEs, nmuch as agricul tural extension
agents do for farnmers. This assistance often consists of providing
"off the shelf" solutions to technical problens. However, these
centers can al so channel nore recent innovations generated in
government and university |aboratories to smaller U S
manuf acturi ng concerns that may not have access to such
information. The idea is that extension services will help these
firms beconme nore productive and conpete nore effectively in the

i nternational marketpl ace.

* More detailed discussions of the design and justification for

manuf act uri ng extensi on prograns can be found in National Research Council (1993)
and Feller (1997).



1. STYLIZED MODEL OF COWPETI Tl ON

The purpose if this section is to help us understand how
extensi on services mght inpact plant performance and to provide a
| ogi cal framework that can be used to interpret data for eval uation
purposes. W begin by providing a highly stylized nodel of the
conpetitive environment U.S. firns operate in, and in which these
policies and prograns are intended to work. Next, we characterize
the dynam cs of firmdecision making within this conpetitive
environment. Finally, we discuss how manufacturing extension fits
into this dynam c frameworKk.
A. Basic Framework for the Model Stylized Mdel

Qur starting point is to note that firns and their constituent
pl ants are very heterogeneous, even within industries. |nportant
observabl e di nensions of this heterogeneity include but are not
limted to size, age, capital intensity, productivity and wages.
Jensen and McGuckin (1996) review an extensive literature that
docunents the pervasi veness and persistence of plant and firm
het erogeneity al ong these and other dinensions. It is equally
inportant to note that this heterogeneity extends to unobserved
di mensi ons, such as managerial ability.

The |l esson to take fromthis growng literature is that, at
any given tinme, plants and firnms have very different

characteristics, are pursuing different strategies and are subject



to different idiosyncratic shocks®. This heterogeneity causes
firnms to respond differently to common shocks® and to governnment
policies and prograns. |In the case of progranms, such as

manuf acturing extension, plants and firnms will respond differently
to the availability of programservices. Sonme will choose to take
advant age of the progranis services and others will not. Even
within the group of plants and firns that becone clients, there
will be a variety of strategies pursued (including naking no
changes) as a result of their participation in the program The
different strategies pursued by heterogeneous firmcause their
observabl e (and unobservabl e) characteristics to evolve differently
over time. The inplication for programevaluation is that studies
need to be perfornmed at the plant or firmlevel, since aggregate
data will mask nmuch of the variation that is of interest to the
eval uat or.

It is within this dynam c and het erogeneous environment that
manuf act uri ng extension services are provided and the data
avai l abl e for evaluating the inpacts of these services are
generated. Thus, our stylized nodel should incorporate as nmany

features of this environnent as possible.

® Exanples of the characteristics we refer to are size, product mx, plant

age, workforce conposition, capital intensity, technol ogy usage, productivity and
so on. Exanples of the strategies we refer to include price and output |evels,
capital investnents, adopting new technol ogies and so on. I1diosyncratic shocks
are unforseen events such as machi nery break downs, strikes and the |ike that
af fect an individual plant or firm

® Common shocks include unforseen changes in consuner tastes, the business
cycle, wars and so on



Figure 1 provides a flow chart of the basic conponents of our
stylized nodel. It shows what takes place during a single decision
maki ng period’” for an arbitrary firm At the beginning of the
period (indexed by t in figure 1), the firm (indexed by i) has a
set of information available to aid it in making decisions
regardi ng price, output, wages, investnent, participation in
manuf act uri ng extension and so on. Once decisions are nade, the
firmtakes the specified actions (i.e., sets prices, produces
out put, sets wages, nakes investnents, takes part in a
manuf act uri ng extension project or whatever). Firmi’s choi ces,
the choices of other firnms, the realization of the state of the
wor | d (exogenous events or shocks that inpact outcones for firmi
and its conpetitors) and the current state of technol ogi cal
knowl edge then determ ne the set of outcones (e.g., profits,
productivity, gromh, etc) for firmi in periodt. Firmi then
updates what it knows about other firns, the state of the world,
the stock of technol ogi cal know edge and t he nmechani sns t hrough
whi ch they, and the actions firmi itself has taken, conbine to
yield outcones. The process then repeats itself.

Bef ore descri bi ng how manufacturing extension fits into this
framework, |et us discuss sone of the basic conmponents in nore

detail. The conponent we will focus on is the information

" Firms may differ in the length of their decision naking periods and an

i ndividual firmmay use different planning horizons for different types
decisions. Since nost of the data used in the studies we review here are annual
we will use a year as the decision maki ng period.
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available to the firm At the beginning of each decision nmaking
period, firmi has an information set, I, = {Y, Y. A, Ahﬂ,sﬂ,
K.}, containing six elenents that it uses to plan its operations.

The first elenent is a vector of characteristics, Y, for
plant i at time t. These characteristics can include things such
as profits, sales, nunber of enployees, age of the firm capital
intensity, physical location and so on. Recall fromthe discussion
above that, even within the sanme industry, these characteristics
can differ greatly across plants. W assunme that plant i observes
its own characteristics without error.

The second el ement includes the characteristics, Y, of i’s
conpetitors that are observable by i. A key thing to note here is
that firns do not observe all the relevant characteristics of their
rivals and what they do observe, they observe with error. Thus, Y,
is just an approximation of the true set of characteristics, Y.

Al so, note that a subset (Y9, d Y,,) of any firms
characteristics is observed by organi zations, such as trade
associ ations and governnent statistical agencies. Generally,
econonetricians and policy anal ysts exploit these sources of data
to analyze firm behavi or and perfornmance and how gover nnent
progranms and policies affect them

The third element of firmi’s information includes the actions

taken (or decisions nmade) by the plant in the previous decision

maki ng period. These can include things such as price and out put



| evel s, decisions about variable inputs (e.g., |abor and
materials), entry and exit decisions, capital investnents and so
on. The fourth elenment, A, ,, includes the observable actions
taken by plant i’s rivals in the previous period. Agai n we assune
that plants know perfectly what actions they have taken in the
past, but that they observe the past actions of other plants and
firms with error.

The fifth element of firmi’s information set describes what
the firmknows about the state of the world, S,. By state of the
worl d, we mean things that influence outcones in firmi’s industry
but that have their origin outside the industry (i.e., S is
exogenous to all firms in the industry). This includes things such
as consuner preferences, scientific discoveries, governnent
regul ations and so on. Firns do not observe past states of the
worl d perfectly and their observations about it (or their
interpretations of it) may differ greatly.

The final elenment, K,, is the portion of the stock of
t echnol ogi cal know edge, K., that firmi can observe. The stock of
know edge represents the information the econony possesses about
how to transforminputs (e.g., labor, capital and materials) into
outputs. Thus, K contains information on the quantity and quality
of both fixed and variable inputs required to produce a given

quantity of output. Typically, a plant will have a | arge nenu of

different input conbinations that wll yield a given quantity of



output. G ven market prices for both inputs and outputs, sone
conbi nations wll be nore economcally efficient than others.

The stock of know edge can be increased through both fornal
know edge generating activities, such as research and devel opnent,
and i nformal channels, such as learning by doing® dearly, nost
of the information contained in K, will not be relevant to a given
firm However, no individual firm possesses all the know edge that
pertains to its operations. Also, note that unlike S, K can be
i nfl uenced by past actions of firnms in the industry (e.g., through
R&D expendi tures and | earning by doing).

B. The Dynam cs of Firm Decision Making and Conpetition
The objective of each firmi is to choose actions, A, given

information, |;;, to maxim ze its discounted profit stream

Vie = Ta(Aph;

6 Sp Y I + OV y

st Yy = Yy 1Ay 1As 1Sk 1K)
(1)

Iy = 9ty 1’Yfit’A ijt— P yit'Ajt— 1'Siit'K iil)

and K, = h(K._ Ay 1Ay St 4

where V,; is the value of the profit streamin period t. The
functions f and g, respectively, describe howthe firms
characteristics and informati on set evolve over tinme. The function

h descri bes how the stock of technol ogi cal know edge evol ves over

8 Jaffe (1989) discusses of the know edge production function. Jarnin

(1996) examines the relative contributions of formal and informal know edge
towards productivity growt h.
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time. The firms single period profit function is given by B;, and
it depends on the current actions of it and its rivals, the
realized state of the world and its begi nning of period
characteristics. D scounted future profits are captured in *V,
where * is a firmspecific discount factor.

To get a feel for how conpetition proceeds over tine, assune
that there is a technological innovation in period t-1. That is,
all plants are hit by the same common technol ogy shock to K.
Exanpl es of such shocks m ght include the introduction of
numerically controll ed machi ne tools, the discovery of new
materials or the devel opment of the Internet. Inportantly, there
are three sources of heterogeneity that m ght cause firns to
optimally respond to shocks, such as these, differently.

First, firms may differ in their observed and unobserved
characteristics, Y;;. Nanely, firns of different sizes, ages and so
on, may choose different actions upon observing the shock. Second,
firmse may differ in their ability to observe the shock. Sone firns
may not observe the shock at all, while others observe it with
varying levels of error (i.e., the K,, differ for different firns).
Finally, firms will also differ in the cognitive ability of their
deci sion nmakers to process the informati on about the shock and

formul ate the optimal response®.

® These different sources of heterogeneity have different inplications for

econonetricians and policy analysts. Nanely, nuch of the first and all of the
| ast two sources are typically unobserved. Thus, analysts can only explicitly
control for a small portion of the differences that can lead firns to respond to

11



G ven this heterogeneity, firms will choose different courses
of action in response to common shocks. Further, firnms are al so
subject to firmspecific shocks. Thus, at any given tineg,
individual firms will be pursuing heterogeneous strategies, even
Wi thin industries, in their attenpts to maximze profits.

Plants and firnms that consistently choose actions, A;, that
lead to profitable outcomes wll tend to grow and prosper. That
is, their characteristics, Y,;s;, WIll evolve in positive ways. The
econonetrician or policy analyst will observe this as the continued
operation of the firm and perhaps as novenents of the firmup the
i ndustry sal es, enploynment and productivity distributions. On the
ot her hand, plants and firnms that consistently choose actions that
lead to unprofitable outcomes will tend to contract and fail. That
is, their characteristics will evolve in a negative fashion. The
econonetrician and policy anal yst m ght observe this as novenents
of the firmdown the industry sales, enploynent and productivity
distributions, and possibly by the firm ceasing operations.

C. The Role of Manufacturing Extension in this Franmework

Havi ng characterized the stylized nodel, we now would like to
descri be how we see manufacturing extension fitting into this
framewor k. The prem se behi nd manufacturing extension is that
smal | and nedi um si zed manufacturers have systematically | ess

access to technological information than do their |arger

shocks differently.
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counterpartsi®. |In the exanple above, SMEs either do not observe

t he technol ogy shock, do so with nore error, or may be less able to
process information about the shock and formul ate the nost
profitable response than large firns.

Proponents of manufacturing extension claimthat this
i nformati on di sadvantage is largely responsible for the |arge and
growi ng performance gap between | arge and small manufacturers.
Through educati on and outreach, nmanufacturing extension attenpts to
i ncrease the content of the information sets of client firns!l.

Wth this additional information, extension clients can then choose
actions that lead to better outcones.

We assune that policy nakers have sone subset, Y¢,, d Y9, (for
all client plants i), of observable characteristics that they hope
extension services wll inprove. For illustrative purposes, assunme
that this policy variable is value added per worker (i.e., YP,=
(VA{/L). Now say that plant i participates in manufacturing
extension in period t. The extension center provides i with

additional information on the stock of technol ogi cal know edge. The

1 The National Research Council (1993) cites five barriers to inproved

performance at SMES: i) disproportionate inpact of regulation, ii) |ack of
awar eness (of better technologies), iii) isolation (frompeers), iv) (don't know)
where to seek advice, and v) scarcity of capital. The second, third and fourth

barriers are directly related to the informati on gap between | arge and smal
manuf acturers, and the first one is indirectly rel ated.

' There are a host of private sector sources for such information as
wel . These include, but are not limted to suppliers, customers, consultants
and professional organizations. However, proponents of manufacturing extension
argue that the private sector provides an inefficiently small quantity of
i ndustrial nodernization services to SMEs (see National Research Council, 1993
and McGQuckin and Redman, 1995). Thus, they argue that there is a role for state
and federal support for MICs.
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firmnow chooses a different set of actions than it would have in
t he absence of extension services. These different actions then
affect how the firms characteristics evolve over tinme. The policy
maker hopes that val ue added per worker is higher at client firns
in period t+1 than it woul d have been if the firns had not
participated in extension.
[11. EVALUATI ON METHODOLOQ ES
The question we are interested in is; how can policy nakers
know wi t h reasonabl e confi dence that inprovenents in the
performance of client plants or firnms are due to participation in
the progran? In this section, we contrast the methodol ogi es used
in various studies that seek to eval uate manufacturing extension2,
Li ke ot her government prograns, mnmanufacturing extension
possesses a di verse set of program stakehol ders including client
plants and firms, the manufacturing technol ogy centers, N ST, state
and | ocal governnents and Congress. This diversity poses several
chal | enges for evaluation since different program stakehol ders have
di fferent concepts of and needs for evaluation. To neet this
diversity of needs, evaluators have produced a diverse set of
st udi es enpl oyi ng several nethodol ogi es, since no one eval uation
met hodol ogy is suitable to neeting the needs of all program

st akehol ders.

12 see McGuckin and Redman (1995) for a discussion on the characteristics

of a “good” eval uation of manufacturing extension.
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Al t hough, our discussion belowis primarily fromthe point of
view of trying neasure the overall performance of manufacturing
extension prograns, it is inportant to recogni ze that various
st akehol der groups have different needs concerning program
eval uation. For exanple, the managenent and staffs of the
extension centers want to know if their services encourage client
firms to take actions that will lead to better performance. Thus,
they would be very interested in nonitoring short term
i nternmedi ate out cones, such as whether a client bought a new
machi ne as a result of extension services. Also, to help them nake
deci sions regarding the operations of the program center nanagers
m ght be interested in things |like evaluating the relative
effectiveness of particular programservices or nonitoring the
performance of individual field agents. We refer to this type of
eval uation as program nonitoring.

In contrast, federal and state policy nakers want to know
whet her extension services lead to inprovenents in sone policy
vari abl e, such as val ue added per worker or exports. Thus, the
policy maker is |ess concerned with what actions clients took that
led to i nprovenents, than she is with whether or not the actions
ultimately led to the desired policy outcome. W refer to this
type of evaluation as neasuring program performance.

Anot her inportant thing to note, in regards to eval uating

manuf acturing extension, is that there may be a m smatch between
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t he objectives of the client SMEs and those of policymakers (not to
mention inconsistencies between different policy goals). Firns
make decisions (e.g., whether to adopt nodern technol ogi es and

busi ness practices) they believe will lead to nore profitable

out cones. These decisions can often be at odds wth policy goals,
as in the case where firnms adopt new technol ogies that allow them
to do the sane amobunt of work with fewer enployees.

In this section we review five nethods by which technol ogy
prograns can be evaluated. The nethods differ in both the data and
enpi rical nethodologies required to carry themout. They are i)
experinmental nmethods, ii) studies using admnistrative data, 1ii)
case studies, iv) client surveys and v) econonetric anal yses of
nonexperi nental data. The |ast four have all been exploited in
studies attenpting to assess the effectiveness of manufacturing
progranms in the U S Table 1 sunmarizes the major eval uation
met hodol ogi es and lists sone of their characteristics.

A.  Experinmental Methods

Recal | that the goal of any effort to eval uate technol ogy
prograns is to determ ne whet her observed changes in the behavior
and performance of client firns can be attributed to their
association with the program The nost reliable nethod avail abl e
is to randomy assign plants and firnms to treatnment (those that
recei ve services) and control groups. One then analyzes the

experinmental data to see if the behavior and/or performance of the
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treatnent plants differs fromthat of the control group. Again
assunme the evaluator is interested in the policy variable val ue
added per worker (YP,= VA,/L;;). To obtain a neasure of the
program s inpact, she could sinply conpute the nean val ue added per
wor ker for both the treatnment and control groups and conpare them
Because of random assi gnnent, she can be confident that any
observed difference in val ue added per worker is attributable to
program participation and is not due to sone unobserved
characteristics of treatnent and control plants.

However, this type of evaluation is inpractical for a nunber
of reasons. W are, therefore, obliged to use the |ess
scientifically rigorous nethods descri bed bel ow. The choice of the
appropri ate eval uati on net hodol ogy depends on what one hopes to
| earn fromthe eval uati on and how one intends to use the results.

B. Admnistrative Data

Many program eval uati on systens use "adm nistrative data" as a
primary input into analyses. "Adm nistrative data" is data on
activity levels and the types of services provided that are
typically collected through the course of providing services and
adm ni stering contracts. These data generally are recorded at the
project level (or the client |evel) and describe the anmount of tine
spent, the mx of services provided, ancillary investnents made,

and the cost of any fee-for-service activities. For eval uation,
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t hese data have the advantage that they can be collected with
l[ittle additional cost.

Nexus Associ ates (1996) use adm nistrative data fromthe New
Yor k Manufacturing Extension Partnership to provide a rich
description of the services provided and the characteristics of
client firnms. However, the utility of adm nistrative data for
evaluation is limted. Admnistrative data tend to be nore an
artifact of the record-keeping systens at service providers, and
| ess the result of careful planning by an evaluation teamas to the
types of data needed in program evaluation. Further, these data
are too often used in evaluations that sinply report activity
| evel s (nunmber of clients served, hours of consulting services
provi ded, revenue generated, investnents made, etc.) with no
attenpt to ascertain whether the activities had any inpact.

Adm ni strative data bases al so vary consi derably across
i ndi vi dual manufacturing extension centers which l[imts cross
center conparisons. Perhaps nore inportant, adm nistrative data
sets do not contain control groups. Nor do they typically contain
data on policy outcones. Thus, they are not sufficient by
t hensel ves to provide the basis for a rigorous eval uation of the
i npact of manufacturing extension or other technol ogy prograns.

Nevert hel ess, recording activity levels, the types of services
provi ded and other adm nistrative data is crucial to program

evaluation. As will be shown bel ow, conbining adm nistrative data
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wi th | ongitudinal establishnment data sets can produce a rich and
conprehensi ve resource for evaluation. Because of the useful ness
of adm nistrative data, proper design of adm nistrative data
collection systens to ensure that we capture the appropriate data,
while mnimzing reporting burden, is critical to subsequent
evaluation efforts and essential for MIC and client cooperation.
C. Case Studies

Case studies are detail ed anal yses of the interaction between
MICs and individual clients. As such, they provide a wealth of
i nformati on concerning the characteristics, Y;;,, of the client firns
that are studied, the actions, A,, the clients take as a result of
extension services and the subsequent changes in client firm
characteristics, Yj;,, that result fromthese actions. This type
of detailed information is especially inportant to MIC
admnistrators to help them nonitor what types of services and
service delivery nethods are nost effective.

Exanpl es of case studies can be found in Adsman (1996) and in
the collection of “Success Stories” maintained by N ST-MVEP!. These
provi de descriptions of the problens faced by client firms, the
sol utions suggested by the individual MICs and the final inpact of
the project. Problens faced by clients include excessive scrap and
rework rates, poor quality control, outdated machi nes, safety

i ssues and so on. Solutions included redesigning shop floors,

13 These are accessible on the NI ST-MEP world wi de web page at

http://vehicl es. ni st.gov/internet/success. nsf/ $about .
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i npl ementation of statistical process control and on the job

trai ning prograns, anong other things. Reported inpacts included
reduced scrap rates and production lead tines, increased sales,
productivity and enpl oynent, and enhanced safety.

However, case studies are costly in terns of tinme and
resources to the evaluator, the MIC and the client firm For this
reason, only a tiny fraction of all extension projects can be
eval uated through case studies. Further, because of their expense
and intrusive nature, case studies are not typically perforned for
nonclient firms. Finally, case studies are often criticized for
relying too heavily on “success stories.” That is, case studies
are rarely perforned and even nore rarely reported for projects
with mniml or negative inpact. For these reasons, the case
study is of limted use to the researcher or policy maker trying to
measure overall program perfornmance.

D. dient Surveys

Anot her met hod used to collect information and eval uate
prograns is the client foll owup survey. dient follow up surveys
typically survey all or sonme subset of the client popul ation®.
Fol | ow-up surveys have the advantage that the questionnaires can be
custom zed to collect detailed information on both internediate
outcones (efforts at job training, investnment in technol ogy, etc.)

and final outconmes (increased sales, increased enploynent, etc.).

4 Note that client followup surveys rely critically on adninistrative

data to create sanpling franes.
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Client foll owup surveys can be performed by service providers or
col l ected by independent third-parties?s.

Client foll owup surveys have the advantage that they can
elicit specific informati on about the inpact of services on both
internmedi ate and policy outconmes. Follow up surveys can be
i nval uable to center managers by hel ping themidentify what m x of
services clients respond to and to neasure field agent perfornance.

However, client follow up surveys are constrai ned by the
wi | lingness of the clients to report data, the reporting burden
associated with the foll owup survey, and the burden associ at ed
wi th other service provider data collection efforts. Another
di sadvantage of client follow up surveys is that only clients are
surveyed. As aresult, it is difficult to identify treatnent
ef fects because no control group is included in the analysis.

A possible remedy to the problemof no control group is to
i nclude a random sanple of nonclients in the survey. However, this
i ncreases the cost of the survey. Another is to structure the
guestionnaire to provide tine-series information on client
behavior. This approach m ght be constrained by the willingness of
clients to report data, as it would require clients to respond nore
than once. A third alternative is to construct questions that pose
hypot heti cal scenarios to identify the change due to the services.

This type of question is particularly subject to recall bias, since

1> An obvious advantage of having a third-party conduct the survey is

objectivity.
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it requires respondents to renenber details of their operations
prior to receiving services. Thus, even when carefully
constructed, these questions can produce responses of dubi ous
val ue.

Fol | ow up surveys have been conm ssioned and perforned by
several state prograns. For exanple, clients of the New York
Manuf acturi ng Extensi on Partnership were surveyed by Nexus
Associ ates (see O dsman, 1996 and Nexus Associ ates, 1996). The
results of the survey suggest that interactions with MICs in New
York resulted in many clients taking efforts to inprove their
performance (e.g., reconfiguring plant |ayout, new software,
inplementing TOM etc.). Further, many clients reported that they
experienced productivity increases, reduced scrap rates and | ead
tinmes, and increased sales to nane a few inpacts. The majority of
respondents reported that their interaction with MICs increased
t heir awareness of technol ogies and inproved their ability to
conpet e.

NI ST- MEP currently sponsors a | arge scal e tel ephone fol l ow up
survey conducted by the Census Bureau. This is the first survey to
enpl oy a common survey questionnaire for clients of many MICs from
different states. The analysis of the data has just begun and,
al t hough no firm concl usions can be nmade at this early stage, the

results suggest that clients report that extension services have
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| ed to nodest enploynent inpacts (either through job retention or
creation).

In the near future, this survey should provide a wealth of
i nformati on useful for conducting cross center conparisons. This
shoul d aid both NI ST-MEP and the individual MICs identify what
services are effective and which are not.
E. Econonetric Anal yses using Non-Experinental Data

The final nethodol ogy used to eval uate manufacturing extension
conprises studies that specify and estimte econonetric nodels with
plant or firmlevel data from nonexperinental data sets. Jarmn
(1995) discusses the nodeling and data i ssues associated with this
type of study. To performthese studies, researchers want a pl ant
or firmlevel data set that contains neasures of as many
characteristics, Y;;, as possible. By appealing to an econonic
theory that suggests how these variables are related within the
framework given in section Il, the researcher then specifies an
econonetric nodel and estimates the inpact of program participation
on the relevant characteristic or policy variable. For exanple,

the researcher may estinate a regression nodel |ike the foll ow ng

YRy = BOX® + BX," + ¥Z, + & (2)

where YP, is the policy variable (e.g., growh in val ue added per
wor ker), X°%; is a vector of observable plant characteristics (i.e.,

in the notation fromabove, X%, ¥ Y9%,, where Y9, is the set of
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characteristics for plant i that the eval uator can observe), XY, is
a vector of unobservable plant characteristics (i.e., X, € Y9,),
Z, is a programparticipation variable, $° and $' are vectors of
paranmeters, ( is the paraneter that neasures program i npact and g,
is an error term In many cases, Z; is just an indicator variable
for whether plant i was a client in periodt. |In this case, (
measures the mean difference in YP between clients and nonclients
controlling for the characteristics nmeasured in X. [If the
researcher controlled for all the differences between clients and
nonclients, other than client status, then ( will be an unbiased
estimate of program i npact.

The principal constraint to performng such analyses is the
availability of appropriate data. Jarmn (1995) discusses what
properties an evaluation data set should have and provides a “w sh
list” of variables for eval uating manufacturing extension.

There are two ways to construct such a data set. First, one
could randomy select a large nunber!® of plants or firms and track
them over tinme. One would collect data on several neasures
i ncluding informati on about program participation fromboth clients
and nonclients. Surveys such as this are very expensive, typically
exceedi ng the eval uati on budgets of nost prograns.

Second, one can use pre-existing data sets. Wile these may

not be designed and maintai ned specifically for program eval uation,

% This would ensure that a sufficient nunber of clients and a |arger

nunber of non-clients were in the final data set.

24



they are much | ess costly than special surveys. |In the case of
manuf act uri ng extension, two such data sets have been utilized: 1)
t he Performance Benchmar ki ng Dat abase mai ntai ned by the Industri al
Technology Institute (ITlI), and 2) the Census Bureau’ s Longitudi nal
Research Dat abase (LRD).

| TI collects data on a nunber of neasures of interest for
eval uation through its Performance Benchmarki ng Service (PBS). For
a fee, plants and firns provide ITI with data and in return ITI
provides themw th a benchmarking report that conpares their
performance to simlar plants and firns. N ST/ MEP subsi di zes the
participation of a nunber of clients in the PBS. The data set,
t herefore, has observations on both extension clients and a control
group of nonclients. A key advantage of the PBS data set is that
participating plants and firns
provi de data on an inpressive variety of neasures. This nmakes the
data set extrenely valuable for tracking internediate, as well as
policy outcones.

To date, two studies have energed that exploit these data.
First, Luria and Warda (1996) exam ne the inpact of services
provi ded by the M chigan Manufacturing Technol ogy Center during the
period from 1991 to 1993. The results suggest that clients enjoyed

greater sales and enploynent growth and reduced scrap rates faster
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t han nonclients'. However, they found no |link between program
participation and productivity grow h.

Nexus Associ ates (1996) estimte the inpact of the New York
Manuf act uri ng Extensi on Partnership on client performance between
1992 and 1994. They regress the change in val ue added, within a
nodi fi ed production function framework, on several neasures of
services and find that extension services have a positive inpact.
However, it is not clear that the nonclient PBS data constitute an
appropriate control group for this study. The PBS data are nostly
for plants and firnms in Mchigan and other Mdwestern states and,
therefore, are likely subject to different shocks than plants and
firms in New York.

These two studies are restricted to a small nunber of client
and nonclient observations. Further, as in many eval uation
studies, the estimtes of programinpact may be biased due to self
sel ection®®. Self selection arises when plants are not randonly
assigned to client (treatnent) and nonclient (control) groups. |If
there is some unobserved and uncontrolled for characteristic that
determ nes whet her plants becone clients that is also related to

performance, then standard estimation procedures produce bi ased

" Due to the small sanple (68 clients and 354 non-clients), many of the

results had margi nal statistical significance.
8 The econonetric issues that arise as a result of self selection are

wel I known (see Maddal a, 1983). Stronsdorfer (1987) and Mffitt (1991) provide

reviews of the literature on evaluating job training prograns and di scuss the

i ssue of self selection.
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estimates of the inpact of the program on perfornmance!®. That is,
Z, and X%, in equation (2) are correl ated and, because XY; is
unobserved, Z, and g, will be correlated and the estimate of
programinpact, (, will be biased.

Jarmn (1997) specifies an econonetric nodel that attenpts to
control for self selection and estimates it wth data fromthe LRD
Adm ni strative data for projects that occurred between 1987 and
1992 at eight MICs in two states were matched to the LRD. Al
vari abl es used in the analysis are taken fromthe LRD to ensure
conparability across clients and nonclients, across tinme and across
physi cal space. An inportant advantage of the LRDis that it
contains data for all manufacturing plants in the US. Wen |inked
to the admnistrative data, it becones a powerful tool for program
eval uati on.

| mportantly, the two stage nodel explicitly controls for the
client selection process. Estimates of the first stage client
sel ecti on nodel suggest that plants |ocated near MICs, single unit
pl ants, and plants that experienced high sales growmh between 1982
and 1987 and had | ow productivity in 1987 were nore likely to
participate in manufacturing extension during the 1987 to 1992
peri od.

The second stage of the nodel exam ned the inpact of extension

on the growh in value added per worker between 1987 and 1992. A

19 Using program service neasures that vary across clients, as in Nexus

Associ ates (1996) can help mtigate, but not alleviate this problem
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growh rate specification was used to mtigate the effects of
unobserved pl ant heterogeneity. The second stage nodel is a sinple
production function with a dummy indicator for client status. The
results suggest that clients experienced between 4 and 16% hi gher
grow h in val ue added per worker over this period than did
noncl i ents.

Al t hough the results of the econonetric studies suggest that
manuf act uri ng extensi on has a neasurabl e i npact on client
performance, one should view themw th caution. Wat the results
say is that being an extension client is “associated” with better
performance. No study to date has denonstrated that extension
servi ces cause i nproved performance.

F. Conparisons of Eval uation Methodol ogi es

When conparing the nmet hodol ogi es used to eval uate
manuf acturing extension, it is crucial to consider the stakehol der
group for which a particular evaluation study is intended. 1In this
section we exam ne the efficacy of the nethodol ogi es di scussed
above for both programnonitoring and for measuring program
performance. This discussion is summarized in Figure 2 which
provi des charts that plot the relative efficacies of the various
met hodol ogi es versus the cost of enploying them

The horizontal axis neasures the relative efficacy of the
di fferent nethodol ogies for program nonitoring and measuri ng

program performance in the top and bottom panels, respectively.
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Program nonitoring requires tinely and detailed information about

i ndi vi dual projects. Admnistrative data are well suited to this.
Case studies can also yield very detailed information about
projects. Nonexperinental data and foll ow up surveys provide |ess
detailed information and the data are often only avail able after a
considerable lag. Thus, they are not very useful for program
nmoni t ori ng.

Experimental data clearly provide the nost reliable way to
measure program performance. Unfortunately the prohibitive cost of
setting up controlled experinents precludes this option in nost
cases. O the other nethods discussed in this paper and actually
used to eval uate manufacturing extension, studies using
nonexperinmental data conme the closest to replicating an actual
experinment in that they explicitly conpare the performance of
extension clients to nonclient control groups. W believe these
studi es offer researchers and policy makers the best opportunity to
assess the overall performance of prograns |ike manufacturing
extension. Follow up surveys and case studies can al so provide
useful insights but the lack of a control group is a serious
concern. Admnistrative data alone are of little use for
eval uation, but are crucial for identifying client plants and
measuring the type and |l evels of services provided.

The costs of enploying the various nethodol ogies is given on

the vertical axis in figure 2. Setting up a random zed control |l ed
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experinment and collecting data is the nost costly nethod for
eval uating prograns. Case studies are also quite expensive,
whereas using only admnistrative data for evaluation is the |east
costly alternative. Gven the limted resources nost prograns have
avai |l abl e for program eval uation the conbination of adm nistrative
data and pre-existing nonexperinmental panel data sets appears to be
an attractive evaluation strategy. These two nethodol ogi es when
used toget her provide the best conbination of functionality and
cost effectiveness.
I V. Concl usi ons

Recent increases in the budgets for governnent technol ogy
progranms and the Governnent Performance and Results Act have both
i ncreased the need to credi bly neasure program performance in a
cost effective manner. In this paper, we discussed sone of the
i ssues involved with evaluating such prograns, in the context of
reviewing recent efforts to nmeasure the performance of
manuf act uri ng extension progranms. Although prograns differ, we
believe that many of the | essons | earned fromthese efforts are
applicable to the evaluation of any programintended to inpact firm
behavi or and performance.

In order to nore effectively design, inplenent and eval uate
t echnol ogy prograns, we need to be aware of the dynam c conpetitive
environment, in which plants and firns operate and, in which these

prograns are intended to function. In the case of manufacturing
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ext ensi on, discussions about the program in general, and

eval uation studies, in particular, have not denonstrated this
awar eness. To address this shortcomng, we offered a stylized
nmodel of this conpetitive environnment and descri bed how

manuf acturing extension fits into it.

An inportant feature of the nodel is that heterogeneous plants
and firns do not possess all the information relevant to their
operations. One conponent of this information is know edge about
production technol ogies. Proponents of manufacturing extension
argue that SMEs have | ess access to this type of information than
do larger plants and firnms. This |eads SMEs to adopt new
technol ogies nore slowy than their |arger counterparts which may
be, at least partially, responsible for the performance gap between
them By providing informati on on nodern production techni ques and
busi ness practices, manufacturing extension prograns seek to
inprove the ability of SMEs to nake w ser choices, which hopefully
| eads to inproved SME perfornmance.

The stylized nodel has inportant inplications for program
eval uation. First, heterogenous plants and firns have differing
needs for the services provided by MICs and will rationally respond
differently to their availability. This suggests that eval uation
be done with plant or firmlevel data.

Second, performng controlled experinents is not an option for

eval uati ng manufacturing extension. Therefore, the only way to
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obtain valid neasures of programinpact is to conpare the
performance of client SMEs to control groups. O the nmethods used
to date for eval uating manufacturing extension, only the
econonetric anal yses have explicitly incorporated control groups.
Further, nmuch of the plant heterogeneity is unobserved by the
eval uator and, thus, cannot be explicitly controlled for. This
suggests the use of panel data to control for the unobserved
het erogeneity. Finally, if better performng plants and firns self
select into the program then estinmates of program i npact nay be
bi ased. Only one study (Jarmn, 1997) has dealt explicitly with
the issue of selection bias.

We concl ude that the best nethod currently available to
eval uate the overall effectiveness of technol ogy prograns, such as
manuf acturing extension, is to match admnistrative data to
exi sting plant |evel panel data sets |like the Census Bureau’ s
Longi tudi nal Research Database. This nethodol ogy provides the
means to conpare the performance of client SMEsS to non clients
while controlling for both observed and, because of the panel
feature of the data, unobserved plant characteristics. As such,
the results fromcarefully done studies of this type of study are
nore credi ble than case studies and client surveys where no control
groups are enpl oyed.

Figure 1
Stylized Model
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Firm i observes
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Efficacy for Program Monitoring

Experimental Data

Case Studies
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Efficacy for Measuring Program Performance
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Administrative Data
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Figure 2
Rel ative Efficacy of D fferent Eval uation Methodol ogies
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Table 1

Review of Evaluation Methodologies

Methodology

Advantages

Disadvantages

Studies

Administrative Data

1. Provide detailed information
on the type and amounts of
services provided, typically on a
project by project basis.

2. Provide the ability to identify
clients in third party databases
such as the LRD.

3. Provide a sample frame for
client follow-up surveys.

1. No control group.

2. Typically limited to describing
activity levels.

3. Data are often not
comparable across different
extension centers.

Nexus Associated (1996),
Centers and NIST/MEP

Case Studies

1. Provides very detailed
information about the
mechanisms through which
program services affect client
decisions and performance.

1. No control group.
2. Relies too heavily on “success
stories.”

Oldsman (1996), NIST/MEP
collection of “Success Stories” on
the WWW

Client Follow up Surveys

1. Allows questions to be
tailored to the interests of MEP
stakeholders.

2. Provides valuable feedback to
MEP field staff.

1. No control group.
2. Recall bias.
3. Expensive.

Oldsman (1996) and Nexus
Associates (1996), Youtie and
Shapira (1997) and Census
Survey

Econometric Studies
with Non-Experimental

Data

1. Control group.

2. Can utilize existing data
sources (economical).

3. System wide evaluation.

1. Selection bias.

2. Can only examine variables
collected from both client and
non-clients.

Jarmin (1995 and 1997), Luria
and Wiarda (1996), Nexus
Associates 1996)
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Experimental Methods 1. Control group. 1. Not a practical option for None

2. Random assignment avoids evaluating manufacturing
the problem of selection bias. extension.
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