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Trygve Haavelmo’s (1944) monograph, “The Probability Approach in
Econometrics,” published as a supplement to Econometrica, is usually considered
to constitute the beginning of modern econometrics. Although the monograph
contains several new and innovative aspects (at the time of writing), Haavelmo’s
idea of recasting an economic model into a complete probability model is undoubt-
edly its most groundbreaking aspect (indeed, Morgan (1990) calls the monograph
a “probabilistic revolution” in econometrics). Given the joint probability structure
for the variables in the model, Haavelmo then suggested applying frequentist
Neyman-Pearson (NP) testing procedures to test hypotheses of economic theory,
formulating economic theories as statistical hypotheses.

This core idea of Haavelmo—statistical testing of economic models—is usu-
ally considered to be a centerpiece of applied econometric modeling, As Engle
(1984) states at the very beginning of his authoritative survey of classical hypothe-
sis tests in econometrics: “If the confrontation of economic theories with observ-
able phenomena is the objective of empirical research, then hypothesis testing is the
primary tool of analysis. To receive empirical verification, all theories nust eventually be reduced
to a testable hypothesis” (776, emphasis added). Although Engle does not directly cite
Haavelmo, this quote is as if it was spoken from Haavelmo’s mouth, and arguably
a valid depiction of the attitude of mainstream econometricians, even today.

An intriguing aspect of Haavelmo’s approach is that, although the classical
testing theory of the time was developed mostly for experimental data in controlled
experiments, he argued that this theory was applicable also to the passively ob-
served non-experimental data that are so prevalent in economics. In econometrics
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HAAVELMO’S ADOPTION OF NEYMAN-PEARSON THEORY

it has been customary to simply refer to Haavelmo (1944) when questions of the
suitability of classical statistical procedures to observational economic data arise.

In the present paper I call into question the soundness of Haavelmo’s adop-
tion of NP theory in his suggested framework for empirical analysis of economic
models. The main aim of the paper is two-fold: first, it aims to emphasize a fact
well-known from the statistics literature (but not generally recognized among social
scientists), namely that NP’ approach is designed explicitly for a setting of actual
(not just hypothetical; the distinction is made precise below) repeated experimen-
tation, and that the approach does not allow for inductive probabilistic inference
from a given sample to the underlying population. Second, it aims to point out that
Haavelmo’s adoption of NP’s approach to non-experimental and non-repeatable
data is fundamentally at odds with these particular features of NP. Haavelmo de-
nied that actual repeated sampling is important for NP’s approach, and he used
the approach with the explicit purpose of conducting inductive inference, in direct
contradiction with NP. I will argue that Haavelmo’s misapplication of NP theory
has permeated econometrics textbooks and applied econometric work.

Others have noted and emphasized Haavelmo’s strong reliance on the NP ap-
proach (e.g,, Morgan 1990; Heckman 1992). But the inconsistencies in Haavelmo’s
application of the approach seem not to have been thoroughly discussed in the
earlier literature. There seems to be a general unawareness among econometric
practitioners and empirical researchers of the very special features of NP hypoth-
esis testing that limit its applicability to economic models and data. In particular,
NP’s approach cannot be used to draw inductive probabilistic inference from a
given set of observed data to the underlying theoretical model, which is the main
aim of Haavelmo (1944) and much of subsequent econometrics. And although a
hybrid Fisher-Neyman-Pearson framework developed in the post-war period with
an (implicit) aim of inductive inference—a framework that gradually became the
dominant statistical paradigm in the social sciences—a problem with this hybrid
is that it is an incoherent mix of fundamentally different methodologies (see, e.g.,
Gigerenzer et al. 1989, Hubbard and Bayarri 2003, Schneider 2015, and Fletcher
and Mayo-Wilson 2024.) This incoherency has not been much discussed from an
econometrics perspective, although Keuzenkamp and Magnus (1995) and Engsted
and Schneider (2024) both discuss it.

The present paper is closely related to Keuzenkamp (2000), who contends
that the probabilistic foundations of econometrics are weak, a point of view I con-
cur with. Keuzenkamp notes Haavelmo’s strong reliance on NP theory, but he
does not discuss in detail the inconsistencies in Haavelmo’s application of the the-
ory. My main aim in this paper is to thoroughly document Haavelmo’s misapplica-
tion of NP theory in his probability approach to empirical economic modeling. I
am not suggesting that if NP was used correctly, it would be a suitable framework

VOLUME 23, NUMBER 2, SEPTEMBER 2026 385



ENGSTED

for applied econometrics. As I have argued elsewhere (Engsted 2024; Engsted and
Schneider 2024) I find the hypothesis testing paradigm (including NP) generally
unsuited for empirical analysis of non-experimental economic data. In the present
paper, I scrutinize Haavelmo’s role in how this paradigm came to dominate empir-
ical economics.”

In the next section, I discuss those aspects of NP theory that are directly
relevant for Haavelmo’s application of it, in particular how to understand repeated
sampling and inductive versus deductive reasoning; I then go through Haavelmo’s
monograph in detail and argue that his adoption of NP theory is inconsistent. I
end by discussing the legacy of Haavelmo’s approach, as it figures in econometrics
textbooks and in applied econometric analyses, and then give some concluding
remarks.

Neyman-Pearson Theory

Jerzy Neyman and Egon Pearson laid out their theory in several papers and
books. Neyman and Pearson (1933) is the main source of reference for the origi-
nal theory of testing a null hypothesis against an alternative hypothesis, with special
focus on long-run error control (Type I and Type II error) in repeated sampling;
Neyman (1952 [first version 1937], Chapter 1, Part 3) explains the general prin-
ciples. In the following I will discuss those specific details of the theory that are
especially relevant to Haavelmo’s (1944) application of it.

NP theory is first of all based on the conception of an unknown population
parameter as a fixed constant (i.e., non-stochastic) and on the strict frequentist def-
inition of probability as a long-run relative frequency. Neyman (1952, 1506) states
that “The theory of probability deals with the general question of how frequently
this or that event will occur in random experiments of a specified nature”, and later
(ibid., 187), more bluntly regarding “probability,” “For me, it is solely the answer to
the question, ‘how frequently this or that happens,’” as opposed to viewing proba-
bility as a measure of uncertainty. Second, the theory stipulates that the criteria for
testing a hypothesis (e.g., choice of significance level) are determined before the
sample is drawn. Based on a purely subjective and context-dependent assessment
of the relative costs of committing a Type I or Type II error, the significance level
a is prefixed, typically at a low level, and then the test with maximum power, given
that level of «, is chosen (or the sample size is chosen so as to obtain a prefixed level
of power). Third, the theory provides rules for making a decision as to whether a
hypothesis is rejected or not, such that in the long-run sequence of applications of
the test, the Type I and II error rates are controlled at their prefixed levels.

? Other recent literature discussing Haavelmo’s probability approach includes Heckman (2000), Bjerkholt
(2005), Bjerkholt (2007), Hoover (2014), Hoover and Juselius (2015), and Spanos (2015).
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In the introduction to their foundational 1933 paper, Neyman and Pearson
discuss the problem of testing a hypothesis about a given group of stars we observe
in the universe, what they denote a “particular hypothesis” regarding “a particular
group of stars,” i.e., the kind of statistical inference we can make based on a given
sample. They write:

We are inclined to think that as far as a particular hypothesis is concerned, no test
based upon the theory of probability can by itself provide any valuable evidence
of the truth or falsehood of that hypothesis. But we may look at the purpose of
tests from another view-point. Without hoping to know whether each separate
hypothesis is true or false, we may search for rules to govern our behaviour with
regard to them, in following which we insure that, in the long run of experience,
we shall not be too often wrong;, ... Such a rule tells us nothing as to whether in
a particular case H [the hypothesis] is true ... But it may often be proved that if
we behave according to such a rule, then in the long run we shall reject H when it
is true not more, say, than once in a hundred times, and in addition we may have
evidence that we shall reject H sufficiently often when it is false. (Neyman and
Pearson 1933, 290-291)

Neyman (1952) gives an illustrative example with a geneticist testing a hy-
pothesis in a study of a pair of genes. In a specific sample, the geneticist rejects
the null hypothesis at the prefixed significance level, and Neyman then says that
the geneticist “should go ahead and voice his doubts of the hypothesis” (ibid., 65).
Importantly, however, Neyman continues: “In taking this step he should be aware
that the above analysis does not contribute anything about the falsehood or cor-
rectness of the particular genetical hypothesis. ... All the geneticist can be certain
about is that ... with a fixed value of «, then, in the long run, the relative frequency
of his raising doubts concerning hypotheses, when such doubts are unjustified, will
not exceed 2.” (ibid., 65-60).

Thus, in NP theory, probability statements are about the procedure of conduct-
ing tests in repeated experimentation, not about the hypothesis or theory based on
a specific sample. This is in sharp contrast to both Bayesian hypothesis testing
(e.g, Jetfreys 1939) where inductive probabilistic inference in terms of Bayes fac-
tors or posterior model probabilities is based on a specific sample, and Fisherian
significance testing (e.g., Fisher 1925) where such inference in terms of p-values
is also based on a specific sample. In contrast to the significance level (Type 1
error rate) in NP testing, Fisher’s p-value is not a long-run error rate. In fact, al-
though both Neyman and Fisher belonged to the frequentist school of statistical
inference, they were strongly opposed to each other’s methodologies. As noted
by Keuzenkamp and Magnus (1995), Fisher rejected the NP framework as being
relevant for scientists. For appraising scientific hypotheses, he considered repeated
sampling a misleading fiction with no well-defined decision problem. Neyman, on
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the other hand, rejected the notion of inductive inference and, in addition, con-
sidered Fisher’s significance testing approach incomplete, since it involves only a
null hypothesis with no role for an alternative hypothesis. In the statistical philos-
ophy literature (e.g.,, Hubbard and Bayarri 2003), Fisher’s approach is one of “in-
ductive inference,” while NP’ approach is one of “inductive behavior.”” Neyman
himself emphasized that his approach involves “deductive reasoning” as opposed
to Fisher’s “inductive reasoning” (see, e.g,, Neyman 1952, 209-210 and Neyman
1977). “Deductive reasoning” means deduction of rules of behavior from the pos-
tulated probability model describing the data. By contrast, in “inductive reasoning,”
the probability model is used to infer properties of the population from the sam-
ple.3

The distinction between hypothetical and actual repeated sampling is cru-
cial but intriguing in NP’s approach. With reference to the notion of a “super-
population” or Fisher’s “hypothetical infinite population” (Fisher 1922), statisti-
cians and econometricians sometimes call repeated sampling a metaphor, some-
thing that should not be taken literally but should figure imaginarily in one’s mind.
However, this was not Neyman’s point of view (Lenhard 2000), and as the statisti-
cian Jim Berger says (with reference to Neyman 1977), “real frequentism is about
performance of a statistical procedure in actual repeated use of the procedure in
differing experiments” (Berger 2008, 17, italics in original). He adds in parentheses:
“The textbook definition of frequentism—in which one considers izaginary repe-
tition of the same experiment—makes no sense in terms of reality; the standard
definition has mathematical relevance, but the philosophical appeal of frequentism
to scientists is presumably its relevance to real experimentation over time.” In the
underlying mathematical model, repeated sampling is a conceptual device for an
imagined (hypothetical) sequence of repetitions of the experiment. But in order for
that mathematical model to have relevance for real scientific practice, experiments
must be replicable in actuality.

In his paper, Berger (2008) discusses statistical testing in the context of con-
trolled experiments in high-energy physics, in which repeated sampling is actually
carried out and where a “discovery” can only be claimed after several repeated ex-
periments. The state of affairs in empirical economics and the other social sciences
is obviously quite different; here, the aim is typically to draw inference about a re-
lationship in the population (or a theory model) based on a unique observational

* In Neyman (1955), “The Problem of Inductive Inference” (the title of the paper) is discussed, and
Neyman makes clear that when others—with reference to NP theory—speak of “inductive inference,”
they are really referring to “inductive behavior”: “The frequentist’s theory of inductive inference, called
cither the theory of inductive behavior, or the theory of statistical decision functions, or, more simply, the
modern theory of statistics, is meant for application in all those cases where a stochastic model has been
adopted to represent a given class of phenomena.” (ibid., 17). Later in the paper, Neyman considers
“certain problems of inductive inference (really of inductive behavior)” (ibid., 21).
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dataset. It is—mildly put—questionable whether “long run performance under re-
peated use” is relevant in such cases. As Keuzenkamp (2000, 63) argues when dis-
cussing non-experimental data: “The Neyman-Pearson approach is not attractive,
as decision making in the context of repeated sampling is not even metaphorically
acceptable.”

The special applicability of NP theory to operationally verifiable rules of be-
havior in statistical quality control in mass production has been noticed by several
authors (an early reference is Shewhart 1939), and even Fisher (1955) acknowl-
edged the usefulness of the theory in such settings. But it was never intended for
inductive inference based on a unique sample. As emphasized by Berger (2003),
Neyman did not consider his approach suitable as a means of drawing inductive
inference from a particular sample, or to relate the magnitude of a test statistic in
that sample to the strength of evidence for or against a hypothesis. For Neyman,
claiming that a #-statistic of, say, 2.6 in a given sample is stronger evidence against
the null than a #-statistic of 2.2 would make no sense within his approach.”

Another way to see the subtleties of Neyman’s views on statistical inference,
and in particular the meaning of repeated sampling, is to consider his theory of
confidence intervals, as laid out in Neyman (1937) and Neyman (1952). As with
NP theory, this theory is based on the strict frequentist definition of probability.
The idea is to define a “confidence coefficient” &', and then, based on a sample of
data, determine lower (f;) and upper (f;) “confidence limits” so that, for the true
but unknown population parameter p, “the probability of f; falling short of x and
of f, exceeding p is exactly equal to 2 (Neyman 1952, 39).

Assume that we set & = 0.99 and perform an experiment obtaining a sam-
ple of observations. Next, we compute f; and f,, and then state that f; < ¢ < f.
According to Neyman (1952, 39), “the probability of our [statement] being correct
is equal to 4 =.99. In other wotds, in 99 percent of such experiments, our state-
ment concerning ¢ will be correct.”” Thus, the statement “u lies between f; and
£ is correct with 99% probability in the sense that in 99% of such experiments
the statement will be correct, with the interval boundaries f{ and £, varying from
experiment to experiment. It is important to recognize that this is 7o¢ equivalent
to stating that based on the given sample “with 99% probability u lies between f;
and £,.” In frequentist theory y is not a stochastic variable, and once the sample is

* In the literature, when discussing philosophical aspects of frequentism, usually reference is made to
only Neyman rather than Neyman and Pearson, although Neyman (1952, 1) states that “So far as I am
aware these views of mine are shared by E. S. Pearson.” Berger (2003) notes that Pearson later in life
developed a more eclectic view of statistics in contrast to Neyman, who remained a pure frequentist.
Mayo (1996, 380) argues that Pearson eventually “rejected the NP philosophy (but not NP methods),”
where “NP philosophy” refers to “inductive behavior.” There is, however, no evidence that Haavelmo
was influenced by Pearson’s thinking apart from Pearson’s joint work with Neyman. Neyman was cleatly
the main inspiration for Haavelmo, as I will show later.
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taken, f; and £, become fixed and known.

To see the difference more cleatly, consider an experiment where the data
gives f{ = 1 and f; = 4. Now, consider a second experiment where a new sample
is drawn from the same population; here f; = 5 and f, = 8. Thus, there is no over-
lap between the two intervals. For both experiments it is legitimate to state that
fi < < f5,and in both cases the statement will be correct with 99% probability.
That is, in the first experiment the statement “1 < g < 47 is correct with 99% prob-
ability, and in the second experiment the statement “S < g < 87 is also correct with
99% probability. This of course only makes sense if the 99% probability refers to
the frequency of correct statements in the sequence of repeated experiments. It
does not make sense as an inductive probabilistic inference about x based on one
particular experiment. Each of the intervals may be one of the 99% that contain
&, or it may be one of the 1% that do not, and there is no way of knowing which
it is. In the present case with two non-overlapping intervals, naturally if one of
them belongs to the 99%, the other must belong to the 1% (had the intervals been
ovetlapping, both of them could belong to the same group), but as to which is
which we have no way of knowing, Neyman (1952, 211-214) takes us through a
slightly different and quite amusing example where an elderly statistician becomes
horrified when his younger assistant tells him that using the new theory (i.e., Ney-
man’s theory) of confidence intervals, the statement “0.688 < x < 1.355” can have
probability 0.95, while at the same time the statement “0.956 < u < 1.227” can
also have probability 0.95. The elderly statistician is unable to grasp the “long-run
relative frequency in repeated sampling” meaning of these probability statements.’

Throughout his writings Neyman stresses the importance of the strict fre-
quentist definition of probability for a correct understanding of his framework for
statistical inference. Importantly, NP testing and confidence intervals are pre-data
procedures that give probabilistic information about the procedures in future repeated
applications. In his theory of confidence intervals interpreted as interval estimation,
Neyman (1937, 349) emphasizes that (in a discussion of what a “practical statisti-

> Neyman (1952, 235) also emphasizes that “stating” that fi < @ < f; is not equivalent to “concluding” or
“believing” that f] < < f;. He furthermore emphasizes that we may “decide” to behave asif f; < ¢ < f;,
even though we do not necessarily believe it to be the case. This, again, illustrates Neyman’s reasoning
as “deductive” rather than “inductive” (or, as “inductive behavior” rather than “inductive reasoning”).

% In typical applications some of the intervals will overlap while others will not. See Neyman (1977,
Figures 5 and 06) for a nice simulation experiment and graphical illustration. Note further that it is not
essential that experiments are based on the same underlying population. The confidence coefficient '
is a valid probabilistic characteristic also for a sequence of differing experiments on data drawn from
different populations. The essential point here is that NP theory and Neyman’s theory of confidence
intervals require that the experiments and populations are real, not hypothetical or imaginary (see also
the discussion in the section, “Preface and Chapters I-III in Haavelmo (1944)”).

7 Hoekstra et al. (2014), Miller and Ulrich (2016), and Morey et al. (2016a; 2016b) discuss in detail how to
correctly interpret confidence intervals, and how such intervals are often misinterpreted by both students
and practicing researchers.
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cian” can infer from an x% confidence interval): “the probability statements refer
to the problem of estimation with which the statistician will be concerned in the
future. ... Consider now the case when a sample is already drawn and the calcu-
lations have given [the confidence interval]. Can we say that in this particular case
the probability of the true value of [the parameter] falling between [the confidence
limits] is equal to [x%]? The answer is obviously in the negative.” Neyman also
stresses (ibid., 347-348) that given a particular sample (i.e., post-data), the proba-
bility statements dilute into the trivial statement that the computed interval either
contains the true parameter (i.c., with probability one) or does not contain the true
parameter (i.e., with probability zero).

Of course, most theoretical statisticians and econometricians are aware of
these subtleties (e.g;, with respect to confidence intervals the phrase “coverage
probability” is usually made to emphasize the special long-run frequentist meaning
of probability), but it is my experience that most empirical researchers either are
not aware of the special limitations of classical statistical inference, or they simply
choose to ignore them in their empirical work.® The American Statistical Association
statement of 2016 (Wasserstein and Lazar 2016), and the subsequent discussions it
spawned, is a testament to this state of affairs.

In the next section I argue that Haavelmo either misunderstood the special
frequentist foundations of NP theory, or he chose to reinterpret (or ignore) them
with the purpose of being able to conduct inductive inference from a given sample.
I will argue that such a reinterpretation is not tenable.

Haavelmo’s Adoption of Neyman-Pearson
Theory

The enormous influence Neyman had on Haavelmo’s thinking is well-
documented, e.g., Bjerkholt (2005), Bjerkholt (2007).9 Apart from reading
Neyman’s publications, he learned about NP theory from conversations with
Neyman. In this section I argue, however, that Haavelmo apparently did not
grasp (or chose to ignore) the absolutely essential part of NP theory, as detailed
in the previous section, namely that the theory applies to actual (not hypothetical)
repeated sampling with focus on error control in the long run (not for a particular
sample), and with focus on deductive reasoning rather than inductive reasoning;

® This criticism also applies to much of my own empirical work over a more than 35-year-long academic
careef.

? Curiously, Neyman gets no acknowledgement in the Preface of Haavelmo (1944). However, in
Haavelmo’s Nobel Prize lecture (Haavelmo 1989), the intellectual debt to Neyman is cleatly articulated,
perhaps to make up for the lack of acknowledgement in Haavelmo (1944), cf. Bjerkholt (2005); Bjerkholt
(2007).
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In Chapter IV in his monograph, Haavelmo outlines the basic principles of
NP theory and proposes a framework for applying these principles “for a statisti-
cal formulation of hypotheses constructed in economic theory” (Haavelmo 1944,
60)."" Before discussing Chapter IV in detail, T will give a brief overview of—and
comment on—Haavelmo’s main ideas leading up to that chapter. In the following,
all quotations are from Haavelmo (1944) and all italics are in the original.11

Preface and Chapters I-III in Haavelmo (1944)

Before Haavelmo’s (1944) monograph, there was a widespread skepticism
among economists and econometricians regarding the use of probability models
for economic data. Economic time series, in particular, were thought not to fit
into a probabilistic framework for random variables and independent observations
(later I will briefly discuss the skepticism expressed by Ragnar Frisch in the 1930s—
a skepticism that is directly related to the conflict between controlled experiments
and non-experimental data). At the very outset, Haavelmo makes clear that this
view is too pessimistic. He states that “it is #of necessary that the observations
should be independent and that they should all follow the same one-dimensional
probability law. It is sufficient to assume that the whole set of, say n, observations
may be considered as oze observation of 7 variables (or a ‘sample point’) following
an n-dimensional joint probability law, the existence of which may be purely hypo-
thetical.” (Preface, iii). Later, in Chapters III and IV, Haavelmo makes clear that
this holds not just for a single time-series variable with 7 observations, but for a
system of variables.

The idea of treating time-series observations for a system of variables as one
“sample point” following a joint probability law, where there may be dependence
among the variables and across time, was surely—at the time—innovative. In mod-
ern econometrics, a vector-autoregressive (VAR) model, for example, can be seen
as an expression of Haavelmo’s system (Hoover et al. 2008); Hoover and Juselius
(2015).

In Chapter I, Haavelmo discusses how to determine whether a theory model
is “right” or “wrong”. He states that “we must ... have a rule for deciding in ad-
vance when we shall say that our a priori statements are right or wrong” (1), and
for Haavelmo such a “rule” is supplied by NP testing. He also notes (7) that
economists typically don’t have experimental data from controlled experiments,

10 The references Haavelmo gives to Neyman and Pearson are not their journal articles, but the two book
volumes of Statistical Research Memoirs edited by Neyman and Pearson (1936/1938), and Neyman’s book
Lectures and Conferences on Mathematical Statistics (1937; second edition 1952). The description of NP theory
in these books corresponds closely to that given by Neyman and Pearson in their journal articles.

" The monograph was mostly completed by 1941 and distributed as a mimeo (under the title “On the
theory and measurement of economic relations”) before it was finally published in 1944.
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but instead passively observe data that contain measurement errors and suffer from
other biases. The economist “is presented with some results which, so to speak,
Nature has produced in all their complexity, his task being to build models that
explain what has been observed.” This idea of “Nature” giving us the observed
data is a recurring theme in the monograph and will be discussed further below.

In Chapter II, Haavelmo argues that it does make sense to talk about “perma-
nent laws” in economics, i.e., to consider stable (constant) economic relationships.
The material in this chapter is not directly related to the question of whether NP
testing is suitable for economic data.'”

Haavelmo’s detailed description of how to conceive of a system of economic
variables as a joint probability model is given in Chapter III. He argues that since
no exact relationships between observable economic variables exist (“Actual ob-
servations ... will deviate more or less from any exact functional relationship we
might try to establish”; 40), we need to allow for such deviations when formulating
economic theories, and to treat the deviations as random variables. For example,
for some “explained” variable, y (e.g., consumption of some commodity) and a set
of “explanatory” variables, x;, x,, ..., X, (price, income, etc.), the theory relation-
ship may be formulated as y = f(x;, %5, ..., %,,) + 5, where s captures the stochastic
deviations (Equation 11.2). In slightly more general form, for the “observation
points” (xy, %y, ..., %,), the theory is stated as f(x;, x,, ..., x,) = s (Equation (13.2))
and, even more generally, for a set of random variables (¢, ,,...,¢,), a theory
might imply that F(x;, %5, ..., X, £,6,...,¢,) = 0 (Equation 13.3), where a joint
parametric probability distribution is then assumed to characterize the “deviations”
(€15 8355 &)

On pages 46—47, Haavelmo recapitulates from the Preface that each “sample
point” possibly consisting of several variables, each measured over a time period,
follows a joint probability law where there may be dependence across variables
and time. But he also says that random sampling implies that different sets of
such “sample points” should be independent. Thus, in Haavelmo’s “experimental
design” we are supposed to imagine that we (hypothetically) could obtain several
such independent “sample points” i.e., “Nature” has given us one particular “sam-
ple point” but could in theory have given us another “sample point” and these two
“sample points” would be completely independent.

On page 51, Haavelmo elaborates on the meaning of the random variable s
with a certain probability distribution: “we are thinking of a class of hypothetical,
infinite populations, each of which is completely described by the [theory model]
and by the characteristics of the distributions of s5.” He further states that “There

"2 Without directly referring to it, Haavelmo’s motivation in Chapter I may have been the “Keynes-
Tinbergen” debate over the meaningfulness of estimating constant economic relations over extended
petiods of time (Keynes 1939); Keynes (1940); Tinbergen (1940).
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is no logical difficulty involved in considering the ‘whole population as a sample’,
for the class of populations we are dealing with does #7of consist of an infinity of
different individuals, it consists of an infinity of possible decisions which might be
taken with respect to the value of y”, and that “we may consider the total number
of possible observations ... as result of a sampling procedure, which Nazure is
carrying out, and which we merely watch as passive observers.”

Thus, the theory model serves as the underlying hypothetical population, and
“Nature” (or “God,” or whatever) spits out one particular set of observations for us
to observe, one of an infinite number of possible sets “Nature” could have spat out.
One consequence of this reasoning is that even if we were to obtain all elements in
an actual population, there will still be “sampling errors” because the whole actual
population is just one “draw” from the underlying hypothetical infinite population
(52).

The first thing to notice here is Haavelmo’s reference to a “hypothetical, infi-
nite population.” Although Haavelmo does not refer to R. A. Fisher (in fact, there
is not a single reference to Fisher’s publications in the monograph), and although
Neyman was critical of the concept, Haavelmo most likely regarded it as equivalent
to Fisher’s (1922) notion of a “hypothetical infinite population.” However, Fisher
used this concept as a theoretical framework for drawing statistical inference from
a controlled experiment (i.e., one sample) in a hypothetical, but conceivable, re-
peated sampling setting based on sampling distributions of test statistics, i.e., we
could take a new independent sample but don’t necessarily have to (e.g., in an agri-
cultural experiment we could, if we wanted to, conduct similar experiments on
new soil samples taken from the same homogeneous soil field). In Haavelmo’s
analysis there is no controlled experiment and no possibility of repeating the ex-
periment. To apply a framework involving “samples” and “sampling distributions,”
Haavelmo therefore needs to resort to the notion of “Nature” somehow giving us
a “sample.”

Haavelmo apparently did not recognize that, on the contrary, NP theory does
not rely on the “hypothetical infinite population” concept. As noted by Lenhard
(2006, 71): “Neyman-Pearson intended to establish an objective basis for the logic
of inference that no longer depended on constructing hypothetical populations—a
method too subjective in their eyes.”13

'3 The notion of a “hypothetical infinite population” (ot “super-population”) remains controversial among
statisticians and philosophers, especially if applied to non-experimental and non-replicable data; see the
discussions and references in Berk et al. (1995) and Engsted and Schneider (2024). For time-series
observations, Gelman and Hennig (2017, 20) note that the idea of replication is constructed in a rather
creative way: “the frequentist interpretation implies an underlying true distribution for every single time
point, but there is no way to repeat observations independently at the same time point ... there is no
such thing in observable reality, even approximately, as a marginal ‘true’ frequentist distribution of the
value of the time serties x, at fixed £, as implied by the model, because x, is strictly not replicable.”
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A truly remarkable aspect of Chapter III is Haavelmo’s discussion of “The
Practical Meaning of Probability Statements” (47—49). He starts by saying that “It
has been fruitful in various fields of research to use the observable ‘frequency of
occurrence’ of an event as a practical counterpart to the purely theoretical notion of
probability” (47), but on the next page he states: “Above we considered ‘“frequency
of occurrence’ as a practical counterpart to probability. But in many cases such an
interpretation would seem rather artificial, e.g,, for economic time series where a
repetition of the ‘experiment’, in the usual sense, is not possible or feasible. Here
we might then, alternatively, interpret ‘probability’ simply as a measure of our a priori
confidence in the occurrence of a certain event. Also then the theoretical notion of a
probability distribution serves us chiefly as a tool for deriving statements that have
a very high probability of being true.” (48).

Thus, Haavelmo is fully aware of the conceptual problems that the repeated
sampling aspect of frequentist statistics poses for non-experimental economic data.
His practical solution: turn Bayesian! That is, when interpreting the outcome of the
statistical analysis, just pretend that the probabilistic statements are valid as state-
ments of our “confidence” and that probability can be attached to “statements”
without the repeated sampling context. This is indeed a very “practical” solution
to the problem, and probably not one that Neyman would approve; as discussed
above, Neyman insisted on a strict frequentist repeated sampling interpretation
of probability when applying NP and confidence interval procedures.'* Haavelmo
further states that “Much futile discussion has taken place in regard to the questions
of what probabilities actually are, the type of events for which probabilities ‘exist’,
and so forth” and he concludes by stating that (for him) “...in all the ‘foundations’
offered the system of probabilities involved are, finally, required to satisfy some
logical consistency requirements” (presumably referring to Kolmogorov’s axioms)
(48).

To summarize, Haavelmo was aware of the problems that non-experimental
and non-replicable data pose for the application of frequentist sampling theory.
The solution he offered was to refer to “Nature” somehow giving us a “sample
point” drawn from a “hypothetical, infinite population,” and to abandon the strict
frequentist interpretation of probability in favor of a more Bayesian-like interpre-
tation. This solution is very hard to reconcile with the methodology of Neyman,
on which Haavelmo himself stated that he relied.

' Although Neyman received the published version of Haavelmo’s monograph, it is doubtful whether he
read it carefully or with great enthusiasm. According to Bjerkholt (2007, footnote 133), Neyman wrote
“a curiously distant letter of congratulations. He thanked Haavelmo ‘for giving a considerable amount
of attention to my work’ adding that he felt sure Haavelmo deserved the complements he had heard
from others!”
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Chapter IV in Haavelmo (1944)

We have now reached Chapter IV, in which Haavelmo outlines the basic
principles of NP theory and describes how to apply this framework for testing hy-

1t
has now become possible for the economist to see exactly sow he has to formu-

potheses that originate from economic theory. With reference to NP, he says:

late his theories if he wants the assistance of a statistician.” (60). Thus, economic
theoties should be formulated “exactly” so that they fit into the NP framework.
Haavelmo does not leave much room for flexibility here, e.g;, the alternative ap-
proach of Fisher’s significance testing is apparently not suitable.

On page 62 he explains that “A test of a statistical hypothesis is a rule of
rejection ot nonrejection of the hypothesis, on the basis of a given sample point”” Here,
we clearly see NP’s idea of providing rules for making a decision as to whether
a hypothesis is rejected or not, as discussed earlier. Haavelmo then states that
in earlier literature “it was thought that a reasoning back from a sample point to
its true population would involve the notion of ‘inverse probability’ [i.e., Bayesian
reasoning],” implicitly saying that such reasoning is now also possible using the NP
approach. At the end of page 62, Haavelmo correctly notes that within NP theory
it does not make sense to talk about the probability of a hypothesis (in contrast to
Bayesian theory, where probability statements about hypotheses are meaningful),
and that we instead should establish decision rules for rejection or nonrejection,
in which case we—Dbased on a sample point—“may speak of the probability of
our decision being right or wrong.”” Here, Haavelmo does not elaborate on the
exact meaning of “the probability of our decision being right or wrong,” i.e., that
in NP theory (deductive reasoning) it refers to a long-run relative frequency in
repeated sampling, again discussed earlier. It does oz allow for inductive reasoning
or inference based on a specific sample, in contrast to what Haavelmo seems to
think.

That Haavelmo considers his approach as belonging to inductive inference is
apparent in several other places in Chapter IV, e.g., on page 67: “The problem is to
draw inference from E [the sample] regarding the ... parameters,” and on page 82,
where he talks about “#he problem of inductive science.” The contrast to Neyman’s
rejection of inductive reasoning is striking and puzzling! I will discuss this aspect
further below.

On pages 63—66, Haavelmo briefly describes the concepts of a “critical re-
gion,” “error of the first kind” (Type I error), “error of the second kind” (Type
IT error), the “level of significance,” the “power” of a test, and how to choose the
“best” critical region (i.e., the “uniformly most powerful test”). The description fol-
lows closely NP’s own descriptions, but nowhere does Haavelmo mention that the
error probabilities refer to properties of the test procedure in repeated applications,
with no inductive inferential implications from a particular sample.
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Next follows a brief description of point and interval estimation, and
Haavelmo correctly notes that a confidence interval is random such that it is “cov-
ering the true parameter” with a probability 8 that is called the “confidence coefficient”
(67). However, Haavelmo does not explain what “covering” really means here,
ie., that it refers to coverage probability in repeated sampling, as discussed in
the previous section. Instead, he emphasizes that the aim of point and interval
estimation is that of “drawing inference, from a sample point, as to the probability
law of the fundamental probability set from which the sample was drawn” (60),
and “to draw inference from E [the sample] regarding the corresponding values
of the parameters” (67). This is, again, clearly inductive reasoning.

After having described the basic NP setup, Haavelmo asks whether NP the-
ory represents “a useful instrument by which to deal with the problem of verifying
economic theories” (68), and on the following pages he answers this question “very
much in the affirmative” (69). His line of reasoning is roughly as follows. First, he
repeats the idea of considering a given sample (“a sample point ) as one draw
from a (hypothetical) sample space, and now, crucially, he states that “For the pur-
pose of testing hypotheses it is not even necessary to assume that the sample could
actually be repeated. We make hypothetical statements before we draw the sample,
and we are only concerned with whether the sample rejects or does not reject an a
priori hypothesis.” (p. 70).

Given Haavelmo’s explicitly stated aim of using NP theory to test (or “ver-
ify””) economic theories based on a specific sample, the above quote can only be
read as inductive reasoning (inference from « sample to the population in the form
of an economic theory model), in direct contrast to NP’s own deductive reasoning;
Note also that Haavelmo does not really argue for why “it is not even necessary to
assume that the sample could actually be repeated.” Again, this is not in accordance
with the NP procedure, which is about error control in actual repeated sampling,

On page 74, Haavelmo says that, because of power considerations, when
testing a hypothesis, the “alternative” cannot be just “everything else,” and that
“it is, therefore, necessary to be able to restrict, in advance, the set of admissible
hypotheses ... as much as possible.” This is undoubtedly an indirect criticism of
Fisher’s significance testing approach which does not operate with an alternative
hypothesis. Haavelmo then gives a quite detailed example of testing for the pres-
ence of a linear trend in a time-series variable, illustrating how to formulate the test
and how to specify admissible alternative hypotheses, determine the critical region,
calculate the power function, and so on. He also discusses the implications of the
disturbances being serially correlated. Interestingly, he sets the significance level to
0.05 without further discussion, in contrast to NP’s explicit prescription of choos-
ing the significance level in light of the relative consequences of making Type I and
Type 11 errors.
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Haavelmo ends the example asking the question: “Suppose the whole formal
set-up of the theory is wrong, what is the use of testing significance of coefficients,
etc.?” (81). He accepts this as a valid question, but then states that “if we follow
this attitude to its bitter end, we shall never be able to accomplish anything in
the way of explaining real phenomena.” Here, Haavelmo foretells the subsequent
methodological discussions in economics and econometrics about the role and
usefulness of statistical hypothesis testing in empirical modeling, given that “all
models are wrong, but some are useful” (as the statistician George Box famously
stated).

Related to this point, Haavelmo ends Chapter IV discussing the meaning of
how an econometric relation “fits well” in relation to the data. He emphasizes that
establishing “good fit” has the ultimate aim of “verifying theories,” and that can
only be done using a reliable statistical test since ““we have to deal with stochastic
relations and random variables, not exact relations.” In order for a test of a hypoth-
esis to be reliable, “It is cleatly irrelevant sow we happen to choose the hypothesis
to be tested within Q° [the set of a priori admissible hypotheses]. In particular, the
hypothesis might be one that suggests itself by inspection of the data. This is perfectly
legitimate as long as the set Q¥ of admissible alternatives is a priori fixed and remains so.
For then we can calculate the power of the test used, and see what risk we run if
we accept the hypothesis tested. What is 707 permissible is to let Q° be a function of
the sample point. Because then the test no longer controls the two types of possible
errors in testing hypotheses” (81-83).

The above quote illustrates both the quite rigid view of Haavelmo, that can-
didate economic models be specified beforehand in accordance with NP theory
(which is why, e.g., Heckman 1992; Heckman 2000 and Eichenbaum 1995 reject
Haavelmo’s approach; see Hoover 2014 for a dissenting view), and the importance
of controlling the two error types. For Haavelmo, being able to calculate the power
of a testis absolutely essential. In this light, it is interesting to observe that, although
Haavelmo’s approach is widely regarded to be the foundation for modern econo-
metrics, power considerations have played a very minor role in applied econometric
work, a point I will discuss in more detail later.

To sum up, in Haavelmo’s view economic theory should be formulated as a
joint probability model so that restrictions following from the theory can be tested
on a given non-experimental set of data using the NP approach, and with special fo-
cus on securing that a non-rejection is not due to low power of the test. The whole
analysis is clearly one of inductive reasoning and inference based on a given dataset,
in direct contrast to NP’s explicitly stated goal of deductive reasoning and long-run
error control. Thus, Haavelmo’s adoption of NP’s approach is inconsistent, giving
rise to the conceptual, interpretational, methodological, and philosophical prob-
lems that follow. I will later discuss the legacy of Haavelmo’s approach in light of
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these problems.

Before ending this section, a brief comment on Chapters V and VI in
Haavelmo’s monograph. These final two chapters deal with problems of estima-
tion and prediction, in particular how to obtain reliable parameter estimates in
systems of stochastic equations. Haavelmo calls these problems “problems of
multicollinearity” and “the problem of confluent relations” (with reference to
Frisch’s work in the 1930s, see the next subsection). These problems were later
grouped under the term “identification problem” in econometrics. Haavelmo’s
contributions to this field are undisputed, and their impact has lasted up till today
in analysis of causal relationships. These contributions are not directly dependent
on the adoption of NP theory, and therefore not subject to the criticism in the
present paper.

Frisch’s scepticism

As noted above, before Haavelmo’s monograph the use of probability mod-
els to understand economic data was looked at with great skepticism. This skep-
ticism was shared by Ragnar Frisch, Haavelmo’s mentor and co-worker during
the 1930s. Frisch co-founded the Econometric Society in 1930, and he served as
Econometrica’s first editor starting in 1933. Morgan (1990, 256) states that “Before
Haavelmo’s work, econometricians used statistical methods but for the most part ig-
nored or rejected any role for probability theory. This was because economists had
believed that certain features of economic data (non-independence of successive
observations and non-homogeneity of conditions) made the theory inapplicable.”

For Frisch, however, non-independence and non-homogeneity were not the
main reason for his skepticism. In Frisch (1934, 7; italics in original) he states, re-
garding “judging the significance of the scatterances [‘correlations’] deviation from
zero,” that “The line of approach which suggests itself from the view-point of sam-
pling theory [i.e., probability theory] is to attempt to find the sampling distribution
of the scatterances. I did not concentrate much on this aspect of the problem,
primarily because I felt that—at least when the data are of an economic sort—this
would not be the most fruitful way of approach.”

The reason for Frisch’s skepticism is explained in detail in a letter he sent
to the statistician Paul Hoel in 1935 (see Bjerkholt 2005, 504-505). In comparing
Frisch’s own “confluence analysis” with Fisher’s sampling approach, he writes:

The difference between these two points of view is this. In sampling theory, in
order to test the significance of a statistical observation, one puts up the fiction
of a ‘universe’, that is, some big collection from which the actual observations
are ‘drawn’ in a more or less ‘accidental’ manner. Whatever assumptions one
makes are made in the form of assumptions about this universe. 'This point of view
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is fruitful, it seems to me, in problems concerning experiments that can be con-

trolled, for instance, agricultural or biological experiments. But this theory is very

inadequate when it comes to applications in economics, or in social sciences in

general, where we most of the time have to accept observations that are presented

to us without our being able to influence the results to any considerable extent.

In these cases all the problems of confluence analysis crop up, and these can, it

seems to me, be better treated by another type of analysis, namely an analysis

where the assumptions being produced are assumptions about the sample itself. For

instance, one may assume that each observation is a sum of a systematic part and

a ‘disturbance’, and then introduce assumptions concerning what have been the

connections, or lack of connections, between the disturbances 2z the sample. In

this way one arrives at identities, exact upper and lower limits, etc., not results

which are formulated in probability terms (Bjerkholt 2005, 504-505, italics in

original).15

In Frisch’s letter one clearly sees the references to Fisher’s hypothetical infi-
nite population (“the fiction of a ‘universe’”’), and the skepticism towards applying
this “fiction” to non-experimental economic data. For Frisch it is the lack of con-
trolled experimentation and, thereby, the lack of meaning to a sample space defined
by a hypothetical population, that constitute the problem for economists. Instead,
in his view, focus should be on the actually observed data (“assumptions about the
sample itself”)."®

Haavelmo’s monograph can be seen as a response to Frisch’s skepticism as he
expressed itin the letter. There’s no doubt that Frisch had expressed this skepticism
repeatedly in discussions with Haavelmo during the 1930s. In 1946 Haavelmo
defended his monograph for the doctoral degree at University of Oslo, with Frisch
serving as an “officiel opponent.” To my knowledge, however, there is no public
information available regarding Frisch’s detailed views on Haavelmo’s monograph
once it was published, so we cannot know whether Frisch accepted Haavelmo’s

29>

probability approach as a solution to these concerns of his.

The Legacy of Haavelmo’s Probability
Approach

In the previous section I argued that there is a certain schism in Haavelmo’s
monograph. On the one hand, it prescribes a very rigid probabilistic formula-

'S Later in the letter Frisch writes that “the notion of probability comes in in my approach and that, after
all, there may be some points of contact between the two approaches” (i.e., between Frisch’s approach
and Fisher’s sampling theory approach), but that a short letter does not allow for a “fuller statement.”
As noted by Bjerkholt (2005, 505), it is a pity that Frisch never chose to give a “fuller statement.”

' In notes taken by Haavelmo from a meeting in 1935 between Frisch and Tjalling Koopmans, Frisch
expressed exactly the same skepticism; see Bjerkholt and Dupont-Kieffer (2011, 126-127).
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tion of models in terms of strict frequentist NP theory exclusively. On the other
hand, it advocates for a pragmatic, almost Bayesian-like interpretation of proba-
bility, and for inductive inference and reasoning (in contrast to strict NP theory)
when it comes to the analysis of non-experimental economic time-series data. In
this section I argue that econometrics following Haavelmo has inherited this rigid-
pragmatic schism.

Haavelmo’ approach is widely regarded as the foundation for modern
macro-econometrics, in the sense that it specifies a framework for how to for-
mulate, estimate, and test empirical economic models on non-experimental data
within a frequentist probabilistic setting, Starting with the work at the Cowles
Commission in the 1940s and 1950s, the approach spread to both the rational
expectations macroeconometrics school of the 1970s and 1980s and to the general-
to-specific framework of the 1980s and 1990s, the latter framework followed by
the cointegrated VAR methodology of the 1990s and 2000s."” Even today, the
core idea of Haavelmo, that economic theories should be formulated as hypothe-
ses that can be tested by statistical tests, permeates econometrics textbooks and
much applied econometric work (although, of course, this approach has met with
criticism, e.g,, Summers 1991).

Based on a (convenience) sample of econometrics textbooks, Hoover (2014)
notices a transformation from giving explicit credit to Haavelmo in the textbooks
published in the early post-war years to incorporating his ideas as common knowl-
edge (i.e., without explicit credit) in the books published in the 1970s and 1980s.
As a case in point, Hoover mentions the three solo-authored editions of Jack John-
ston’s Econometric Methods. Haavelmo (1944) is cited in the first (1963) edition, but
not in the second (1972) and third (1984) editions.

Hoover (2014) does not mention the fourth edition (1997) of Johnston’s
textbook (where John DiNardo is added as a coauthor). In that edition Haavelmo
(1944) is again cited: “Ever since the work of Haavelmo in the 1940s the probabil-
ity approach has been extensively used in econometrics [footnote with reference
to Haavelmo 1944]. Indeed, the development of econometrics in the past half cen-
tury has been driven mainly by the effort to adapt and extend classical inference
procedures to deal with the special problems raised by the nature of the data gener-
ation process in economics and the general unavailability of controlled economic
experiments.” (Johnston and DiNardo 1997, 12). This can be seen as corrobora-
tion of Hoover’s thesis that Haavelmo’s probability approach gradually became the
common foundation for textbook econometrics.

Interestingly, however (and not discussed by Hoover 2014), there is an im-

'7 Rational expectations macroeconometrics, on the one hand, and general-to-specific/ cointegrated VAR
modeling, on the other hand, are in many ways very different approaches, but they have in common the
idea that statistical testing should play a key role in model evaluation. This is in sharp contrast to the
Real Business Cycle approach of the 1980s and 1990s, which completely rejects using statistical tests.
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portant omission in the fourth edition of Johnston’s textbook compared to the
third edition, an omission that directly relates to the above discussion of repeated
sampling. Johnston (1984, 26) explains how classical statistics builds on repeated
sampling, and then notes that “At first sight this may seem a strange criterion. We
usually have just one set of sample data, and we wish to do the best we can with that.
... We assume these data have been generated by the model Y = a+BX +u, and we
now perform the conceptual experiment of imagining that repeated samples ... are
drawn.” Thus, as Johnston makes clear, classical statistics (and, thereby, classical
econometrics) requires us to accept the notions of a ‘conceptual experiment’ and
‘imaginary repeated samples’. Later in the book (ibid., 510-511), Johnston notes
that classical inference procedures “are justified in terms of sampling distributions,
which picture the behavior of estimators in repeated sets of sample data. Such
repeated samples are never drawn. We typically have one sample and have to do
the best we can with that.”” He acknowledges that these special features of classi-
cal (frequentist) procedures can be seen as problematic, and he gives a description
of Bayesian approaches, stating that “In principle the Bayesian approach can cope
with these problems in one integrated framework™ (but, at the same time, he also
states that one may face practical problems when applying the Bayesian approach)
(511).

In the fourth edition of Johnston’s textbook (Johnston and DiNardo 1997)
these remarks about the repeated sampling foundation of classical statistics and
econometrics (and the description of the Bayesian alternative) are omitted and in-
stead replaced by the brief reference to Haavelmo’s probability approach, as given
above. The concern raised in Johnston (1984), that with non-experimental data
we cannot do repeated sampling in reality, is no longer stated. Thus, it seems
that the criticism against the classical approach, that is acknowledged in the third
edition of the book, is deemed irtelevant in the fourth edition, and that a brief refer-
ence to Haavelmo (1944) is enough to justify this change.'® An equally remarkable
omission in the fourth edition is the discussion in Johnston (1984, Chapter 12) of
data-mining and specification searches (with explicit reference to Leamer 1978),
multiple testing problems, and the problematic aspects of using fixed significance
levels independent of the sample size. All of this is gone in Johnston and DiNardo
(1997).

In contrast to the revived acceptance of Haavelmo’s approach within econo-
metrics, I concur with Keuzenkamp (2000) that this approach constitutes a shaky
probabilistic foundation for empirical economic modeling, the reason being ex-
actly the above problems, not least the particular repeated sampling and deductive

8 More generally, across the econometrics literature, Hoover (2014) notes a revival of citations to
Haavelmo after 1990. Part of the reason is undoubtedly Haavelmo receiving the Nobel Prize in 1989,
but Hoover argues that the main reason is that newer influential econometric methodologies (e.g;, the
general-to-specific/cointegrated VAR approach) have revived Haavelmo’s ideas.
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reasoning aspects that are the foundations for the NP theory on which Haavelmo
builds (but misunderstands, or at best reinterprets).

As described in the “Neyman-Pearson theory” section, Fisher’s approach
based on p-values and inductive reasoning from a given sample, and NP’ ap-
proach of deductive reasoning with focus on long-run error control in repeated
sampling, are fundamentally different approaches. Nevertheless, a hybrid Fisher-
NP approach soon emerged in the post-war period and became the dominating
framework for statistical testing. As noted by Fletcher and Mayo-Wilson (2024,
520): “both Fisherian and NP testing are often taught side-by-side in contempo-
rary statistics textbooks, without mention that the two sets of techniques are based
in radically different conceptions of the relation between data and hypotheses.”"”
A similar characteristic can be given to econometrics textbooks, but for empiri-
cal modeling in economics (and the social sciences in general), the probabilistic
foundations are especially shaky due to the non-experimental nature of economic
data. And, as detailed in the previous section, Haavelmo’s arguments for why non-
experimental data pose no special problems for applying frequentist hypothesis
testing are simply not tenable.

Haavelmo’s “creative” application of NP theory, including his “pragmatic”
view of the underlying frequentist probabilistic foundation, manifests itself in how
applied econometric work has typically been conducted following Haavelmo. The
aim of most empirical work is to draw inductive inference from a unique “sample”
to the underlying population (or an economic theory), i.e., scentific inference, as
Fisher put it. But, in direct contrast to Fisher, an NP-looking testing framework is
applied where the scientific model (or postulated relationship) figures sometimes in
the null hypothesis and sometimes in the alternative hypothesis, and the outcome of
such tests is often (directly or indirectly) interpreted as giving inductive probabilistic
evidence for or against the model, e.g;, a high 7-statistic or low p-value is interpreted
as evidence that the model in the alternative hypothesis is more likely true than the
model in the null hypothesis. Thus, a Bayesian-like interpretation of probability and
test statistics is given, in accordance with Haavelmo’s prescriptions, but certainly

19 Spanos (2015, 177) states that “In his Nobel lecture, Haavelmo (1989) credits Jerzy Neyman for his
conversion from the Frisch errors-in-variables to the Fisher-Neyman-Pearson perspective” and “Due
to the Fisher-Neyman-Pearson influence, Haavelmo emphasizes....” This gives the false impression
that when Haavelmo published his monograph, there existed a joint Fisher-NP framework for hypoth-
esis testing. In fact, as described eatlier, Fisher and Neyman/Pearson strongly opposed each other’s
methodologies. Also, Fisher is mentioned in neither Haavelmo’s monograph nor his Nobel lecture (al-
though when Haavelmo refers to a “hypothetical, infinite population,” it is probably with reference to
Fisher’s similar concept). Attempts to reconcile the methodologies of Fisher and NP have been made,
e.g,, Berger (2003) who proposes to extend NP’s approach by conditioning on the strength of evidence in
terms of Fisher’s p-value. Similarly, Mayo and Spanos (2006) have suggested extending NP theory with
a “severity” criterion in order to make the theory applicable to inductive inference. These extensions
have not, however, been much adopted by empirical researchers in economics.
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not in accordance with NP theory.

Heckman (1992, 881) asked the question “Why was the Neyman-Pearson
theory adopted as the paradigm of statistical inference in econometrics, and why
were rival theories by Ronald Fisher and Harold Jeffreys less successful? Was this
just because Haavelmo was so strongly influenced by Wald and Neyman?” To my
knowledge no one has made an attempt to answer this question. Instead, the differ-
ent methodologies of Fisher and NP were merged, and often given Bayesian-like
interpretations, without acknowledging the fundamental incompatibility of these
rnethodologies.20

At the same time that applied econometric work largely adopted Haavelmo’s
prescription of testing and evaluating economic models by means of statistical hy-
pothesis testing, and inherited his “pragmatic” interpretation of the outcome of
such testing, empirical economic researchers have followed researchers in other
empirical social and medical sciences in applying rigid significance thresholds (typ-
ically 5%) for declaring a scientific finding (see, e.g, Harvey 2017; Andrews and
Kasy 2019), independent of the sample size and no matter whether the subject
economic model figures in the null or alternative hypothesis. This has led to an
unfortunate preoccupation with passing certain statistical thresholds independent
of the economic context and the nature of the data, which in turn has led to data-
mining, p-hacking, and publication bias at journals.

In one important respect, however, Haavelmo’s prescriptions have had al-
most no impact: power. A noteworthy feature of both theoretical and applied
econometric work ever since the 1940s is the lack of emphasis on assessing the
power properties of statistical tests, see, e.g., Stevenson and Fischman (2026). Ney-
man and Pearson (1933) emphasized the importance of assessing the power of tests,
as did Haavelmo (1944). However, in many (most?) statistical and econometric
textbooks, power is not given the attention it should have. Neyman (1977, 107)
noted that “Unfortunately, this particular point [powert| escaped the attention of a
large number of authors of statistical texts. ... As a result, important experiments
are often performed with the possibility of very frequent most regrettable errors.”

In both theoretical and applied econometrics textbooks power is similarly
ignored or given a very limited role. Inspection of various textbooks reveals that
the power of tests typically gets only cursory coverage. For example, Stock and
Watson (2007), an influential econometrics textbook, briefly mention the power of
tests in their introductory “Review of Statistics” chapter and in later sections on
testing for unit roots, but I have not been able to identify a discussion of power
in the numerous examples and illustrations of testing hypotheses using real world

% Lehmann (1993) argues that despite basic philosophical differences, in their main practical aspects the
two methodologies are complementary rather than contradictory, and that the choice of framework is
context dependent. He admits, however, that a fundamental problem is the lack of clear principles for
selecting the appropriate framework.
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data in the book. In Johnston and DiNardo (1997), discussed above, I have only
been able to find one mention of power: “Low power in statistical tests is an often
unavoidable fact of life, with which one must live and not expect to be able to make
definite pronouncements.” 227).2!

Hoover (2014) argues that textbook econometrics in the post-war period
adopted only the rigid parts of Haavelmo’s methodology, in which model con-
struction and model testing are completely separated, but that the more flexible
and data-driven parts, that some econometricians see in Haavelmo’s monograph,
have recently been revived in modern textbooks. As an example, Hoover men-
tions Juselius’s (2006) book on the cointegrated VAR model, in which Haavelmo is
explicitly acknowledged as a main inspiration. Specification and misspecification
testing plays an important role in this book. Interestingly, however, and in direct
contrast to the prescriptions of Haavelmo, the power properties of tests play essen-
tially no role in the book, except in a few places where the problem of low power
is discussed qualitatively but not quantitatively.

As a consequence of this lack of emphasis on the power of tests in the text-
books, empirical work in economics and the other social sciences using statistical
and econometric methods have mostly been concerned with documenting statisti-
cal (in)significance while ignoring the power properties of the applied tests. The po-
tential consequences are profound. Lack of statistical significance in a low-powered
study is, naturally, not particularly interesting, and since there generally is a publi-
cation bias favoring statistically significant results, this leads to an upward bias in
the magnitude of published effects (Chopra et al. 2024; Stevenson and Fischman
2026).

An under-appreciated fact is that low power of tests is also problematic if
the tests reject the null, because it leads to a high false discovery rate (FDR), i.e.,
the fraction of null rejections that are false (Ioannidis 2005; see Engsted 2024 for a
discussion of FDR in empirical economic research). In a big meta-study, loannidis
et al. (2017) find that the typical power in empirical economics is just 18%, and
in an update of the study Askarov et al. (2024) report even lower typical power
(Iess than 10%). With such low power, FDR is substantially above the Type I error
rate, which is a contributing factor behind the replication crisis that haunts most
empirical sciences.”

The reason for the lack of emphasis on power in textbooks and applied work

! In Johnston (1984) I have been unable to find a single instance where the power of tests is discussed.
Of course, in glancing through these books, I may have overlooked places where power is mentioned.
If so, I apologize in advance.

2 In some fields with an abundance of data (e.g., high-frequency data in financial economics or detailed
micro-level data in labor economics) lack of power is typically not a problem. With such data the
problem is that even miniscule and economically unimportant effects become statistically significant at
conventional significance levels.
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is undoubtedly that establishing the power properties of tests is typically much
more challenging than obtaining the size properties. The predominant response to
this challenge within applied econometrics has been ignorance. In contrast to the
explicit prescriptions of both NP and Haavelmo, the focus in empirical research
has been on statistical (in)significance while mostly ignoring power.

In sum, Haavelmo’s basic idea of formulating economic theories and models
in a probabilistic setting that lends itself to statistical NP testing permeates textbook
and applied econometrics throughout the post-war period. Empirical economists
have for the most part (implicitly) accepted Haavelmo’s arguments for why such
an approach is also valid for passively observed non-experimental data, and have
adopted his “pragmatic” inductive inference interpretation of the outcome of such
analyses. The inconsistency of NP theory with inductive inference has been ig-
nored, and—as in the other social sciences—an incoherent hybrid Fisher-NP ap-
proach has been adopted with focus on statistical significance at conventional but
rigid and arbitrary significance thresholds, while ignoring power.

Concluding Remarks

There is a long tradition of methodological discussions of econometric prac-
tice (compare, e.g., Leamer 1983; Leamer 1985, and McAleer et al. 1985). How-
ever, discussions of the probabilistic, statistical, and philosophical underpinnings
of econometrics are rarer, despite the fact that these underpinnings are important
for a proper conceptual and probabilistic interpretation of econometric analyses.
Haavelmo’s (1944) monograph continues to be considered the probabilistic foun-
dation for mainstream econometrics. Haavelmo intended to draw inductive prob-
abilistic inference from a unique non-experimental dataset to an underlying theory
model by means of Neyman-Pearson (NP) testing. He apparently did not recog-
nize (or chose to ignore) that the NP approach does not allow for such inference.
As Neyman repeatedly emphasized, NP testing of a particular hypothesis based on
a particular sample “does not contribute anything about the falsehood or correct-
ness of the particular hypothesis.” NP testing is about the properties of a procedure
when applied repeatedly, and does not provide information about the theory model
in light of the observed data.

Fisher’s approach based on p-values is directly aimed at inductive inference
from a particular sample, but Haavelmo paid no attention to it. Regardless, p-values
have their own conceptual and interpretational problems that severely limit their
usefulness as evidence measures (see, e.g, Berger and Wolpert 1988 and Wagen-
makers 2007).

Textbook and applied econometrics in the post-war period adopted an appar-
ently coherent—but in reality inconsistent—hybrid statistical approach that con-
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tains both the p-value and elements from NP testing, while at the same time (im-
plicitly) accepting Haavelmo’s basic probabilistic framework and inductive reason-
ing. As in most other empirical social sciences, empirical research in economics has
been characterized by a strong reliance on documenting statistically (in)significant
effects by means of this hybrid approach. If applied in a pragmatic manner in
which statistical testing merely serves as a preliminary data summary device, this
would not necessarily be a major problem. Unfortunately, however, this is not
how empirical work is done in practice. The statistical testing of models continues
to be considered a centerpiece of applied econometric modeling, and data-mining
and p-hacking using conventional but arbitrary significance thresholds continue to
dominate empirical practice (see, e.g., Harvey 2017).

There is still a need to thoroughly discuss these issues. The present paper is
to be seen as a contribution to these discussions.
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