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Abstract

We review econometric studies that attempt to estimate the effects of manage-

ment on production, being on output, productivity, or efficiency. We group the

studies mainly by a methodological criterion: whether they treat management as a

latent variable, whether they proxy it by some other variable(s), or whether they

attempt to construct a direct measure of management and use it as a regressor

in an econometric model. A large part of the literature uses data from small-size

agriculture, while in recent years national surveys have started to collect more sys-

tematically data related to management and management practices from various

industries. Rather than being mentioned by telegraphic references, most of the

studies presented are given a somewhat detailed summary so that the reader can

acquire a good sense of the methodological choices made, the estimation techniques

adopted, and the results obtained on the effects of management.
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1 Introduction

Production economics has the primary task of formulating a system of internally consis-

tent and mathematically rigorous concepts, a system that can represent in abstract the

myriad production processes observed in the real world, and then be transparently used to

obtain testable insights and tools for empirical analysis. Fundamental among these con-

cepts are the production “factors/inputs” and their interrelation through the production

function, properties like the law of diminishing returns, static phenomena like economies

of scale, and dynamic forces like technical change... but not efficiency. Efficiency (in

the use of resources viewed from many different angles) is not an entity in this system,

but an outcome. Students of economics that have their first contact with the theory of

production are usually surprised to learn that the production function is defined as a

frontier, representing the maximum output to be produced from a given combination of

inputs and technology, namely, the efficiently produced output. “But”, they ask, “how

can we ascertain that the firm is fully efficient? Isn’t this what economics is all about?

Analyzing the current use of scarce resources in order to help and promote full efficiency

in their use? If use of resources is assumed already efficient, what is our purpose here?”

It is then the task of instructors to help these students realize that in order to target

something (full efficiency) one must first define it and then measure the distance of our

semi-Aristotelian world from this Platonic ideal. But this means that the raison d’ être

of economics, the efficient use of scarce resources, is ultimately an empirical matter.

The fact that the achieved degree of efficiency depends on “organization” was ap-

parently never in doubt. To quote Alfred Marshall, “Writers on social science from the

time of Plato downwards have delighted to dwell on the increased efficiency which labour

derives from organization”.1 Remaining two centuries in the past, in Walker (1887, p.

275), Francis A. Walker, the then president of both the American Economic Association

and of the American Statistical Association, offered a vivid description of what it means

to achieve efficiency in production: “The excess of produce which we are contemplating

comes from directing force to its proper object by the simplest and shortest ways; from sav-

ing all unnecessary waste of materials and machinery; from boldly incurring the expense

–the often large expense– of improved processes and appliances, while closely scrutinizing

outgo and practising a thousand petty economies in unessential matters;(...)”.

But Walker was not examining efficiency; his article and the above quote was about

the source of “business profits”, understood as the surplus over and above labor costs,

capital rent, expenses, and even the wage a business owner could claim for their time

spent. Still, the fact that his description is so close to what any business professional

would instinctively think to say in order to describe how management should go about

1Marshall (1920), Book IV, chapter VIII. We note that Book IV “The Agents of Production” was
one of the parts of Marshall’s Principles that remained rather unchanged from its 1st edition in 1890 to
its 8th, 30 years later.
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achieving efficiency, impresses powerfully the strong connection between the two. To

return to Marshall, it is to be noted that he uses the term “Agents of Production” for the

title of Book IV in his Principles (rather than “inputs”), and these are, as we read in the

subtitle, “Land, Labour, Capital and Organization”. So “organization” was for Marshall

an agent of production, and reading through Book IV, we can safely map to this concept

what in present day we call “management”.

As years passed and the field of efficiency and productivity analysis arose and pro-

gressed, the conviction that management was the champion of efficiency in a firm sailed

through as a self-evident consensus. In the seminal Farrell (1957) paper, the author stated

that “technical efficiency indicates the gain that can be achieved by simply ’gingering-up’

the management”. Half a century later, Fried, Lovell, and Schmidt (2008, p. viii), wrote

“Ultimate responsibility for performance rests with management. We believe that ineffi-

ciency arises from the varying abilities of managers...”. It appears that, even when we

acknowledge that the inefficiency of a firm does not only come from failings in internal

planning, monitoring and controlling, but that it is also affected by external factors like

regulatory regimes, cultural trends and other socioeconomic forces, still, we treat man-

agement as accountable for any inefficiency and as responsible for reducing it.

But accountability and responsibility are contractual concepts (formal or implicit),

not causal. Casual observation indicates that most of the various stakeholders of a firm

tend to simplify their lives by blaming management for every bit of inefficiency (which

is causally inaccurate) and also praising solely management for every bit of the firm’s

success (which again is causally inaccurate). The duty of scientific research is to go

beyond these social tendencies and arrangements and to provide hard evidence, eventually

quantitative, of what are the effects of management on a firm –and we focus on the effects

of management on production.

We write “production” as the comprehensive word to cover “output”, “productiv-

ity” and “efficiency”. Even though a clear analytical distinction between these concepts

can certainly be drawn (see for example Sickles and Zelenyuk, 2019, p.97), changes in

efficiency will affect also productivity and output. Suppose that a “simpler and shorter

way” has been introduced in a production process, perhaps after management overheard a

conversation of competitors at the yearly gala of the local trade association. Suppose that

this change results in less labor needed to produce given levels of output: efficiency has

just been increased. But “labor productivity” (output/labor ratio) has also increased.

Moreover, if demand conditions are favorable, the surplus labor may be retained and

output may actually increase.

These interconnections have consequences as regards how we view the material here:

some studies estimate the effects of management on output, others on productivity (ex-

clusively of labor), yet others on efficiency itself. We did not use this as a criterion to

group the studies, because we felt that we would misleadingly create the impression that
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these are distinct sub-areas of research... They could and maybe they should be. But the

main challenge was and still is to “measure management” or at least its effects with some

acceptable degree of accuracy. When we arrive at that point, its effects through different

routes and on different aspects of production could be systematically analyzed. For the

time being, the survey of the literature indicates that we are still in an exploratory stage.

Marshall kept insisting that “it seems best sometimes to reckon Organization apart

as a distinct agent of production,”2 but when Paul Samuelson wrote his seminal book,

his stance was skeptical and his suggestion different: “It is useful, I believe, to avoid

the expression ’factor of production’ entirely. This has been used in at least two senses,

neither of which is quite satisfactory. First, it has been used to denote broad composite

quantities such as ’labor, land and capital.’ On the other hand, it has been used to denote

any aspect of the environment which has any influence on production. I suggest only

“inputs” be explicitly included in the production function and that this term be confined

to denote measurable quantitative goods or services.”3 Note that “organization” was no

longer mentioned as a production input alongside the other, familiar ones.

Samuelson had his focus on the practical needs for quantitative analysis, and he cer-

tainly knew that an easily obtained measure of management was not available. Economics

is acquainted with complex production inputs, “capital” being the obvious example. In

principle, we could settle with measuring management in the same way that we measure

capital: using a monetary measure, summing up the salaries of managerial positions, the

expenses of monitoring and information-processing software and related costs. But that

kind of cost-analysis is not usually done by firms, and when it is done, it is not available to

outside researchers. In light of this, the profession followed Samuelson’s reasonable advise

and management was early on placed in the “unobservable/latent variable” category. The

present survey is also testimony to the imagination of researchers that tried to come up

with very diverse conceptual and technical methods to measure management, proxy it,

and estimate its effects on production. This at the same time means that there are no

established methodological paradigms on how to proceed, and each researcher, given also

what kind of data are available, almost starts from the beginning.

Francis Walker’s era is pictured as that of the individual business owner fighting

alone against entropy, competition, and adversary chance events. This picture has per-

sisted in agriculture even to our day, and many studies are concerned with management in

agriculture, likely due to the availability of data that relate somehow to management, but

also because of the sensitive socio-political status of the industry that caters to the daily bi-

ological needs of the human race, as well as its central importance in under-developed and

developing countries. But this situation characterizes in general the small-and-medium

2Marshall (1920), p.115
3Samuelson (1947), p. 84.
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enterprises (SMEs), that make up almost all of the firm population globally. In the modern

industrial and post-industrial economy, “management” also arose as a system of control,

alongside the realization that it can be abstracted, analyzed, and taught. This opened

the way for general methodologies to measure management, which led to projects like the

“World Management Survey” to take root and offer a more widely applicable methodology

to measure it (see section 4.2). We can crystallize this by making the distinction between

“leadership” and “management”.4 Some studies focus on both (and in some cases they

found them to be incompatible), others on management “only”. While the single most

comprehensive word that coveys the function of management is “control”, decomposing

the main functions of management (planning, monitoring, intervening) makes the case

that the effects of management on production are bound to be transmitted through many

channels: management as another input or a technology shifter (or a technology itself),

management as affecting the structure of the production function (and so the effects of

other inputs on production), management as affecting efficiency... So, not only manage-

ment is hard to measure, its effects are hard to disentangle. Nevertheless, scholars did not

shy away from the challenge, and this survey attempts to bring together very different

approaches and applied methodologies that span 70 years of research, ultimately to see if

we can arrive at some general conclusions. We think we can, and we present them at the

end.

1.1 Content and structure of the chapter

This being a chapter in a handbook of production economics, the focus is on studies

using econometric methods related to production. But this is not the only way by which

scholars have approached the phenomenon of management. Consequently, certain strands

of economics and other disciplines that deal with management are not surveyed here.

We did not engage with the empirical literature coming from management science:

being a different discipline, it has a different vocabulary, concepts and models, and it

would be infeasible to present those alongside the empirical studies coming from this

field.5

The effects of management in agriculture have been under intense scrutiny and study

from the beginning of the 20th century, under initially the label “Farm management”.6

From this field we excluded studies that are concerned with the effects of implementing

certain operational production techniques, because these relate essentially to the effects

that technology in its conventional sense has on production, and not to those of manage-

4Lucas (1978) theoretical model remains to this day the simplest and more elegant way to distinguish
between the two while examining them together.

5Some papers published in management journals were included because their approach and method-
ology was fully econometric.

6See McCown, Brennan, and Parton (2006) and McCown and Parton (2006) for a critical look at the
history and evolution of this field.
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ment viewed as a control mechanism.

A large literature exists examining the relation between the financial performance of

firms and their top management. We do not review this literature, because our concern is

the effects of management as a control mechanism in production and production efficiency,

rather than on the intertemporal financial fortunes of a firm that are mainly linked to the

“leadership” function.

With some difficulty, we also decided to not review the empirical literature coming

from personnel economics and from insider econometrics. The reasons that finally weighed

in for this decision were two: the first is that both fields focus intensely on examining

the effects of “human resources management on worker productivity”. One could argue

that management exists mostly because humans exist in the production process, and

so human resources management is perhaps the most important component of it. But

we are interested in a more encompassing view of management, that allows for more

general conclusions as regards the management effects on production. The second reason

is that there exist relatively recent comprehensive presentations and surveys of these

fields, Lazear and Oyer (2013) for personnel economics, and Ichniowski and Shaw (2013)

for insider econometrics, both in the 2013 Handbook of Organizational Economics. In

contrast, to our knowledge the research we review here has not been covered in a unified

way before. Interested readers should by all means consult these surveys, if only for the

methodological insights about what does it mean to conduct quantitative microscopic

analysis in the present day.

Even with these exclusions, the survey is not exhaustive and it could not have been.

But we tried to provide a representative sample of the various approaches that have been

applied over the decades. We allowed for room as regards the definition of management,

and looked carefully at how the authors themselves understood the concept, argued for

their methodology and interpreted their results. Rather than writing a condensed “list

of references” and a “guide to literature” only, we decided to present each study in some

detail so that the chapter can be read as a self-contained introduction to our topic.

These presentations are mostly descriptive with only occasional light commentary. Our

assessment of the various methodological strands is reserved for the Conclusions section.

Because we survey empirical studies where the chosen applied model and method

are as important as the underlying theoretical concepts, we opted for a methodological

criterion to organize the material. The surveyed works are grouped in sections based on

how management is treated as a component in their estimation model: there are studies

that treat it as an unobservable and they attempt to capture indirectly its effects by

different methodologies. There are studies that are proxying management, most of the

times by more than one variable. Here one finds the most variety in research approaches:

in order to proxy management, researchers use variables related to the human capital of

managers (age education, experience), various “informational/knowledge” variables (like
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access to consulting services or supporting public agencies), indicators of management

practices, goal achievement, or financial indicators like mixed operating margins. One

could argue that when these variables relate “directly” to managerial aspects like infor-

mation flows (reporting/monitoring) and management practices (controlling), the authors

do not “proxy” management but they actually use a direct measure of it, only they do

not construct a single comprehensive management index/variable, but they use it in dis-

aggregated form, much like one could take the production input “labor”, disaggregate

it into different categories (e.g. per education level), and use these as autonomous pro-

duction factors in a regression specification. But we decided to include these studies in

the section dealing with proxying management because the “disaggregation” alluded is

only conjectured by the reader, while the authors of these studies do not reflect as to

whether, and how, the various covariates they use could be meaningfully aggregated into

a comprehensive single management variable. Finally there are those studies that boldly

construct a single measure of management, and in acknowledgment of their intellectual

courage (or risk-taking) we give them the last consideration, not least because these in-

clude organized efforts through (inter)national surveys that are bound to provide large

and accessible data sets that include a measure of management, opening the way for a

more systematic research on the effects of management on production. Nevertheless, we

acknowledge that whether a study is “proxying” or “measuring” management is in many

cases up to debate.

Some studies examine the effects of management on output and/or productivity (in

its quantitative sense i.e. as output per unit of some input), others study the management

effects on some indicator of financial “success”/efficiency, and some do both. In practice,

this comes down to what was the dependent variable(s) in the econometric specification

of each paper. We did not use this as a criterion to organize the material, but we are

reporting what was the dependent variable in all cases. The only industry that was granted

a separate subsection was that of professional sports, because of the gamely mental leap

required to think of “output” as match points or games won. Apart from that we resisted

the temptation to try to sub-group the other studies per topic or research focus in each

section, because our main purpose here is not to write mini-reviews per industry, but

to provide an as panoramic as possible view of the relation between management and

production. Consequently, in every section the studies are presented in chronological

order.

Specifically the survey is structured as follows: Section 2 present studies that treat

management as a latent variable, having some or no data related to it, but they attempt

to nevertheless measure its effects on output. Section 3 presents studies that proxy man-

agement by one or many variables that the authors argue are linked to management, and

reflect its “level”, “intensity”, or “quality”. This section contains also the subsection on

professional sports. Section 4 presents the studies that attempt to construct a measure
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of management and use it for estimation purposes. Weight is given to the appearance of

national surveys that collect data related to management, and the studies that use them.

Section 5 contains our conclusions.

2 Management as a latent variable

Four different approaches have been used to estimate the effects of management on output

while treating it as an unobservable: the individual effects panel data model, the struc-

tural latent-variables framework, stochastic frontier analysis (SFA), and data envelopment

analysis (DEA).

2.1 Panel data models with management as the firm’s individual

effect.

Management as a latent production factor was apparently what inspired Yair Mundlak

to pioneer the individual effects panel data model. Taking ideas from Hoch (1955) who

obtained a measure of “entrepreneurial capacity” essentially advancing the view that the

contribution of management to production hides in the regression residuals, in Mund-

lak (1961) the author showed how with a panel data set of just two observations along

the time dimension, and a constant-returns-to-scale assumption, one could obtain a mea-

sure of management and of its output elasticity. He modeled the (unobservable) man-

agement variable as another input in a Cobb-Douglas function with its own elasticity,

Q = B0X
b1M c (we assume a single additional input for simplicity). Using lower-case

letters for variables in logarithms and adding a random disturbance the panel data spec-

ification becomes

qit = b0 + b1xit + cmi + vit, i = 1, ..., N, t = 1, ...T .

So the management variable mi was mapped to the time-invariant “individual effect”

for each firm, conceptually multiplied by the management output elasticity c. Mundlak re-

specified the equation to express the management variable as a deviation from its sample

mean m̄:

qit = (b0 + cm̄) + b1xit + c (mi − m̄) + vit .

This allowed him to apply what is now called the Least-Squares Dummy-Variables

(LSDV) estimator, and he obtained estimates for the slope coefficients using the Within

estimator. Then, pooling the data he obtained an estimate for (b0 + cm̄). This gives an

estimated series for c (mi − m̄), as a product. The assumption of constant returns to scale

in inputs including management, b1 + c = 1, permitted him to estimate the management

output elasticity ĉ = 1 − b̂1, and then to divide c (mi − m̄) by ĉ to obtain a data series
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on management in mean-deviation form. The unobservable had been revealed and esti-

mated. Mundlak also discussed the inclusion of a “time effect” especially when the time

dimension of the panel is longer than two periods. He provided an empirical illustration

using a panel data of family farms from Israel, with N = 66, T = 5. He run logarith-

mic Cobb-Douglas regressions with the management and time effects being restricted to

zero, or not, and obtained that the changes in the elasticity estimates of the inputs where

important as specifications changed. He also obtained that the estimated management

series was correlated with the regressors. Finally he computed that the management out-

put elasticity under constant returns to scale (the value of c) was 0.205 when a time effect

was included, and dropped to 0.122 when not.

Hoch (1962) presented more fully the panel data model with both “firm-specific”

and “time” effects, and he also allowed for the possibility that the firm may not be strictly

profit-maximizing either due to external constraints or due to pursuing other goals in the

specific period under examination. In this paper the author called the “firm-specific”

effect an indicator of “technical efficiency”, in line with the terminology adopted in ef-

ficiency analysis and SFA. He presented an empirical study of 63 Minnesota farms over

the period 1946-1951. As in Mundlak (1961), here too most of the output elasticities of

conventional inputs changed when time- and/or firm effects were allowed, but the most

striking result was the reduction to around 0.05 of the output elasticity of labor, from

a value of 0.256 in the restricted regression (zero time- and firm-effects). Hoch adopted

again the “entrepreneurial capacity” interpretation of the firm effect. Viewing it as an-

other input, its implied elasticity under constant returns to scale was 0.17. Viewed as an

output shifter (back into levels), the value of the fixed firm-effect ranged in the interval

[0.7, 1.4]: this implied that in some cases the management factor dragged output below

its “unmanaged” level, while in other cases it expanded it above this level. In this result

we have a confounded trace of the “battle” between the management factor and ineffi-

ciency, that characterizes the two-tier stochastic frontier model of production that will be

presented in a while.

Massell (1967a) applied essentially the same methodology as the previous authors,

but his sample of twenty peasant farms from Rhodesia (now Zimbabwe) for the 1961-1962

crop year was not a conventional panel-data one but a cross-sectional sample with three

different outputs per firm (corn, peanuts, millet). The author specified separate logarith-

mic production regressions for each output per firm, and allowed for the output elasticities

and the individual effect to differ per farm per output. Because two inputs (a binary soil

quality variable and the estimation of fixed capital) were joint in all three output equations

per farm, the regressor matrix became singular. In such a case least-squares estimates

can be obtained by the use of the unique Moore-Penrose generalized inverse that gives
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the solution that has residuals with minimum euclidean norm. The author opted instead

to run a two-stage procedure, where initially each output was regressed on the common

inputs, and the residuals from this regression were used as the dependent variable to

estimate the elasticities of the other inputs and the individual effects. As regards the in-

dividual/management effect values, translated back in levels, they ranged in [0.97, 1.35].

As the author reports, combined with the recorded level of inputs this range implied that

the best firm could produce double the output of the average firm, and the average firm

could produce double the output of the worst firm. Unlike the results in Mundlak (1961),

here the management factor did not appear correlated with the other inputs. Finally the

author detected a short one-year “learning curve”, where the mean management effect

was low for firms operating just one year, while for firms operating two years or more it

increased in the second year by a factor of ≈ 2.5 and remained statistically constant at

that value.

Siebert and Zubanov (2010) did not equate the individual effect with management,

but they treated it as function of the latter. They looked at a single large UK-based

clothing retailer with more than 600 stores in the UK and many more internationally,

with the intent to estimate the store-manager effects.7 They used weekly data for the

period February 2005 to February 2006 (52 time periods) from 245 UK stores. The stores

were chosen so that the store manager had already a year as manager of the store at the

beginning of the sample, and stayed on as manager throughout the sample period. In this

way they controlled for any initial learning curve and also for a changing management

input. They estimated an individual effects autoregressive panel data model with sales

being the dependent variable, and then regressed the obtained series of store individual ef-

fects on controls and six “Key Behavioral Indicators”: sales focus, commercial awareness,

developing people, drive and personal development, leadership, and planning/organizing.

This was an evaluation system of store managers run by the company itself. In regressions

where a single KBI was included, each proved to be individually significant, except plan-

ning/organizing. But when some combination or all of them were used, only “commercial

awareness” remained as a significant factor to explain the store’s individual effect. Across

specifications this KBI had a rather stable sales semi-elasticity estimate of 0.07 − 0.10,

which approximates the mean total sales elasticity, since the mean value of this KBI was

roughly unity.

Wolff, Squires, and Guillotreau (2013) examined the “skipper effect” on the French

purse-seine fleet harvesting tuna in the Indian Ocean. They used a three-dimensional

panel data set that identified vessel and vessel captain per observation over the period

1980–2007 (n = 1197). Their dependent variable was a measure of the total tuna catch

7The single-firm focus has the flavor of insider econometrics.
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per skipper working on a vessel during a specific fishing year in the sample. As inputs

they used industry-specific variables. They also included two measures of skipper’s hu-

man capital: overall experience as captain in the Indian Ocean, and tenure to each vessel.

Their individual-effects model included three heterogeneity effects: a time-effect, a ves-

sel effect, and a skipper effect, and they interpreted the human capital variables as the

time-varying part of the managerial effect of the captain. The estimation results showed

that these variables had no effect on output, leaving only the time-invariant skipper ef-

fect as a management production factor. This time-invariance result of the management

effect is important because it comes from a sample that run over 28 years. The previ-

ous studies using the individual-effects model worked with much shorter time intervals

and, for example, Mundlak (1961) was careful to qualify his method stating that it was

appropriate if management stays fixed from one year to the next. On the other hand,

Kaldor (1934) made the distinction between “co-ordination” and “supervision”, which we

can alternatively express as the distinction between “resource planning and allocation”

and “process monitoring and control”, and argued on theoretical grounds that the first

is inherently a fixed production input even in the long-run. The time-invariance result

of the managerial effects of vessel skippers appears to echo his argument. The authors

performed a variance decomposition to see the importance of individual effects on output.

The managerial fixed effect variance was 5.7% of output variance. Another finding was

that the vessel effect was negatively correlated with the skipper effect: the authors com-

mented that this was counterintuitive, against anticipations that more efficient managers

will tend to be matched with more efficient vessels. But it is also plausible to argue that

skippers are used as “efficiency adjusters” for vessels by the firm’s higher management,

so that a more uniform efficiency level is attained across the vessels in the fleet, and the

authors do remark that.

2.2 Structural latent-variables models

Ford and Shonkwiler (1994) developed a structural latent-variables model to estimate

the effects of three dimensions of managerial ability (financial, dairy- and crop-) on a

farm’s “financial success” (measured as net farm income). They related linearly each of

these three latent management variables to four distinct observable indicators: financial

indicators for the first (like equity-to-assets ratio and gross profit margin), and (different)

productivity and cost indicators for the other two. These were not used as proxy variables

for management, but as “intermediates” to eventually estimate, by maximum likelihood,

the direct effect of the latent management variables on net farm income (in the same spirit

that we use an instrumental variable not to proxy a regressor but to estimate the regres-

sor’s marginal effect). Namely, causality run from the latent variables to the observables.
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Herd size was also included in the specification, to account for scale effects. They applied

their model to a sample of 880 dairy farms from Pennsylvania using 1990 data. Financial

and especially dairy management were estimated as having a positive effect on net farm

income, while crop management appeared not to matter. An additional interesting result

was that the estimated correlations between the three management latent variables were

all negative (although small): focusing on one management aspect appeared to antagonize

the others.

Kalaitzandonakes and Dunn (1995) looked at the relation of education with manage-

rial ability and technical efficiency. By applying three different methods –a deterministic

frontier model, an SFA model, and DEA–, they showed that the relation between tech-

nical efficiency and education is sensitive to the estimation method chosen. In light of

the different results obtained, they argued that we can treat these estimated technical

efficiency series as imperfect indicators and so functions of the true latent technical ef-

ficiency, and, at the same time, the latter as a function of the true latent managerial

ability. Education, farming experience and consulting/training services on new technolo-

gies (“agricultural extension”) were used as the latter’s imperfect observable indicators.

This led to a structural latent variables system of equations that they applied to a sam-

ple of 82 corn farms from Guatemala. They found a strong positive connection between

technical efficiency and managerial ability, as well as a weaker positive connection of the

latter with education. They also obtained that the weighted combination of the three

estimated technical efficiency series had a 0.97 coefficient of determination as predictors

of the latent technical efficiency, which lends support to a practical “model averaging”

approach, even without the Bayesian machinery at play.

Mäkinen (2013) made the distinction between “management ability” (and linked

it to personal characteristics and the psychological make up) and “management capac-

ity (“having both the necessary personal characteristics and the skills to deal with the

decision-making system”). He operationalized the distinction into “managerial thinking”

(MT) and “management process effectiveness” (MPE), and set out to measure them and

then estimate their effects on two financial success indicators: operating margin (cru-

cial in the short-run), and profitability (crucial for long-term survival). Like Ford and

Shonkwiler (1994), he applied “reflective” structural equation modeling (SEM) in the con-

text of which causality runs from the unobservables (MT and MPE) to the observables,

the latter being responses to survey questionnaires. His sample was 117 Finnish dairy

farms with survey data collected in 2010 while for financial data he used the averages

of 2008-2009. The main result of the empirical study was that MT had a causal effect

on operating margin but not on profitability, and that MPE affected neither indicators

of financial success and viability. Moreover, an effect from MT to MPE was also found.
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Together these results communicate the following rather intuitive result: in the family

farm business, what matters is the self-consciousness and intrinsic ability of the farmer

as a businessman and manager (MT) –and only then does the use of specific manage-

ment tools and practices become effective (MPE). This paper is also useful as a pointer to

a lot of related literature that is published outside journals of economics and econometrics.

The model used in Delis and Tsionas (2018) is ostensibly a stochastic frontier model,

but its focus and contribution is to measure management not through the unobservable

components of such a model, but using standard accounting data on input prices and

firm size, at a panel level, and this is why we include it in this subsection. The authors

specified a standard production-dual translog stochastic frontier cost function treating

management as another factor with a price, albeit both unobservable. They completed

their system of equations with two dynamic, AR(1) equations defining the law of motion

of the management index variable and its price respectively, where they also included

forcing variables (firm size, the principal components of input prices, and squared and

interaction terms). To estimate this system they applied a Bayesian technique based

on Sequential Monte Carlo/Particle-Filtering. To validate their approach they used the

international data sample from Bloom and Van Reenen (2007) where the “WMS man-

agement scores” (see section 4.2) were originally presented (usable sample size n = 6049).

They compared the management scores from their method to the WMS scores, and the

similarity was impressive: the mean value of WMS management scores was just 4.5%

higher, and exhibited a narrower empirical support (which should be expected since the

WMS scores in this data set were obtained by grading answers to surveys on a 1-5 Likert

scale). But the standard deviation, skewness and kurtosis of the empirical distributions

of the two management scores were virtually the same. Pearson’s correlation coefficient

between the two series was 0.92 over the full sample, and ranged in [0.88, 0.94] when

measured per country. In contrast, the management scores obtained by applying DEA

differed greatly from the WMS scores. The authors further validated their approach by

running Monte Carlo experiments with artificial data, and compared the estimated values

of the management-related variables to those used in the data generating process. Again

the results showed that their method works. Here they reported also rank correlations,

and for sample sizes n = 1000 and above, the value of the correlation between estimate

and true value exceeded 0.80. In this study technical sophistication is not introduced

for its own shake: the admittedly heavy estimation procedure allows the researcher to

estimate reliably the latent management variable and its effects on output based solely

on standard cost/output data on firms that are available all over the world for numerous

industries and periods. In contrast, the WMS management scores are based on surveys,

and they are bound to cover a smaller ground.
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2.3 Stochastic Frontier Models

In stochastic frontier models of production, the production function represents the maxi-

mum amount of output given the inputs (the production frontier), while an unobservable

component of inefficiency appears that tends to drag output below its frontier. SFA has

taken to heart the close connection between management and efficiency/inefficiency –and

it is perhaps for this reason that we find very few papers were management is explicitly

modeled, since the field appears to consider the discussion about efficiency and about the

management effects on production as equivalent. Below we present some exceptions.

Gathon and Pestieau (1995) stressed the importance of the regulatory environment

on the achieved efficiency, especially for public enterprises. They framed this effect as

constraints on managerial autonomy. They looked at 19 European railways for the period

1961-88. They used first a stochastic frontier model to obtain the “gross” efficiency score

(relative to the best score in the sample). As output they used the sum of gross hauled

ton-kilometers both from passenger and freight trains. Subsequently, through a detailed

questionnaire answered by the management of each company, they obtained three “au-

tonomy indices” (for hiring, pricing and commercial autonomy), as well as an aggregate

autonomy index (they do not explain the mechanics of constructing these indices). Using

the latter, they then decomposed the relative gross efficiency scores into a management

and a regulatory efficiency score. In some cases, this decomposition did not really changed

the ranking of the railways that was obtained based on the gross efficiency score. But

in other cases, it did. For example, Finnish railways had a middle rank based on gross

efficiency but became best when the regulatory constraints on managerial autonomy were

accounted for.

Alvarez, Arias, and Greene (2005) developed a panel-data model with a logarithmic

translog production function where management is treated as a fixed input but interacting

with the other traditional inputs also. They also assumed a technically optimal level of

management: a level for which the production process is fully efficient, and therefore lies

at its deterministic frontier. With these choices, the level of technical efficiency of a firm

becomes time-varying and depending on the conventional inputs (due to the presence

of the interaction terms). Moreover, the latent variable now is not actual management

but optimal management, which the authors express as a linear function of the average

values of the inputs. They end up with a random-coefficients model to be estimated by

simulated maximum likelihood, since the error term is a composite, consisting of random

noise and the inefficiency component, and they wished to separate the effects of the two.

They applied the model to a balanced panel-data set of 247 dairy farms from Northern

Spain over the years 1993-1998. Results indicated that the management factor belonged
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to the relation, having an own output elasticity of ≈ 0.1 and also, statistically significant

effects on the output elasticities on the conventional inputs.

Their approach has been subsequently used in other studies, of different industries.

Marques and Barros (2010) studied 32 major airports in Europe through a balanced panel

data set for the period 2001-2004. Exploiting duality they specified a translog cost rather

than a production model in order to accommodate the multi-output nature of airports.

As output variables they used passengers and aircraft flows in each airport. They found

that management had a visible and statistically significant negative (reducing) effect on

airport costs. Barros and Antunes (2011) used the same cost model for the Portuguese

windfarm industry but the publication was unlucky since as core reported results we find

a table that was mistakenly replicated from the 2010 paper mentioned just above. A third

application of this model is presented later in the section on professional sports.

Papadopoulos (2020) sided with Alfred Marshall and proposed a “two-tier” stochas-

tic frontier production model to measure the effects of the omitted production factor of

management. In logarithms, the model has the form,

lnQ = lnA+ lnF (x) + ε, ε = v + w − u, E(v) = 0, u ≥ 0,

w ≡ h(m), m ≥ 0, h(0) = 0, h′(m) > 0, h′′(m) < 0.

Here, AF (x) is the traditional maximum-output production function, v is a random

disturbance u represents inefficiency, m is the unobservable management factor and h()

a transformation function. Unlike Delis and Tsionas (2018) method, in order to obtain a

measure of management here, one would need to specify also a functional form for h().

Otherwise, what we can obtain are the effects of management on output. The model

conforms with standard microeconomic theory. In particular, for a cost-minimizing firm,

at the optimum management is a complement to the conventional inputs, and also it

has only scale and not allocative effects on the other inputs in an otherwise homothetic

production function. In its econometric incarnation, the three-component error term with

two non-negative elements entering with opposite signs makes this a two-tier stochastic

frontier model (2TSF), introduced originally by Polachek and Yoon (1987) for other pur-

poses. The model can be used with cross-sectional data, it does not require a panel-data

sample to estimate the effects of management. By design there is dependence between the

error term and the regressors, through the management component w. To deal with this

issue, the author proposed maximum likelihood estimation with a Gaussian Copula model

(see Tran and Tsionas, 2015; Papadopoulos, 2018, 2021), which accounts for regressor en-

dogeneity without the need to use instrumental variables. The model allows to estimate

different aspects of the effects of management at observation level and on average: viewed

as another production input, we can estimate the management contribution to output as
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a proportion, and compare this against the costs of the management system of a com-

pany. We can also compute the management effect as a production shifter. Finally, by

taking into account the existence of inefficiency and the accountability and responsibil-

ity of management for it, we can compute the net multiplier effect of management on

output (net of overall inefficiency). The author applied the model to a diverse data set

from 2006, for which WMS management scores were also available. The management

contribution to output was estimated as ≈ 0.32 on average, with median value ≈ 0.28.

As an output shifter the average value was ≈ 1.9 implying that management tended

on average to almost double output. But once inefficiency was taken into account, this

value fell to 1.17, which is the net multiplier effect of management in this sample. The au-

thor contrasted through contingency tables the distribution of 2TSF management metrics

stratified along WMS management scores, and found that they are related in reasonable

ways: as the WMS score increased, the probability mass of the (beneficial) management

metrics moved towards higher values. He also found that the organization-wide effects of

management, as represented by its net multiplier effect, are those that change more when

management becomes “better” or more “structured”, rather than its direct contribution

to output as another input. He also stratified the sample into Large firms and SMEs

(number of employees up to 250) and found, in terms of subsample average values, that

the Large firms had higher management metrics, but close to the values enjoyed also by

the SMEs.8

Liu and Sickles (2020), among other research goals, merge the “agency problem”

coming from the separation of ownership from management with a cost stochastic frontier

model in order to identify separately managerial inefficiency from inefficiency attributable

to other factors. They equate the level of managerial “shirking” (the consequence of the

agency problem), with an inefficiency factor that increases costs above minimum, a rea-

sonable way to model the actual monetary effects of the agency problem. They use a

structural model with a translog cost function, and inverse market demand functions for

inputs that are non-linear in the parameters. It allows to estimate time-varying manage-

rial inefficiency separately from time-invariant technical inefficiency (relative to the most

management-efficient observation in each period). They apply the model to a sample

for the period 2000-2017 related to the top 50 commercial US banks (“top” per value of

2017 total assets), where for outputs they use securities and three different types of loans.

The estimated inefficiency coming from management appears small in relative percentage

terms: management across bank-size strata and over time is 93% − 97% cost-efficient,

but this “small” deviation from the 100% optimum translates on average into hundreds

of USD billions in excess costs.

8Number of employees is the main criterion of the European Union’s classification of SMEs and Large
companies.
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2.4 Estimating management effects using Data Envelopment Anal-

ysis

Some scholars working in production analysis noted that the inefficiency in the operations

of a firm should not be wholly attributed to management: there are contributing external

factors that management cannot control, and certainly cannot eliminate (although part of

management’s job is also to mitigate to the degree possible these forces).9 Consequently,

they attempted to disentangle the two using mainly DEA or a combination of DEA and

stochastic frontier methods.10

Fried, Schmidt, and Yaisawarng (1999) developed a four -stage method to obtain

an estimate of inefficiency attributable to management. As the authors summarize it, in

the first stage they calculated a DEA frontier using the conventional inputs and outputs

according to standard production theory. External variables are excluded at this stage

that provides Farrell radial technical efficiency scores as well as input slacks and output

surpluses, for each observation. In the second stage, a system of equations is specified in

which the dependent variable for each equation is the sum of radial and non-radial input

slacks for an input-oriented model, or radial plus non-radial output surplus for an output-

oriented model. The independent variables measure features of the external operating

environment and are not restricted to be identical across equations. This equation system

identifies the variation in total measures of inefficiency attributable to factors outside the

control of management. In the third stage the parameter estimates from the second stage

are used to predict the total input slack or output surplus, depending upon the orienta-

tion of the model. These predicted values represent the “allowable” slack or surplus, due

to the operating environment, and are used to calculate adjusted values for the primary

inputs or outputs. In the fourth stage the DEA model is re-run under the initial-output

specification, using the adjusted data set. The new radial efficiency measures incorpo-

rate the influences of the external variables on the production process (in other words,

they are efficiency estimates conditional on them). The difference between the stage-1

and stage-4 efficiency scores is attributable to external environment, while the distance

of the stage-4 efficiency score from unity is the inefficiency attributable to management.

They applied the approach to a 1993 sample related to 990 US hospital-affiliated nursing

homes. As outputs they used inpatient days of skilled care, and of intermediate care.

Inputs were registered nurses, licensed practical nurses, other personnel and non-payroll

expenses. The average efficiency score increased from 0.522 to 0.682, still leaving a lot of

room for efficiency improvements through the management channel. But this could be a

misleading picture, as the authors’ next paper showed.

9These external factors were and are still called “environmental” for obvious reasons, although with
the arrival of environmental economics, this label has become a bit awkward.

10DEA appears to be one of the methods of choice when Management Science goes quantitative.
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Fried, Lovell, Schmidt, and Yaisawarng (2002) combined DEA and stochastic fron-

tier analysis, to account for the existence of statistical noise. In the first stage they applied

DEA to obtain input slacks. In the second stage, these are used as dependent variables

in a stochastic frontier model, where the explanatory variables reflect the operating en-

vironment, while the error term is the composed SFA error term comprised of statistical

noise/unpredictable shocks, and inefficiency that is now attributed to management. Using

the Jondrow, Lovell, Materov, and Schmidt (1982) methodology, they separate statistical

noise from managerial inefficiency, a decomposition that is needed to adjust the inputs.

Finally they re-ran DEA using the adjusted inputs, and obtain efficiency scores condi-

tional on both the operating environment and on statistical noise/shocks. These stage-3

efficiency scores and their distance from maximum (i.e. inefficiency) are attributable to

management. The authors offered an important service by using the same sample that

they used in their 1999 paper. There, without separating statistical noise from manage-

rial inefficiency, the final stage average efficiency score was 0.682, after accounting for the

environmental effects. Here, the final stage average efficiency after also “purging” the

noise effects was 0.905. So while still visible, the inefficiency attributed to management

emerged as much less (and much more realistic, we could say). Avkiran and Rowlands

(2008) proposed refinements to this methodology.

Byma and Tauer (2007), in a farm inefficiency study, use DEA techniques to exam-

ine whether the estimated inefficiencies can be attributed to a missing management factor.

To do this they use three specifications, one that includes conventional outputs and inputs

including the farm’s operator labor input, and two more where this covariate is replaced

by two different proxies for management: the farm operators’ own estimates of the value

of their management and labor, and net farm income from the previous year. The hy-

pothesis is that if indeed the managerial factor affects inefficiency, then mean inefficiencies

between the specifications with and without a managerial proxy should be different. This

exercise was applied for input- and output-oriented technical efficiency, as well as cost and

revenue efficiency.11 They used unbalanced panel data related to New York dairy farms

for the period 1993-2004. The results are mixed: in general the estimated differences in

mean efficiency scores are statistically significant based on formal t-tests, but the authors

themselves acknowledge that their economic significance is small, from near zero to 3-4

percentage points.

Fried and Tauer (2015) focused on startups using data from the Ewing Marion Kauff-

man Foundation Firm Survey covering the period 2004-2009. While the authors note that

11Strictly speaking, this paper should be included in the next section, but we decided to keep it
together with the rest of DEA studies.
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the survey has data on thousands of variables, they used only revenue (as output) and

total costs and business’s owner hours worked, in order to estimate an “entrepreneur per-

formance index” as they call it. Looking at the variables used, the structure of the model

is very close to a production function model, and the efficiency scores obtained reflect the

distance from best possible performance (highest revenues given costs and owner’s labor).

The authors used a Free Disposal Hull (FDH) estimation method. To account for possible

effects of outlier observations, they also implemented an “m-order” FDH estimator. In

this variant, FDH analyses are carried based on S random subsamples of size m, and then

efficiency scores are averaged over the S draws. For each firm, the S subsamples are not

drawn from the whole sample, but from the subsample of firms that use the same or fewer

inputs than the firm being evaluated. They set m = 250. The FDH estimates where

systematically lower than the order-250 FDH estimates. The value of the performance

index was low, having a U-shape over time, and ending at the value 0.23 at the final year.

The authors also estimated a survival model to assess the validity of their index through

its predictive power as regards firm survival. Here they used only the index obtained by

the order-250 FDH method. They estimated both a Cox model (that has a time-invariant

hazard rate), and a Weibull model that allows for a monotonically changing hazard rate

over time. The results indicated a strong positive connection of their performance mea-

sure with the survival probabilities, while the Weibull model indicated that the hazard

rate was falling over time.

3 Empirical studies using proxies for Management

In Yaron (1960) we find the following remark (p.66): “Hardcopf has suggested that the

residuals from an empirically estimated production function may be considered as repre-

senting the share of the management factor in output and an error term”. The author was

referring to an unpublished MS thesis by R.W. Hardcopf in 1956 at Iowa State University.

This remark is reflected in the work of Swanson (1959). He worked with two yearly

panel data samples of north-central Illinois farms (“grain” and “livestock”), each of size

30 over the period 1936-1953. Panel data econometrics was just around the corner, and

Swanson run separate ordinary least-squares regressions (OLS) year-per-year, for the two

samples separately, with value of production as the dependent variable (i.e. sales adjusted

for inventory changes) and variables related to capital, labor and feed expenses as regres-

sors. He then proposed that the OLS residuals could be used to rank the farms per their

“economic success”, because the management factor was to be found in the residual. The

author did acknowledge that the residual hosted also other influences like the effects of

weather, but his practical approach anticipated the formal result of Ondrich and Rug-

giero (2001) in the field of SFA, related to the composed error term of a production SF
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model, ε = v − u, where u measures the inefficiency and v represents random forces like

the weather. The authors showed that if the symmetric component v has a log-concave

density (and most of the distributions that would be reasonably used to model this com-

ponent do), then ranking the observations by the efficiency predictor E(u | ε), as is done

in SFA will produce the same results asymptotically as the ranking based on OLS resid-

uals. This applies to Swanson’s approach even though he does not implement a frontier

model, because, as Papadopoulos (2020) has indicated, with management absent from the

regressors, the u component in the standard production stochastic frontier specification

essentially nets the effect of management and inefficiency. Therefore, the error term in

a conventional regression model includes this net management effect. With separate re-

gressions per year, and so an intertemporal series of rankings, the author proceeded also

to test for the year-to-year consistency of the ranking, as an indication of it being non-

random. He used for the purpose the coefficient of concordance W introduced by Kendall

(1945, pp.410-421), which is the generalization of the more well-known Kendall’s τ . He

computed the statistic for three intervals each having length of six-consecutive years. The

tests indicated that there existed intertemporal consistency in the rankings which implied

that a systematic factor was at play.

Yaron (1960) himself attempted to include management in the production func-

tion through the use of proxies. The author studied production in dairy and field crops

family farms in the Negev area of Israel, based on 1957 data. He applied Principal Fac-

tors (Components) Analysis (PCA) in order to create proxies for management, based on

available data series on diverse variables: rate of accumulation of own capital per year

(an indication of past financial success, and hence, presumably, of management quality);

education level of the head of the farm; work experience in the farm measured in years

(both representatives of what we would nowadays call “human capital”); and variables

differentiating villages (capturing possible distinct subgroups of farms in the sample).

The two first principal components accounted for 73% of the joint variability, and they

were computed and used as additional production inputs in regression estimations. The

variables proved to be statistically and economically insignificant, and the author did not

report their effects on output. But he did note that low variability and a small sample

could create statistical barriers here, and that the results should not be interpreted as a

causal conclusion that “management does not matter”.

Huffman (1963) used detailed questionnaires that were filled in the course of a

two-hour personal interview with 31 hog farmers. Additionally, the author identified 18

“goals”, six “economic” (financial farm results), six “intermediate”(affecting financial re-

sults) and six “personal” that did not have a direct relation with consuming resources

for business purposes. Initially respondents had to choose two goals out of six from each
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category that most represented them. Then, they were given their six choices and were

asked to rank them. The author then proceeded to score these rankings as well as the

answers to the questionnaire, and performed PCA through which he ended with 25 vari-

ables that appeared the most important. From these he selected sixteen variables (plus

a constant) and executed least-squares regressions on various combinations of them, with

the dependent variable being “economic efficiency” defined as the ratio of net farm income

over capital and labor costs. The results were bizarre but stimulating: as should be ex-

pected by a least-squares regression where the number of regressors is half the size of the

sample, the “fit”, the predicted values of the dependent variable, was good, and most of

the coefficients were statistically significant. But many of these coefficients were negative,

indicating a negative effect on economic efficiency, and for variables such as “Dominance

of the manager in making farm decisions”, “Decisiveness of the manager”, “Ability of

the manager to recognize alternatives”. It is difficult to believe that these would have a

negative effect on the economic efficiency metric used, except if the managers themselves

were indeed lacking in ability, and so increased management autonomy and power would

amplify the inability. This hints that a distinction needs to be made between the design

of management practices on the one hand and their actual implementation on the other.

Massell (1967b) used another sample of 56 farms from Rhodesia for the 1960-1961

crop year, but with the same three outputs (corn, peanuts and millet) as in his pre-

vious study. Here he treated the data as three separate cross-sectional samples (per

output/crop), and used a dummy variable to indicate the management level in each farm

as “skilled” or “semi-skilled” leaving the “unskilled” category to be represented by the

constant term of the regression. This scheme followed a government-designated system

of farmer categorization that depended on the level of training the farmer had received

from the Agricultural Department of the country. The obtained results indicated that

management efficiency was not invariant across crops for the same farm, to the degree

that “skilled” farmers had the lowest yield per acre for millet (adjusted for soil quality),

a barely higher yield for corn, but a much higher yield for peanuts compared to the semi-

skilled and unskilled farmers. This probably revealed a systematic bias in the focus of the

training that these farmers had received.

In one of the early computerized simulation models, Patrick and Eisgruber (1968)

simulated the fortunes of the average family farm in the US state of Indiana. They mod-

eled the decision making process with respect to four goals (relative weights in parenthe-

ses): living standard (0.40); farm net worth (0.25); leisure (0.10); risk-taking/credit-using

(0.25). This is essentially the utility function of the farm operator. Their model included

also formation of expectations on prices and yields (as a three-lag exponential smoothing

scheme). In the model, seven alternative plans as regards resource intensity are planned,
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budgeted and evaluated per the utility level. One is selected and its production and fi-

nancial effects computed, to complete the cycle and start over. Managerial ability and

capital structure (interest rates and long-term and intermediate-term loan limits) were

the control variables whose long-term effects the researchers wanted to study. Managerial

ability was represented by the crop and livestock yields (technical transformation rates),

in three levels: average managerial ability was assigned the average yields of central In-

diana farmers at the time. Yields for the above-average manager were 10 percent higher,

while for the below-average manager they were 10 percent lower. The authors simulated

for a 20-year period 81 different combinations of their control variables. The most consis-

tent results were that below-average management led in all cases to exiting by selling out

the business no later than after nine years of operations; that a high interest rate (9%)

also led to exit, even with above-average management, except when the loan limits were

low (thus shielding the farm from high interest expenses); and that with “reasonable”

levels of interest expense and leverage, above-average management led to farms having

25% − 50% higher net worth at the end of the 20-year period, compared to farms with

average management that stayed in the business throughout.

Müller (1974) considered “informational” factors that may affect the output of a

firm, with “information” used in its most general sense. He identified “market” and

“production” knowledge as the main components of such informational forces, and con-

centrated on the latter. He decomposed it into education and experience of managers (i.e.

human capital), and into “current inflow of information”, which was the only aspect that

he eventually proxied in his empirical study. He examined two samples, one for the years

1960-1963 (which he pooled using dummy variables for the years) and one from 1964

of Californian dairy farms, and used three proxy variables: fees paid to a professional

organization that supported the farms (DH) as a measure of consultancy services (that

varied as regards their cost and level of purchased intensity), a fertility index indicating

the level of herd management (FY ), and a management performance index constructed

by the California Bureau of Milk Stabilization through interviews (LP ). The author then

used a logarithmic Cobb-Douglas specification with conventional inputs being feed, labor,

capital, and operating inputs. The specification included also a selection of interaction

terms: conventional inputs in logarithms times the informational variables in levels (to

be contrasted with the usual translog interaction terms were both variables are in logs).

These terms were supported by direct causal arguments. In a logarithmic production

function where an interaction term x1x2 appears with coefficient β12, the series {β12x2}
can be interpreted as the cross-sectional variable part of the output elasticity of the in-

put x1, due to differences in x2. The author found that the DH and FY informational

variables operated also as overall production shifters, while the management performance

index LP didn’t. As regards the interaction terms, the variable DH appeared to affect
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positively the output elasticity of operating inputs, and negatively the output elasticity

of feed. The management performance index LP had a positive effect on the output

elasticity of the labor input.

Shapiro and Müller (1977) studied the production process on a small sample of cot-

ton farms in a region of Tanzania, in the period 1970-1971. Their focus was the possible

effects of “information and modernization” on output, dimensions that the authors ini-

tially call “management-related” and eventually identify with management. First, they

estimated a Cobb-Douglas production function using as inputs land and labor, and ob-

tained an “efficiency score” per observation by taking the ratio of actual-to-predicted

output. This conforms to the concept of a production function as representing maxi-

mum output, but it confounds inefficiency with random/uncontrollable factors that may

have affected the realized level of output. We could view it as the realized “degree of

efficiency”, in contrast to the causal efficiency metric we attempt to measure by separat-

ing the forces on maximum output into random and inefficiency effects. Then, through

questionnaires and interviews they created indices for each farm related to four informa-

tion dimensions (knowledge of cotton-growing recommendations, knowledge of input and

output prices, knowledge of local agricultural officials, seeking agricultural information),

and to five general “modernization” dimensions (crops grown, farm inputs employed, farm

possessions, household appliances and furnishings, permanent parts of the house and com-

pound). Applying PCA, they selected the 1st principal component as a general index of

modernization (M ). They also computed pair-wise correlations of this nine scores with

the efficiency score estimated in the previous step. In all cases, correlations were positive

but of medium to low strength (ρ < 0.5), and for some scores, statistically insignificant.

From these correlations they selected the one with the strongest correlation (knowledge

of local agricultural officials), as the representative of informational effects (I ). Its impor-

tance can be rationalized as indicating more extensive support and consulting by trained

officials on production techniques, namely a proxy for technology. These two variables

were then separately included as regressors in various specifications alongside labor and

capital, with and without interaction terms, while sometimes M (or I) appeared only

in interaction terms with conventional inputs. The results from these regressions were

plugged by technical issues but some conclusions appear safe to reach: first that the effect

of the “modernization” variable was stronger that the effect of the “information” variable.

Second, that both M and I are labor-augmenting as regards output elasticities (positive

coefficient of the interaction term).

Page (1980) estimated different kinds of efficiency, looking at firms in Ghana belong-

ing in three industries (logging, sawn-timber manufacturing and furniture manufacturing),

using data from the 1970-71 accounting year. He estimated overall “economic efficiency”
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by the “Domestic Resource Cost of Foreign Exchange” (DRC) criterion, that is used in the

International Trade field as a measure of economic efficiency under distorted foreign trade

structures. Using both linear programming techniques and OLS he obtained estimates

for “price efficiency” (in the sense of allocative efficiency seen through input cost data)

and “technical efficiency”. He then opted to examine the relation between management

and efficiency directly, by an OLS regression of the latter index obtained through linear

programming, on certain variables that represented managerial aspects: a binary variable

taking the value 1 when the top manager of a firm had no industry-specific experience

or training prior to assuming the position, the number of production workers per super-

visor as a pull-index of managerial intensity (higher values representing less intensity),

and the ratio of number of expatriate managers to total number of managers in the firm,

to reflect enhanced knowledge or a push-measure of managerial intensity. The signs of

the respective coefficients made sense: no experience/training hurt technical efficiency,

more workers per supervisor did the same, while more expatriate managers increased

technical efficiency. Roughly half of the variation in the technical efficiency index was

explained by these variables. The author concluded that “Technical inefficiency is not

simply a reflection of differences in the physical environment and errors of measurement

and specification. It also reflects the important influence of an excluded variable, manage-

ment, from the production function.” He also computed that improvements in technical

efficiency would lead to much higher reductions in the DRC criterion of overall economic

(in)efficiency, compared to the reduction gains from improvements in allocative efficiency,

or from scale economies in a projected expansion of production to full capacity.

Sumner and Leiby (1987) examined the relation of farm size and growth with the

human capital of the farm operator. They represented human capital by three variables:

age of the operator, tenure in the current farm, and years of schooling. But they also

collected data for a “management” variable, as a (0, 1) “index of techniques”, reflecting

the proportion of four dairy farm techniques used that are generally accepted as “good

practice”. Data were obtained by mailed questionnaires sent to a random sample of dairy

farms from eleven southern US states. Data were collected for herd size in 1977, in 1982,

and projected herd size for 1987, for annual milk production, inputs, technology used,

the age, schooling, and experience of operators. The sample size for 1982 was n = 2705,

while for all three time points was n = 1955. The authors reported estimation results for

a regression of herd size (rather than output) on the various explanatory variables. All

human capital variables as well as the management variable appeared to impact herd size

and growth, and the management variables had the strongest effect among them on both

dimensions.

Dawson and Hubbard (1987) examined the effects of management on size economies
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on a sample of dairy farms. They used “margin over feed costs per litre” as a proxy

for management, because, they argued, feed is the largest single component of variable

costs in the dairy enterprise, the allocation of forage and concentrates is one of the most

important management decisions, and the feeding strategy will relate closely to the day-

to-day running of the enterprise. They used a sample of 405 dairy farms from England

and Wales for the 1980-81 season. They first fitted a translog production function to the

data, in order to obtain an estimate of “planned output” (using “litres of milk” as actual

output). Then, invoking duality, they regressed long-run average cost (computed as total

cost over planned output) against planned output and the management proxy variable,

including squared and interaction terms. The estimated management coefficients were

positive but the coefficient on the interaction term with output was negative. Overall,

they found that the average level of management was a needed condition for a farm to stay

afloat, while at the maximum management level, minimum average cost was 27% lower

than for average management. One could wonder whether these results are artificial since

the variable used as a proxy for management indirectly reflects lower costs (given that the

“margin” is the difference between price and direct costs and farm management controls

mostly costs rather than price), but we note that this proxy variable behaved reasonably

in the initial production function regression, lending credence to the subsequent results.

Their approach has been implemented further. Burrell (1990) used the same method-

ology and proxy variable for management, and data from the same region but from the

year 1986-87, to estimate economies of size and the optimal herd size. Results related to

the management variable were qualitatively similar. Mukhtar and Dawson (1990) used

data from the same region and for five separate years between 1976-77 and 1986-87. Here

the results for the later years indicated a structural change, possibly due to the intro-

duction of quotas in-between: for the years after 1980-81 (the period used in Dawson

and Hubbard 1987), the management coefficients in the average cost regression emerged

as negative, while the interaction with output was estimated as positive but very small.

In the last period examined, 1986-87, the management variables appeared to be over-

all unimportant in explaining average cost. The authors pointed towards technological

change as the factor that was prominent in the period for maintaining profit margins and

viability.

Bughin and Jacques (1994) examined the management system effects on “innova-

tive” output, defined in three alternative ways: number of new products (relative to the

sector) introduced in the market in the last five years; the proportion of innovations with

commercial success; and the proportion of sales due to new products. They conducted a

survey of 100 Belgian high-technology firms in 1991, obtaining answers to detailed ques-

tions aimed at capturing information flows, coordination, decision making, experience and

other aspects. They applied principal factors analysis, and ended up with eight variables
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carrying 78% of the information contained in the survey answers. Each of these factors

represented an aspect of the management system of the firm: synergy between depart-

ments, protection of innovation, marketing efficiency, internal communication efficiency,

organizational structure, management experience, R&D efficiency, external communica-

tion efficiency. They also included four controls: sector, market stability, competitive

pressure, and market share. They estimated an ordered-response model, and got some

interesting and convincing results: among the management-related variables, synergy be-

tween departments, protection of innovations, R&D efficiency and internal communication

efficiency had the most robust impact on the innovation success rate. On the other hand,

organizational structure and external communication efficiency appeared not to matter,

while the importance of marketing efficiency and management experience appeared to

depend on the measure of output used.

Yang (1997) studied roughly two hundred farm households, equally split in two coun-

ties of the Sichuan province in China. The purpose of the study was to examine the effects

of education and collective managerial ability on production. The author considered (in

various combinations) five different educational-level variables: of the head of the house-

hold, the average such of the workers (predominantly other family members), a weighted

worker average based on the proportions in farm labor participation, the highest among

the workers, the worker average omitting the highest. He treated the first three as labor-

quality adjusters and the last two as proxies for managerial ability (one would expect that

the education of the household head would have been used also as a management proxy).

The author also included a weighted-experience variable. The dependent variable in the

model was value-added (value of output minus variable costs), and the function specifica-

tion Cobb-Douglas. In the various regressions that he estimated, the experience variable

was statistically significant but with a vary small coefficient. The educational variables

had small output elasticities and were statistically insignificant, except the highest worker

education variable, which maintained a rather stable statistically significant coefficient of

≈ 0.05. The author took this as indication that a model of “collective management” was

in operation, but he did not estimate a regression where the household head education

variable appeared together with the highest worker education variable, to assess their

relative significance.

Black and Lynch (2001) used data from the Educational Quality of the Workforce

National Employers Survey that provided information on workplace practices such as the

use of Total Quality Management (TQM) systems, benchmarking, the diffusion of com-

puter usage among non-managerial employees, recruitment strategies, the use of profit

sharing, and the extent of employee participation in decision making. Also, data were

available on the average educational level in the establishment and the numbers of em-
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ployees trained, along with other characteristics of the firms surveyed such as whether

or not they were unionized, employee turnover, the age of the capital stock, and the

demographic composition of the workforce. They were also able to match the firms to

the Longitudinal Research Database of the US Census Bureau to utilize its panel dimen-

sion. Data were available for 638 firms in the period 1988-1993. The authors run both

cross-sectional estimation and two-step estimation using Within and GMM estimation

in the first step. Management practices were represented by the variables indicating the

use of TQM, of benchmarking (use of industry standards or similar as key performance

indicators), the number of managerial levels, the number of employees per supervisor, the

proportion of workers in self-managed teams, the existence of profit sharing for managers

and for non-managers. The dependent variable was sales per worker and alternatively

sales per production worker, and the specification included the conventional inputs as

well as many control variables. Overall, and through the different data and estimators

used, only the benchmarking variable appeared to have an economically and statistically

significant effect on output per worker.

Alvarez and Arias (2003) combined the individual effect panel data framework with

the inefficiency approach taken in SFA. Their end goal was to study diseconomies of size

given fixed managerial ability, using a sample of 84 dairy farms from Northern Spain, with

yearly data over the period 1987-1991. To arrive there, they started with the estimation

of a panel-data logarithmic translog production function with a time-invariant individual

effect as well as a common time effect. They proxied management by estimating a “man-

agement performance” variable as the difference of each farm’s individual effect from the

maximum estimated individual effect in the sample, which is the “technical efficiency in-

dex” as used in Schmidt and Sickles (1984). The technical efficiency ranged in [0.54, 1.0]

with a mean value of 0.75. They then estimated an average cost function, where in order

to account for endogeneity they applied instrumental variables estimation using as instru-

ments the ranks rather than the obtained values of the management variable (to account

for errors in measurement), as well as estimated output from the production function

specification rather than actual output (to account for correlation of output with the cost

function error term). The estimates obtained indicated a U-shaped long-run average cost

curve and the existence of economies of size. Also, that the management level tended to

strengthen them, and that it had an unambiguously negative effect on long-run average

cost.

Rahman, Nielsen, Khan, and Ankamah-Yeboah (2020) examined management ef-

fects in the aquaculture industry in Pakistan (which is the fifth largest in the world).

They surveyed through personal interviews 645 aquaculture farmers with a questionnaire

that included questions on the management system as reflected in planning (business
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plan, yearly budget), performance monitoring, record-keeping and technology adoption,

questions related to “managerial ability” proxied by education, experience and training

in fish-farming, and others related to the operations, like farm area, type of aquaculture,

feed conversion ratio. They estimated regressions using four alternative dependent vari-

ables: gross margin (representing profitability), revenues (representing liquidity), yield

(representing productivity), and return on land (representing solvency). With the excep-

tion of the gross margin specification, the management system variables had significant

effects on the dependent variable, while the managerial ability variables were everywhere

unimportant and statistically insignificant.

3.1 Management effects in professional sports

There is a decades-old tradition to estimate production functions in professional sports.

As Dawson, Dobson, and Gerrard (2000) write, “The output of the sports team (results

of matches) is completely transparent, and data on the inputs (both players and man-

ager/coach) are readily available”.

Zech (1981) proxied the effects of team managers (coaches) in professional US base-

ball, through two different variables, separately introduced into a Cobb-Douglas pro-

duction function specification: the coach’s life-time won-lost percentage (a performance

index) and the number of years as coach in the major leagues (professional experience-

human capital). These were included alongside various play metrics of the game, on a

data sample from the 1977 season, with the dependent variable being wins (relative to a

team used as a base of measurement). Both variables emerged from estimation as totally

insignificant.

Dawson, Dobson, and Gerrard (2000) brought into the topic the stochastic frontier

methodology, in a panel-data setting that allowed to decompose inefficiency into time-

invariant and time-varying components. The authors equated “management” with the

estimated efficiency/inefficiency which, as we have said, is not methodologically sound

since at the very least, inefficiency comes also from sources external to a firm.

Dawson and Dobson (2002), on the contrary, used (a lot of) managerial variables as

determinants of inefficiency. This is the “predictors of inefficiency” variant of a stochastic

frontier model, where the inefficiency component is assumed to be a function of a number

of covariates, whose effect is jointly estimated by maximum likelihood. They used a sam-

ple of data related to English soccer, covering the 1992-93 to 1997-98 seasons, with 660

observations in total. As dependent variable they considered three alternative measures of
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output, related to games won or points won. As production inputs they used various player

characteristics as they stood at the beginning of each season, so that they represented the

inputs a coach would have to work with during the season. They considered three sets

of variables related to the coaches: the first set contained information on them as past

players like number of domestic and international games played and whether they had a

past as players with the team they were currently managing. The second set had variables

related to professional experience, and the final set contained “generic” variables, like the

age of the manager, whether they were of foreign nationality, or coming from Scotland, to

test a popular perception in the sport that Scottish makes for better football managers.

The estimation results indicated that they do, and so did foreign managers: these were

the two (dummy) variables which were strongly negatively correlated with the mean value

of overall inefficiency in production. Apart from them, the manager’s past as player did

play a role in reducing inefficiency. The current spell of managing the club appeared

not to matter, while overall managing experience seemed to play only a small role in

reducing inefficiency. On the other hand, if the manager had a past appointment with the

club, or if it was a club in the Premier League, the effect was to increase mean inefficiency.

Frick and Simmons (2005, 2008) applied the same approach to a panel data stochas-

tic frontier model to the Bundesliga 1 professional soccer league in Germany, using data

from 22 seasons (1981 to 2002). Their goal was to examine the degree to which the head

coach of a team affected results. As output they used the number of points earned per sea-

son (as a proportion of the theoretical maximum), and as production inputs the relative

wage bill of the players (we note that other inputs reflecting capital, like sports facilities

and infrastructure could be included as well). They argued that in this framework the

head coach is not a production input, but rather a management factor that affects the

efficiency of production. To represent the management level of head coach, they used

the relative coach salary, professional experience represented by number of years as head

coach in Bundesliga, and the relative points earned as a performance index. The coaches’

relative wage and their performance index appeared statistically significant and negatively

correlated with inefficiency, while the overall experience variable appeared to not affect

it, contrary to the results from Dawson and Dobson (2002) .

Hofler and Payne (2006) applied the “determinants of inefficiency” stochastic fron-

tier model to a US basketball panel data sample, for the 1990-91 to 2001-02 regular

seasons for all NBA teams. As dependent variable they used the number of wins per sea-

son (in logarithms), and as production inputs various game statistics. For determinants

of inefficiency they selected the winning percentage of the coaches, their spell with the

team they manage (in seasons), and the total number of seasons as coach. All three were

statistically significant and negatively correlated with inefficiency.
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Brian (2013) developed a hierarchical individual effects panel data model to mea-

sure the direct effects on output of owners, general managers, and head coaches in both

baseball and American football (separately, and in order to compare). As dependent

variable he used wins as a percentage of theoretical maximum, which he labeled “player

productivity”. No regressors related to player characteristics were used, something that

casts some doubt on the interpretation of the estimates as causal effects. He estimated

the two samples over the whole period 1970-2011, and also broken in two (1970-1989 and

1990-2011) to check for changes over different time periods. From the full data sample,

the National Baseball League (NBL) results indicated that owners do not matter, while

both individual effects of the general manager and of the head coach (called “manager”

in the sport) were at work at comparable significance. In the National Football League

(NFL), only the head coach appeared to really affect winning. When the two time sub-

samples were estimated separately, an interesting result was that the importance of the

manager compared to the general manager in baseball deteriorated greatly in the period

after 1990, while in football it was high before and became even higher after that year.

Barros, Couto, and Samagaio (2014) applied the cost-frontier version of the model

developed by Alvarez et al. (2005), to an unbalanced panel data set related to Portuguese

soccer, for the years 2000-2012 (12 seasons). In this model, we remind, management is

treated as an unobservable that reduces the cost inefficiency. They estimated a translog

cost function together with cost-share equations, and obtained a statistically significant

effect of management on inefficiency, with the anticipated (negative) sign.

4 Measuring management

In this section we look at research that explicitly attempts to measure management itself.

Here too we will find the “management index” (or score) to be comprised from distinct

sub-scores, which may be included individually in alternative regression specifications.

The important methodological difference is that here researchers do no just collect data

on various aspects of management, but they design these sub-scores as logical components

of an overall management score. It is no surprise that most of the research here is newer

and based on national/international surveys. Nevertheless, history is important, and we

start with a 70 years-old study, which contains some of the recurring themes in this re-

search field.

Reiss (1953) (a PhD thesis), argued that in a small-farm environment, we cannot

distinguish between the “entrepreneur” as innovator/risk-bearer and the “manager” as

supervisor/foreman, and consequently he defined and worked with the hybrid concept
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of “entremanership”. He identified the following actions as the high-level components of

the “entremanerial function”: information gathering, decision making, planning, imple-

menting, social and economic concomitants to action (i.e. liabilities and costs), exposure

to economic consequences (profits and losses). The author’s goal was to identify the

mostly individual differences that could relate to differences in managerial ability. He

did so in the following steps: first he obtained 723 essays written by farmers, farm ad-

visers, soil-conservationists, farm managers and others, on what constitutes a “good” or

a “poor” farmer. From these essays 257 descriptive concepts emerged, of which ≈ 40%

were behavioral attributes related to job proficiency, ≈ 25% related to personal behav-

ior characteristics of the farmer, ≈ 12% related to farm practices, an the rest related

to health, family, and social aspects. In the second step, farmers rated 184 neighboring

farmers on these 257 attributes, using the “forced-choice rating system” that had just

been developed as the new efficiency-rating system for the US Army officers (see Sisson,

1948). The author selected 85 of these 257 aspects based on their applicability and their

power to discriminate between good and poor farmers, to be rated conventionally on a

5-point scale, together with 25 forced-choice rating questions. 236 farms of western Illinois

were rated in this way, and the ratings were validated through their pairwise correlation

with three economic criteria averaged for each farm over the three years 1946-1948: re-

turns to capital and management, operator’s labor and management earnings, and net

management returns. The correlations obtained were statistically significant and with

the logically anticipated sign (positive or negative). These pair-wise correlations were

low, most of them in the 0.1 − 0.3 (absolute) range. But combined attributes exhibited

much higher correlations (in the range of 0.5 − 0.8) with ratio measures, financial (rate

of management returns on costs) or quantitative (corn yield). These results supported

the validity of constructing a single management variable that could be linked first and

foremost to the efficiency of production, and less so to the scale of operations.

Mefford (1986) measured “quality” of management by whether it has achieved the

budget targets decided by the firm. Note that whether the budget targets themselves are

“the right ones” is not questioned here. The author studied a single multinational firm of

consumer products using plant-level data from roughly 30 plants around the world, for an

eight-year period (1975-1982). He constructed a single “quality” index of plant manage-

ment by using the three main criteria (of equal weight) used by the corporation itself to

evaluate the (relative) performance of its plant managers: output goal attainment, cost

(factory budget) over- or under-fulfillment, and quality level of the output. We note that

each goal operates as a check on the other: managers can push to increase output but this

may lead to cost overruns or a drop in quality. They can cut costs but in this way they

may jeopardize total output or output quality. They can focus on quality, but this may

lead to cost increases or lower output, as a larger proportion of it is discarded as “not
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up to (the new) standards”, or because the production cycle may take longer to ensure

this higher level of quality. The data was pooled, with control variables for geographical

location, a time trend, and dummy variables for plant size, together with measures of

capital adjusted for technology and of labor adjusted for human capital. The author did

not include materials as inputs because for the specific firm they were more or less a

constant proportion of output. The dependent variable was an engineering-based, unit

measure of output adjusted for quality. The author estimated three logarithmic functional

forms, a Cobb-Douglas, a C.E.S and a (partial) Translog specification where selectively

some interaction terms appeared. In one set of estimates, he also lagged the manage-

ment quality index once, to account for possible simultaneity bias (reverse causality) with

output. The estimates for the management coefficient were statistically significant and

ranged in [0.14, 0.175] along the three specifications for the estimation with current man-

agement, while they were almost constant at 0.105 when lagged management was used.

Another important result was that the management variable contributed in achieving con-

sistency of the data set with a production-function framework where more inputs should

imply higher output. The author tested consistency with and without management using

the non-parametric method proposed by Hanoch and Rothschild (1972), and this was

additional proof that the management variable represented a real factor influencing pro-

duction.

4.1 Measuring management through national and international

surveys

Collecting data related to management through (inter)national surveys conducted by a

public/international agency creates publicly available data (more or less) and also it has

the potential to be a recurring activity, which is instrumental in creating a long-term

internally consistent data base. We present here some such initiatives, with special at-

tention to the World Management Survey project that appears for the moment to be the

one with the greatest expansion, appeal, and third-party utilization.

4.1.1 Workplace and Employee Survey (WES), Canada

Yang, Kueng, and Hong (2015) utilized the Workplace and Employee Survey, ran by

Statistics Canada, over the time period 1999 to 2006 (bi-annually). From the 6,500 firms

of the survey, they focused on the sample of around 5,500 for-profit businesses. WES was

addressed to the universe of Canadian firms, so it includes all firm sizes and industries.

Their goal was to examine the (cor)relation of management practices and “business strat-

egy”, defined as “a firm’s plan to generate economic profits through higher value creation
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due to lower cost, or better quality, or newer products compared to competitors.”. To

characterize the firms per these three categories (plus a fourth for “no-business-strategy”),

they looked comparatively at the 1-6 Likert-scale “importance” grades each respondent

gave to a pair of actions/priorities for each category, deemed to represent most closely the

corresponding business strategy. They do, in a very straightforward way: for the lower-

cost strategy these questions were “reducing labor costs” and “reducing other operating

costs.” For the quality-based strategy the questions were “total quality management”

and “improving product or service quality.” For the “novelty-strategy” the critical grades

were those given to the questions “undertaking research and development” and “devel-

oping new products/services.” Based on the grading, a firm could have more than one

business strategy. A first result here was that across industries as different as manufac-

turing, retail trade, finance and insurance, the “high-quality” business strategy was the

most popular followed by the “low-cost” strategy, while the “novelty” business strategy

in no industry was adopted by more than 33% of firms, and this fell to 12% when the

authors looked at “persistent” priorities (defined as having the same priorities over at

least two years). Based on this not very demanding persistence criterion they also found

that business strategies tend to change often. They validated these results by running

regressions of various financial performance measures on these firm characterizations plus

various controls. They found that systematic relationships do exist (possibly with reverse

causation).

The most relevant part of this study to our topic here comes next: using the survey

data, the authors constructed measures of decision authority and decision layers per firm,

and then regressed them on the strategic priorities of the firms. In terminology used

earlier, they examined the correlation between “leadership” and the strategic goals it

sets, with an important aspect of management (types and structure of decision making).

The results were interesting: Both novelty and high-quality strategies share a systematic

tendency to co-exist with more decision layers. Also, firms with low-cost strategies tend

to concentrate decision control at the level of “professional management” (not owners or

headquarters). This may reflect a degree of decentralization, but it nevertheless highlights

the importance of coordinating employees from a relatively high hierarchy level, when

cost-containment is the goal. In contrast, firms pursuing a high-quality strategy were

found to actively promote joint decision-making, placing greater emphasis on employee

initiative compared to firms with a low-cost business strategy. The study examines also

other organizational aspects and their relation to business strategy. While it does not

engage directly with a production-function model and the effects of management, the

WES data can and were linked to financial data, and so such an approach can be pursued

by other researchers.
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4.2 The World Management Survey project

The World Management Survey project started in 2002 “as a way to see if one could

’measure one of the unmeasurable’ parts of the production function residual”, as it is

stated in the project’s website, referring to management.12 Led by Nicholas Bloom, John

Van Reenen and associates, the core task of the project is to collect survey data on

“management practices” across countries and industries, and construct a “management

score” for each firm (or plant), that we have already been calling the WMS management

score.

The first results of the project were presented in Bloom and Van Reenen (2006,

2007). The distinction/co-existence between entrepreneurship and management, that we

have discussed earlier, was clearly made by the authors, who mapped entrepreneurship

to “leadership” and management to the management practices of a modern firm. The

authors focused on the latter namely on the activities of supervising, monitoring, and

controlling the everyday operations of a firm, rather than on the higher level of man-

agement that is related to business culture, strategy and long-term vision. They built a

management quality index by using a “practice evaluation tool” developed by the interna-

tional management consultancy firm McKinsey. The method was implemented through

telephone interviews with middle managers (plant / shop-floor) where 18 open-ended

questions were answered and were subsequently graded by the interviewer on a scale of 1

to 5 (from worst to best). These questions concerned management practices in four main

areas (operations, monitoring, targets, incentives, with “operations” being subsumed in

later incarnations to “monitoring”). The raw “management practice score” was obtained

by averaging the scores from all answers of each interviewee. The authors validated the

WMS score as a tool for measuring the quality of management practices, through its

correlation with the financial performance of the firms examined. They then conducted a

detailed econometric study using different estimation methods, based on an international

sample of some 700 firms, with data run from 1994 to 2004. The logarithmic production

function specification included many country and industry control variables, as well as

“noise controls” to capture any systematic bias effect coming from the interviewers. They

included also the WMS score in “z-score” form (standardized to zero-mean and unitary

variance), meaning that the constant term of the regression absorbs the effect of the av-

erage management score, and what we are estimating here is what happens on “output

given average management” when management quality deviates from its sample mean

value. The overall conclusion: the WMS management score captured something distinct

from the firm’s technology or the firm’s human capital level, and it was positively and

significantly associated with better firm performance. Another interesting result was that

firms in more competitive industries (defined in terms of lower historical average price-cost

12https://worldmanagementsurvey.org/about-us/, accessed July 10th, 2020.

34



margins) had higher WMS scores, which has always been a tenet of the “X-inefficiency”

approach to efficiency analysis.13

The method has since been implemented by its creators using various data sets,

and we now present some of them.14 Bloom, Genakos, Sadun, and Van Reenen (2012a)

used it on nearly 9,000 observations from 20 countries, from firms having a certain size

(100 employees or more). This paper contains also a detailed description of the whole

methodology behind WMS scores. The data indicated substantial variation in manage-

ment practices across organizations in every country and every sector. Stronger product

market competition and higher worker skills were associated with better management

practices. Less regulated labor markets were associated with improvements in incentive

management practices such as performance-based promotion. The type of ownership ap-

peared to matter, with multinational, dispersed-shareholder and private-equity owned

firms being typically better managed, while government, family, and especially founder-

owned firms were less well managed. This last finding indicated that “entrepreneurship”

skills are not only distinct but may even be incompatible with the management skills

required after a firm reaches a certain size.

Bloom, Eifert, Mahajan, McKenzie, and Roberts (2013b) investigated management

practices in the Indian textile industry. They ran a management field experiment on large

Indian textile firms, by providing free consulting on management practices to randomly

chosen treatment plants and then compared their performance to a set of control plants.

They found that adopting these management practices raised productivity by 17% in the

first year through improved quality and efficiency and reduced inventory, and within three

years it led to the opening of more production plants.

Bloom, Sadun, and Van Reenen (2014) turned their attention to Healthcare. They

adjusted the WMS questionnaire to become suitable for hospitals, and scored the manage-

ment practices of hospitals in nine countries (number of hospitals in parentheses): Brazil

(289), Canada (175), France (158), Germany (130), India (493), Italy (166), Sweden (56),

UK (184) and US (327). Except for India, hospitals were mostly public or not-for-profit

private establishments. They found substantial differences in the distributions of man-

agement score per country, and also that the hospital management scores per country

were somewhat lower from management scores of firms in the manufacturing sector. This

should come as no surprise given that a hospital is a much more complex production

mechanism than a manufacturing plant. For a reduced sample for which death rates from

hospital AMI admissions were available (“acute myocardial infarction”, commonly called

heart attack, a standard measure of clinical quality), they found that the management

score lowered this rate. Another interesting finding was that the management score ap-

13As Leibenstein (1966) writes (pp.397-398), “The question essentially, is whether we can visualize
managers bestirring themselves sufficiently, if the environment forced them to do so, in order to reduce
costs(...)”.

14A wealth of research papers, as well as the data sets, are available at the WMS website
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peared to be positively related with the number of managers having a clinical degree.

This relates to the never-ending debate as to whether doctors make good managers or

not.

Bloom, Sadun, and Van Reenen (2016) developed a dynamic model where man-

agement was treated as an accumulating factor subject to depreciation and quadratic

adjustment costs (nevertheless they decided to call this model “management as technol-

ogy” rather than “management as capital”). The model was solved theoretically and

simulated, certain parameters were calibrated based on prior studies, and then manage-

ment coefficients related to the dynamics of management were estimated using simulated

generalized method of moments. The predictions of this model as regards the relations of

management with firm size and financial results and the degree of product competition

were consistent with the results obtained from a data sample with WMS scores.

4.2.1 Transition economies (the MOI Survey)

Bloom, Schweiger, and Van Reenen (2012b) adapted the WMS methodology (but only

a little) to examine management practices in “transition” economies. This was done in

cooperation with the European Bank for Reconstruction and Development and the World

Bank, in 2008 and 2009. They conducted a new survey, the EBRD-WB Management,

Organisation and Innovation survey (MOI). The survey ran 1,874 face-to-face interviews

with factory managers in 10 transition countries (Belarus, Bulgaria, Kazakhstan, Lithua-

nia, Poland, Romania, Russia, Serbia (excluding Kosovo), Ukraine and Uzbekistan) and

also in Germany, as an advanced country benchmark, and in India as a developing country

benchmark. The results essentially validated the generality and the wide applicability of

the WMS approach: large variation in management scores existed between the various

countries. The management score was strongly linked to a firm’s profitability and pro-

ductivity. Further, stronger product market competition (the X-inefficiency hypothesis),

higher levels of multinational ownership and greater employee education were all strongly

correlated with better management.

4.2.2 Survey of Innovation and Business Strategy (SIBS), Canada

Brouillette and Ershov (2014) use the 2009 Survey of Innovation and Business Strategy,

ran by Industry Canada, that collected data on management practices through question-

naires based on but not identical to those in WMS. The obtained management scores here

also indicated that larger firms tend to have more “structured” management practices,

as is the persistent finding in WMS studies. But when production/financial performance

measures were regressed on the SIBS management score (sales and profits over employ-

ment respectively), the management score proved significant (at magnitudes comparable
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to WMS studies) only for the manufacturing sector, while it appeared not systematically

correlated with them for non-manufacturing firms. The same result obtained when the

dependent variable was a measure of innovation.

4.2.3 The Management and Organizational Practices Survey (MOPS), USA

The WMS survey has also been the inspiration for the Management and Organizational

Practices Survey (MOPS), that was designed in collaboration with the WMS team and

is conducted by the US Census Bureau, while it has started to spread in other countries

also.15 Starting in 2010, the MOP Survey runs every five years and provides manage-

ment scores based on answers to the following questions: how production problems are

managed, number (if any) of Key Performance Indicators (KPIs) used by the firm, exis-

tence and location of display boards (information dissemination), time-frame of targets

(short-run/long-run), difficulty of targets, awareness of targets (who knows them), and,

for managers and non-managers separately, frequency of KPI review, basis of perfor-

mance bonuses, proportion of persons receiving those, basis of promotions, time-frame

for reassignment/dismissal of under-performing persons. Compared to the original WMS

questionnaire one can see that the MOPS questionnaire is a compactification of the for-

mer and formulated so that it can be answered without the need of an interview process.

More importantly, the scoring method and concept is changed: here the task is to obtain

a measure of how “structured” is the management system of the firm. Bloom, Bryn-

jolfsson, Foster, Jarmin, Saporta-Eksten, and Van Reenen (2013a, p.21) define “more

structured” as “more specific, formal, frequent or explicit”. The responses to the survey’s

questionnaire are graded according to this criterion. Grading ranges in the [0,1] interval,

with “1” corresponding to the “most structured” and “0” to the “least structured”. This

methodological change can be seen as a movement towards a more “neutral”, quantitative

measurement of management that avoids the danger of reverse causality.

Bloom et al. (2017, 2019) used the US MOPS panel data sample from 2010 and 2015

to investigate differences at the plant-level. They found a strong correlation between the

MOPS and the WMS management scores. Except of validating earlier results like the

heterogeneity of management practices (even between different plants of the same firm),

an important finding here is that the management score retained its significance, with a

coefficient ranging approximately in (0.05, 0.10), even when time-effects and firm-specific

effects were included in the specification, in a fixed-effects panel data estimation. The

dependent variable was either output per employee or profit as a sales percentage. They

also found that the management effect on labor productivity exceeded in magnitude the

effects of three other factors habitually invoked to explain productivity variation, namely

R & D expenses, ICT expenses (information and communication), as well as human capital

15See Buffington, Foster, Jarmin, and Ohlmacher (2017) for a presentation.

37



(represented by number of employees with college degrees).

4.2.4 The German Management and Organizational Practices Survey (GMOPS)

Following closely the MOPS questionnaire and scoring method, three institutes collabo-

rated to run a very similar survey targeting German manufacturing firms.The final sample

consisted of 1,927 firms with more than 25 employees, covering the years 2008 and 2013.

Broszeit, Laible, Fritsch, and Görg (2019) present the results. Their interest lies in a

direct comparison with the US MOP survey. They find that the average management

score for German firms increased from 0.50 to 0.57 from 2008 to 2013, while for the same

years the US average management score was 0.52 and 0.59 respectively. Namely, the Ger-

man scores where consistently some 4% lower. In comparison, the original WMS survey

(which had a different approach to scoring), found that the German management score

was 1.5% lower than the US one, based on a much smaller sample. When looking at the

scores per subcategories of questions, the higher increase for the German firms was in

“data driven performance monitoring”, from 0.43 to 0.52. Also, following the European

Union’s classification of SMEs and Large companies, they found that the management

score increased with firm size. The authors turned to examine the effect of the manage-

ment score on (the logarithm of) labor productivity (value added per employee), and they

found a robust coefficient estimate of 0.6. They computed that a one standard-deviation

change in the management quality would be associated with an increase in labor pro-

ductivity by 11.3%, while from the MOP Survey the corresponding calculation indicated

that the increase in labor productivity for US firms would be 21.3%, about twice the

rate for Germany. They conclude that “the United States better leverages management

practices compared to Germany.” Moreover, they decomposed the management score in

its two main components, i.e. the sub-scores on incentives/targets and on data-driven

performance management, and they found that they contribute roughly equally to labor

productivity. Additionally, they stratified the regression per the EU SME/Large classifi-

cation of firms, and they found that the effect of management on labor productivity also

grows with firm size. Their results were in general robust to a standardization of the

management score.

4.2.5 WMS management scores in (further) action.

The availability of WMS scores as measures of management has started to be exploited

by other researchers also, not directly associated with the WMS project, and, for the

moment, coming mostly from the stochastic frontier field. We have already presented the

papers by Delis and Tsionas (2018) and Papadopoulos (2020) that have used the WMS

scores as a benchmark to validate their approaches to estimate the effects of management.

38



Triebs and Kumbhakar (2012) used a cross-sectional data set that included WMS

scores, a sample of 3140 observations for medium-sized manufacturing firms (100–5000

employees) from a number of countries for the year 2006. They examined the different

ways that management may affect production, using different models and methodologies.

Specifically, they examined the effects of management as an input by including it in a

production function as such. They also examined whether management affects inefficiency

by regressing the estimated inefficiency by two methods, a 2-stage procedure where in the

first stage they obtained predictors of individual inefficiency which were then regressed

on the management variable, and a single-step procedure (the “determinants of ineffi-

ciency” variant of the stochastic frontier model), where the moments of the distribution

of inefficiency were functions of management. Finally, using a semi-parametric smooth

coefficient model (SPSC), they examined whether management affects production indi-

rectly, through the conventional inputs, by essentially changing their output elasticities.

For the parametric part of their models, the authors used both a Cobb-Douglas and a

translog functional form. Their dependent variable was yearly sales. The WMS manage-

ment variable was used in its “z-score” form. For management as input, they obtained

different results depending on the functional specification: in the Cobb-Douglas setting

management had a positive output elasticity. In the translog setting, both management

and its square had negative coefficients. The interaction term between management and

capital had a negative coefficient while the interaction term between management and

labor had a positive coefficient. As regards the relation between management and inef-

ficiency, they found that management is negatively correlated with inefficiency but the

strength of the relation was low, indicating that estimated inefficiency captures a lot more

than managerial effects. As regards the non-neutral effects of management, they found

that the level of management does effect the output elasticities of conventional inputs, in

a positive relation with labor and in a negative relation with capital. This result of the

SPSC specification conforms with the result from the translog model mentioned above.

Triebs and Kumbhakar (2018) revisited and expanded on the topics of their 2012 paper,

this time by using the data set from Bloom and Van Reenen (2007). First they tested

whether either inefficiency scores or “firm fixed effects”, that we have presented in pre-

vious sections as ways to estimate the management effect, do correlate with observed

management practices. They found that correlation exists and has the correct sign but

it is weak, both for the inefficiency estimates but also for the firm’s fixed effects esti-

mates (although relatively stronger), making these two approaches unsatisfactory ways

of proxying/measuring management, although they fare much better if one wants to use

them just to rank firms by their management quality. They also examined again whether

management is neutral to the structure of the production function, and they found that

it is not: both the production function shifter but also the output elasticities of the con-

ventional inputs where affected by the management score variable.
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In Triebs and Kumbhakar (2013) the authors examined dynamic technical change,

decomposed into time-induced and management-induced. They used an unbalanced panel

of 505 companies for the years 1994–2004 for which WMS management scores were avail-

able (for the year 2004). Their dependent variable was deflated sales net of material input.

The authors did not use the average WMS management score (average over many inter-

viewers per firm) but the max value among them. They considered four different translog

production function models, where time was modeled as a linear time trend or as a general

time-index, and management was modeled either as a continuous variable or as a general

index (a weighted average of values 1–5), leading to four different empirical specifications.

In the models with a linear time trend, technical change increased over time, and was

lower the higher the management score was, except when management was also modeled

as a general index in which case technical change was highest for the middle value of man-

agement scores. When the general time-index was used, technical change fluctuated up

and down over the sample period, and did not appear to change at/influenced by different

levels of the management score. As regards the management-induced technical change, it

was positive but generally lower for higher values of the management score. This negative

relation between the level of technical change and the WMS score was interpreted by the

authors as an indication that the marginal product of management is decreasing.

Tsionas (2015) models management as a factor influencing the inefficiency only, not

as a direct production input. But he also introduces cost/profit-maximization consider-

ations. This allows him to obtain a simultaneous equation system that is comprised of

the production function specification, the first-order conditions for profit maximization

that determine optimal levels of inputs and management, and an equation linking ineffi-

ciency functionally to management. The model is developed for panel data, and allows

for time-varying management. The author uses a variant that assumes time-invariant

management, to be able to use the data sample from Bloom and Van Reenen (2007), a

panel data set of medium-sized manufacturing firms from the US, the UK, France and

Germany as regards output and production inputs, but including the WMS management

scores for a single year. The model is able to estimate, per firm, the elasticity of ineffi-

ciency with respect to management, but also, (as a fixed effect) the unobserved managerial

compensation. The empirical results show considerable heterogeneity among countries.

An emerging pattern is that when, in a country, the empirical distribution of managerial

compensation is widely spread, the empirical distribution of the management elasticity

of inefficiency has a much narrower range, and vice-versa. For example, France has the

flatter distribution of management compensation and the steepest distribution of man-

agement elasticities, while with Germany the opposite happens. Such a systematic inverse

relation is a bit worrisome since in the absence of any intuition that would justify it, it
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alerts to a possibly artificial result that entails a deeper digging into the mechanics of the

model. Comparing the WMS management score to the estimated managerial compensa-

tion (in logs and after standardization in the [0, 1] interval) the author obtained an almost

linear-to-concave relation which for the USA case became clearly concave, with the WMS

management score tending to reduce for the higher levels of managerial compensation.

Bender, Bloom, Card, Van Reenen, and Wolter (2018) looked in more detail at the

relation between management, human capital and productivity. They linked a data base

of 361 middle-sized German manufacturing plants included in the World Management

Survey to the employee earnings records from the Integrated Employment Biographies

(IEB) of the Institute for Employment Research (providing matches with some 250,000

employees). A major finding was that the management score had a robust correlation

with firm productivity, but the strength of this relationship was cut almost in half when

human capital variables were introduced... only to subsequently determine that this hu-

man capital channel to productivity related to the human capital possessed by managers,

not its average level in the firm. This approach indicates a practical way to think about

management in both “quantity” and “quality” terms, with the management score repre-

senting mostly a quantitative aspect, while the human capital of those tasked to carry

out management practices captures the quality aspect.

Genakos (2018) used WMS scores to examine the effect that the socio-economic and

regulatory environment may have on the management level/intensity of firms. The author

took three country-level World Bank indices for 35 countries (“ease of doing business,”

“trading across borders” and “labor market regulation”), and graphed them against the

available country averages of WMS management scores: as these indices worsened, there

was a clear downward trend in the WMS scores, indicating that such external determinants

of inefficiency affect directly management practices. It appears that because regulation

curtails the effective freedom and power of management to intervene in production, in

a sense it operates as “externally imposed management” and it ends up substituting for

the latter, leading to a lower “management intensity” overall. This is an important result

but at the same time it compromises our chances of identifying separately the effects

of management from the effects of the socio-economic and regulatory environment on

production, except if we have available an inter-country sample, or if industry-specific

regulatory indices exist for the same country.

Sickles, Sun, and Triebs (2020) use also the Bloom and Van Reenen (2007) data set.

They develop a model of cost-minimization with a translog input distance function using

shadow prices, namely, taking into account that management has a cost, and so adopting

the “optimal management” approach as the title of their paper declares explicitly. In fact
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estimating the shadow price of management and examining the relation of management

cost with the WMS management score is a core innovative contribution here. They

find that a one-point increase in the management index (that ranges in the 1-5 scale)

costs about 1.3 million USD per annum. But this is the sample average –there are large

differences per country, with US having the higher shadow price (3.2 mil USD), then

Germany (2.3 mil USD), then UK (1.1 mil USD) and finally France (0.9 mil USD). The

average cost share of management was estimated as 0.1. The authors computed also dual

Morishima partial elasticities of substitution (partial in the sense that they omit income

effects). Management emerged as a complement for both capital and labor, and in a much

more elastic relation with capital than with labor, that supports the maxim “management

exists because labor exists”: to use the authors’ example, automation reduces labor needs

and so also supervision-of-labor needs. On the other hand management and labor are

complements in the most structural and fundamental sense of the word, so we should not

expect high substitutability here. A final interesting finding of this study is the assessment

of relative efficiency of the management score (relative to other factors of production): the

authors find that most firms either under-utilize or over-utilize management, especially in

relation to labor. This qualifies the persistent finding in World Management Surveys that

US firms have consistently higher management scores: they do but not in relative terms.

Germany has the largest percentage of firms that use management efficiently relative to

labor and the UK has the largest percentage of firms that use management efficiently

relative to capital.

4.3 The Workplace Employment Relations Survey (WERS), UK

The final piece of research that we will present is Forth and Bryson (2019) that apply

a distinct methodology of constructing the management score, which is even closer to a

pure quantitative approach. Also, it focuses on small-medium enterprises, while the WMS

universe looks more towards large companies. It is common knowledge that smaller firms

tend to use less formal management practices, and the management scores results sur-

veyed previously attest to that. What the authors wanted to examine in particular was

whether the increased adoption of such practices would be beneficial for small firms also,

or not. They do that by using data from the 2011 Workplace Employment Relations Sur-

vey (WERS) in UK, that is based on face-to-face interviews with managers responsible for

employment relations at the workplace. The sample they use is 1,073 workplaces, from

which 343 belong to small firms (those with 5–49 employees), 182 belong to medium-sized

firms (50–249 employees) and 548 belong to large firms (250 or more employees), per the

EU classification. Their methodology of obtaining a management score is as follows: they

consider three broad areas of management practices: “human resources” practices covering

recruitment, training, appraisal and incentive pay; practices relating to the organization
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of work within the firm, specifically covering the use of semi-autonomous team-working,

employee involvement in problem-solving and just-in-time processes; and the use of orga-

nizational performance targets (volume of goods produced/services delivered; total costs;

profits/return on investment; unit labor costs; productivity; quality of product or ser-

vice.) In all, 13 practices framed as “yes/no” questions as to whether the firm uses them.

The authors obtain their management score by simply counting the “yes” answers (i.e.

the number of formal management practices used by the firm), and then by transforming

the count to the [0, 1] interval. As regards adoption of management practices they too

find that they are positively related with firm size. For regression purposes, they further

standardize the score to zero-mean and unitary variance. They then examine the relation

of the management score with the survival probability of the firm (using a Probit model)

and with growth measures –of employment, of sales (turnover) and of labor productivity–

through OLS regressions. Growth rates were measured using data from subsequent years

2013-2015. Using the subsample of SMEs, they find that management practices increase

the possibility of survival, and also that they affect positively the growth of labor pro-

ductivity, although they are insignificant as regards employment and sales growth. Using

the three sub-scores separately (per the three areas mentioned previously) the picture is

more revealing: what matters for labor productivity growth is the setting of targets.

5 Some conclusions

The review of this diverse literature leads to certain conclusions as regards which methods

work and which don’t, what, and how large, are the effects of management on production,

and what are the needed –and promising– directions research could take from here on.

Starting with the last methodological approach considered, in the attempt to obtain

a measure of management, a management score, a fundamental decision relates to whether

one will attempt to construct a “quantity” or a “quality” measure. “Quality” measures

appear to be based either on benchmarking (explicit or implicit), or on a financial/market-

results approach. Neither is satisfactory because to the one or other degree they represent

a reverse-engineering exercise that most likely leads to estimation and inference results

that are self-fulfilling. To make an analogy, it is as though we measure the human cap-

ital component in the labor input by using the profitability of a firm, reasoning a priori

that a more profitable firm has higher human capital. Instead we argue that the con-

cept of “quality” of management that should interest us, is the faithfulness, consistency

and diligence with which the designed management system and practices are actually

implemented. And this can be captured by human capital variables of the managers in

a firm, alongside, a measurement of the extent and the intensity/frequency with which

a firm attempts to control its production process. One could object to the use of such

an unweighted “raw quantity” measure: surely, some of these formal practices may be
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“more important”, “more influential” as regards the effects of management on produc-

tion... Maybe. Some empirical conclusions appear safe, for example that target-setting

is especially important for labor productivity. But overall, not enough evidence has been

gathered yet. We need to start from this neutral quantitative base and then try to uncover

any special connections between certain aspects of management with certain metrics of

production.

In the last 15 years, a wave of national and international surveys collecting data

on management practices has started to build. This provides a long-term framework

to systematically collect data on management, construct a measure of it and use it in

production analysis. It appears though that differentiating the data collection per firm size

could be important. The research from the Farm Management field on small family farms,

has shown that at small sizes, management is not the structured system of procedures and

practices we are used to talk about. This research verifies the professional experience of

consultants and market participants, according to which for small-medium businesses with

roughly up to 50 employees, in any industry, the entrepreneur, perhaps together with 2-3

supervisors can effectively manage the business alongside their leadership role without any

elaborate and formal system of monitoring and control, as long as they “have the necessary

skills” that need not be supported by anything more than basic order and record-keeping.

At this level, the personal attributes and psychological characteristics of the head of the

business can neither be ignored nor replaced by any structured, “impersonal” system

of management practices, which cannot really offset deficiencies in “managerial ability”,

although it would not hurt to have such practices in place. This is another way to see that

the “quality” aspect of management practices should relate to how they are implemented.

SMEs are an important part of an economy. Indicatively, for 2016 in the European

Union, they accounted for 2/3 of employment and 56% of total value-added.16 For these

businesses, it appears that research and survey design should take a more behavioral

approach as to what data and information we need and how we are going to extract

them, in order to measure management and its effects on production.

In larger firms, management emerges as a separate entity from leadership, and also

substantial and traceable enough as a system to become qualitatively describable, and so,

in principle, measurable. These are the firms mostly targeted by the World Management

Survey (WMS) project, that has emerged as a new paradigm to measure management,

being copied into national surveys around the globe. But, apart from the firm-size bias,

there are two other biases that appear to characterize the WMS approach. First, the

approach is focused mostly on the manufacturing sector, although it has been adapted to

other industries, notably healthcare. The possible need for such adaptation should be in

the minds of researchers and public agencies that plan to adopt the WMS methodology

to collect data on management practices.

16See EU’s “Annual report on European SMEs 2016/2017” http://doi.org/10.2873/742338.
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Equally importantly, the WMS methodology appears biased towards focusing and

collecting data on “labor” management rather than “capital” management. This bias

is in line with the general view that “management exists because humans participate in

production”. Then why bother with anything else than Human Resources Management?

Even after distinguishing management from leadership, management practices are

much more than human resources management. Assets management (procurement, main-

tenance, security, replacement), is a big part of management practices, especially after we

remember that “assets” do not include only fixed tangible assets, but also inventory and

customer receivables (the latter are “procured” by extending commercial credit). And for

both, the business world has developed many guidelines and structured management prac-

tices. Customer relations management is another critical factor in maintaining a firm’s

goodwill and market share and so ultimately its level of output. More generally, manag-

ing the external environment, the everyday bouquet of nasty surprises that entropy and

chance have in store for a firm (like delays, twisted rules and regulations, no-holds-barred

competition, corruption), is also a heavy part of management. Questionnaires capturing

also the management practices on these areas would be a welcome upgrade.

But we must not forget that such survey-based methods will continue to cover

a relatively small proportion of the industries around the world for which researchers

would want to conduct empirical studies on management. Therefore, while constructing

management scores appear to be the ultimate desideratum, in practice many studies will

be conducted using proxies for management or treating it as a latent variable.

The survey of studies that have used proxies for management leads us to the con-

clusion that in general, this method does not work very satisfactorily. Proxies related to

financial performance or technical efficiency (like crop yield, unit costs or profit margins)

suffer obviously from reverse causality with output or financial/efficiency dependent vari-

ables. Proxying management by “human capital” variables like education, tenure and

experience appears too weakly linked to the effects of management, but such covariates

may be useful as “management quality” indicators, as we argued just earlier. When

the researcher has available informational/knowledge variables it is perhaps better to

apply a structural latent-variables model, than use these covariates as direct regressors.

Latent-variables structural modeling appears also promising when no variables related to

management are available, as the work of Delis and Tsionas (2018) has shown. In con-

trast the individual-effects panel-data approach requires many different control variables

so as to convincingly claim that the individual effect is indeed estimating the effects of

management. The same can be said for the stochastic frontier models that work without

any regressors related to management.

An important task of research is the measurement of the relation between manage-

ment and inefficiency. Inefficiency is not wholly management-generated and theoretical

and empirical studies that decompose inefficiency are important. Researchers in SFA can
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work on this topic through their “determinants of inefficiency” models, and DEA scholars

have worked on the separation of “internal” and “externally imposed” inefficiency, but

much more can and should be done on that front, since this will give us the “limits of

management” in efficiency-improving terms.

That said on methodology, how important for production does management appear

to be? What we observe is that the estimated direct quantitative effects and the man-

agement elasticities of output certainly are not of the order of magnitude that could be

expected given the intense preoccupation of the business world with management. We

argue that this is indirect evidence of the distance already traveled as regards the direct

effects of management: management, too, obeys the law of diminishing returns, because

this law is founded essentially on physical realities that no social force or arrangement can

overcome. These empirical results indicate that the actual management levels observed

in real world are relatively clustered at an area where the concavity of the direct relation

between it and production/efficiency has taken (strong) hold. It appears we are already

“rich in management”, and its marginal effects are relatively small. Only with more di-

verse and larger data sets we may obtain enough variation to estimate what management

contributes directly in production, and what it would be like if it were to really shrink in

scope. A concave relation implies a non-symmetric loss function: we will lose more when

management gets looser, than what we will gain as management gets more structured or

intense. This supports the concept of economically optimal management: management

has benefits, and it has increasing costs as it expands its scope, structure and intensity.

A point is bound to exist where the costs start to exceed the benefits. More studies using

this approach would be useful.

Perhaps more importantly, the studies indicate that management is and does many

things at the same time: it is an input, it is a production shifter (much like technology),

it affects the output elasticities of the other inputs (all these in relation to the maximum

output function), and it battles inefficiency, internal and external. And in a dynamic

setting, it accumulates and depreciates, like capital. These results provide quantitative

support for the knowledge gained and the conclusions reached by other disciplines about

management. They also indicate that econometric studies should focus more on the

indirect effects of management, rather than on its direct effects as a production input,

as they have up to now. It is certainly a challenging task to disentangle and estimate

these diverse effects of management on production, and we are not close to a unified

“management model”. We are still in the “arts and crafts” phase, rather than in the

“production” phase, however ironic this may sound. Nevertheless this makes it a field of

research with many open roads, empirical but also theoretical and methodological. This

is fortunate, considering that it is also an important field of research, being at the heart

of the efficient use of scarce resources.
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