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1. The Knowledge Paradox in Scientific Analysis

The levedl of scientific knowledge has risen to an unprecedented degree in the
post-war period: the cumulative stock of new knowledge has in the past fifty years far
exceeded the tota knowledge stock gathered by mankind during the previous
centuries. Not surprisingly, our modern society is often referred to as a knowledge
society. Notwithgtanding this favourable picture, it is dso increasngly recognized that
the need for more information has dmog risen limitlesdy. From daly operationd
choices to long-term drategic decisions, the amount of information needed by
decison-makers can hardly be satisfied or covered anymore. If thus seems that in a
knowledge society the demand for scientific knowledge and informetion is even
growing fager than the supply. This mismatch, cdled the knowledge paradox,
prompts the question whether the balance between supply and demand can be restored.

A aurprisng feaure of the abundance of scientific ingghts in our current
knowledge society is the lack of scientific synthesis. The process of scientific
knowledge gathering proceeds usudly in a fragmented and individudised way, without
due attention to research efforts made previoudy or dsewhere. This is clealy
witnessed by the present popularity of and need for survey articles which am to review
concisdly the date of affairs in a rdevant area of scientific research. Mogt of these
contributions - useful as they are - are however based on literary approaches, and
certainly not on more rigorous gpproaches for comparative or synthesisng analyses.

The fragmentation in the scientific knowledge acquisition process has led to the
emergence of ‘niches or ‘idands of scientific knowledge, without a satisfactory -
and fruitful - connection with scientificaly related areas. Despite advances in atificid
intelligence methods, cognitive evolutionary approaches and quantum computing, in
many disciplines comprehensveness has become an illuson, while even integration of
knowledge cannot boost in high achievement. This obsarvation holds certainly for
interdisciplinary research, but even for intradisciplinary research addressng sometimes
dmogt amilar research quedtions the level of free communication and cooperation -
leave adde integration - is feeble and problematic. This dtuation is not a coincidentd
development in the knowledge collection process, but is closdly linked to the history of
science philosophy in the western world.

In the past few centuries the major impact on the scientific research
methodology has been exerted by Cartesan philosophy where analysis has become the
central focus. Andyss means a breskdown of a complex redity into condituents which
may be subjected to substantive and causad scientific investigation. The concentration
on subsets of a complex congdlation (made up of dements and relationships that exist
in the red world) has certainly generated many important indghts into separate
phenomena (see Bd and Nijkamp 1999; Button et d. 1999). Remaining uncertainty
was next tackled by a further fragmentation and andyss of reevant components of a
phenomenon, without due attention to contextud factors which might have been
identified through a consderation of related research efforts elsawhere. This ever
lasting repetitive, deductive research methodology has led to a wedth of insights into
detals, but less so into mgor linkages within and between similar phenomena. As a
consequence, a need has arisen to investigate the behaviour of complex sysems by
usng principles from synergetics. This Stuation may aso explan the current popularity
of chaos theory which tries to study turbulence conditions in deterministic non-linear
dynamic sysems by infinitesma changes in initid conditions (see dso Nijkamp and
Reggiani 1998). In any case, concdusve answers are usudly difficult to find, and




beyond the horizon of a tentative finding on a fragment of redity, a new - usudly even
more detalled - research question appears to emerge.

In recent years, due to improved communication among scientists in a certan
discipline (through professond networks, Internet, exchange of data bases) the
perspective for a better exchange of knowledge has become more favourable, as the
documentation, collection and retrievd of study results have become much esser.
Neverthdess, the present Stuation gill leaves much to be desired and inconsstencies -
or lage vaidions - between study findings are gill more a rule than an exception.
Hence, there is certainly a need for more context-specific research in a comparétive
sense, but this requires a serious effort and more research synthesis based on (quas-)
experimentation.

In empirica research, we may aso often observe statistical biases emerging
from smdl samples, measurement erors and biased data, so that indeed empirica
research synthesis on digtinct case studies may suffer from biases too. The only
meaningful ways to overcome this cumbersome dtudion is to develop a proper -
preferable  quantitatively-oriented « methodology for a systematic comparison and
synthess of previoudy obtained andyticad knowledge from in-depth (case) studies.
Agang this background, meta-analytical methods may offer a promisng new
departure (see Van den Bergh e d. 1997). Such an effort may lead to a more
satisfactory performance of research gpproaches, as it may be hepful to diginguish
between phenomenon-intringc factors (eg., behavioural response ) and context-
specific or moderator factors (eg. Ste-specific and time-specific impacts, research
methods).

Research synthesis does not only have a science-intringc benefit; it may aso
lead to mgor efficiency gains in empiricd research through the posshility of (partid)
transferability of practica results, eg. for economic assessment or macro-economic
forecasing. Knowledge tranfer may essentidly be concelved of as conditiona
forecasting where the parameters used for inferring statements on future dates of a
phenomenon under invedtigation are derived from information synthess (eg. meta-
andytica experiments). Recent gpplications in this fidd can in particular be found in
environmenta economics, viz. benefit tranfer or vdue trander (see Button and
Nijkamp 1999; Johnson and Button 1997; Loomis 1992).

In the light of the above background remarks, the am of the present paper is to
offer a further reflection on research synthess by addressng the potentiad of meta-
andyss (Section 2). Next, we will give a concise introduction into some operationd
metaandyticd methods and empirical gpplications (Section 3). The paper will be
concluded with an outlook for further research.

2. The Potential of Meta-analysis

How much scientific effort is needed to reach a certain god? It is surprisng
that in basic research this question is hardly raised nor answered. But essentidly this is
an economic question, where the dlocation of scarce human resources is at stake.
Againg this background, it does not seem unredigtic to seek for an optima leve of
scientific effort in a research process. In principle, one would have to look for an
optima control modd with learning effects In other words, we may investigate
whether it is possble to infer certain scientific conclusons while economising on the
input Sde of scarce intellect or credtivity during a research process. It is by no means
certain that more studies will ultimately lead to more or better ingghts, as there may be




decreasing (or even negative) margina benefits (due to diseconomies and redundancy).
In a datigicd sense this question is often referred to as optima data sampling, but
epecidly in a more generd sense this question is very intriguing. Do additiond studies
add to a better understanding of largely smilar phenomena? Or in economic terms do
the additionad scientific benefits of an extra case sudy outweigh the marginad costs?

This can be exemplified by referring to Columbus. When he asked Queen
Issbdlla for financid support for this exploration of the New World, he needed to
justify why he wanted three ships. He could convincingly argue that one ship would be
too risky, whereas twenty ships would create serious logistic management problems.
Thus, out of a st of rivary hypotheses on the sze of this research endeavour, he had
to identify the optimal fleet Sze (see Van Doren 1991).

Ancther illugration can be found in Jane Jacobs fascinating study on ‘The
Death and Life of Great American Cities (1961). Her book addresses surviva
conditions of American cities, but in her empirical case it sufficed to address mainly
New York City as the archetype of other American cities. Thus, dthough her andyss
centered around New York City, she offered the building blocks for a comprehensve
generd theory on urban dynamics. Her andyss of the critical success and survivd
conditions of modern cities « sometimes in an anecdotd way - would most likey not
have ganed s0 much momentum and conviction, if she would have dudied dl
American cities.

Clearly, case sudy research is essentidly research focussing on the inference of
gengd or tranderable findings and is thus aso a matter of optimal experimentation
(see for details Yin 1994). A mgor problem inherent in socid science research
however, is lack of controlled experimentation in empirica investigaions. A common
desgn of case dudies in different countries is modly lacking. This is dearly
exemplified by the varying ceteris paribus conditions assumed in didinct case studies.
At bedt, case studies may address the same phenomenon, use more or less the same
research methodology or employ to a large extent Smilar data. This makes of course a
rigorous synthess difficult, while dso the degree of tranderability may sometimes be
questionable. This holds in particular when case sudies are pooled which were never
meant to be integrated in a meta-anadytica experiment.

The conditions for a proper application of conventiond datisticAd meta-
andyss ae farly dringent. After its geness in medicine and the naturd sciences,
meta-analyss was introduced in socid science research in the 1970s to overcome
common application problems such as the lack of large data sets in order to derive
generd results and the problem of uncertainty of information and of data vaues. Meta-
andysis is a sysematic framework which synthesises and compares past studies and
extends and re-examines the results of the avallable data to produce more generd
results than earlier attempts have been able to do, by focussing on a joint kernd of
previoudy undertaken research.

The metaandyss gpproach thus offers a series of techniques on measurable
phenomena that permit a quantitative aggregation of results across different sudies. In
so doing, it may, for ingance, hdp to more cearly generate numericd vaues of the
economic costs and benefits from the available data. It can aso act as a supplement to
more common literary-type approaches when reviewing the ussfulness of parameters
derived from prior studies and help direct new research to related areas. And findly, it
may aso help to understand the robustness of certain findings by referring to research
gynthesis as a kind of sengtivity andyss.




The introduction of metaranadlyss as a forma procedure for anaysing problems
has emerged from the necessty to summarise and induce genera results from studies
dready developed on smilar problems. Metaandyss is therefore concerned with the
gynthesis of results and findings from scientific sudies. Glass, who in 1976 coined the
term meta-andyss, provides a smple definition of this approach: "Meta-analysis
refers to the statistical analysis of a large collection of results from individual studies
for the purpose of integrating the findings. 1t connotes a rigorous alternative to the
casual, narrative discussions of research studies which #ypify our attempt to make
sense of the rapidly expanding research literature’.

A commonly used method in socid science research is meta-regresson andyss.
Such a datigicd technique has been widdy gpplied in biometrics and sociometrics
with rather successful results. Since this gpproach uses a daigticd tool, the input data
must be quantitative data. The primary characteristics of a metaregresson andyss are
the same as those used in dandard regresson anayss, i.e, the datidica linkage
between one of the variables (the dependent variable) by means of other varidbles (the
independent variables). The main problem is of course here the variance in the origind
underlying case study data.

Let us for the sske of illugration condder a number of sudies which have
addressed a common research problem, be it in different contexts and with different
data For ingance, we may address the problem of congestion in commuting traffic.
We may then consder studies on trangport congestion which have been conducted in
vaious countries at different times and with different samples. In generd, the
goplication of the meta-analysis methodology is used when there is a amdl set of case
dudies in which a gened concluson is difficult to obtan. Therefore, we combine
different studies on the same topic in order to reach a more general concluson. We
can, 0 to speak, conceive of meta-andysis as a puzzle where each piece does not give
the idea of the entire figure, but dtogether the pieces make up an integral picture. This
picture may of course be more cohesive, if the phenomena under investigation are not
extremely sudy-specific. In addition, in a policy problem, for example, meta-andyss
can be applied to reach a baanced decison in the present based upon prior decisons
made in the past or esewhere. To do S0, it tries to define the relationship between
cause and effect in the problem under invedtigation. The generd form of a datidticd
meta-analytica problem will then be as follows:

Y=f({P, X, R, T, L)+ error

where:
Y is the varidble under study which has been the focd point of the prior sudies
under scrutiny;
P is what we congder to be the set of causes of the outcome Y;;
X represents the characteristics of the set of objects under examination affected
by P in order to determine the outcome Y;;
R represents the characterigtics of the research methods used in each study (e.g.
econometric anadyss or survey andyss), and the data (e.g., time series or cross
sectiond);
T indicates the time period covered by each dudy in order to examine time
dependency;
L expresses the location where each study has been carried out.




In relation to the types of studies consdered here, dl of these variables are
supposed to have a relative importance in our andyss. For ingance, in the fidd of
medica sudies where the mgority of the sudies are experiments in a closed system
with the same methodology, attention is mainly focused on the variables P and X.

The application of a metaregresson anayss - addressng average vaues of
paanee vaues originaing from different dudies - can then generate meaningful
compardive results we want to achieve in our survey anadysis. After having obtained
the regresson results, we must carry out various tests that may verify the correctness
of our results. Such tests generdly try to assess the effect szes in the study examined
and the accuracy of the results. For instance, we can test how the indicator, chosen to
reved the effects of the problem under scrutiny, depends upon the design of the
research, or how different estimates can be combined into one estimate of the effect
sgze. The mog frequently used ddidicd tests are the following:

(1)  estimation of individual effect szes this is an examination of the correlation
of the ‘policy’ gpplied and the observed effect;

2 vote-counting: this is a procedure which assesses whether a specific effect
does exist or not;

3) combined significance: this tes ams to reach a concluson concerning the
exigence for the effect under scrutiny;

€)) combining effect sizes and a test on homogeneity: in this tes, atention is
given to the question of how different estimates can be combined into one
edimate of the effect Sze

%) analysing effect gzes in this ted, the variaions among the estimated effect
Szes are estimated.

After having cdculated these tests, we will not only have a response to the
asessment problem concerned, but dso a more comprehensve understanding of the
characterigtics and limitations of the methodology adopted.

In the case of a (datisticdly-based) metaregresson andyss, the data that

need to be collected mugt be quantitative data. Given this condition, a generd guiddine
for deciding whether or not a particular study should be consdered in a meta-anaytica
formulation is based on commondity in research issues. Therefore, a metaregresson
andysis rests upon the following generd rules: the study to be included must focus on
the same phenomenon; it must use the same outcome measure and the same population
characterigtics, and findly, it must have a smilar research objective. The problem of
the sdection of the studies is closdly linked to the sdlection criteria that are needed to
identify rdevant studies. With regard to these criteria for the sdection, particular care
must be taken to ensure similarity among the studies. Moreover, we need to verify
uniformity and standardisgtion in order to minimise possble erors in the caculation.
To avoid this problem it may be necessary to conduct further experiments or to carry
out new daborations and edimations of the data presented in the individud <tudies
(see Van den Bergh et d. 1997).
: Due to its specific synthess potentid, a datisticadl meta-andyss gpproach may
be a useful and rigorous subdtitute for the standard type of literature review of distinct
case dudies. Therefore, it can assume a reevant role in an initid phase of a study,
because such a technique has the capacity to pinpoint aspects of a problem not
immediaidy evident from a cursory examindion of daia In the next section we will
offer a broader scope for metaandyss by emphaszing its potentid in compardive
Sudies.
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3. Meta-analytical Methods and Applications

There ae various methods for research synthess and comparison. It is
increesangly recognized that meta-analyss is not a sngle satisticd method, but a mode
of thinking (on research) in order to bring together research findings from different
dudies with a view to comparison, synthesis, knowledge acquistion, trandferability or
generdisdtion. Metaregresson is only one such method, but in practice there is a
variety of gpproaches possible. We will offer a concise overview here.

In case of nominal informaion (i.e, the lowest measurement leve), the
vaiadle under condderation from different sudies do not have a numerica meaning,
but we can count the frequency of occurrence of certain atributes and link them to
other dtributes. In this context, contingency table anadyss and log-linear moddling
may offer meaningful andyticd assdance. Vebd and subdantive information
gynthesis is, for ingance, done in content anayss, often deployed in communication
and media studies (see Hogenraad 1989).

If we have categorical information (eg., from surveys), then standard
approaches such as logit andysis may be used to infer satigticaly valid results from a
comparative anadyds of case sudies. Clearly, the sample should be sufficiently large to
warrant this gpproach. Otherwise, soft-modeling approaches would have to be applied
(see Nijkamp et a. 1984).

Next, the outcomes of various previous case studies may aso be measured as
ordinal rankings. In such cases, rank corrdation analyss may be hdpful and - if the
sample sze is auffidently large - dso ordind metaregresson andyss. An dternaive
way of comparing ordind outcomes of different case sudies is the use of quditative
multi-criteria andlyss, eg., concordance andyss or regime andyss (see for a survey
Nijkamp et a. 1992).

If the study findings of previous investigations are measured in a cardinal
metric (either on an interval scde or a ratio scde), then the aove mentioned meta-
regresson andyss may be a meaningful method. If the sample of case dudies is not
large enough, one may dso employ norma corrdaion anadyds or discriminant
andyss.

Findly, there may aso be cases where the outcomes of case studies are only
linguigtically meesured, eg., as a fuzzy expresson. In that case, the use of fuzzy set
andyss in paticular if a didinct dasdficaion with a numericd meaning of the
variables (or clases) concerned can be made. For a further discusson on fuzzy set
anayss is for comparative purposes we refer to Munda (1996). Findly, there is dso
the posshbility that the performance of case studies is measured as class information,
with digtinct class szes. In such cases rough set analysis appears to be a very
powerful tool. For gpplication of rough set andlysis we refer to Van den Bergh e 4.
(1997) and Nijkamp and Ursem (1999).

Recently, dso atempts have been made to identify commondities and
differences between case study results and to transfer results for predictive purposes -
especially in the framework of land use planning, tourism and environmental
management - by usng geographic information systems (GIS). We refer to Bateman
et d. (1998) for further detalls.

In conclusion, there is a wide variety of metarandytical gpproaches. All of them
am to shed light on the key findings of various sudies in order to synthesse the most




prominent results from earlier research work. In recent years, we have seen a steady
growth in meta-andyticd sudies in economics, in paticular in the area of regiond,
transportation and environmental economics. We will exemplify here the research
potential of meta-analyss by referring to various studies undertaken in the above fields.

In the aea of regional economics, metaandyticd dudies have been
undertaken inter dia in the assessment of regiond tourig multipliers with the am to
derive the best possble estimae of a regiond tourist income multiplier for a given
tourig area on the bass of empiricdly edtimated multiplier vaues for various other
tourist dedtinations, (see Baajens and Nijkamp 1998) and the identification of critica
success factors for spatid sudainability policy (with the am to identify the most
important  impediments and opportunities of urban  environmenta  sugtainability
initiatives, see Nijkamp and Pepping 19984). Techniques used in these applications
were inter dia metaregresson analyss, discrete choice modeling, and rough set
theory.

In the trangportation fidd dso various meta-andytica applications can be
found. Examples are the edimation of the variance in public transport demand
eladticities in various European countries (based on a synthess of previoudy
undertaken case studies; see Nijkamp and Pepping 1998b) and studies on congestion
policy (based on an assessment of the effectiveness of traffic restraint polices, see
Button and Kerr 1996). The meta-anadyticadl methods used in these studies comprise
agan metaregresson andyss, corrdation andyss and rough set theory.

Findly, in environmental economic research, we have witnessed a grest
vaiety of meaandyticd sudies. Examples are the evdudion of contingent vauation
methods for ar pollution (see Smith and Huang 1995) and noise nuisance (see Button
1995). Also the methods deployed were metaregresson andysis and correation
andyds.

The fidd of metaandyticd research is a rapidly risng fidd, and in the find
section we will offer some prospective remarks.

4. Prospect of Meta-analysis

Meta-analyss has turned into a research style which ams to combine generdity
and specificity (cf. Espey 1996). It may be a cod-effective and expeditious way of
economising on resarch efforts through the focus on man determinants of a
phenomenon, seen from a comparative perspective. The same gpplies to vaue and
benefit trander dudies. Clearly, there is need for some caution: the moderator
variables have to be caefully investigated and proper care for study- and context-
specificity is warranted. Againg this background, aso the use of the ceteris paribus
clause desarves due attention, as this is essentidly a non-controlled black box (see Bd
and Nij kamp 1999; Persky 1990).

A new fidd where meta-andyss may likely play an interesting role is micro-
based survey research. To some extent, the collection and description of the attributes
of a given individud may be conceved of as a detailed case sudy focussed on one
person. By combining the survey results on multiple persons - while addressng the
same research issues across the entire sample of individuds -, the response variables
can be treated and ‘explained’ in the same way as in a sandard meta-andys's (including
the correction for context-specific factors etc.).

Another area where meta-andyss can usefully be deployed is a review of
reviews, in other words, a meta study on meta-andyses. This requires of course a




aufficiently large sample of metastudies, but in some disciplines such meta-studies do
exis, eg., in educationa sciences. A good example can be found in Becker (1998),
who classfied metadudies systematicadly into indructiond books, methodologica
books and application-oriented books. Each of these classes of metastudies was next
invesigated in more detal dbet only in a literary form.

And findly, there may be new perspectives for metaranalysis by linking it to
Baysesan datigtics. By regarding previous case sudies as sources of prior information,
adjusted Baysesian tools may be applied (see eg. Lubbe 1998).

In combination with large data bases and improved access to computerized
information sysems, meta-andyss will most likely become an important tool in normd
research practice. In addition to a synthesis of knowledge, it will increasingly be used
in a deductive science methodology as well as in the applied fied of forecasting with a
view to the identification of bandwidths in the variaion of phenomena
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