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Abstract

Since 1995 we have been collecting quantitative data about the purchasing of IT-products and relations between buyers and IT-

suppliers in The Netherlands, together with a team of colleagues. The data include the way in which buyers search and select their

supplier, the way in which they negotiate with their chosen supplier, the kind and content of the contracting that is used, the kind and

number of management staff involved, the importance of the IT-product or service to the buyer and supplier, the performance of the

supplier, and the problems that were eventually encountered. Using our database of transactions in IT-purchasing, we present five

empirical findings that we believe to be counterintuitive: (1) though the ability to deal with IT-purchases has increased over the years, the

amount of problems experienced has not diminished, (2) the types of problems with IT-transactions that are encountered most, are not

the ones managers expect to occur most often, (3) large investments in planning and contracting to prevent problems are not useful, (4)

current rules and procedures concerning purchasing management within firms lead to larger management investments, while they do not

lead to fewer problems, and (5) although large firms are more bureaucratic and deal with more complex transactions, they are not so

different from SMEs as one might think.

r 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Since 1995 we have been collecting quantitative data on
a large scale about the purchasing of IT-products and
relations between buyers and IT-suppliers in The Nether-
lands, together with a team of colleagues. Our unit of
analysis is the transaction: a single purchase of IT-products
and/or services of a buyer (mostly a small or medium sized
firm) from a seller, in The Netherlands. For each
transaction we collected data about the way in which
buyers search and select their supplier, the way in which
they negotiate with their chosen supplier, the kind and
content of the contracting that is used, the kind and
number of management staff involved, the importance of
the IT-product or service to the buyer and supplier, the
performance of the supplier, and the problems that were
eventually encountered. Taken together, these data provide
a set of more than 2000 ‘‘quantitative snapshots’’ of the
e front matter r 2005 Elsevier Ltd. All rights reserved.
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actual purchasing management that takes place, collected
in three separate surveys in 1995, 1998, and 2003.
Our research is part of a larger research program,

initiated at Utrecht University (the ‘‘Management of
Matches’’ program, Raub and Tazelaar, 2000; Raub and
Weesie, 1992/3). The program considers decentralized
mechanisms for cooperative relations on the basis of
different kinds of theoretical models: game theoretical
models with repeated interaction (Taylor, 1987; Axelrod,
1984), models based on trust and social exchange
(Dasgupta, 1988; Coleman, 1990; Kreps, 1990), transaction
cost theory (Coase, 1937; Williamson, 1975, 1985), and
theories regarding the social embeddedness of economic
behavior (Granovetter, 1985). The emphasis of the
program is on the integration and application of these
theories to different kinds of cooperative undertakings: the
governance of households, employment relations, and
cooperative relations between organizations (such as joint
ventures, R&D alliances, and cooperative relations be-
tween buyers and suppliers). Within this larger project,
several papers with systematic and rigorous tests of
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1From a similar research project in which N ¼ 318 transactions from 23

firms were investigated (Tazelaar and Snijders, 2000, Chapter 6) we can

learn that in firms with less than 200 employees, 50% of the transactions

are coordinated by just a single manager, while 33% of the transactions

are coordinated by buying teams with two or even more managers from

different departments. In larger buyer firms (between 200 and 500 fte)

these percentages are 32% and 51%, whereas they are 13% and 69% for

the largest firms (4500 fte). In the MAT data analyzed here, 81% of all

transactions come from firms with less than 200 employees.
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theoretically derived hypotheses on buyer–supplier rela-
tions have been published (see: Raub and Weesie, 1990;
Raub and Snijders, 1997; Rooks et al., 2000; Blumberg,
2000, 2001; Buskens and Raub, 2002; Batenburg et al.,
2003; Rooks et al., 2005).

We feel that, especially in the field of management and
organization studies, one of the main purposes of
quantitative data collection and data analysis is that they
can be used to expose ideas about buyer–supplier interac-
tion that have some intuitive or even theoretical appeal, but
are in fact wrong. Especially, given the fact that a
substantial part of the research in purchasing is based on
case studies (Morlacchi et al., 2002), interviews with key
informants, participant observation, or other forms of
more qualitative data collection, it can be useful and
refreshing to see which of the ideas that seemed so plausible
and compelling can stand a quantitative comparison with
reality. Of course, one can also work the other way around,
and this is what we do in this paper. We present five
empirical findings related to problems with transactions in
IT-purchasing that we believe to be interesting and
counterintuitive. The first two findings concern the
amount, degree and type of problems that are encountered;
the other three findings concern the relationship between
the buyer’s management, both at the transaction and the
organizational level, and the problems encountered.
Whenever possible, we try to find reasons for our findings;
in any case, we feel that all of them are worthy of further
inquiry.

In order to get a feel for what the beliefs and perceptions
of managers are with respect to the likelihood and causes of
problems in IT-purchasing we used several sources: (a)
popular IT-magazines, purchasing magazines, and news-
papers, (b) studies with respect to purchasing and with
respect to experienced successes and failures in IT-projects
(e.g. Riesewijk and Warmerdam, 1988), and (c) discussions
with experts in IT (automation managers, consultants). To
get a more systematic and less biased insight to managers’
perception, we also collected: (d) survey data from our
audience when presenting the results of our analysis in non-
academic settings (such as at a meeting of a local branch of
the Dutch Association for Purchasing Management
[NEVI]), (e) experimental data (conjoint analysis) from
managers and laymen who were tested on their ability to
assess the likelihood of problems, and from these same
individuals we also collected data on the perceived relative
importance of factors influencing the likelihood of pro-
blems occurring in IT-transactions (see Snijders et al.,
2003; Tazelaar and Snijders, 2004). Based on these
empirical sources we get a clear picture of the beliefs and
perceptions managers have concerning not only the
probability of problems with purchasing transactions
under specific conditions, but also with respect to the
relationship between various management mechanisms and
this probability. For instance, purchasing managers have
strong beliefs about their ability to predict the kind and
type of problem that will occur, and have strong beliefs
that large investments in planning and contracting help to
prevent problems to occur. They also believe that on the
organizational level strict internal rules and procedures
with respect to the purchasing process do help to prevent
problems to occur. Whether these beliefs and perceptions
are sound in the field of IT-purchasing will be put to the
test here.
2. The data

We report about three waves of survey data collection,
called ‘‘The external management of automation (MAT)’’.
The first wave was in 1995 (MAT95), the second one in
1998 (MAT98), and the third one in 2003 (MAT03).
MAT95 and MAT98 were carried out by the ISCORE-
group at the Department of Sociology at Utrecht
University; MAT03 was a joint venture of the same group
with the Department of Technology and Policy at the
Eindhoven University of Technology. In each wave, the
unit of analysis is the transaction: one buyer, purchasing
IT-products and/or services from a seller. Since the number
of managers involved in the purchasing management
process may vary (although this variation is much smaller
for smaller firms),1 we always asked for the most knowl-
edgeable manager with regard to IT purchases within the
buyer firm. From this respondent, we asked for a list of
recent IT-transactions for which the manager had been
responsible. After that we randomly determined an IT-
transaction from this list that would subsequently be the
focus of the survey. The survey consists of questions
regarding the whole process of the transaction, ranging
from the ex ante management (specification of the need,
search, screening, and selection of the supplier), the actual
purchasing management (e.g., negotiating and contract-
ing), to the problems experienced after the sale was
completed. As much as possible we tried to use survey
questions that asked for objective facts rather than
perceptions. More details, including the full MAT95 and
MAT98 questionnaire, can be found in Buskens and
Batenburg (2000; the codebook of MAT03 is in prepara-
tion). Details on the construction of variables can be found
in Batenburg et al. (2003).
The data collections consider IT-transactions ranging

from 1978 to 2003, though the bulk of the data (over 90%)
considers transactions after 1990. All in all, the data consist
of 2236 IT-transactions, with about 300 items scored per
transaction. Through our sampling we made sure that there
is ample variation in the kinds of products that were
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Table 1

Summary statistics on MAT95, MAT98, and MAT03

MAT95 MAT98 MAT03

Period 1978–1995 1986–1998 2000–2003

Cases 971 281 984

Buyer firmpSME 95% 95% 68%

Med. size buyer firm 35 40 75

Seller firmo50 66% 64% 58%

Med. transaction volumea 23,000 Euro 20,000 Euro 25,000 Euro

Mean transaction volumea 58,000 Euro 110,000 Euro 289,000 Euro

aConverted to Euro, rounded to thousands, and controlled for inflation

(consumer prices, base year ¼ 2003).

Table 2

Percentage of transactions with problems for different sizes of buyer firms,

and for different data collections (given problems occurring: average

number of different problems)a

MAT95 MAT98 MAT03

Size of buyer firm:

Small (o 50) 55% 49% 61%

[3.3] [3.1] [4.2]

(N ¼ 591) (N ¼ 145) (N ¼ 412)

Medium (50–199) 60% 59% 60%

[3.3] [3.2] [4.0]

(N ¼ 305) (N ¼ 97) (N ¼ 229)

Large (4 ¼ 200) 66% 71% 64%

[3.4] [3.8] [4.4]

(N ¼ 64) (N ¼ 17) (N ¼ 343)

Total 57.5% 54.1% 61.5%

[3.3] [3.2] [4.3]

(N ¼ 960) (N ¼ 259) (N ¼ 984)

aA logistic regression analysis on the probability of problems shows

neither significant differences between the different waves, nor between the

different sizes of firms. A regression analyses on the number of problems

for those cases where problems were encountered shows that problems

were a bit more likely in MAT03 (+0.2, po0:01) and less likely for

medium size firms (�0.1, p ¼ 0:03).
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bought (software versus hardware, standard versus com-
plex). The three waves of data collection differ with respect
to the kind of data collection method that was used (which
is something we must and do take into account in our
analyses). Most cases in MAT95 were administered by
interviewers, a small part was collected as a mail survey.
The sampling frame was a business-to-business database,
representative for small- and medium-sized enterprises
(SMEs, more than 5 and less than 200 fte) in The
Netherlands (Batenburg, 1997). In MAT98 we collected
some additional information about some of the MAT95,
and collected new cases through a mailed questionnaire
after asking for participation by phone. MAT03 was
collected completely through the Internet; the sampling
frame consisted of the ‘‘PanelClix’’ Internet panel.2

Response rates are high for this research domain (over
50% for MAT95 and MAT98; for MAT03 we have a 23%
response rate to the invitation to participate, from those
who passed the screening questions 85% completed the
questionnaire).

Table 1 shows some summary statistics on the three
waves of data collection. Most findings concern the
performance of the supplier, as measured by the amount
and degree of problems encountered. For nine different
problem categories, respondents could answer whether or
not problems occurred on a 5-point Likert scale (1 ¼ not at
all, 2 ¼ hardly any problem, 3 ¼ small problems, 4 ¼ large
problems, 5 ¼ huge problems). We considered two ways of
measurement for the total amount and degree of problems:
the average score across the nine items (ranging from 1 to
5), and the number of items with a value of at least 3
(resulting in a variable with a range from 0 to 9). Both
variables strongly correlate (Pearson r ¼ 0:94), so it does
not make much sense to differentiate between the two
2PanelClix (www.panelclix.nl) is a Dutch (commercial) Internet panel

consisting of 200,000 members at the time of the research. About 9% of

the panel members have a job description that is IT-related; about 8% of

the panel members either authorize purchasing, carry out the actual

purchasing, or supervise purchasing. If we compare the eventual MAT03

sample with that from MAT95 and MAT98, we find no significant

distributional differences (at the 5% level) with respect to firm sizes (under

200, that is), with respect to whether a previous business relation existed,

and several other characteristics.
empirically. Analyses are reported based on the average
score on the 9 items. Table 2 gives an overview of the
percentage of times the transactions lead to problems, and
how many problems that were. This overview shows that
when purchasing IT-products or services, problems oc-
curred in the majority of cases. This statement holds across
data sets, and across firm sizes.

3. Analytic strategy

Almost all of the findings we are about to present either
directly concern the amount and degrees of problems
encountered, or are at least related to it. This necessitates a
specific strategy of analysis, as we will illustrate in this
section. First, we show a plot of the amount and degree of
problems against the amount of planning.
We could have shown these graphs separately for

MAT95, MAT98 and MAT03, but they would convey
the same image. Two things are noteworthy in this graph.
First, for any given amount of management, there is quite a
lot of variance in problems. In fact, for virtually all
amounts of planning the amount of problems spans the
whole spectrum of problem values. Second, it appears that
on an average (see the upward sloping line in the graph) the
number and degree of problems increase with increasing
investment in management. This finding is also consistent
across the data sets. It is important to note that this, by
itself, is not an anomaly. It makes perfect sense, comparing
across different transactions, that smaller transactions go
with low levels of management and few problems, whereas
larger transactions experience more problems even though

http://www.panelclix.nl
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higher levels of management were chosen. Nevertheless,
one would expect that, all else being equal, increased levels
of management help prevent problems.

This means that a graph such as the one in Fig. 1 would
be more meaningful if we adapt it to incorporate two
extensions. The first one is the fact that it is likely that the
number of problems not only depend on the investment in
management, but also on other factors. For instance, the
above graph simply stacks the more expensive and risky
transactions on top of the cheap and not so risky ones,
which can obviously affect the results. The second issue is
that the investment in management itself is also dependent
on other factors (such as the degree of risk involved in the
transaction). We can conceive of this as is shown in Fig. 2:
a transaction with certain characteristics, carried out by a
certain kind of buyer and supplier, will lead to a certain
level of transaction management. Together, this leads to a
certain amount and degree of problems that materialize.

What we are interested in is the ‘net’ effect of
investments in purchasing management on the amount
and degree of problems (i.e., the dashed line in Fig. 2),
while taking into account the fact that management itself is
also determined by characteristics of the transaction, the
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Fig. 1. Amount and degree of problems encountered by investment in
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relations (‘‘has an effect on’’) between entities.
buyer, the supplier, etc. This poses a methodological
problem: one of the predictors of the amount and degree
of problems is itself endogenously determined, and that
implies that employing standard regression techniques is
not likely to deliver valid inferences.3 However, such
models can be adequately estimated using different
variants of ‘‘instrumental variable regression’’ (including
2-stage least-squares and 3-stage least-squares, Zellner and
Theil, 1962; Johnston and Dinardo, 1997; Davidson and
MacKinnon, 1993). Using this approach, one can graph
the amount and degree of problems as a function of the
investment in management, while controlling for a
considerable number of possibly intervening factors and
while controlling for the endogeneity of purchasing
management. We control for transaction characteristics
(complexity of product, hardware versus software, whether
there were any monitoring problems for the buyer, the
switching costs involved, etc.), and buyer and supplier
characteristics (size and reputation of the supplier, whether
buyer and supplier had done business before, degree of
dependency on the supplier, etc). See the Appendix A for
the details on the used variables and the technicalities.4

3.1. Finding 1: during the last decades, purchasing managers

have become more at ease with the purchasing of IT-products

and services, but the ability to prevent non-optimal

performance of suppliers has not increased over time

The first issue we want to address is the likelihood of
problems occurring with IT-transactions between buyers
and suppliers. In the late 1980s in The Netherlands, many
IT-projects failed and the general consensus was that at
least one reason for this was because buyers were too
unfamiliar with what they were buying, at least much less
familiar than the sellers of IT, so that sellers could get away
with selling poor products and services (Riesewijk and
Warmerdam, 1988). In our recent experiments, managers
also endorse the claim that ‘‘over the years experienced
purchasing managers can acknowledge better and better in
which cases problems are likely to occur’’ (78% agrees with
this statement in our experiments, 76% agreed in our pre-
presentation surveys N ¼ 210). Our data indeed corrobo-
rate that managers have grown more accustomed to buying
IT. Over the years, the monitoring capacity of managers
3For triangular models such as this one, we could use standard

regression techniques only when the residuals in the estimation equation

for the investment in management are not related to the residuals in the

estimation equation of the amount and degree of problems. Tests show

that in this case this assumption is in fact violated.
4For all the (graphical displays of the results of) analyses presented

below, whenever we mention that we ‘‘control for’’ characteristics of the

transaction, the buyer, the supplier, and the transaction management, we

report results that are based on instrumental variable regression. Since we

wanted to present five findings, space requirements do not permit us to get

into the details of all the analyses underlying the graphs. We tried to be as

accurate as possible given the space limitations, but chose to emphasize the

findings more than the analyses that produced them (of course, all

analyses are available on request).
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for this kind of transaction has increased, most notably
within small and medium sized enterprises: managers’
ability to judge the quality of IT-products, to compare and
judge tenders, and to weigh their quality and price, has
certainly grown over the years. In Fig. 3 we show this
increasing ability, controlling for the type and complexity
of the IT-products involved, as well as for a large number
of other transaction characteristics.

This finding is promising. Given that managers have
improved their skills, one could rightfully wonder whether
the (number and seriousness of) problems encountered in
IT-purchases has diminished over the years. In Fig. 4 we
present the amount and degree of problems with IT-
transactions (on the vertical axis) against the year of
purchasing, for the data collected in 1995, 1998 and 2003.
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Fig. 4. The amount and degree of problems encountered with IT-
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Fig. 3. The increasing perceived ability of purchasing and automation

managers to judge the quality of IT-products (line on top), to compare

and judge tenders (2nd from top), to compare IT-products (3rd from top

on the left), and to weight their quality and price over the years (line below

on the left), controlling for the type and complexity of the IT-products

involved as well as for a large number of other transaction characteristics.
Given the number of cases we have per year, we restrict
ourselves to the cases that occurred after 1986.
Fig. 4 seems to back up the claim that the amount and

degree of problems has decreased over the years. Within
data collections, there is a notable decrease in the amount
and degree of problems (all lines in the graph have a
downward slope). However, from Fig. 4 it is hard to draw
strong conclusions about the level of problems over the
years (and across data collections). Not only may the
characteristics of the transactions vary within and between
the data collections, but the characteristics of the buyer, the
supplier, and the relation between the two may also differ.
Moreover, this comparison of amount and degree of
problems encountered within IT-transactions over the
years may be influenced by differences in the way the data
were collected in MAT95, MAT98 and MAT03. In Fig. 5
we again show the amount and degree of problems, but
now given that we control for the abovementioned factors.
Our analyses now reveal that, in fact, the average

amount and degree of problems encountered in IT-
transactions is stable over the years. Notwithstanding the
increased expertise and monitoring capacity of managers
for the kind of transactions over the years, there is no
diminished probability of problems with the purchase of
these kinds of products. That is, if one controls for the
characteristics of the transactions, the characteristics of
the buyer, the supplier, the relation between these two,
and the amount of management invested, then the net
effect of the year of purchase on the amount of problems
encountered is not significantly different from zero.
One possible explanation for this finding (that is in fact

in accordance with our data, although one cannot see this
from the above figures only) is that not only there is an
increasing ability among managers to judge and control IT-
products and services over the years, but at the same time
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data collection effects.



ARTICLE IN PRESS

Table 3

The percentage of IT-transactions with specific types of problems

SMEs (o200 fte) large firms all (4200 fte) All, high price only

%, rank %, rank %, rank %, rank

Type of problem

Product: incomplete/too slow/too limited 29 [2] 38 [1] 31 [1] 40 [1]

Service and/or adjustments: too slow/too late 30 [1] 36 [3] 31 [2] 40 [2]

Documentation: incomplete and/or unclear 28 [3] 34 [4] 29 [3] 38 [3]

Guidance and coaching: too limited 26 [4] 30 [5] 26 [4] 31 [5]

Exceeding time of delivery 22 [5] 36 [2] 25 [5] 34 [4]

Deviation(s) from agreed specification 18 [8] 30 [6] 20 [6] 29 [7]

Incompatibility with related automation products 18 [7] 29 [8] 20 [7] 25 [9]

Installation: too quick/inaccurate 19 [6] 23 [9] 20 [8] 26 [8]

Exceeding price/budget 17 [9] 29 [7] 19 [9] 30 [6]

Separate for small and medium sized enterprises (SMEs), for larger firms, for all cases, and for all cases over 100,000 Euro [rank order between brackets].
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these managers have been confronted with an increasing
complexity of the purchased goods involved. It is
noteworthy that the complexity of the purchased IT-
products increased not only within the larger business
firms, but most conspicuously also within small- and
medium-sized enterprises.5

3.2. Finding 2: the types of problems with IT-transactions

that are encountered most are not the ones managers expect

to occur most often

The second issue we want to address is the accuracy of
the general impression managers tend to have of the types
of problems that are most likely to occur in the purchase of
IT-products and services. When one browses popular IT-
magazines or newpapers, ‘exceeding the budget’ and
‘incompatibility with related automation products’ are
problems one encounters very often, although the list of
potential problems is seemingly endless (e.g., Computable,
October 4 1996, August 19 1999, January 13 2000;
Tweakers.net, May 17 2004; Topmanagement & IT,
August 16 2001, and many others). Whether these
impressions are correct has not often been considered.
There are indeed several scientific studies claiming to
pinpoint the critical factors that lead to problems in IT-
projects (Auer and Harris, 1981; Hornsby et al., 1992;
Vadapalli and Mone, 2000) and studies that show that
many larger IT-projects fail (Ewusi-Mensah and Przasnys-
ki, 1991; Doherty and King, 1998), but there seems to be
much less scientific concern with regard to what precisely
these problems are. One of the few studies on this topic is
the one by Riesewijk and Warmerdam (1988). They also
report, on the basis of survey interviews with over 200
5Another explanation would be that managers choose a level of

investment that (they feel) decreases the level of risk involved below a

particular threshold. That is, one invests a lot in risky transactions and

much less in the more simple transactions, but in both cases the degree of

risk that remains after investments in transaction management is roughly

the same. When we also assume that this remaining risk level is stable over

time then one would also expect results such as the one presented in Fig. 5.
managers, that exceeding the budget and taking too much
time are major concerns in IT-projects. Our data show
something different. For each IT-purchasing transaction in
our data, we know which types of problems have occurred.
In Table 3 we give an overview of these types of problems.
In fact, the most frequently occurring types of problems

are the problems encountered in after sales, such as ‘service
and/or adjustments too slow or too late’, ‘documentation
incomplete or unclear’ and ‘guidance and coaching too
limited’ (see also: Rooks et al., 2005). Together with
‘incomplete and/or too slow/limited product’ we find these
kinds of problems in the top-5 of problems encountered,
whether it is in small- and medium-sized firms or in the
larger firms. ‘Exceeding price’ and ‘incompatibility’ cannot
be found in this top-5.
This finding is extremely robust and also surfaces when

we only consider IT-projects over 100,000 Euro. Moreover,
this finding holds irrespective of the year of purchase and
the period and type of data collection, which can be seen in
Fig. 6. In this figure four lines are shown, each representing
the rank order of the specific problem in the list of
encountered problems (higher numbers denote more
problems), over the years. We show the data for ‘service
and/or adjustments too slow or too late’ and ‘incomplete
and/or too slow/limited product’, and (below) ‘exceeding
budget’ and ‘incompatibility with related automation
products’.
A possible explanation, one could argue, for the fact that

problems concerning ‘exceeding price’ and ‘incompatibil-
ity’ stick in our memory most and are the most often
mentioned among purchasing and automation experts is
that these types of problems have the greatest impact on
the discontent of those encountering these specific pro-
blems in the purchase of IT products. Perhaps these
problems are not the ones most often encountered, but if
you do, they are likely to be severe. The data do not
support this claim. This can be seen if one compares the
grades (0–10) managers gave for the product or service
purchased and for the performance of the supplier. If the
abovementioned explanation were true, one would expect
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that the difference in awarded grades between transactions
with and without these specific types of problems is the
largest, in fact larger than in the types of problems that
were actually encountered more frequently and are ranked
in the top-5 of problems. However, our analyses show that
these differences in grades are the smallest for ‘exceeding
price’ and ‘incompatibility’ while substantially larger for
every type of problem in the top-5.

One counterargument against these results would be
that, because respondents were interviewed after an IT-
project had been completed, the respondents simply had a
better recollection of the problems that were encountered
most recently. Since the problems that occurred most
recently are the problems in the after-sales period, these
problems get mentioned more often. We do not think this
drives our results, for three reasons. First, the respondents
were interviewed on the basis of a single purchasing
transaction, and had to answer questions regarding this
transaction ‘‘chronologically’’. Second, there were ques-
tions about the screening and selection, then about the
chosen supplier, then about the negotiation and contract-
ing phase, then about the problems that occurred. By the
time the respondents had to answer the questions on the
problems, it has become less likely that a recollection bias
would favor more recent problems. Moreover, after
extensive testing in the pilot phase, we came up with what
we think is a complete list of potential problems. We could
therefore ask this question in ‘‘closed form’’, offering all
possible problems explicitly instead of posing an open
question. Hence, even if respondents would have forgotten
about problems that took place, it is likely that they would
remember it when mentioned explicitly. Our third argu-
ment is an empirical one. If such a recollection bias exists,
it is likely that its disturbing role is less strong in cases
where the questions were asked on transactions that had
already taken place a longer time ago. However, if we rerun
our analyses for sets of transactions that differ with respect
to how long ago they took place, we find similar results.
One other and perhaps more likely explanation for the

fact that problems concerning ‘exceeding price’ and
‘incompatibility’ are the most often mentioned among
purchasing and automation experts, irrespective of the fact
that they are not frequently encountered in IT-transactions
in our data, is that those responsible for the purchasing of
these goods may somewhat more easily loose sight of
problems occurring in the after sales period, such as non
optimal ‘service’, ‘guidance and coaching’ and ‘documen-
tation’. On the basis of our data we cannot test this
proposition.

3.3. Finding 3: large investments in planning and contracting

are not useful in preventing problems

In one of our experiments (Snijders et al., 2003; Tazelaar
and Snijders, 2004) we asked managers and laymen to
divide 100 points over 14 different case characteristics
(contractual planning, reputation of the supplier, number
of tenders, etc.) according to the degree to which they
thought each characteristic was ‘‘important to predict the
success or failure of a transaction’’. Both managers and
laymen feel that contractual planning is of major im-
portance. The issue we want to address next is the extent to
which careful planning and contracting have an impact on
the problems that eventually emerge in a particular
purchasing transaction. One basic purpose of investing in
planning and contracting—in line with our common sense,
the intuition of the managers and many if not all theories
on buyer–supplier interaction—is that it is supposed to
decrease the number of problems of a purchasing transac-
tion. This probably sounds too logical to even warrant
further attention: basically this is why one invests in the
management of a purchasing transaction in the first place!
The facts turn out to be different.
The investment in transaction management was mea-

sured as a factor score, based on the number of person days
invested in the management of a transaction, whether or
not a tailor-made contract was used, and elaborate
measurement of the kind of items that were covered in
the contract. Given that it is a factor score, its scale is
meaningless; we will give more substantial information
later but for now it suffices to know that it is a variable that
varies roughly between �4 and +4 (with a mean of 0). The
higher the value, the larger the investment in management
was.
Fig. 7 shows the results of the analysis: even after

controlling for endogeneity of planning and many other
characteristics, it emerges that the average benefits of larger
investments in management are statistically not significant
from zero. Again, these results are stable across our data
sets, and also hold if we eliminate the larger firms from
MAT03, or use other definitions of what precisely is a
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problem (for instance, we could have operationalized
problems as the number of sizeable problems encountered).
This implies the following. For groups of similar transac-
tions in our data, there are firms who invest comparatively
little in transaction management, and firms that invest a
lot. On an average, the firms who invested more than the
minimum amount of management used by other firms are
confronted with just as many problems as the ones who
invested little. This does not imply that all investments in
management are useless (they might be useful for other
purposes), and it also does not imply that all investments in
management are useless to prevent problems. What our
findings do show is that for the purpose of decreasing the
number problems encountered, one need not invest more in
management than any other firm does.6

In addition, closer analysis (analysis not reported here)
shows that the variance in the amount and degree of
problems increases with increasing investment in transac-
tion management. Roughly stated, this means that
increased investments in management indeed increase the
probability that you end up without any problems, but
they also increase the probability that you end up with lots
of problems. In that sense it would be wise for buyers who
are risk averse, to invest less in management.
6This shows that firms should have a keen interest in the principles of

transaction management of other firms. A firm who finds out that another

firm generally invests less in transaction management for a specific

transaction, would be wise to decrease his own transaction management to

that lesser level.
7Because the graph is based on 3SLS, we have the estimated investment

amount in planning on the horizontal axis (estimated on the basis of the

transaction, buyer, and supplier characteristics), and the amount and

degree of problems, adapted for differences in the transaction, buyer, and

supplier characteristics, on the vertical axis. This is the reason that the

scatter-plot now shows values smaller than 1.
The practical conclusion is a surprising one. It may very
well be that large investments in the management of a
transaction are useful (for instance because current
investments can be of use in future transactions, or for
other reasons), but our data show that this usefulness does
not show up as a decreased number of problems that one
experiences after the transaction is completed. A possible
reason for our finding could be that firms tend to ‘‘play it
safe’’ and rather invest a little (or a lot) extra in transaction
management just to ensure that if something goes wrong
later on, they can at least claim within their organization
that it was not because of their lack of effort. Our data do
not lend itself to test such suggestions, but we can find
some evidence related to this issue by looking at the
internal rules and procedures that firms use to govern their
purchasing transactions.

3.4. Finding 4: current rules and procedures within firms go

with larger investments in transaction management, but not

with fewer problems

Rules and procedures that govern the investment in
transaction management can exist for many reasons, but
most theories that base themselves on rational action
explain rules as a way to reduce transaction costs and a
way to avoid opportunism and mistakes. If in the literature
that bases itself on rational considerations to a lesser
extent, the general idea is that ‘‘a conception of historical
efficiency underlies many speculations about rules’’ (March
et al., 2000, p. 4). That is, somehow rules are expected to
represent what an organization has learned about dealing
with matters, both within the organization itself and in
relation to other organizations (cf. Williamson, 1996). In
the MAT98 and MAT03 data we asked respondents
whether, in their firm, rules or explicit oral instructions
existed with regard to several issues. Table 4 gives an
overview of the issues we asked about, and the answers of
respondents.
As can be seen from Table 4, by and large the firms in

MAT03 have more of these rules (see the first two columns
of the table), but this difference is due completely to the
inclusion of larger firms in the MAT03 design (see the last
two columns of the table). Rules and procedures that occur
most often are rules concerning the ways of dealing with
tendering and judging tenders. Rules and procedures
regarding the carrying out of a supplier evaluation occur
least often, around 30% of the time.
We now count, for each firm, how many of these seven

issues are covered in rules and procedures. Table 5 gives an
overview.
Again we see some differences between the MAT98 and

MAT03 data. If we do not take the differences in firm size
into account, we find that firms in MAT03 have more rules
and procedures (a statistically significant difference be-
tween an average of 2.7 versus an average of 3.4). If we
only take firms with fewer than 200 employees, the
difference is negligible (2.9 versus 3.0).
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Table 5

Number of different rules and procedures (maximum ¼ 7) per firm type

and per data collection.

ALL FIRMS SMEs

281 cases,

MAT98 (%)

984 cases,

MAT03 (%)

244 cases,

MAT98 (%)

641 cases,

MAT03 (%)

0 34 21 29 27

1 7 8 8 8

2 10 10 11 11

3 12 12 14 14

4 7 11 7 11

5 7 10 7 8

6 8 7 9 5

7 14 21 15 15

100 100 100 100
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Fig. 8. The investment in planning by number of rules and procedures.
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Fig. 9. The amount and degree of problems by number of rules and

procedures (based on 3SLS estimation as in the previous section). The line

shows that the average impact of the number of rules and procedures on

problems is zero.

Table 4

Rules and procedures regarding the governance of purchasing transactions

ALL FIRMS SMEs

281 cases,

MAT98 (%)

984 cases,

MAT03 (%)

244 cases,

MAT98 (%)

641 cases,

MAT03 (%)

A 39 44 42 36

B 49 64 53 58

C 33 44 37 37

D 44 54 48 45

E 37 53 39 46

F 27 36 30 30

G 41 49 43 42

A ¼ Departments or hierarchy levels that should be involved during

search, screening, and selection of suppliers.

B ¼Ways of dealing with tendering and judging tenders.

C ¼ Running supplier audits.

D ¼ Departments or hierarchy levels that should be involved during

negotiations and contracting.

E ¼ The kind of contract that must be used.

F ¼ Carrying out of a supplier evaluation.

G ¼ Departments or hierarchy levels that should be involved in possible

conflict regulation.
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We now repeat the analysis as performed under the
previous finding: we predict problems, using the investment
in management and characteristics of the transaction and
of buyer and supplier, while taking the endogeneity of the
investment in management into account. We then see that,
with an increasing use of rules and procedures, investments
in transaction management increase (Fig. 8).

The picture changes drastically when we consider the
direct effect of rules on the amount and degree of problems.
Having a larger number of rules does not—ceteris
paribus—correlate with the amount and degree of pro-
blems at all, as can be seen in Fig. 9.

Apparently, rules and procedures do not affect the
amount and degree of problems directly. It does increase
the management investment, but the management invest-
ment itself has a negligible influence on the amount and
degree of problems that will be experienced. So here we see
one possible reason for the tendency for investments in
transaction management to be too large: the rules and
procedures that govern the behavior of the people involved
might lead these people to over-invest. The effect of the
rules is not that large, though. One extra rule leads to an
increase in the investment in management of 0.1 (on a scale
from �4 to +4). Closer examination of the data indicates
that especially rules concerning the kind of contract that
should be used, lead to an increased investment in
management (an effect of size 0.2).
Once again, it should be noted that our finding should

not be mistaken to mean ‘‘rules and procedures have no
use’’. There may be all kinds of sensible reasons to apply
the kind of rules and procedures as mentioned above. For
instance, it gives employees a guideline for their behavior
without the necessity to consult their supervisor all the
time, and creates some consistency within the firm across
transactions, which decreases transaction costs. Moreover,
one could argue that these decreased transaction costs in
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fact allow for higher levels of investment in management
(because you can now achieve higher levels of investment at
the same costs), so that it makes perfect sense that
investments in management are larger when there are more
rules and procedures (cf. Batenburg et al., 2003 for a
dynamic model including transaction costs). However, the
alternative interpretation, that rules and procedures are the
focus of control (Cyert and March, 1963) within the firm
and represent what has become ‘‘known’’ within the firm to
represent a best practice, finds no support in our data.

3.5. Finding 5: large firms are more bureaucratic and deal

with more complex transactions, but for any given

transaction their level of investment in management and the

amount of problems experienced are similar to the levels of

investment and the amount of problems experienced by

smaller firms

Over the years, researchers using the MAT95 and
MAT98 data (Batenburg et al., 2003; Blumberg, 2000,
2001; Rooks and Snijders, 2001; Rooks et al., 2005),
including ourselves, have been confronted with a general
comment that comes down to ‘‘all this is different for large
firms; your findings are driven by the fact that you study
small and medium sized enterprises. Small firms are not
‘little big businesses’’’ (cf. Welsh and White, 1981). Since
firm size is inextricably bound up with complexity and
bureaucratic control, this comment is not that peculiar at
all: compared to small and medium sized enterprises large
firms can be characterized by specific organizational
features, such as an increased presence of internal rules
and standardized procedures, specialization and division of
labor, hierarchy of authority, technically qualified person-
nel, and an increased presence of written communications
and records (which is known at least since Weber,
1947[1922]). Some of these features are related to firm size
in our data as well. In Fig. 10 we show that rules and
standard procedures which enable organizational activities
to be performed in a predictable and routine manner are
found more in larger firms, as are specialized duties which
enable employees to perform a clear task. In this figure
specialization and division of labor are indicated by the
likelihood that separate departments (e.g. automation
departments, purchasing departments, legal departments)
exist within firms. According to Mokken’s (1971) criteria
both characteristics are measured by strong scales: H ¼

0:60 for rules and procedures, and H ¼ 0:57 for specializa-
tion and division of labor.

Notwithstanding this variation in organizational fea-
tures, we were not that convinced we would find different
results when one were to consider larger firms, but without
any data to back it up, we could do nothing but
acknowledge that this is indeed a possibility. With the
MAT03 data collection we are able to say something about
the extent to which this counterargument makes sense, at
least with respect to the problems that firms encounter
when purchasing IT-products and/or services.
Let us consider what we mean by the size of the
(respondent’s) firm. All analyses presented here are based
on a variable representing the natural log of the number of
employees in the firm of the respondent (that is, the buyer’s
firm). Throughout all three data collections, ‘‘firm’’ was
taken to mean ‘‘the largest organizational unit for which
you and your department carry responsibility’’.
If we only control for the three different waves of data

collection, we indeed see that on average larger firms are
confronted with more problems in their IT-purchase. Fig.
11 shows a graph that summarizes this analysis.
By itself, this does not yet mean much, since there can be

several reasons why we find such an increase in problems
for larger firm sizes. We summarize a few of these possible
reasons.
First, it is conceivable that SMEs are in some unspecified

sense ‘‘structurally different’’ from larger firms, and more
so the larger the firm is. This would mean that if we add a
dummy predictor variable equal to ‘1’ if a firm is large, we
should find an effect even on top of the linear effect of firm
size. Our analysis shows this is not the case (p ¼ 0:64). The
second possible reason is that larger firms generally invest
less in management, or manage their transaction less
effectively, than smaller firms, which is why they end up
with more problems. We investigate this possibility
together with a third explanation, namely, that larger firms
purchase IT-products and services that are in general more
risky, for instance because they tend to buy more
complicated products and services (and in larger quan-
tities).
To explore this issue, we once again ran a 3-SLS

regression, trying to predict the amount and degree of
problems from a variety of characteristics of the transac-
tion, the buyer and the supplier. Again, we have to take
into account that the investment in management of a
transaction, a potential predictor of the amount and
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degree of problems encountered, is itself endogenous and
determined by almost the same characteristics. Because of
space limitations, we confine ourselves to a graphical
representation of the most important results: Fig. 12.

It turns out that our third possible explanation is in
concurrence with the data: the alleged effect of firm size has
something to do with the kind of purchasing transactions
larger firms tend to undertake (at least in our data). We can
see this if in our analyses we take into account the financial
volume of the transaction, monitoring difficulties, switch-
ing costs, and the importance of the product or service for
the firm.

The financial volume of the transaction simply refers to
the (log of) the amount of money that was involved in the
focal transaction. Monitoring difficulties arise when a firm
is buying a product or service where, even after delivery, it
is hard to judge whether or not the supplier has lived up to
its promise. It was measured as a factor score based on
questions regarding the degree to which it was easy to
judge the quality of the product or service on delivery,
regarding the ease with which one could evaluate tenders,
regarding the ease with which one could judge the price/
quality ratio, and whether there were any employees
available with specific expertise in IT. Switching costs is
measured as a factor score based on questions regarding
the damage to the buyer in case the product or service did
not function properly and had to be replaced immediately.
The importance of the product or service for the buyer is
also calculated as a factor score, based on two questions:
one regarding the importance of the product or service for
the profit of the firm and one regarding how important it
was that delivery was on time. Taken together, the financial
volume, monitoring difficulties, switching costs, and the
importance of the product or service for the firm, are a
good proxy of the general ‘‘degree of risk’’ involved in the
purchasing transaction.
As an interesting aside, the analyses bring to light the

fact that if one controls for the degree of risk involved,
there are no longer any differences with respect to the
investment in management. What is more important is the
fact that after controlling for the degree of risk of the
transaction, there are no longer any differences between
smaller and larger firms (p ¼ 0:824; or SMEs versus
multinationals, p ¼ 0:33, for that matter). In other words,
the fact that larger firms encounter more problems can be
completely ‘‘explained away’’ by the difference with respect
to the degree of risk involved in the transactions. The larger
firms encounter more problems, but that is because larger
firms on average deal with more risky transactions (that is,
assuming that our way of sampling transactions does not
lead to any systematic differences with respect to the choice
of transactions across small and large firms). However, if
we compare how firms of different sizes deal with
transactions of a similar degree of risk, then smaller and
larger firms can no longer be discerned. Small and large
firms show similar investments in transaction management
and similar amounts of problems. Hence, we see that
although small and large firms differ with respect to several
issues, most notably the kind of transactions they are
confronted with, we find no evidence that the underlying
mechanisms to deal with purchasing transactions and the
problems experienced differ.

4. Conclusion and discussion

We conclude by first summarizing our main findings.
First, though the ability to deal with IT-purchases has
increased over the years, the amount of problems
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experienced has not diminished. IT-managers have become
better at judging IT-purchases, but IT-projects have in the
meantime also grown more complex, and the net effect on
the ability to preclude problems is zero. Second, the types
of problems with IT-transactions that are encountered
most are not the ones managers expect to occur most often.
The ones that occur most often are generally related to
after sales issues, and much less related to exceeding the
budget, compatibility issues, and time delays. Third, we
find no evidence that large investments in planning and
contracting are useful in preventing problems, although
they might have other benefits (such as improving the
relationship with the supplier). A certain minimum
investment in planning and contracting is necessary, but
after that the extra investments do not—on average—help
prevent problems. Fourth, the current rules and procedures
within our firms generally lead to larger management
investments, but not to fewer problems. Finally, large firms
are not so different from small- and medium-sized
enterprises (SMEs): with respect to investment in purchas-
ing management and the problems that go with it, our data
indicate that the underlying mechanisms are actually
similar for small and large firms.

All of these findings warrant further research as to their
general validity and implications, but we do want to
emphasize that being able to come up with findings that are
counterintuitive and have a factual basis is only possible
given that we have been collecting quantitative data over a
larger period of time on a relatively large scale. Without
denying the importance of qualitative research, we feel it is
curious and unfortunate that so little of the purchasing
literature is developed in quantitative ways (note: the
MAT95 and MAT98 data are freely available from the
Steinmetz archives, www.niwi.knaw.nl/en). An issue that
complicates the analysis of the supplier’s performance is
that, even if quantitative data are available, one needs
relatively sophisticated ways of analyzing the data. Our
analyses show that if one—inappropriately—applies stan-
dard regression models, the conclusions can turn out to be
simply wrong.

Of course, large-scale quantitative data collection suffers
from its own disadvantages. For instance, because we
collected data only from the buyer, this gives us by
definition a one-sided view of the transactions under study.
Moreover, although we tried hard to find respondents who
were involved in the transaction under study and suffi-
ciently aware of its details, the data are collected retro-
spectively (some more than others), so that recollection
biases are a general risk. Nevertheless, we feel that our
approach is promising also in a different respect. As our
last finding shows, even when one considers purchasing
transactions in a relatively small domain (IT-products and
services by SMEs), careful and elaborate measurement can
add to the general validity of the results. In part, this is
because we control for many intervening variables. This
implies that if one expects that, for instance, differences
exist between SMEs and larger firms with respect to the
factors that drive the probability of problems, they must be
related to variables other than the ones we already control
for. However, as we saw using MAT03, the differences
between SMEs and larger firms are in fact negligible with
respect to the underlying mechanisms.
That brings us to the scope of our findings. Basically, we

see no reason why IT-purchasing in The Netherlands
would be different from IT-purchasing in any other
developed western country, so we do expect our results to
hold for IT-purchasing in general. Our general suspicion is
that after controlling for characteristics of transactions,
buyers, sellers, and investment in management, not many
differences with purchasing of other products in other
contexts will remain. This implies that we are quite
confident about the validity of our results for purchasing
in, say, facility management or consulting. What we can
imagine is that differences will exist for purchasing of other
products in different contexts when the relative efficiency
of management mechanisms differs from that in purchas-
ing. The purchasing of IT is in many ways ‘uncertain’,
especially when the IT is non-standard, and it is hard to
make contractual agreements about it. Compared to other
products or services, it is difficult to specify concrete targets
for software or even hardware in contractual agreements.
Moreover, the buyers of IT—especially the SMEs—are not
very well connected socially, so that more informal
mechanisms of governance are not likely to work. One
way to progress that we are currently undertaking
(Kamann et al., 2005) is to run a similar study in a context
where contracting is easier because products are more
standard, and the social network between buyers is more
dense, such as contractor–subcontractor relations in the
(Dutch) construction industry. In such a context both
formal management through contracts and informal
management through networks that spread information
and reputation should be more efficient. The latter issue is
another interesting question for future research. Given that
we find relatively little support for the use of formal
investment mechanisms such as contracts, one could try to
understand better how informal ways of safeguarding a
transaction might work (cf Rooks et al., 2005). Finally, our
findings about rules and procedures suggest an obvious
follow-up question: how can rules and procedures be
designed so that they do reduce problems in buyer–supplier
relations, or are there other benefits from standardized
rules and procedures that compensate for the increased
level of management they tend to invoke?

5. Implications for practitioners

Our results suggest five main implications for practi-
tioners:
(1)
 With growing experience in (IT-)purchasing, managers
might be tempted to think that their problems with
suppliers will diminish. They should bear in mind that
both the complexity of the products and services they

http://www.niwi.knaw.nl/en
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buy and the experience of their supplier may grow at
the same or even a faster pace.
(2)
 It is possible or even likely that the image that one
has about the kinds of problems that are most likely
to surface is wrong. These problems concentrate
on after sales issues much more than one usually
thinks.
(3)

Table A1

Results of the three stage least squares estimation

MAT98/03+rules MAT95/98/03
On average, investment in the management of purchas-
ing transactions of firms is too high. It is likely that a
smaller investment would have lead to the same
supplier performance, and is worth the risk.
(4)

Coef. P4jzj Coef. P4jzj

Problems

Management 0.248 0.506 0.201 0.167

Complexity 0.004 0.946 0.005 0.893

Software (dummy) �0.046 0.802 0.084 0.188

Hardware (dummy) 0.098 0.205 0.074 0.108

Monitoring problems 0.172 0.000a 0.187 0.000a
Internal rules and regulations are usually too rigid: they
lead to increased investments in management, but not
to fewer problems with the purchasing transaction.
There can be many reasons to have rules and
regulations, but if one of these reasons is that one
expects higher satisfaction with the end result (fewer
problems), then this is a mistake.
(log of) Financial volume �0.012 0.785 0.010 0.697
(5)
Switching costs 0.074 0.264 0.044 0.079

Importance of durability �0.043 0.114 �0.043 0.022a

Importance of on time 0.013 0.869 0.040 0.214

Did business before (dummy) 0.148 0.177 0.142 0.024a

If yes, how satisfied �0.073 0.009a �0.064 0.000a

Future interaction likely 0.028 0.247 0.035 0.023a

Reputation of supplier �0.432 0.000a �0.427 0.000a

Dependent on supplier 0.007 0.761 0.020 0.169
Do not dismiss results that are based on large-scale
data analysis too easily as ‘‘not appropriate for my
firm’’, simply because your firm is working in another
sector, or somewhat larger, or otherwise different from
the original study’s target population. When the study
adequately controls for many factors—as is the case
here—it is likely that its conclusions also have an
impact on firms in your own sector.
Size of buyer firm 0.003 0.892 0.008 0.645

Buyer firm is SME �0.079 0.393 �0.073 0.303

Size of supplier firm �0.020 0.311 �0.033 0.010a

Year of purchase �0.027 0.237 �0.000 0.985

(log of) Outdegree �0.021 0.476 �0.029 0.177

MAT98 data (dummy) �0.122 0.738 0.087 0.329

MAT03 data (dummy) 0.091 0.552

Number of rules �0.013 0.743

Constant 57.914 0.206 3.167 0.871

Management

Complexity 0.181 0.000a 0.257 0.000a

Software (dummy) 0.447 0.001a 0.221 0.017a

Hardware (dummy) 0.115 0.262 0.050 0.510

Monitoring problems 0.097 0.042a 0.079 0.017a

(log of)Financial volume 0.107 0.001a 0.156 0.000a

Switching costs 0.172 0.000a 0.146 0.000a

Importance of durability 0.049 0.147 0.075 0.004a

Importance of on time 0.193 0.000a 0.171 0.000a

Did business before (dummy) 0.177 0.230 0.068 0.507

If yes, how satisfied �0.047 0.209 �0.037 0.156

Future interaction likely 0.015 0.687 �0.019 0.444

Reputation of supplier 0.217 0.017a 0.207 0.018a

Dependent on supplier �0.034 0.314 0.006 0.793

Size of buyer firm 0.033 0.355 0.028 0.323

Buyer firm is SME 0.068 0.643 0.046 0.697

Size of supplier firm 0.039 0.071 0.053 0.003a

Year of purchase �0.023 0.500 �0.018 0.235

(log of) Outdegree 0.059 0.070 0.096 0.000a

MAT98 data (dummy) �0.869 0.000a �0.210 0.134

Number of rules 0.098 0.000a

MAT03 data (dummy) 0.699 0.000a

Contract made by supplier �0.087 0.268 �0.170 0.005a

Own legal expertise available 0.175 0.159 0.249 0.002a

External legal exp. available 0.113 0.344 0.150 0.044a

Constant 42.712 0.534 33.419 0.284

aSignificant at the 5% level.
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Appendix A

The general issue is this. Suppose we want to predict
problems from the investment in management and some
other characteristic(s) of product, buyer and/or supplier.

PROBS ¼ c0þ c1 INVESTþ c2 CHAR1

þ c3 CHAR2þ e. ðA:1Þ

However, we know that the investment itself is determined
by similar characteristics.

INVEST ¼ d0þ d1 CHAR1þ d2 CHAR2

þ d3 CHAR3þ d, ðA:2Þ

where the d and e represent the residuals of the equations.
If d and e are related, one of the assumptions underlying
OLS-regression is violated, because INVEST and e are
then related. In general, this will lead to biased results.
However, given that we indeed have variables such as
CHAR3 in the above equation—a variable that is related
to INVEST but not to PROBS—we can solve this issue by
applying 2-stage least-squares regression (or: 3-stage least-
squares regression). This involves estimating Eq. (A.2), and
using the estimated values of INVEST as a predictor in
Eq. (A.1), instead of INVEST itself. In the 3-stage least-
squares approach we use, we also adapt the standard errors
of the coefficients on the basis of the covariance matrix of
the residuals. Table A1 shows the results of a representative
analysis.
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