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Preface

Writing this dissertation in philosophy of science was both an enor-
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of the research program “Understanding Scientific Understanding”
of the Faculty of Philosophy at VU University Amsterdam. The aim
of this program, which was supported financially by the Netherlands
Organization for ScientificResearch (nwo), was to investigate the na-
ture of scientific understanding in a variety of scientific disciplines.
Henk, who started the program, focused mainly on understanding in
the physical sciences. SabinaLeonelli, who carried out the other Ph.D.
project, concentrated on understanding in the life sciences, and I stud-
ied understanding in psychology. I enjoyed working with both, and
I would like to take this opportunity to thank them for the pleasant
and constructive teamwork that led to many satisfactory results. For
example, togetherweorganized the successful conference “Philosoph-
ical Perspectives on Scientific Understanding” held in Amsterdam in
August 2005. Another highlight was the volume Scientific Understand-
ing: Philosophical Perspectives (2009), which we edited together and in
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ly chapter 4 of this dissertation overlaps with my contribution to that
volume.
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typographical work in this book but also for their warm collegiality
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especially my wife Astrid and my son Jonne. They supported me
greatly through their encouragement, cheerfulness, and –most of all –
their understanding.



chapter 1

Introduction

Scientific explanations provide understanding of phenomena. Al-
though it seems quite natural to regard this as one of the main ad-
vantages of science, there was, until recently, a tendency among sci-
entists and philosophers of science to downplay the value of scientific
understanding. Illustrative for this is the ironic tone used by the psy-
chologist Edward C. Tolman in a discussion on the development of
behavioral theories. This leading figure of the psychological school
of neo-behaviorism, which had its heyday between 1930 and 1950,
is one of the subjects in chapter 4 of this study. In his view, theories
of behavior are necessary primarily to gather the results of behavioral
experiments and to use these results to generate new predictions. Fur-
thermore, he suspected that some scientists have an additionalmotive
for developing scientific theories:

Some of us, psychologically, just demand theories. Even if we had all
the million and one concrete facts, we would still want theories to, as
wewould say, “explain” those facts.Theories just seem to be necessary
to some of us to relieve our inner tensions.

(Tolman 1938/1966, 150)

Apparently, some scientists suffer from “inner tension” if they are con-
fronted with unexplained empirical facts, and scientific theories can
be helpful in reducing this psychological discomfort of lacking under-
standing. But, according to Tolman, this feature should not be taken
seriously: he even put the word “explain” in quotation marks because
he regarded it as nothing more than a psychological benefit.The view
that is advocated with statements like this is that the psychological as-
pect of explanation –whichwas usually equatedwith understanding –
does not belong to the genuine aims of science.This idea is in linewith
the view of science advocated by logical positivism.

Although it is currently more widely acknowledged that under-
standing is a central aim of science, in addition to accurate description
and prediction, the influence of traditional positivist philosophy of
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science can still be felt in philosophical debates on scientific under-
standing – for instance, in claims that understanding is merely a psy-
chological by-product of scientific explanations (e.g. Trout 2002). In
recent years, however, scientific understanding has received more se-
rious attention in philosophy of science, especially in philosophical
accounts of scientific explanation. Often, these accounts are justified
by pointing to the capacity of an explanation to provide understand-
ing. Typically, they make use of particular notions of understanding,
such as the view that understanding is achieved through unification
(e.g. Friedman 1974; Kitcher 1981; 1989; Schurz 1999) or through
knowledge of causal mechanisms (e.g. Salmon 1984; 1990; 1998;
Humphreys 1989; Dowe 2000). Although the topic of scientific un-
derstanding has acquired more interest due to the developments in
the ideas about scientific explanation, the different models of expla-
nation in philosophy of science still have no satisfactory underpin-
ning for their accounts of understanding. For instance, as I discuss
in chapter 3, the unificationist model lacks an adequate argument for
the claim that understanding is achieved by unification, as does the
causal-mechanical model for its claim that understanding is achieved
by knowledge of causal mechanisms.

This present study is part of the research program Understanding
Scientific Understanding developed by Henk W. de Regt. The aim of
this program, in which Sabina Leonelli also participated, is to elab-
orate and defend a new approach to scientific understanding. This
project breakswith the idea of universal standards for scientific under-
standing. The reason for this is the observation, made by historically-
minded philosophers such asThomas S. Kuhn (1962), that science as
it is actually done displays a historical, social, and disciplinary varia-
tion that is bound to falsify anyuniversal accountof science.Therefore,
our approach aspires to account for the contextual variation of stan-
dards for scientific understanding actually employed by scientists. A
key notion in this approach is that of intelligibility. We assume that
the scientific understanding of phenomena requires intelligible mod-
els or theories. Intelligibility is a pragmatic notion, which means that
intelligibility is not an intrinsic property of the model or theory but
depends on the scientists who use it.That intelligibility is a pragmatic
notion implies the possibility of contextual variation.The intelligibil-
ity of models or theories may change over time. For instance, when
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first proposed in the late 17th century, Isaac Newton’s theory of grav-
itation was considered to be unintelligible because it involved action
at a distance. However, in the 18th century, due to the successes of
Newtonian theory, the theory became an exemplar of intelligibility.
Because of intelligibility’s dependence on context, standards for sci-
entific understanding may vary over time and in different disciplines.
To account for this contextual variation, the program is intended to ex-
plore a broad spectrum of scientific disciplines, including physics (De
Regt 2005; 2009), the life sciences (Leonelli 2007; 2009), and thefield
investigated in the present study, psychology (Eigner 2009).

In chapter 2 I will discuss the aims and methods of philosophy of
science in general and of this study in particular. Broadly speaking, an
important aim of philosophy of science is to reveal the nature of sci-
ence as an epistemic activity.Theaimof this study is thus todevelop an
account of scientific understanding and to show that this notion is in-
dispensable in a philosophical characterization of science. In line with
the historicist approach in the philosophy of science, the use of his-
torical case studies is an important feature of this study. In these case
studies, the tentative account of intelligibility andunderstanding that I
will develop in chapter 3 on the basis of recent philosophical literature
is confronted with scientific practice. The inevitable tension between
thephilosophical characterizationof science andactual scientificprac-
tices demands a critical approach to both the characterization and the
practice. I will use the case studies of scientific practices to elaborate
the philosophical account of scientific understanding in this study,
which in turn can be used in the explanation and normative appraisal
of scientific practices.

In chapter 3 I will develop my basic ideas about intelligibility and
understanding. These ideas constitute the framework for the philo-
sophical account of understanding that I will elaborate further via the
case studies. The point of departure here is De Regt’s work (2004;
2009; De Regt and Dieks 2005) on scientific understanding, which is
the basis for the research programUnderstanding ScientificUnderstand-
ing. One of the focal ideas here is that the scientific understanding of a
phenomenon requires the ability to use the relevant scientific theories
in particular ways. In developing this philosophical framework, I will
concentrate on this ability and argue that it requires intelligible mod-
els. In chapters 4 and 5 I will discuss this framework in more detail by
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means of two case studies of scientific practice.The first concerns the
school of neo-behaviorism inpsychology and the second its successor,
cognitive psychology.

The main purpose of the first case study presented in chapter 4
is to support the claim that scientific understanding has epistemic
significance by refuting a putative counterexample. Neo-behaviorism
was strongly influenced by logical positivism, and Tolman’s statement
above exemplifies its rejection of any epistemic role of understanding
in science. The big impact of neo-behaviorism on the practice of re-
search in psychology, which lasted for several decades, may seem to
disprove the idea that understanding is necessary for achieving the
epistemic aims of science – at least in psychology. My analysis of the
methodology of neo-behaviorism, however, invalidates this conclu-
sion. The development of behavioral models led to the introduction
of terms such as ‘hunger’ that were considered to be theoretical. This
did not necessarily conflict with positivism as long as the meaning of
these terms was captured in an objective way. For instance, in the case
of rats in mazes, ‘hunger’ could be defined operationally in terms of
the time passed since the rats last received food. However, in practice,
themeaning of the theoretical terms turned out to exceed their objec-
tive definition. They acquired so-called “surplus meaning” (Reichen-
bach 1938). Iwill demonstrate that this surplusmeaning of theoretical
terms facilitates scientific understanding and that both the method-
ology and the resulting scientific knowledge crucially depend on this
understanding.

Themain purpose of the second case study presented in chapter 5
differs from the first. While the first case study demonstrates the epis-
temic significance of scientific understanding, I will use the case study
of cognitive psychology to flesh out the notions of intelligibility and
scientific understanding in more detail. In the 1950s, the rise of cog-
nitive psychology was preceded by a more liberal approach to the in-
troduction of explanatory constructs. At that time, neo-behaviorists
gradually came to acknowledge that the surplusmeaning of these con-
structs was relevant for their scientific endeavors. Thus, early cogni-
tive psychologists, such as Donald E. Broadbent, advocated the use
of a particular kind of explanatory concept to facilitate understanding
of psychological phenomena. Here the contextual nature of scientif-
ic understanding becomes apparent: the early cognitive psychologists
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believed that the concepts of information theorywere especially high-
ly suitable for understanding cognitive phenomena. Communication
engineers were developing information theory at that time, which had
a major impact in post-war technological developments. Early cog-
nitive psychologists adopted ideas from this new discipline, and as-
sumed that familiarity with the technique of providing information
flow analyses made it easy to conceptualize psychological phenom-
ena. I will examine the skills that are required for this technique, by
means of which early cognitive psychologists applied information-
theoretical models to understand psychological phenomena.

In sum, scientific understanding is an important epistemic aim of
science. In this study I will show that scientific understanding requires
intelligible models and that the intelligibility of a model for scientists
depends on, among other things, their skills. I will use this account of
understanding to analyze and explain scientific practices. For instance,
Iwill use it to explain the transition fromneo-behaviorism to cognitive
psychology as motivated by the (implicit) recognition that the intel-
ligibility of models is an important scientific value. With this account
of understanding I hope to contribute to a characterization of science
that is useful for the philosophical analysis of scientific practices and
results.





chapter 2

Aims andMethod of this Study

2.1. Introduction

Themain objective of this study is to develop an account of scientific
understanding and to demonstrate that understanding is an important
aim of science that has epistemic significance. As briefly mentioned
in the first chapter, scientific understanding is a topic that was not
traditionally treated by philosophy of science. Due to its psycholog-
ical connotations, it was considered to be irrelevant for the main aim
of philosophy of science, namely, the justification of scientific knowl-
edge. In contrast, the present study argues that the development of an
account of scientific understanding is a legitimate contribution to phi-
losophy of science. In this chapter I will explain the aims and method
of this study. In section 2.2 I will discuss the main aims of philoso-
phy of science in a general way. In section 2.3 I will deal briefly with
the general methodological implications of these ideas for philoso-
phy of science studies. Subsequently, in section 2.4, I will explain the
concrete method I will be using in this study. An important aspect
of this method is the use of case studies, and in this study the two
cases are taken from the field of psychology. The first concerns neo-
behaviorism, and the second cognitive psychology. Iwill explain how I
use these case studies in the development of philosophical ideas about
scientific understanding.

2.2. Aims of Philosophy of Science

Traditionally, a major aim of philosophy of science is to give a nor-
mative appraisal of science in general and of specific claims made by
scientists in particular.This focus on the normative task of philosophy
of science can be found in ideas on the discipline that were formulat-
ed by the logical positivists in the first half of the 20th century. In their
characterization of philosophy of science a key role was assigned to
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the distinction between the “context of discovery,” in which the pro-
cesses of the generation of knowledge in science are analyzed, and
the “context of justification,” in which the justification of this knowl-
edge is analyzed. Philosophy of science was viewed as dealing with
the context of justification, and the context distinction was meant to
guarantee the autonomy of philosophy of science as an enterprise in-
dependent of other, empirical studies of science (Hoyningen-Huene
1987, 501).

Although the context distinction was traditionally an important
subject in philosophy of science, in recent decades it has become less
urgent (Schickore and Steinle 2006, vii). The reason for this decline
of interest, which went hand in hand with a growing interest in the
history and sociology of science, was not that philosophers of science
had come to agreement on this topic. On the contrary, “agreement
on the distinction between the contexts has never been reached, at
least not publicly and explicitly. Rather, the interest in the distinction
seems somehow to have faded away, without a real solution of the
earlier disagreement” (Hoyningen-Huene 1987, 502). The context
distinction fell out of favor because it was increasingly felt that that
distinction was no longer needed for an accurate characterization of
philosophy of science. In addition to justification, description and
explanation also became valued as aims of philosophy of science. I will
reflect on the aims of justification, explanation, and description, the
common denominator of which is to provide a more or less general
characterization of science. Following a proposal by Kuhn I will argue
that such a characterization can be given bymeans of a list of epistemic
values. I will start this reflection by lookingmore closely at the context
distinction.

2.2.1.TheDistinction between Discovery and Justification

During the Enlightenment, the idea flourished that the methods and
processes of discovery in science were important for the justifica-
tion of knowledge claims. This idea was based on the doctrines of
philosophers and scientists, such as Francis Bacon, René Descartes,
and Newton, who regarded the method of inquiry or discovery as
a “straight and narrow path toward empirical or intellectual truth”
(Nickles 2001, 86). They held that the method of discovery is also
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a method of justification, and considered a claim to be justified if it
had been arrived at by the right method. During the Romantic pe-
riod, when intuition and creativity were highly valued, this view was
abandoned because it became recognized that science could produce
genuinely novel and interesting results only if scientists had flashes
of genius based on intuition. Therefore, discovery and justification
were considered to be different processes. After the Romantic period,
the separation between discovery and justification culminated in the
logical-positivist distinction between them (Nickles 2001, 86–87).

The core of the context distinction as intended by its proponents
is a distinction between the factual and the normative (Hoyningen-
Huene 1987, 511). When the well-known logical positivist Hans Rei-
chenbach introduced the context distinction in 1938, he argued that
analyses of science in the context of discovery concern the process-
es of thinking in their actual occurrence, whereas analyses of science
in the context of justification, which is the realm of philosophy of sci-
ence, concern the reconstruction of thought processes as they ought
to occur if they are to be arranged in a consistent system of logical rea-
soning. According to Reichenbach (1938, 5), philosophy of science
“does not regard the processes of thinking in their actual occurrence;
this is entirely left to psychology.” Instead, philosophy of science looks
at a logical substitute: it regards thinking processes reconstructed in a
rational form. Instead of describing the actual thinking processes, phi-
losophy of science offers a rational reconstruction of them in which
they are transformed into a chain of logical steps.This rational recon-
struction can be subjected to logical evaluation by examining if all
chains of thought are justified.

Reichenbach’s view of the task of philosophy of science, which
is closely connected to his view of the context distinction, appears
to be at variance with the conception that most philosophers of sci-
ence have of their discipline.This becomes apparent already from the
different interpretations of the context distinction that were put for-
ward by philosophers of science after Reichenbach introduced it.The
most influential interpretation thatdiffers fromReichenbach’s to some
extent is that the two contexts refer to temporally distinct, or per-
haps partially overlapping, successive phases in science (Hoyningen-
Huene 1987, 507). The origin of this interpretation was Karl R. Pop-
per’s Logik der Forschung (1934), which became well known after its
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English translation asThe Logic of Scientific Discovery (1959). In this
work Popper distinguishes between two temporally distinct and suc-
cessive stages of scientific development, namely, the stage of conceiv-
ing or inventing a theory and that of testing it. According to Popper,
the first stage is not susceptible to logical analysis, although it may be
of interest to psychology.The second stage however, in which scientif-
ic knowledge is justified bymeans of critical tests, can be analyzed log-
ically. Popper’s distinction between temporally distinct stages, which
he called the “conduct of discovery” and the “conduct of justification”
(Auffindungs- und Rechtfertigungsverfahren, cf. Popper 1935) respec-
tively, differs from Reichenbach’s context distinction. However, Pop-
per’s distinctionwould become confusedwith the latter. Reichenbach
had introduced the distinction as a logical one, rather than a chrono-
logical one, and he had no intention of distinguishing two different
stages of scientific inquiry. In later discussions on discovery and justi-
fication this was not clear to most of the parties. It was almost univer-
sally accepted that the context distinction was a distinction between
an initial developmental phase and a phase of testing what had been
developed, which is actually the distinction put forward by Popper in-
stead of Reichenbach (Gutting 1980, 30).

In addition to the philosophical question about the justification of
knowledge, which is the focal point of Reichenbach’s distinction, Pop-
per’s distinction entails the historical question of the existence of dis-
tinct phases of discovery and justification in scientific inquiry. Several
answers to this question were proposed. Some denied the possibility
of separating different phases, while others even argued for a sepa-
ration into three or more phases. It became common to distinguish
three phases: the phase of generating or conceptualizing a hypothe-
sis, the phase of pursuit or preliminary evaluation of this hypothesis,
and finally the phase of justification or acceptance of this hypothesis
(Kirschenmann 2001, 8).The growing interest of philosophers of sci-
ence in the stages of discovery did not imply a return to the focus on
scientific methodology that was characteristic of the Enlightenment.
Instead, it implied a growing awareness of actual scientific practice.
The philosophical studies of the stages of inquiry in the development
of scientific knowledge were not purely normative. In addition, they
also aimed at describing and explaining these stages of scientific in-
quiry. In the course of time, especially after Kuhn’s (1962) Structure of
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Scientific Revolutions, description and explanation of science became
appreciated as additional aims of philosophy of science supplemen-
tary to justification.Theaims of philosophy of science go beyondwhat
Reichenbach determined was the task of the discipline. His charac-
terization of philosophy of science via the context distinction is too
restrictive.

All these aims – describing, explaining, and giving a normative ap-
praisal of (the results of) scientific practices – are objectives of my
study of scientific understanding in psychology. I will first describe
aspects of the scientific practices of neo-behaviorism and early cog-
nitive psychology. Second, I will explain aspects of these develop-
ments in psychology. For instance, I will use philosophical ideas on
scientific understanding and on the intelligibility of theories to ex-
plain that the transition from neo-behaviorism to cognitive psychol-
ogy was motivated by the (implicit) recognition that intelligibility of
theories is an important scientific value. Third, I will use philosophi-
cal ideas about scientific understanding and the intelligibility to give a
normative appraisal of scientific practices and ideas, especially of neo-
behaviorism.Normative appraisals can be evaluative and prescriptive.
An example of a prescriptive assessment of neo-behaviorism is the
well-known phenomenological critique that, due to its objective ap-
proach, its portrayal of human nature is inadequate. This judgment is
prescriptive because it results in the prescription that instead of the
objective approach of the natural sciences, which the hermeneutical
tradition refers to as Erklären, psychology should employ a qualita-
tive or hermeneutical approach,which is calledVerstehen, because that
woulddomore justice to thepsychological subjectmatter (Feest 2005,
145). In my study, the normative appraisal of neo-behaviorism will
primarily be evaluative rather than prescriptive. Instead of prescrib-
ing an alternative approach, I will use my philosophical ideas about
intelligibility and scientific understanding to evaluate the scientific
character of the neo-behaviorist approach. I will analyze the scientific
approach of neo-behaviorists such as Tolman and Clark L. Hull and
assess to what extent their assertions about science as well as their
actual scientific activities accord with the epistemic requirement of
intelligibility.
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2.2.2.Characterizing Science by its Values

An important task for philosophers of science, nomatterwhether they
are interested primarily in describing, explaining, or giving a norma-
tive appraisal of science, is to give a more or less general character-
ization of science. Traditionally, they tried to do so by searching for
universal and objective epistemic norms. For instance, logical pos-
itivists tried to formulate such norms by means of the verifiability
principle, which states that statements are meaningful only if they are
either empirically verifiable or tautological. They argued that scien-
tific knowledge should therefore be based strictly on empirical evi-
dence and logic. This project, however, faced several difficulties: for
instance, universal claims, such as laws of nature, do not allow for ver-
ification. Tackling these difficulties became the main business of the
logical positivists. Famous here are the problems related to the confir-
mation of knowledge, the Duhem-Quine thesis, and Rudolf Carnap’s
attempt to construct an inductive logic to justify universal claims by
means of a finite number of observations. Another well-known prob-
lem concerns the distinction between theoretical and observational
knowledge claims (e.g. Hanson 1958).

The impossibility of solving the key problems of logical positivism,
together with an increasing historical interest in the processes of
knowledge generation in real science, led to doubts about the mean-
ingfulness of the search for universal, objective epistemic norms. His-
torically-minded philosophers of science, of which Kuhn is the most
famous representative, noted that the norms used in scientific practice
are context-dependent: different scientific communities or disciplines
use different norms.

In the case of norms for the intelligibility of theories, this context-
dependence is nicely illustrated by the example of action at a distance.
This concept was felt to be unintelligible when it was introduced by
Newton in 1687 because it was in conflict with the prevailing norm,
based on the corpuscular worldview of that time, that an intelligible
mechanics should describe interactions between bodies that have di-
rect contact. This was expressed in the dictum that “nothing can act
where it is not.” However, a century later, when Newtonian theory
turned out to be very successful, scientists abandoned the metaphys-
ical principles of philosophers like Descartes and adopted the canon
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that “a thing can only act where it is not,” and, accordingly, the concept
of action at a distance became a necessary condition for intelligibility
(VanLunteren 1991, 126).This demonstrates the contextual nature of
norms for intelligible theories.

According to historically-minded philosophers of science, scientif-
ic practice shows that no universal epistemic norm exists. Therefore,
they argue, the logical-positivist ideal of universal norms does not do
justice to the dynamics of science. This line of reasoning is currently
influential in several trends in philosophy of science in which univer-
sal epistemic norms are being replaced by context-dependent norms
(Kirschenmann 2001, 3–7).

The view that epistemic norms in science are context-dependent
raises the question if it is feasible to give a more or less general charac-
terization of science. Kuhn proposed a way to deal with this problem.
Although his analysis of the history of science shows that attempts to
formulate universal epistemic norms will always be refuted, in Kuhn’s
view this does not mean that philosophers of science should stop
searching for characteristic features of science. Such features can still
be formulated, although they have to be formulated in such a way that
they allow for historically situated scientific practices and different sci-
entific schools. In his characterization of science, Kuhn (1973/1977)
did this by listing a number of general characteristics of a scientific
theory.The first is empirical accuracy, which includes predictive accu-
racy; the second is consistency, both internal and with other relevant
accepted theories; the third is scope or unifying power; the fourth
is simplicity, which involves organizing otherwise isolated phenom-
ena; and the fifth is fruitfulness, or fertility for further research (Kuhn
1973/1977, 321–322). Kuhn argued that this list of criteria contains
necessary (but not sufficient) conditions for a discipline to be scientif-
ic: an enterprise may have different criteria for judging their theories,
but then it would not be science (Kuhn 1973/1977, 331).

Kuhn’s list of criteria is compatible with his dynamic view of sci-
ence. He deliberately formulated the criteria in an “imprecise” way,
meaning that “individuals may legitimately differ about their appli-
cation to concrete cases” (Kuhn 1973/1977, 322), and left open the
possibility of disagreement about how the criteria play off against
one another in conflicting situations. According toKuhn (1973/1977,
331; see also McMullin 1983, 16), the criteria in his list operate as
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“values,” which means that theory choice is basically a matter of val-
ue judgment. All disciplines that endorse these values are scientif-
ic disciplines, even if the translation of these values into concrete
norms differs among these disciplines. Kuhn’s way of characterizing
science by means of a list of values was a source of inspiration to oth-
er philosophers of science (e.g.McMullin 1983; Longino 1990; Lacey
2005). Ernan McMullin adopted Kuhn’s ideas of scientific values and
called them “epistemic values,” which is also the term I will use in this
study:

We can provide a list of criteria that have gradually been shaped over
the experience of many centuries, the values that are implicit in con-
temporary scientific practice. Such characteristic values Iwill call epis-
temic, because they are presumed to promote the truth-like character
of science, its character as the most secure knowledge available to us
of the world we seek to understand. An epistemic value is onewe have
reason to believe will, if pursued, help toward the attainment of such
knowledge. (McMullin 1983, 18)

McMullin distinguishes epistemic values from non-epistemic values
that (in the long run) are not relevant for theory choice. This seems
to suggest that there is a relatively firm distinction between epistemic
values andother values, such as social, cultural, andpersonal ones.He-
len E. Longino (1990, 4) questions this. Although she distinguishes in
her work between scientific values, which she labels “constitutive val-
ues” because they are “generated from an understanding of the goal
of science,” and other, contextual values, she seems to suggest that in
practice this distinction is not that sharp.Thisbecomes apparent in, for
instance, her idea that the origin of a constitutive valuemight be a con-
textual value (1990, 100). I agree with Longino that contextual value
judgments play an important role in science. In my reading of Kuhn,
the contextual influence on the choice of theory is already an impor-
tant element of his conception of the list of epistemic values because,
as he explains, in scientific practice the translation of epistemic values
into concrete epistemic norms may differ among different scientists,
depending on their disciplinary background and other contextual fac-
tors. Characterizing science by means of a list of epistemic values is a
drastic deviation from the traditional view of philosophy of science.
First, the attention to the context-dependence of epistemic norms de-
viates from the traditional ideal of universal epistemic norms. Further,
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the list of epistemic values proposed by philosophers such as Kuhn,
McMullin, Longino, andHugh Laceymay include elements that were
traditionally not considered as belonging to the context of justifica-
tion.

For example, the list of epistemic values may contain pragmatic
elements, which is not in accordance with traditional philosophy of
science. In linewithReichenbach’s ideaof offering rational reconstruc-
tions, traditional philosophy of science was concerned with the justi-
fication of scientific knowledge, where the basic idea was that this jus-
tification relies only on empirical evidence and logic. Despite the dif-
ficulties mentioned above with specifying this basic idea, it was clear
that the philosophical justification should not rely on pragmatic con-
siderations. Pragmatic aspects of sciencewere not considered relevant
for philosophy of science (cf. Van Fraassen 1980, 87–96). A character-
ization of science bymeans of a list of epistemic valuesmay contradict
this view. One of the elements in Kuhn’s list that can be regarded as
pragmatic is the value of simplicity: whether a theory is simple or dif-
ficult depends on the experience and intelligence of the scientists who
use it. However, Kuhn’s notion of simplicity implies bringing order to
otherwise isolated phenomena. Instead of simple as opposed to diffi-
cult, hemeant simple as opposed to complex, which is not evidently a
pragmatic notion. Yet, whether or not Kuhn’s value of simplicity does
indeed include a pragmatic element, characterizing science by means
of a list of epistemic values has the advantage of facilitating the inclu-
sion of aspects of science that would traditionally have been excluded
from a philosophical characterization of science.

In this study I argue that intelligibility of theories is an epistemic
value of science. In other words, like empirical accuracy, consistency,
scope, simplicity, and fruitfulness, intelligibility is one of the values
relevant for judging theories (cf. De Regt, Leonelli, and Eigner 2009).
Intelligibility is a pragmatic notion: a theory’s intelligibility does not
only depend on its relation to the world but also on those who use the
theory.The claim that intelligibility is one of the epistemic values that
are constitutive of science therefore broadens the traditional domain
of inquiry of philosophy of science. I will support this claim bymeans
of historical case studies from psychology.
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2.3.Methodology in Philosophy of Science

That philosophy of science is an undertakingwith both normative and
descriptive facets has repercussions for methodology. Two opposing
methodologies that are advocated by philosophers of science are the
aprioristic approach and the empirical approach. In the aprioristic ap-
proach, of which logical positivism is illustrative, the nature of science
is analyzed a priori, for instance, by means of postulated epistemic
norms that are explicated analytically and eventually used for giving
an appraisal of concrete scientific claims. The aprioristic approach is
therefore primarily normative. In contrast, in the empirical approach
the nature of science is analyzed a posteriori by means of empirical in-
vestigation. For instance, since the “historical turn” in philosophy of
science, which was initiated largely through Kuhn’s (1962) ideas con-
cerning scientific development, it became common to turn to history
to learn about the nature of science.This empirical approach is primar-
ily descriptive rather than normative.

The aprioristic approach is a top-down one. The epistemic norms,
which are supported by or derived from strictly philosophical consid-
erations that are usually epistemological (such as the idea of the unity
of science) and sometimes metaphysical (such as the idea that reality
is simple), are used to evaluate scientific practice. On the other hand,
the empirical method, in which normative claims about science are
derived from empirical case studies, is a bottom-up approach (Burian
2001, 386):

The point of case study methods is to work up from an appreciation
of the scientific work in its context. A case study does its job only if it
yields improved understanding of how scientists solved (or failed to
solve) problems, what methods they used or tried to use, how their
various tools were made to interact, how they evaluated hypotheses
and factual claims, and so on. If one is willing to count work as gen-
uinely scientific only if itmeets a pre-set criterion or general aim (such
as truth seeking), then one is not honestly working bottom up and
risks misunderstanding the case. (Burian 2001, 388)

Ideally, in the top-down approach, philosophical criteria and norms
are developed independently of scientific practice, whereas in the
bottom-up approach, the nature of science is examined by means of
case studies of scientific practice that are not biased by philosophical
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presuppositions. However, both methods are ideal types. As Hans
Radder argues, merely using the top-down approach and thus com-
pletely ignoring scientific practice is impossible:

After all, the normative philosophers would certainly be embarrassed
if their criteria appeared to be generally violated. Therefore, most of
them “have in mind” some exemplars of what they take to be good
science and good scientists. These exemplars, which are supposed
to illustrate the advocated philosophical criteria, get a paradigmatic
function for all of science. Then, from a quick look at one or two
other episodes, it is concluded that, althoughof course some irrational
deviations occur, science “mostly” conforms thephilosophical criteria
in question. (Radder 1996, 176)

Using only the bottom-up approach, independently of philosophical
presuppositions about science, is also impossible.Themain reason for
this is that “even to conceive of a history of science one has to decide
what counts as science and this arguably requires the introduction of
evaluative norms” (McAllister 1986, 318). Therefore, the problem of
working with case studies is that in order to know that the chosen
case is appropriate, “one would already have to know how to deter-
mine whether a case should count as an instance of good science”
(Burian 2001, 386).Therefore, this approach has the drawback of cir-
cularity. The philosophical conclusions depend partly on the initial
presuppositions about the character of science. Inferring character-
istics of science from historical episodes requires making a selection
from available historical data and arranging them in a particular way.
This is necessary, for “among the vagaries and vicissitudes of history”
one can find evidence to support almost any conceptual point (Nick-
les 1986, 256).Therefore, determining the characteristics of good sci-
ence requires somephilosophical presuppositions about good science
beforehand. This does not imply that the circularity is vicious. For
instance, Ronald N. Giere (1999a, 160) argues that the circularity ob-
jection can be countered bymeans of an evolutionary epistemology in
which the concepts of biological evolution are applied to the growth
of scientific knowledge.

The top-down approach is not possible without having in mind
some exemplary cases of good scientific practice, and the bottom-up
approach is not possible without some philosophical criteria for good
scientific practice. Therefore, developing an account of the nature
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of science has to involve both the top-down and the bottom-up ap-
proaches. Illustrative is Kuhn’s list of the epistemic values of science.
From a top-downperspective, Kuhn’s list appears to be an a priori pos-
tulation of epistemic values. In this view, the items on that list, such as
empirical accuracy or consistency, can be explicated analytically, and
eventually they can be used in normative appraisals of concrete scien-
tific practices. From a bottom-up perspective, the list is a hypothesis
about the nature of science that is open to modification when it is put
to the test in case studies. Cases in which the development of scientif-
ic practice is not in accordance with the scientific values listed require
that philosophers take a stand towards science.Then, either the case is
regarded as an instance of good scientific practice, which means that
the list should be altered, or the list is regarded as a proper character-
ization of science, which means that the case should be rejected as an
instance of good scientific practice. According to Radder (1997, 649–
650), taking a stand on these cases is a normative and reflexive affair
that takes into account “the situatedness of philosophers, philosoph-
ical communities, or philosophical positions.” Because philosophers
of science are “committed to particular interpretative and explanato-
ry preconceptions,” their interpretations of science cannot be inferred
from the historical case studies alone:

Theplausibility of philosophical interpretations certainly does not de-
pend exclusively on empirical evidence about the historical develop-
ment of scientific theories or the historical practice of working scien-
tists. (Radder 1997, 650)

Although philosophical interpretations of science do not have to con-
form fully to what scientists actually do and believe, they must be
informed by the development of research programs and the beliefs of
scientists (Vicedo 1993, 494–495).

The tension between philosophical interpretations of science on
the one hand and actual scientific practices on the other is especial-
ly tangible in the case study of neo-behaviorism in chapter 4. In my
interpretation of science, one of the main characteristics of science is
that it aims at understanding. At first sight, neo-behaviorism seems to
be a scientific practice that does not fit this characterization. Due to
the plea for a positivist attitude and the resulting refusal to speculate
about what happens inside an organism, neo-behaviorists were called
“black-box” psychologists. Instead of aiming at insight, they claimed
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that prediction and control were the sole aims of science. I will criti-
cally analyze the practice of neo-behaviorism, and investigate if it does
indeed contradict my characterization of science. I will demonstrate
that there is a discrepancy between the words and deeds of the neo-
behaviorists. Despite their plea for a positivist attitude, in their sci-
entific endeavor they did aim at understanding. I will show that this
discrepancy was the underlying motivation for a debate in the 1950s
among neo-behaviorists and logical positivists that heralded changes
in the field, which eventually resulted in the rise of cognitive psy-
chology.

In this study, the interplay between the bottom-up and top-down
approach in the philosophical analysis of the case studies will have
a twofold effect. On the one hand, it will help in elaborating the
philosophical framework for scientific understanding, and, on the
other, it will help in understanding aspects of scientific developments
like the transition from neo-behaviorism to cognitive psychology.

2.4. Reflections on the Specific Method Used in this Study

The method in this study is both top-down and bottom-up. In chap-
ter 3, I will develop a philosophical framework for an account of scien-
tific understanding. In chapters 4 and5,which consist of case studies, I
will flesh out this framework by confronting it with scientific practice.

In chapter 4, the case study of neo-behaviorism, I will focus on
the epistemic significance of scientific understanding. The main pur-
pose of this case study is to argue for the claim that understanding
is an epistemic aim of science and that the intelligibility of theories
is an epistemic value. Because neo-behaviorism seems to be a coun-
terexample to this claim, studying this practice is in line with Popper’s
(1962/1989, 52) idea of the critical attitude in which a researcher has
to investigate “the most severe experimental tests which his theories
andhis ingenuity permits him todesign.”Demonstrating thatmy char-
acterization of science obtains even in the case of neo-behaviorism
would be a major corroboration of that characterization.

In chapter 5, which is on cognitive science, I will focus on intel-
ligibility as an epistemic value. The main purpose of this case study
is to elaborate the notion of intelligibility developed in chapter 3. I
will investigate the conditions under which theories are intelligible
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to scientists. Because cognitive psychologists, who reacted to aspects
of neo-behaviorist methodology, explicitly explored methods to gain
scientific insight into cognitive processes, the school of cognitive psy-
chology is interesting as a case study for analyzing the conditions for
the intelligibility of theories.

In both case studies I will focus on individual scientists. In the case
of neo-behaviorism I will look in particular at the work of Tolman
(1886–1959) andHull (1884–1952). Bothweremajor figures in their
discipline and made major methodological and theoretical contribu-
tions to it. In the case of early cognitive psychology I focus on the
work of Broadbent (1926–1993), who is recognized for his theoret-
ical contributions that helped shape the field. Although the focus is
on individual scientists, the case studies attempt to describe how their
work was embedded in their discipline.

One reason for taking the disciplinary context into account is to
invalidate a traditional motivation for excluding concepts such as un-
derstanding and intelligibility from the realmof philosophyof science,
namely, the idea that these notions depend on the idiosyncrasies and
changing tastes of individual scientists (cf. Friedman 1974, 14). My
analysis of scientists in their context will show that this idea is a mis-
conception. As De Regt and Dennis Dieks argue, although scientists
can have quite different specific views about intelligibility, the most
important variation occurs between scientific communities instead of
between individual scientists. Even though “scientists in different his-
torical periodsor indifferent communities havequitedifferent specific
views about precisely how scientific understanding is to be achieved
. . . within a particular community standards of intelligibility are usu-
ally shared” (De Regt and Dieks 2005, 140).

My reconstructions of neo-behaviorism and early cognitive psy-
chology are based on primary and secondary sources, such as articles
and books by the psychologists in question and historical textbooks
on the relevant psychological approaches. Although the reconstruc-
tions will probably not yield new historiographic results, this does not
constitute a problem because my primary aim is philosophical rather
than historical. I will use the reconstructions to elaborate my philo-
sophical account of scientific understanding – and at the same time
will use my ideas about intelligibility and understanding to recon-
struct aspects of the history of psychology. Although the linear order
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of the chapters in this bookmay suggest the opposite, both the recon-
structions of neo-behaviorism and early cognitive psychology and the
philosophical account of intelligibility and scientific understanding
are the result of an iterative process ofmoving back and forth between
the top-down and bottom-up approaches.





chapter 3

Understanding Scientific Understanding

3.1. Introduction

Although the topic of scientific understanding has been the object
of increasing attention in recent years (De Regt, Leonelli, and Eign-
er 2009), this topic was traditionally not of interest to philosophy of
science. For instance, Carl G. Hempel, who developed the deductive-
nomological model of scientific explanation (Hempel and Oppen-
heim 1948; Hempel 1965), argued that the notion of understanding
lies outside the scope of philosophy of science, because it refers to the
“psychological and pragmatic aspects of explanation” (Hempel 1965,
413). In his view, the psychological and pragmatic aspects of explana-
tion are not relevant for philosophy of science. The notion of under-
standing is pragmatic because it refers to the person(s) involved in the
process of explaining (Hempel 1965, 425). Hempel put the psycho-
logical aspects of explanation, such as the feeling of familiarity that
explanations can produce, and the pragmatic aspects of explanation
in the same category. He argued that explanation has these aspects be-
cause “[w]hether a given argument Y proves (or explains) a certain
item X to a person P will depend not only on X and Y, but quite im-
portantly also onP’s beliefs at the time aswell as onhis intelligence, his
critical standards, his personal idiosyncrasies, and so forth” (Hempel
1965, 426).

Hempel contrasted the pragmatic aspects of scientific explanation
with its logical aspects.The logical aspects concern the two-term rela-
tion between what needs to be explained (the explanandum) and that
which contains the explanation (the explanans), whereas the prag-
matic aspects concern the three-term relation involving explanans, ex-
planandum, and a subject. According to Hempel, the logical aspects
of explanation are a legitimate topic within philosophy of science.The
deductive-nomological model, in which an explanation is described
as a logically valid argument in which the explanandum is deduced
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from an explanans containing at least one universal law and relevant
initial and background conditions, is an attempt to specify this logical
aspect. In contrast, he argued, the pragmatic aspects of explanation
do not belong to the domain of philosophy of science.The reason for
this is that philosophers of science should be interested in an objec-
tive notion of explanation, whereas the pragmatic aspects depend on
the subject’s “knowledge, interests, intentions, and so forth” (Hempel
1965, 424), a fact that, according to Hempel, makes them subjective
and hence philosophically irrelevant.

Several philosophers contested this by pointing out that there are
pragmatic notions – such as knowledge if it is interpreted as “justified
true belief ” – that are clearly objective (e.g. Scriven 1962/1988, 53;
Friedman 1974, 7–8). Michael Friedman argued that like the notion
of understanding, thenotions of knowledge and rational belief are also
pragmatic because they refer to “the thoughts, beliefs, attitudes, etc.
of persons.” Friedman concluded from this that the pragmatic nature
of understanding does not imply that there cannot be an objective or
rational sense of scientific understanding. Therefore, he did not see
“how the philosopher of science can afford to ignore such concepts
as ‘understanding’ and ‘intelligibility’ when giving a theory of the
explanation relation” (Friedman 1974, 8). Others, however, followed
Hempel in drawing a sharp distinction between the epistemic and
pragmatic aspects of science and asserting that the pragmatic aspects
are irrelevant for a philosophical account of the epistemic aspects of
science. For instance, Bas C. van Fraassen argued that explanatory
power is a pragmatic virtue of theories, which does not give an extra
good reason for accepting the theory:

[E]xplanation is not a special additional feature that can give you
good reasons for belief in addition to evidence that the theory fits
the observable phenomena. For ‘what more there is to’ explanation is
something quite pragmatic, related to the concerns of the user of the
theory and not something new about the correspondence between
theory and fact. (Van Fraassen 1980, 100)

In my view, a sharp distinction between the epistemic and pragmat-
ic aspects of science is untenable. An important aim of this study is
to demonstrate that intelligibility and scientific understanding, which
are pragmatic notions, have epistemic significance. In this chapter I
will develop a philosophical account of scientific understanding. In
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section 3.2 I will discuss the significance of the notion of scientific
understanding for the development of a philosophical account of sci-
entific explanation. In section 3.3 I will develop a framework for my
account of scientific understanding that is inspired by the work of De
Regt (De Regt 2004; 2009; De Regt and Dieks 2005). A central idea
is that the scientific understanding of a phenomenon implies being
able to use the relevant scientific theories. In section 3.4 I will elab-
orate this framework by integrating philosophical ideas concerning
scientific theories, models, and phenomena. Here I will use the rep-
resentational view of models developed by Giere (1999b; 2004). In
section 3.5 I will explore the epistemic conditions for the application
of the relevant scientific theories to phenomena and relate this topic
to a key notion of this study, namely, the notion of intelligible mod-
els. A complete account of scientific understanding also needs input
from a study of scientific practice. In chapters 4 and 5, I will use his-
torical case studies to elaborate the framework and analyze the role of
understanding in science. At the end of this chapter, I will formulate
key questions of this study that will be answered after the analysis of
the historical cases.

3.2. Scientific Understanding and Explanation

Due to the focus on the two-term relation between explanandum and
explanans, Hempel excluded the role of understanding in his account
of scientific explanation. Several philosophers have argued that, be-
cause of that, his deductive-nomological model neglects an essential
aspect of scientific explanation. One of the first to argue for a more
prominent role of understanding in the analysis of explanation was
Michael Scriven. According to him, “whatever an explanation actual-
ly does, in order to be called an explanation at all it must be capable
of making clear something not previously clear, that is, of increas-
ing or producing understanding of something” (Scriven 1962/1988,
53). Friedman also considered explanation to be intrinsically relat-
ed to understanding and argued that one of the requirements for
a good philosophical theory of explanation is that it “should some-
how connect explanation and understanding” (Friedman 1974, 14).
In several accounts of scientific explanation developed after Hempel’s
deductive-nomological model, the leading notion was a particular
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viewof scientificunderstanding. For instance, Friedmanbasedhis uni-
ficationist model of scientific explanation on the idea that scientific
explanations provide understanding because they present a unified
picture of the world:

[S]cience increases our understanding of the world by reducing the
total number of independent phenomena that we have to accept as
ultimate or given. A world with fewer independent phenomena is,
other things equal, more comprehensible than one with more.

(Friedman 1974, 15)

Therefore, according to Friedman, the essence of a scientific explana-
tion is that it reduces the number of independent phenomena. The
unificationist model became an important conception of scientific ex-
planation (e.g. Friedman 1974; Kitcher 1981; 1989; Schurz 1999).

Another view of scientific explanation was the idea that scientif-
ic explanations also provide understanding of phenomena because
they reveal the underlying causal mechanisms. For instance, Wes-
ley C. Salmon, a major advocate of the causal-mechanical model of
explanation, argued that “underlying causal mechanisms hold the key
to our understanding of the world” (Salmon 1984, 260). Causal-me-
chanical explanations have understanding-providing power because
“causal processes, causal interactions, and causal laws provide the
mechanisms by which the world works; to understand why certain
things happen, we need to see how they are produced by these mech-
anisms” (Salmon 1984, 132). The causal-mechanical model became
an important conception of scientific explanation (e.g. Salmon 1984;
1990; 1998; Humphreys 1989; Dowe 2000).

Several other accounts of explanation have been developed in ad-
dition to the unificationist and the causal-mechanical models. Phi-
losophy of science has not produced any general framework to ac-
count for this diversity. William H. Newton-Smith, who argues that
philosophers should want “some deeper theory that explained what
it was about each of these apparently diverse forms of explanation
that makes them explanatory,” calls the present situation, in which
such a theory is lacking, “an embarrassment for the philosophy of
science” (Newton-Smith 2000, 130–132). A first step in the devel-
opment of such a general framework for scientific understanding is
the search for common features of the different types of scientific ex-
planation. According to De Regt (forthcoming), one feature that is
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oftenmentioned in accounts of explanation developed after Hempel’s
deductive-nomological model is that scientific explanations provide
understanding. Therefore, he argues, one way to account for the plu-
rality of forms of explanation is to invoke the notion of scientific un-
derstanding: there exists a variety of explanatory strategies to reach a
single aim, namely scientific understanding.

Although the development of accounts of explanation, such as the
unificationist model and the causal-mechanical model, was motivat-
ed by intuitions about the relation between explanation and under-
standing, until now the different models of explanation in philosophy
of science lack satisfactory analyses of the notion of scientific under-
standing. For instance, EricBarnes argues that proponents of the unifi-
cationistmodel havenotprovided an adequate argument for the thesis
that understanding is achieved by unification. Instead, they take the
connection between unification and understanding to be straightfor-
ward (Barnes 1992, 6). Similarly, proponents of the causal-mechanical
model, including Barnes himself, have not provided an adequate ar-
gument for the thesis that phenomena are understood in virtue of
knowing their causal basis. Ironically, this can be illustrated by Barnes’
own attempt to justify this thesis, in which he says no more than that
to search for understanding of almost any empirical fact “is just to seek
the knowledge of its causal basis” (Barnes 1992, 8). Typically, propo-
nents of the causal-mechanical model take the connection between
knowing the causal basis and understanding to be straightforward.
A theory of scientific understanding that clarifies how the different
types of explanation achieve understanding could provide the desired
framework to account for the diversity of types of explanation and
would, accordingly, be a substantial contribution to philosophy of sci-
ence.

3.3. Basic Ideas of My Account of Scientific Understanding

To develop an account of scientific understanding, I will make use of
the historical case studies in chapters 4 and 5. However, as I discussed
in chapter 2, to analyze the material of the case studies and under-
stand its consequences for my philosophical account, it is necessary
to have some basic ideas about scientific understanding. In this chap-
ter I will formulate a general framework for scientific understanding
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based on ideas posited by De Regt (2004; 2009; De Regt and Dieks
2005) concerning scientific understanding and the intelligibility of
theories and by Giere (1999b; 2004) concerning the use of models
in science.

In his search for an account of scientific understanding De Regt
draws on the intuition shared by several philosophers (e.g. Wittgen-
stein 1953, sections 151–155; Kitcher 1989, 437–438) that scientific
understanding of a phenomenon not only implies knowing the rele-
vant scientific theories, laws, andbackgroundconditionsbut also being
able to use them in the case at hand (DeRegt 2004, 101).This ability to
use the relevant scientific theories, laws, and background knowledge
(henceforth “theory”) is specified by De Regt and Dieks (2005, 149)
as the ability to apply the theory successfully to concrete situations. In
their view, scientificunderstandingof aphenomenon implies knowing
the relevant scientific theory and being able to apply it successfully to
this phenomenon.

According toDeRegt, a prerequisite for this applicationof a theory
to a phenomenon is that the theory is intelligible to scientists. He
defines the intelligibility of a theory as the positive value that scientists
attribute to the cluster of theoretical virtues that facilitate their use of
the theory (De Regt 2004, 103; 2009, 31). In this study I will adopt
De Regt’s terminology: intelligibility of theories (and models) is an
epistemic value, and theories (andmodels) canhave virtues that render
them intelligible to their users.Whether a property of a theory is such
a virtue depends on its users: for a theory to be intelligible, the skills
of the scientists and the virtues of the theory should fit together like a
key in a lock:

[W]hether scientists are able to use a theory for explaining a phe-
nomenondependsbothon their skills andon the virtues of the theory.
More precisely, it depends on whether the right combination of sci-
entists’ skills and theoretical virtues is realized. Particular virtues of
theories, e.g., visualizability or simplicity, may be valued by scientists
because they facilitate the use of the theory in constructing models
and predicting or explaining phenomena; in this sense they are prag-
matic virtues. But not all scientists value the same qualities: their pref-
erences are related to their skills, acquired by training and experience,
and to other contextual factors such as their background knowledge,
metaphysical commitments, and the properties of already entrenched
theories. (De Regt 2004, 103)
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De Regt argues that his analysis of scientific understanding pro-
vides the desired framework that can account for the plurality of types
of scientific explanation. For instance, the causal-mechanical nature
of a particular theory could match someone’s skill in causal reasoning
and thereby enable the successful application of the theory to a phe-
nomenon (De Regt and Dieks 2005, 153). In the causal-mechanical
model of explanation, causality is promoted as the standard virtue.
However, asDeRegt argues, it is not necessary that theories be causal-
mechanical for them to be applied. A theory may have other virtues
that enable its application, such as visualizability or simplicity. What-
ever virtues are preferred depends on the skills of the scientists in
question and is thus a pragmatic and context-dependent issue.

This view of scientific understanding accommodates not only the
causal-mechanical model of explanation but also the unificationist
model – at least in the way Philip Kitcher advocates it (De Regt and
Dieks 2005, 149). According to Kitcher (1989, 438), applying scien-
tific theories to concrete situations requires a skillful cognitive effort,
namely, that of using an internalized set of argument patterns associat-
ed with the theory.These internalized patterns, consisting of schemat-
ic arguments and corresponding filling instructions that specify what
sorts of entities can be filled in for each term in the argument, are the
know-how that scientists need to apply to theories.Kitcher (1989, 432)
argues that the purposeof using argument patterns is to realize unifica-
tion by reducing “the number of types of facts thatwehave to accept as
ultimate (or brute),” since this reduction “advances our understanding
of nature.” A scientist’s ability to apply a theory successfully to a phe-
nomenon depends both on the virtues of the theory – namely which
type of argument patterns can be associated with it – and on the skills
of the scientist – namely the capacity to use these argument patterns.

In sum, one basic idea in the framework for scientific understand-
ing, which will be elaborated further in this chapter, is that scientists
understand a phenomenon if they are able to apply a theory success-
fully to it. A second basic idea is that a prerequisite for the applicability
of a theory is that it be intelligible to the scientists. This is the case if
the theory possesses virtues that, because they match the skills of the
scientists, facilitate its successful application to the phenomenon.

As an illustration of this view of understanding, DeRegt andDieks
(2005) mention the way in which Ludwig E. Boltzmann’s kinetic
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theory of gases provides insight into the behavior of gases. In his fa-
mous Lectures on GasTheory (1896/1964), Boltzmann pictured gases
as a collection of freely moving molecules in a container. This picture
is generally considered to provide understanding of certain aspects of
the behavior of gases, such as the fact that a gas exerts pressure on the
walls of the container and that a decrease in the volume of the con-
tainer results in an increase of pressure. The picture implies that if a
gas molecule collides with a wall of the container, it gives a little push,
and the total effect of the molecules pushing produces the pressure. A
decrease in the volume of the container will cause an increase in the
number of molecules per unit of volume, and this causes an increase
in the number of impacts per unit of time on the wall surface and thus
an increase in pressure. According to De Regt and Dieks, the kinetic
picture of gases is intelligible to us due to the causal-mechanical na-
ture of the kinetic theory, which is a theoretical virtue that matches
our skill of causal reasoning. In their view (De Regt and Dieks 2005,
151;DeRegt 2009, 33), a sufficient but not necessary criterion for the
intelligibility of a theory for scientists is that they can recognize quali-
tatively characteristic consequences of the theorywithout performing
calculations. The kinetic theory satisfies this criterion because we are
able to apply the theory successfully to particular situations: “the gen-
eral picture of the moving gas particles allows us to make qualitative
predictionsofmacroscopic properties of gases inparticular situations”
(De Regt and Dieks 2005, 153).

In the remaining part of this chapter Iwill elaborate this framework
for scientific understanding by focusing on what it means to be able
to apply a theory successfully to a phenomenon. First, I will discuss
philosophical viewson the connectionbetween scientific theories and
phenomena. I will subsequently discuss what the conditions are for
being able to apply a theory successfully, which – as illustrated in the
example of the kinetic theory – include the prerequisite that the theo-
ry is intelligible to its user.This framework for scientific understanding
will be used in chapters 4 and 5 to analyze the case studies of under-
standing in psychology. In the concluding chapter, findings from these
case studies will be used for a further articulation of the framework
and to formulate a substantiated view of the important role of intelli-
gibility and understanding in science.
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3.4. ApplyingTheories to Phenomena

An important aspect of scientific understanding of a phenomenon
is the ability of scientists to explain the phenomenon by means of
the relevant scientific theories. Therefore, a view of scientific the-
ories and how they are connected to phenomena is of importance
for an account of scientific understanding. In philosophy of science,
the conception of theories has undergone considerable changes since
logical positivists developed the traditional syntactic view of theo-
ries. I will discuss the transition from this syntactic view to the se-
mantic view of theories, which brought the notion of ‘models’ into
prominence. Since this transition, philosophers of science have gen-
erally agreed that the connection between theories and phenomena is
accomplished through the use of models. Despite this agreement, the
semantic view did not settle the question how models mediate in
scientific practice between theories and phenomena. To answer this
question, several philosophers pointed at the representational char-
acter of models. I will deal with this account of models and focus
especially on the representational view developed by Giere (1999b;
2004).

3.4.1.The Transition from the Syntactic to the Semantic View ofTheories

Models have not always played a prominent role in philosophy of
science.Logical positivists,whodeveloped the syntactic view inwhich
a theory is seen as a body of theorems or statements (Van Fraassen
1980, 44), attributed a veryminor role tomodels. For instance,Carnap
(1939, 68) argued in relation to physicalmodels that “[i]t is important
to realize that the discovery of a model has no more than an aesthetic
or didactic or at best a heuristic value, but it is not at all essential for
a successful application of the physical theory.” Unlike the semantic
view, in which – as I will discuss below – models play an important
role in the interpretation of theories, in the syntactic view theories are
not interpreted bymeans of models. Instead, in this view themeaning
of the theoretical terms in the theorems is specified in other ways,
such as by means of correspondence rules or operational definitions.
This view faced several difficulties, of which many were related to
the division of the theory’s vocabulary into observational terms and
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theoretical terms (cf. Suppe 1977). In chapter 4 (on neo-behaviorism)
I will discuss some of the difficulties that have to do with the meaning
of theoretical terms.

The view of theories that was developed – at least partly – in re-
sponse to these difficulties is the semantic view of theories. In this
view, a theory is not characterized by a collection of statements but by
a class of models (Van Fraassen 1980, 44). Influential proponents of
this viewarePatrickC. Suppes (1960; 1967), Frederick Suppe (1977),
Van Fraassen (1980), and Giere (1988). In this view, the models of a
theory are taken to be those interpretations of the theory on which
all the basic assertions of the theory are true (Morrison and Morgan
1999a, 2).The notion of models in this view is derived from logic and
meta-mathematics in which models denote composite set-theoretic
entities consisting of abstract elements with relations between them
(cf. Frigg 2006, 52). In the semantic view, the connection between the
models of a theory and the world is established by means of “mod-
els of data” (Suppes 1962) that represent certain observable aspects
of the world. The construction of these models from experimental
data involves methodological procedures, such as the correction of
data, the elimination of errors, and curve fitting techniques (cf. Sup-
pes 1962, 261). The relation between models of a theory and models
of data is characterized in terms of (partial) isomorphism (e.g. Van
Fraassen 1980; Suppes 2002; da Costa and French 2003). For exam-
ple, Van Fraassen (2000, 181) calls a theory empirically adequate if
the data models are embeddable in some of the models of the theory,
where he defines embedding as a relation between two models that
relies on the isomorphism of the embedded model with parts of the
other.

The semantic view can be illustrated by means of Newton’s the-
oretical principles of mechanics and gravitation. One of the models
that satisfies these formal principles is the model of planetary motion
in which planets are described as mechanical bodies located in Abso-
lute Space in which they have absolute motions. The model is one of
the interpretations in which Newton’s theoretical principles are true.
Thedatamodels in this example –whichVanFraassen (1980, 64) calls
the “appearances” or the “empirical structures” that can be described
in experimental and measurement reports – are composed of empiri-
cal data from observations of planetary motions. The construction of
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these data models is not elementary because, as Van Fraassen (1980,
45) argues, “it takes thought” to realize that a planet’s motion looks
like an ellipsis around a moving centre. Instead of absolute motions,
the observed motions of the planets are relative motions, for instance
relative to the sun or to the earth. In order to demonstrate that these
data models are embeddable in his model of planetary motion, New-
ton argued that relative motions are measures of absolute motions
defined with reference to some system of bodies.This enabled him to
identify theobservedmotionswith themotionsdescribed in themod-
el. According to Van Fraassen, this illustrated the empirical adequacy
of Newton’s principles of mechanics and gravitation.

3.4.2. Representational Views of Models Based on Scientific Practice

The attention paid to models in philosophy of science, which in-
creased as a result of the transition from the syntactic to the semantic
view, increasedevenmoredue to the turn towards the studyof scientif-
ic practice caused by the growing appreciation for topics such as theo-
ry construction, theory change, and scientific discovery. Philosophers
of science became aware that, in scientific practice, scientists make in-
tensive use of models (Bailer-Jones 1999). It can be questioned if the
concept of a model in the semantic view, which was inspired bymath-
ematical logic, coincides with the concept of a model used in actual
scientific practice. Suppes, a major proponent of the semantic view,
claimed inhis article “AComparisonof theMeaning andUses ofMod-
els inMathematics and the Empirical Sciences” (1960) that these two
concepts are compatible. However, subsequent analyses of the use of
models in scientific practice have put this claim into question.

For example, in their influential bookModels asMediators (Morgan
andMorrison 1999),MargaretMorrison andMary S.Morgan present
an account ofmodels based on case studies of actual scientific practice
that to some extent is difficult to reconcile with the semantic view.
In their view, models “mediate” between theory and data. They are
“autonomous agents” that are partially independent of theory and
data:

The crucial feature of partial independence is that models are not
situated in the middle of an hierarchical structure between theory
and the world. Because models typically include other elements, and
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model building proceeds in part independently of theory and data,
we construe models as being outside the theory-world axis. It is this
feature which enables them to mediate effectively between the two.

(Morrison andMorgan 1999b, 17–18)

Both the relation between theories and models and the relation be-
tween models and data in the semantic view do not do justice to
scientific practice. For instance, as Mauricio Suárez (1999, 147) ar-
gues, scientists carry out several methods of approximation in the
process of constructing models, such as introducing corrections in-
to the theoretical description and simplifying the problem situation.
Because of these approximations, scientific models are generally nei-
ther truth-makers of scientific theories nor (partial) isomorphic to
empirical structures. An example is Newton’s model of the solar sys-
tem in which planets move only as a result of the effects of the sun’s
gravity. For computational reasons, Newton was not able to take in-
to account the mutual gravitational interactions between the planets,
let alone their satellites. This is at variance with his theory of gravi-
tation, in which every massive particle in the universe attracts every
othermassive particle. Further, in his model, planets are spherical and
have a homogenous mass distribution, which is in conflict with the
observed data.

One of the problems of the semantic view concerning the relation
between models and data has to do with the representational charac-
ter of models. It is quite generally accepted that, in scientific practice,
the relation between scientificmodels andphenomena is one of repre-
sentation (cf. Suárez 2003, 225). For instance, distances in the model
of the solar system represent the measured distances between the ce-
lestial bodies concerned. Morrison and Morgan (1999b, 27) argue
that the relation of representation cannot be described by means of
the relation of isomorphismbecause representations abstract from the
data and transform it into another form.This irreducibility of scientif-
ic representation to isomorphism is elucidated in a study by Suárez
(2003) based on examples of successful representation in science. He
demonstrates persuasively that isomorphism is neither a necessary
nor a sufficient condition for the relation of representation in scientif-
ic practice. It is not a necessary condition for representation because
isomorphism is symmetric (if A is isomorphic to B, then B is isomor-
phic toA) whereas, due to its essential directionality, representation is
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generally not: the model of the solar system represents the real solar
system, but not vice versa. Isomorphism is not a sufficient condition
for representation because the relation of representation may fail to
obtain even if the relation of isomorphism holds. For instance, con-
sider the trajectory in phase space described by the state vector of a
quantum particle. According to Suárez (2003, 236), “Unbeknownst
to us this trajectory may well be isomorphic to the motion in physi-
cal space of a real classical particle. But unless the phase space model
is intended for the particle’s motion, the representational relation will
fail to obtain.” Hence, the relation of representation in science cannot
be described by means of isomorphism. The semantic view is not in
accordance with the representational character of scientific models.
Consequently, accounting for the role of models in scientific practice,
which is relevant for the view of scientific understanding in this study,
requires reconsidering both the relation between theories andmodels
and that between models and the world.

Giere (1999b; 2004) made a move in that direction with the de-
velopment of his view of models as representational tools. Although
Giere (1988) is often mentioned as a proponent of the semantic view
due to his conception of a theory as a “population of models” (Giere
1988, 85), his position has always been slightly different from that of
other major proponents of that view, especially because of his differ-
ent reading of the relation between models and the world. As I will
discuss below, instead of describing this relation in terms of (partial)
isomorphism, Giere focuses on the pragmatic and cognitive aspects
of this relation. In recent years, due to his efforts to develop an il-
luminating characterization of the connection between models and
theories, his position moved even further away from the tradition-
al semantic view. The result is a balanced view that upholds some
basic intuitions of the semantic view and does justice to actual sci-
entific practice. Because of these merits, I regard Giere’s representa-
tional view of models suitable for enhancing my general framework
for understanding. Below, I will first discuss Giere’s view of the rela-
tion between theories andmodels in science and subsequently discuss
Giere’s view of the representational relation between models and the
world.
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3.4.3.Giere’s Representational View of Models

Thedifference between the semantic view andGiere’s representation-
al view lies primarily in the relation between models and the world,
rather than in the relation between theories and models. Giere’s view
of the relation between theories andmodels hardly deviates from that
in the semantic view. Nevertheless, I find his view on this issue more
illuminating than the semantic view due to his choice of terminology.
According to Giere, both in scientific practice and in meta-level dis-
cussions about the sciences terms such as “theory” and “law” are used
quite broadly and even ambiguously. For instance, Newton’s laws re-
fer to central principles of classical mechanics, whereas the law of the
pendulum refers to an abstract model.Therefore, to facilitate a “sound
meta-understandingof scientific practice” it is better to avoidusing the
terms “law” and “theory” and to use the term “theoretical principle”
instead (Giere 2004, 746).The function of theoretical principles is to
act as general templates for the construction of models. In this sense
they are aids in the construction ofmodels and, as such, fulfill the role
that is generally assigned to theories in the semantic view. Examples
of theoretical principles are Newton’s laws of mechanics, the evolu-
tionary principle of natural selection, andHull’s principles of behavior
that will be discussed in chapter 4. Although such principles have of-
ten been interpreted as statements that tell us something about the
world, Giere sees them as definitions of the abstract objects or terms
that compose theoretical models:

Newton’s three laws of motion, for example, refer to quantities called
force and mass, and relate these to quantities previously well-under-
stood: position, velocity, and acceleration. But they do not themselves
tell us in more specific terms what might count as a force or a mass.

(Giere 2004, 745)

A consequence of this view is that scientific models that make use
of theoretical principles (I will refer to these models as theoretical
models) satisfy those principles by definition. For instance, in me-
chanical models Newton’s laws of mechanics are satisfied simply be-
cause the theoretical entities in these models, such as mechanical
bodies, are defined by means of these laws. This view of theoretical
principles fits in nicely with the practice of the neo-behaviorists dis-
cussed in chapter 4, in which the principles of behavior are used as
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definitions of the abstract objects of which the theoretical models of
behavior are composed (cf. Hull 1943b).

Speakingof theoretical principles insteadof theories (and laws)has
the advantage that it removes some of the discrepancies between the
view of the relation between theories and models in philosophy and
scientific practice. For instance, a drawback of the semantic view is
that often its conception of a theory does not correspondwith what is
considered in scientific practice to be a theory. By not using the term
“theory,” Giere’s account has, in a way, overcome this drawback while
holding on to the idea that models satisfy theoretical principles.

The semantic view and Giere’s representational view differ signifi-
cantly in their respective conceptions of the relation between models
and phenomena. According tomost proponents of the semantic view,
this relation should be described in terms of a (partial) isomorphism.
Giere’s description of this relation is more liberal. It uses a concept
of “representing” that, as I have discussed above, cannot be reduced
to formal mapping. Somewhat surprisingly, the question of how the
relation between models and phenomena can be specified in anoth-
er way has not received much attention for quite some time (cf. Frigg
and Hartmann 2006), although this has changed recently (e.g. Bailer-
Jones 2003; Frigg 2006;Giere 2004; Suárez 2004;VanFraassen 2004).
In what follows I will focus on Giere’s ideas regarding the relation of
representation between scientific models and phenomena in order to
develop an account of models and their relation to reality.

Giere (1999b, 44) characterizes models as “tools for representing
the world.” Although these tools seem to be a heterogeneous class
that includes physical models, scale models, analogue models, and
mathematical models, Giere’s characterization encompasses much of
this heterogeneity. Inhis view, allmodels aredesigned so that elements
of the model refer to features of the real world, which means that
models can be used to represent aspects of the world (Giere 2004,
746–747). In philosophy of science it is quite generally accepted that
themainpurposeofmodels in science is touse themto represent some
aspects or parts of the world, although some argue that their primary
function is their use as epistemic tools to, for example, draw inferences
(Boon andKnuuttila 2009, 695;Knuuttila andMerz 2009, 147).Giere
also admits that scientists use models for all sorts of purposes other
than representing the world. However, in his view, “representing the
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world is a very important function ofmodels and is often presupposed
in discussions of other roles for models” (Giere 2004, 749).

Giere (2004, 742) regards this activity as fundamentally pragmatic,
which means that a description of this activity requires reference to
the scientists involved. The most important way in which scientists
use models to represent aspects of the world is to exploit similarities
between model and reality. Giere notes that there are no objective
rules for picking out relevant similarities. Moreover, he argues that the
concept of similarity is context-dependent (Giere 1999b, 46) and that
there is no objective measure of similarity between themodel and the
real system:

Anything is similar to anything else in countless respects, but not
anything represents anything else. It is not the model that is doing
the representing; it is the scientist using the model who is doing the
representing.Oneway scientists do this is bypickingout some specific
features of the model that are then claimed to be similar to features of
the designated real system to some (perhaps fairly loosely indicated)
degree of fit. It is the existence of the specified similarities that makes
possible the use of the model to represent the real system in this way.

(Giere 2004, 747–748)

As an illustration, Giere discusses the analogy between the use of
models and the use ofmaps. Amap is a physical object, not a linguistic
entity, and therefore it does not make sense to ask if a map is true
or false. Like a model, a map is not isomorphic to reality but is a
tool that can be used to represent some aspects of the world. This
representation is partial and of limited accuracy. What parts of the
world are depicted on the map depends on the interest of makers and
users of the map (Giere 1999b, 46). Like a model, a map does not
represent by itself. Instead, someone can use it to represent aspects of
reality. For example, someone who uses a map of a city uses features
of the surface of themap to represent features of the surface of the city
(Giere 1999b, 45). Seeing the map as similar to the region mapped is
context-dependent. For instance, someone who is interested in linear
distances will not consider a schematic map, such as a subway map,
to be very accurate. However, a subway passenger who is interested in
topological features, such as the order of stations on individual lines,
will consider themap and the railway system to be quite similar (Giere
1999b, 46–47).
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Not only does the selection of the relevant features of scientific
models require pragmatic evaluations, but the selection of relevant
aspects of theworlddoes aswell.Theact ofmaking these evaluations is
similar to that of the construction of datamodels in the semantic view,
which involves the selection and, to a certain extent, the interpretation
of experimental data. Suppes (1962), who introduced the idea of data
models, already realized that it raises fundamental questions about the
evaluation of empirical data:

It is precisely the fundamental problem of scientific method to state
the principles of scientific methodology that are to be used to answer
these questions – questions of measurement, of goodness of fit, of
parameter estimation, of identifiability, and the like.

(Suppes 1962, 261)

Giere (1999b, 54) associates the distinction between data and data
models with the distinction between data and phenomena put for-
ward by James Bogen and James F.Woodward (Bogen andWoodward
1988; Woodward 1989; 2000). Their view is that theories do not ex-
plain data but explain phenomena, such as the melting point of lead
or the bias of a coin, the existence of which is inferred from the data.
According to Woodward (2009), this inference is guided by empiri-
cal assumptions as well as by “evaluative considerations having to do
with the investigator’s choiceof goals, interests, and attitudes.” Inother
words, inferring the existence of phenomena from data involves prag-
matic evaluations. For instance, in an investigation of the bias of a coin
in which the data are repeated flips of the coin, the significance level
that the researcher adopts in a significance test is a result of these eval-
uative considerations:

[A] researcherwhoemploys a significance testwith a significance level
of 0.05 has a different attitude toward the costs of a certain kind of
mistake (she adopts a different noise or error level) than a researcher
who employs a significance level of 0.001.This might lead the second
researcher to reject thehypothesis that the coin is fair in circumstances
in which the first researcher does not. (Woodward 2009)

Because of its focus on pragmatic aspects, Giere’s account of scien-
tific models resembles Nancy Cartwright’s. In the latter view, there
are no formal principles for getting from a theory to a description of
a real system via a model. Instead, the use of models in science is a
non-deductive process that requires evaluations and decisions based
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on “rules of thumb” and “good sense” (Cartwright 1983, 133). In my
view, her account shows that it is impossible to avoid pragmatic eval-
uations and decisions in this non-deductive process. Yet, there is a
fundamental difference between her view and Giere’s. Whereas Giere
argues that both the construction of models and the use of models
to represent phenomena are pragmatic activities, Cartwright regards
only the construction of models as such. In her view, once the con-
nection between scientific theory and the world is accomplished by
means of models, they – and not the scientists – are “doing” the repre-
senting:

There are only real things and the real ways they behave. And these
are represented by models, models constructed with the aid of all
knowledge and techniques and tricks and devices we have.

(Cartwright, Shomar, and Suárez 1995, 140)

In contrast, Giere argues that the model does not represent by itself.
It is not the case that, once the model is constructed, there is an auto-
matic connection between theory and empirical data. As described in
recent literature onmodels (e.g. Bailer-Jones 2003), such a connection
requires an active involvement of the model users. In Giere’s (2004,
747) terms, this connection becomes established only if someone is
“doing the representing.” To neglect this pragmatic aspect of repre-
sentation, as Cartwright seems to do, may be a relic of the traditional
idea that scientific knowledge should not rely on pragmatic consider-
ations. However, the empirical content of scientific theories depends
on the connection between theory (or theoretical principles) and em-
pirical data, and this connection requires the active involvement of the
scientist. As a consequence, the pragmatic activity of “doing the rep-
resenting” has epistemic significance.

Both the construction of models and the use of them to repre-
sent phenomena involve the pragmatic activities of selecting rele-
vant features of the model and the empirical data and evaluating the
possible similarities between these features. These activities are not
rule-governed and require scientific judgments. According to Harold
I. Brown, the ability to make such judgments, which he describes as
“the ability to evaluate a situation, assess evidence, and come to a
reasonable decision without following rules” (Brown 1988, 137), is
a skill:
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[T]he ability to exercise judgement is a learned ability that is not
explicitly rule-governed. This combination is characteristic of skills,
and I am maintaining that when we develop the ability to exercise
judgement in a particular field, we are developing a skill.

(Brown 1988, 156)

For Giere’s representational view, this implies that establishing con-
nections between models and the world is a skillful act that involves
the inference of phenomena from empirical data and the use of mod-
els to represent these phenomena. In practice, this skillful act will be
intertwined with the skillful act of constructing models. In the case
studies in chapters 4 and 5, especially in the second one on cognitive
psychology, I will analyze the required skills.

The framework for understanding can now be refined. Scientists
understand a phenomenon if they are able to apply a model success-
fully to that phenomenon. I discussed above what it means to ap-
ply a model to a concrete phenomenon, namely that it involves the
active and skillful process of using the model to represent a phe-
nomenon. Applying a model to a phenomenon involves the skillful
activity of selecting relevant features of the model and the empirical
data from which the phenomenon is inferred, and the skillful activ-
ity of evaluating the relevant similarities between these features. In
the following section, I will further elaborate the framework by dis-
cussing what the conditions are for being able to apply the model
successfully.

3.5. Intelligibility as an Epistemic Condition for the Successful Applica-
tion of Models

The idea that the scientific understanding of phenomena involves the
successful application ofmodels fits in nicelywith the intuition shared
bymany philosophers of science that understanding andmodeling are
related (e.g. Hartmann 1999; Bailer-Jones 1999). Support for this in-
tuition is the famous statement byLordKelvin (Thomson1884/1987,
111) in which he claims that the test of “Do we or do we not under-
stand a particular subject in physics?” is: “Can we make a mechanical
model of it?” I share this intuition and suggest generalizing this test
by replacing “mechanical models” with “intelligible models”: scien-
tists understand phenomena if they can provide intelligible models of
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them (cf. De Regt and Dieks 2005, 150; De Regt 2009, 32). In line
with De Regt’s definition of the intelligibility of a theory, in this study
the intelligibility of a model is taken to be the positive value that sci-
entists attribute to the model’s virtues that enables them to apply the
model successfully to phenomena.

To explore the criteria for the successful application of models, I
will briefly discuss two examples of the application of a model. The
first example concerns the use of a model developed by Boltzmann to
account for the behavior of specific gases such as oxygen or nitrogen.
In this so-called “dumbbell model,” the gas molecules are considered
tobediatomicmolecules that canbedepicted as two rigidly connected
elastic spheres. According to Boltzmann, using this dumbbell model
to describe the behavior of gases such as oxygen or nitrogen is suc-
cessful because it provides an illuminating picture of the behavior of
these gases. James C. Maxwell, however, did not agree. In his analysis
of this disagreement, De Regt (2005; 2009) points to the decisions
concerning approximations and idealizations that are necessary in the
process of modeling. An example of an approximation is that, while a
rigid dumbbell has five degrees of freedom, experiments on the specif-
ic heat ratio of gases such as oxygen or nitrogen yielded values ranging
from 4.75 to 4.9. An example of an idealization is that in themodel the
vibrational degrees of freedomof the gases that explain the emissionof
spectral linesdonot contribute to their specificheats,whereas, accord-
ing to the kinetic theory of gases, all degrees of freedom contribute to
specific heats (De Regt 2009, 36). Unlike Boltzmann, Maxwell was
not willing to make these approximations and idealizations. De Regt
(2005, 221) argues that this was due toMaxwell’s commitment to the
mechanistic worldview, which made him a “full-blooded scientific re-
alist.” Because of the approximations and idealizations, the dumbbell
model could not be seen as a truly faithful representation of reality.
According to Maxwell, its idealizations make Boltzmann’s model in-
consistentwith the kinetic theory andwith accepted theoretical expla-
nations for the spectral lines of gases. In addition, it can be questioned
if Boltzmann’s dumbbell model is empirically accurate because, due
to the approximation concerning the degrees of freedom, the specif-
ic heat ratio of the model merely approximates the measured specific
heat ration in experiments on the real gases. Further, the emission of
spectral lines is neglected in the model, whereas experiments show
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that the real gases do emit spectral lines. Therefore, Maxwell did not
consider the application of this model to be successful.

The example shows that empirical accuracy and consistency with
accepted scientific knowledge are requirements for the successful ap-
plication of a model, both of which are items on Kuhn’s list of epis-
temic values discussed in chapter 2. The difference in Maxwell’s and
Boltzmann’s assessment of the consistency and empirical accuracy of
the application of the dumbbell model can be explained by Kuhn’s
(1977, 322, 331) idea that the evaluation of consistency and empirical
accuracy is a matter of value judgment and that, due to contextual fac-
tors, individuals may differ about the application of epistemic values
(Kuhn 1973/1977, 322). In this exampleMaxwell’s assessment differs
from Boltzmann’s as a result of his commitment to the mechanistic
worldview.

In my view, the observation that scientists do not assign the value
of intelligibility to a model if, in their assessment, the model is not in
accordancewith epistemic values like consistency and empirical accu-
racy is important for my claim in chapter 2 that intelligibility, like em-
pirical accuracy, consistency, scope, simplicity, and fruitfulness, is one
of the epistemic values of science. I suggest that there is interdepen-
dency between epistemic values: the value of intelligibility depends
on the values of consistency and empirical accuracy (in the sense that
only consistent and empirically accurate models can be assigned the
value of intelligibility). In chapter 4, when I discuss the debate among
neo-behaviorists and logical positivists in the 1950s, I will argue that
the value of intelligibility and the value of fruitfulness are interdepen-
dent. Intelligible models have to be consistent, empirically accurate,
and fruitful. It may very well be that the epistemic value of intelligibil-
ity is also related to other epistemic values mentioned by Kuhn. For
instance, the value of scope concerns the unifying power of a model,
which is exactly what, according to the unificationist account of expla-
nation, can be associated with its intelligibility. This would mean that
the epistemic values of science are united in the value of intelligibility.
Scientists would not consider a model to be intelligible if they did not
consider that model to be in accordance with the epistemic values of
science.

The second example concerns connectionist models of cognitive
skills such as face and word recognition. This example shows that the
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value of intelligibility is not exhausted by the other epistemic values.
The connectionist models are neural network models consisting of
a network of units connected by weighted links. “Activity is passed
around the network in a parallel . . . manner as some function of the
current activity of a unit and the weights on the links from it to oth-
er units. Thus the activity of the individual units changes over time,
and the weights of the links may also be modified over time” (Par-
tridge 1991, 63). Connectionist models appear to conform to Kuhn’s
epistemic values. For instance, they are empirically accurate because,
according to the assessments of cognitive scientists, the skills of neural
networks resemble cognitive skills such as face and word recognition.
The models are also fruitful because they find wide application in ar-
tificial intelligence. Nevertheless, cognitive scientists report that they
do not consider the neural networkmodels to be intelligible.They ex-
periencedifficulties in understandinghow thenetworkperforms tasks
such as face and word recognition (e.g. Partridge 1987; 1991; Flexer
1995). For instance, Derek Partridge (1991, 17) argues that, although
it is straightforward to visualize the basic building blocks for neural
networks and their mutual connections, “piecing them together to ex-
plain observed behaviours represents a formidable problem.” Because
the primary mechanism for processing the network is a parallel trans-
fer of activity values, it is hard to reason about the effects of certain
inputs on the weights of the links and on the output. “Why a certain
model is doing what it is observed to be doing, and what would be
needed to make it do something differently, are both extremely diffi-
cult questions to answer” (Partridge 1991, 72).This difficulty,which is
regarded as a limitation of connectionist models, has been termed the
“explanation problem” (Partridge 1987). Partridge (1991, 17) com-
pares the difficulty in reasoning about the neural network model with
the difficulty in explaining the details of a weather pattern in terms of
intermolecular interactions rather than in terms of temperature, pres-
sure, prevailing winds, etc. The explanation of weather patterns in the
latter terms ismore comprehensible. Interestingly, in a similar veinDe
Regt and Dieks argue that an understanding of weather patterns re-
quires intelligible meteorological theories and models:

Weather predictions are obtained by means of computer calculations
inwhich theNavier-Stokes equations are solved for very large systems,
using many auxiliary theories to incorporate small-scale effects. If
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meteorologistsmerelywereoccupiedwithmaking correct predictions
in this manner, they would fail to understand the weather. But this
is not the case: meteorologists are concerned not only with ‘brute
force’ computer calculations but also with formulating intelligible
meteorological theories and models.

(De Regt and Dieks 2005, 153)

In the same way, according to Partridge, the behavior of a neural net-
work can only be understood if it can be explained “in psychologically
meaningful terms, rather than in terms of the implementation struc-
tures.”He argues that it is incomprehensible howneural networks per-
form their tasks because they do not allow for “reasoning by analogy
with one’s own supposed thought processes” (Partridge 1991, 17).

The examples illustrate that meeting Kuhn’s epistemic values of
science is not a sufficient condition for models to be intelligible. In
addition, the models should allow for reasoning about them in a way
that meets the cognitive requirements of the scientists. In my view,
this aspect of the intelligibility of a model fits in nicely with the ac-
count of intelligibility developed by De Regt (2004, 103; 2009, 31),
who argues that the virtues of the models should match the (cog-
nitive) skills of the model user. Typical examples of the skills men-
tioned by De Regt are visualization and causal reasoning, which, be-
cause they enable the recognition of qualitatively characteristic con-
sequences of the model without performing exact calculations (De
Regt 2009, 33), are both skills that are useful for reasoning about
the model. In his view, scientists attribute the value of intelligibility
to a model if it has virtues that facilitate the use of these cognitive
skills.

In sum, my discussion of Giere’s representational view of models
and De Regt’s view of scientific understanding gives an idea of what
conditions must obtain if a model is to be intelligible to scientists.
First, the scientistshave to possess the skills to recognize phenomena in
raw empirical data, to recognize relevant similarities between models
and phenomena, and to recognize qualitatively characteristic conse-
quences of the model. Second, the model has to possess virtues that
match the skills of the scientists such that the combination of skills
and virtues facilitates the active and skillful process of using the mod-
el to represent a phenomenon and reason about it. In the case studies
in chapters 4 and 5, I will investigate the required virtues of themodel
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and skills of the scientists inmoredetail by analyzing specific instances
of skills and virtues that enable the successful application ofmodels to
phenomena.

3.6.Key Notions and Key Questions

The philosophical framework developed in this chapter involves key
notions such as the intelligibility ofmodels, the skills of scientists, and
the virtues of models. This framework serves as a point of departure
for the analysis of the historical case studies in chapters 4 and 5 about
neo-behaviorism and cognitive psychology. In turn, this analysis pro-
vides material for the development of a more articulated account of
scientific understanding. In chapter 2 I discussed this process of go-
ing back and forth between the top-down and bottom-up approaches.
On the basis of this iterative process the case studies are analyzed and
the philosophical framework is articulated. In chapter 6, the conclud-
ing chapter, I will present the results of this process by answering the
following key questions concerning the key notions of this study:

– Is the intelligibility of models an epistemic value, and how does it
function in scientific practice?

– What kinds of skills are required for the successful application of a
scientific model to a phenomenon?

– Which kind of virtues can render a model intelligible to its users?
– Onwhat kind of pragmatic and contextual factors does intelligibility
depend?

– Is the characterization of science advocated in this study useful for
the explanatory and normative tasks of philosophy of science?

The answers to these key questions will provide a picture of scientific
understanding that is useful for the philosophical analysis of scientific
practices and thereby contributes to the philosophical characteriza-
tion of science.



chapter 4

The Virtue of Surplus Meaning: Neo-Behaviorism

4.1. Introduction

SinceKuhn (1973/1977, 322) characterized science bymeans of a list
of epistemic values that provide “the shared basis for theory choice,”
there is a debate in philosophyof science aboutwhat the epistemic val-
ues of science are (e.g. McMullin 1983; Longino 1990; Lacey 2005).
Kuhn’s list comprised such values as empirical accuracy, consistency,
scope, simplicity, and fruitfulness. In chapter 2 I suggested that the
lists of epistemic values proposed by philosophers such as Kuhn, Mc-
Mullin, Longino, and Lacey lack a highly important element, namely
intelligibility. In this chapter I will provide evidence for this suggestion
by means of an empirical case study. I will show that the intelligibility
of models has epistemic significance.

My argument is based on a case study of neo-behaviorism. This
case is interesting for my purposes not only because of the huge influ-
enceof neo-behaviorismonpsychology inparticular andon science in
general but also on account of its extraordinary positivist inclinations.
Between 1930 and 1960, when psychology grew enormously as an
academic enterprise and neo-behaviorism was the leading approach
inAmerican psychology, neo-behaviorists advocated a viewof science
that was heavily influenced by logical positivism. It included, among
other things, the pursuit of objectivity in science, which was meant to
prevent the results of scientific endeavor frombeing prejudiced as a re-
sult of metaphysical considerations or subjective influences. Because
of their positivist attitude, neo-behaviorists were sometimes called
“black-box psychologists.”They viewed organisms as black boxes with
observable stimuli as input and observable responses as output and
rejected any allegedlymetaphysical speculation aboutmechanisms in-
side these black boxes. Instead of “opening” the black boxes to acquire
“insight,” they declared that the aim of psychology is to find func-
tional relationships that describe correlations between stimuli and
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responses.This positivist tendencymakes neo-behaviorismhighly rel-
evant to the study of intelligibility and understanding. Because of the
alleged subjective connotations of understanding and intelligibility,
neo-behaviorists did not consider the claim that intelligibility is an
epistemic value of science to be consonant with their view that sci-
ence should be objective. I will examine the scientific practice of neo-
behaviorism and show that, despite their positivist ideas, even neo-
behaviorists aimed at insight. They implicitly embraced intelligibility
as an epistemic value. What might seem to be one of the strongest
counterexamples to my claim proves in fact to corroborate it and, as
such, provides a strong case for my claims concerning intelligibility
and understanding.

Section4.2will startwith anoverviewof themethodological tenets
of neo-behaviorism, where I will concentrate especially on the mean-
ing and use of theoretical terms in neo-behaviorist psychology. Sub-
sequently, I will focus on two leading figures of neo-behaviorism who
made major contributions to methodology in this field, namely Tol-
man (1886–1959) and Hull (1884–1952). I will show that in their
psychological models of behavior these neo-behaviorists used theo-
retical termswhosemeaning transcended their objective definitions. I
will demonstrate that this “surplus meaning” – a notion derived from
Reichenbach (1938) – has epistemic significance because it renders
the models of behavior intelligible to their users. In section 4.3 I will
use my notion of intelligibility to offer an analysis of a vivid debate
about surplus meaning among theoretical psychologists and logical
positivists, including Tolman (1949), Melvin H. Marx (1951), John
R.Maze (1954), Gustav Bergmann (1953), David Krech (1950), and
Gardner Lindzey (1953) that was initiated by Kenneth MacCorquo-
dale and Paul E. Meehl (1948). In section 4.4 I will conclude that –
even in neo-behaviorism – the intelligibility of models is an epistemic
value of science.

4.2.TheMeaning and Use ofTheoretical Terms in Neo-Behaviorism

According to the reconstruction that neo-behaviorists gave of the his-
tory of their discipline, classical behaviorism, the precursor of neo-
behaviorism, was founded at the beginning of the 20th century. It was
a reaction to subjectivism and the generally accepted “introspective”



the virtue of surplus meaning: neo-behaviorism · 59

method practiced by major psychologists like Wilhelm M. Wundt
and Edward B. Titchener. The American psychologist John B. Wat-
son (1878–1958) is usually given the credit for founding this school
in 1913 with the publication of a very influential manifest called “Psy-
chology as the Behaviorist Views It.” He rejected the use of introspec-
tion as a basic procedure and instead advocated the use of objective
methods in psychology.

Because self-observed conscious inner thoughts, desires, and sen-
sations might be useful for understanding the behavior of others –
evenof rats, asmyanalysis ofTolman’sworkwill illustrate – inmyview,
the rejection of introspection is an example of the attempt to exclude
understanding from the aims of psychology. However, the historical
case in this study will show that there are other ways to obtain under-
standing of psychological phenomena. Therefore, Watson’s rejection
of introspection does not completely shut the door to understanding
in psychology.

The basic ideas of classical behaviorism can already be found in
the first lines of his manuscript. First, the (almost-exclusive) subject
matter of psychology is overt behavior; second, the major goals of
psychology are the prediction and control of behavior instead of the
description and explanation of states of consciousness; and third, the
study of animal behavior falls within the domain of psychology:

Psychology as the behaviorist views it is a purely objective experimen-
tal branch of natural science. Its theoretical goal is the prediction and
control of behavior. Introspection forms no essential part of its meth-
ods, nor is the scientific value of its data dependent upon the readiness
with which they lend themselves to interpretation in terms of con-
sciousness. The behaviorist, in his efforts to get a unitary scheme of
animal response, recognizes no dividing line between man and brute.
The behavior of man, with all of its refinement and complexity, forms
only a part of the behaviorist’s total scheme of investigation.

(Watson 1913, 158)

These basic ideas have their historical roots in the functionalist psy-
chology at Columbia University and the school of objective psychol-
ogy in Russia. From the functionalist school classical behaviorism
adopted the focus on the adaptive capabilities of organisms to their
environment, the focus on learning, and the typical use of the terms
“stimulus” and “response.” An influential proponent of this school
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was Edward L. Thorndike (1874–1949) who is known for his an-
imal experiments on the formation of associations. He formulated
laws of association, such as the law of effect, which states that respons-
es to a situation that are followed by a rewarding state of affairs be-
come associated with the situation and are hence more likely to recur
when that situation is subsequently encountered. Thorndike’s asso-
ciationism made learning an important topic in psychology and was
a source of inspiration for classical behaviorism (Hergenhahn 1997,
330).

From Russian objective psychology classical behaviorism adopt-
ed ideas about objective methodology in psychology and about re-
flexes between stimulus and response. At the end of the 19th cen-
tury, Russian objective psychologists, such as Ivan M. Sechenov and
Ivan P. Pavlov, argued that psychology should be a “positive” science.
These psychologists worked in the tradition of the positivist physiolo-
gists in Berlin, such as Emil H. Du Bois-Reymond, Hermann L.F. von
Helmholtz, and Ernst W. von Brücke, who tried to reduce physiology
to applied physics and chemistry. At the beginning of the 20th cen-
tury, Pavlov’s animal experiments on digestion became known in the
West, particularly through the writings ofWatson. An important con-
cept inPavlov’sworkwas the conditioned reflex,whichwouldbecome
a key concept in learning theories of classical behaviorism (Hergen-
hahn 1997, 344).

It is quite generally believed that in the 1930s, the influence of
the logical-positivist movement in America on classical behaviorism
gave rise to the neo-behaviorist school in psychology. The logical-
positivist movement in the United States of America differed in some
respects from its European counterpart (Sanders 1972, 129–131). For
instance, instead of Carnap’s suggestion that correspondence rules be
used for the definition of theoretical terms (e.g. Carnap 1956, 52–
59), in the United States the dominant view on this topic was Per-
cy W. Bridgman’s operationism, in which a theoretical notion is de-
fined as synonymous to a corresponding operation. Among the first to
mention the relation between logical positivism and neo-behaviorism
were Sigmund Koch (1964, 10) and Brian D.Mackenzie (1977, 149).
Their account of the history of neo-behaviorism was widely accepted
(e.g. Leahey 1980a; Sanders 1972; Hempel 1969), and has been in-
corporated in major textbooks on the history of psychology, where it
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is stressed that “logical positivism had a powerful influence on psy-
chology” and that “neo-behaviorism resulted when behaviorism was
combined with logical positivism” (Hergenhahn 1997, 377). Lau-
rence D. Smith (1986) has questioned this textbook history and ar-
gued that logical positivism was not the primary influence on the
philosophical views of early neo-behaviorists such as Tolman and
Hull. Instead, Smith claims, their views were rooted in the naturalis-
tic approach of Clarence I. Lewis, Ralph B. Perry, Edwin B. Holt, John
Dewey, and others. Although Smith probably has a point that it was
not the philosophy of logical positivism that shaped these views, it
certainly reinforced them(cf.Kitchener2004).Thereare several docu-
mented cases of close interactions between both schools, for instance,
at the University of Iowa where positivist philosophers of science and
neo-behaviorist psychologists founded a center for neo-behaviorist
thought.

4.2.1.Operational Definitions and the Meaning ofTheoretical Terms

Although logical positivism offered the neo-behaviorists a philosoph-
ical foundation for their objectivist views, it was not evident how this
body of thought could be translated into recommendations for scien-
tific practice.Despite the affinity betweenneo-behaviorists and logical
positivists, they had very different interests. The positivists wanted to
clarify the formal relationship between theory and data, and they did
so in the tradition of the analysis of language. The neo-behaviorists
wanted to formulate practical methodologies. However, there was al-
so an overlap, namely their pursuit of objectivity. Leading figures of
neo-behaviorism, such as Tolman and Hull, initiated a behaviorist
methodology that was meant to give shape to an objective psycholo-
gy. A major ingredient of this methodology was operationism, which
is a doctrine commonly associated with the physicist Bridgman, who
claimed that a concept can best be defined in terms of a set of opera-
tions:

We evidently know what we mean by length if we can tell what the
length of any and every object is, and for the physicist nothing more
is required. To find the length of an object, we have to perform certain
physical operations. The concept of length is therefore fixed when
the operations by which length is measured are fixed: that is, the



62 · chapter 4

concept of length involves as much as and nothing more than the
set of operations by which length is determined. In general, we mean
by any concept nothing more than a set of operations; the concept is
synonymous with the corresponding set of operations.

(Bridgman 1927, 5)

In an attempt to eliminatepossiblynon-objective connotations that, as
I will discuss below, originated for instance from pre-scientific under-
standing, neo-behaviorists provided the theoretical terms in psychol-
ogywith operational definitions. For example, someonewhouses the-
oretical concepts such as ‘demand’ or ‘hunger’ in an account of the be-
havior of rats might be inclined to supply these terms with subjective
connotations based on personal experiences. By operationally defin-
ing these concepts in terms of ‘time since feeding,’ neo-behaviorists
such as Tolman and Hull tried to remove these connotations but, as I
will show, did not succeed.

The doctrine of operationism is in the same spirit as the logical-
positivist project of reducing the meaning of statements containing
theoretical terms to methods of measurement.The project of the log-
ical positivists faced the difficulty that not all allegedly meaningful
theoretical statements in science can be defined exhaustively in terms
of operations and resulting observations (cf. Feest 2005, 134). Similar-
ly, operationism’sdoctrine that theoretical terms shouldbe completely
defined in terms of operations and resulting observations was prob-
lematic.

Amajor problem for operationismwas that, in scientific practice, it
is quite common that several measurement operations correspond to
the same concept. For example, themeasuring operation that involves
theuseofmeasuring rods is not theonly operation that corresponds to
the concept of length, because “[i]f we want to be able to measure the
length of bodiesmovingwith higher velocities such aswe find existing
in nature (stars or cathode particles), we must adopt another defini-
tion and other operations formeasuring length” (Bridgman 1927, 11).
The different operations for measuring length enable the application
of this concept in different domains.The domain of a concept consists
of the kind of entities towhich the concept applies (Radder 2006, 94).
Because the operation involving the use of measuring rods is not ap-
plicable in the domain of stars and cathode particles, the application
of the concept in that domain involves other operations. This is not
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in line with Bridgman’s original intentions; he argued that “[i]n prin-
ciple the operations by which length is measured should be uniquely
specified. If we have more than one set of operations, we have more
than one concept, and strictly there should be a separate name to cor-
respond to each different set of operations” (Bridgman 1927, 10).The
common practice of connecting different operations to the same con-
cept therefore raised the difficulty of how to justify the application of
the same concept in different domains.

Another example is the application of the concept of ‘reinforce-
ment’ in different domains. As I will show below, in different situa-
tions neo-behaviorists related different operations to this concept. In
one experimental situation, ‘reinforcement’ was defined operationally
as the result of repeatedly performing the operation of administer-
ing a mild electric shock to human subjects immediately after pre-
senting a noise. In another experimental situation, ‘reinforcement’
was defined as the result of repeatedly performing the operation of
giving food to a rat if it depressed a bar. Justifying that both oper-
ations are measurements of ‘reinforcement’ in different domains is
problematic because it would require a conception of ‘reinforcement’
that transcends these operational definitions. This would imply that
the operations do not capture the complete meaning of ‘reinforce-
ment.’

Related to this difficulty is the critique that operational definitions
do not function as complete definitions of concepts. For instance,
neo-behaviorists applied the concept of ‘reinforcement,’ which in the
example is defined operationally in two specific domains, as well in
other domains by adding operations to the definition of this concept.
This demonstrates that, in general, operational definitions are partial
or “open” (Zuriff 1985, 60). Whereas this well-known critique of op-
erationism rejects the idea that operational definitions can capture the
completemeaning of concepts, Radder (2006, 127) goes one step fur-
ther by criticizing the static conception of the complete meaning of
concepts. With its attempt at capturing the complete meaning of con-
cepts, operationism fails to acknowledge the extensibility of concepts
to novel situations. According to Radder (2006, 103) a concept is ex-
tensible if it “is successfully applied to a certain domain and . . . might
be used in oneormore other domains.” Extensible concepts transcend
the “local” meaning they have in concrete situations. In the example,
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‘reinforcement’ is an extensible concept because it may transcend the
operational definitions it has in the two experimental settings men-
tioned.

Using a notion that MacCorquodale and Meehl (1948) adopted
from Reichenbach (1938), I will call the aspects of the meaning of
theoretical terms that are not captured by its (operational) definition
the “surplus meaning” of these terms.This surplus meaning partly de-
termines possible extensions of the application of the term to new
domains. Iwill not only show that – in spite of their efforts – themean-
ingof the theoretical terms that neo-behaviorists likeTolman andHull
used in their models of animal and human behavior unavoidably tran-
scended the objective definitions of these terms. I will also show that
the surplus meaning of the concepts has epistemic significance. By
means of the account of understanding presented in chapter 3, I will
analyze the function of this surplus meaning and conclude that these
models are intelligible due to the surplus meaning of their theoretical
terms.

4.2.2. Edward C. Tolman and the Intervening Variable

Edward Chase Tolman (1886–1959) studied electrical engineering at
the Massachusetts Institute of Technology, but after reading William
James’ Principles of Psychology in his final year, he switched to psychol-
ogy and philosophy at Harvard where he received his Ph.D. in 1915.
His teachers Perry and Holt, who had both been students of James,
introduced him to the functionalist school of psychology. During his
study, the influence of Watson’s classical behaviorism was growing,
and Tolman became acquainted with it. His teachers tried to trans-
late James’ functionalist terminology into behaviorist jargon. Tolman
cameunder the spell of thebehaviorist ideas aswell, and in1918,when
he started experimenting with rats in mazes at the University of Cali-
fornia at Berkeley, he started calling himself a behaviorist.

Since Tolman expressed a great deal of interest in various schools
of psychology, it has been a matter of debate whether Tolman really
was a behaviorist (Innis 1999, 115). He stayed loyal to the functional-
ist roots of the ideas he had acquired from his teachers by assigning a
prominent role in his behaviorist theories to the concepts of ‘purpose’
and ‘cognition,’ albeit under different names. He regarded ‘purposes’
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to be the motivating forces – or ‘drives’ – for behavior and ‘cogni-
tions’ to concern ‘hypotheses’ about how environmental features can
be used or manipulated in order to attain certain goals (Feest 2005,
141). Furthermore, he was interested in Gestalt psychology and be-
came sympathetic to mentalists such as William McDougall, who ar-
gued that behavior was generally goal-oriented and purposive (Still
1997a, 576). The incorporation of terms from other schools, such as
‘purpose’ and ‘cognition,’ which could be seen as contravening the
spirit of behaviorism, led to a twofold problem for Tolman. He had
to convince fellow behaviorists on the one hand that his terms were
scientific, and mentalists such as McDougall on the other that his be-
haviorist psychology was able to do justice to the full complexity of
behavior (Still 1997a, 577). The solution to this problem, which he
proposed in his magnum opus Purposive Behavior in Animals and Men
(1932), was the introduction of a special category of theoretical terms
in behaviorism, namely “intervening variables.” According to Tolman
(1932, 414), cognitive and purposive events, or mental processes in
general, had to be treated as “intervening variables,” that is, theoret-
ical terms whose meaning had to “be inferred ‘back’ from behavior.”
His view of concepts such as ‘purpose’ and ‘cognition,’ which was a re-
alist view initially, had shifted to a constructivist view in which these
concepts were to be seen as constructs introduced for pragmatic rea-
sons:

They are to behavior as electrons, waves, or whatever it may be, are to
the happenings in inorganicmatter.They are pragmatically conceived,
objective variables the concepts of which can be altered and changed
as proves most useful. (Tolman 1932, 414)

Tolman argued that concepts such as ‘purpose’ and ‘cognition’ had to
be introduced in an objectiveway. ForTolman, it was not immediately
clear how this should be done. It is likely that his decision to contact
the members of the Vienna Circle was motivated by the hope that
logical positivism would provide a solution to this problem (Smith
1986, 130).

In 1933, Tolman spent a sabbatical of seven months in Vienna.
He became acquainted with logical positivists and psychologists who
were influenced by positivist ideas, such as Egon Brunswik (1903–
1955). After his sabbatical Tolman kept in contact with the logical
positivists andwas invited to speak on several occasions – for example,
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at conferences of the Unity of Science Movement. Furthermore, Otto
Neurath invited him to write an article in the International Encyclope-
dia of Unified Science, an ambitious and never completed project by
logical positivists in the Vienna Circle. Although Tolman did not con-
tribute to this project, his name appeared on the membership list of
the advisory committee and the organizing committee for the relat-
ed international congress that was held at Harvard in 1939 (Smith
1986, 128). During his stay in Vienna, Tolman reflected on the dis-
tinction between immediate experience on the one hand and “logical
constructs” of scientific theories on the other. He tried to incorporate
mental terms into behaviorist psychology by introducing them as in-
tervening variables that were formulated in a positivist fashion as a
set of functional equations. This is comparable to Carnap’s attempts
at that time to formalize the concepts of Sigmund Freud’s psycho-
analysis (Smith 1986, 116–117). Whether or not Tolman came in-
to contact with Carnap during his trip in Vienna, his statements on
intervening variables were clearly reminiscent of Carnap’s approach
(cf. Carnap 1963, 58). After his sabbatical in Vienna, Tolman ex-
pressed the intention to apply the ideas of logical positivism to psy-
chology:

The “logical positivists,” that is such men as Wittgenstein, Schlick,
Carnap in Europe and Bridgman, C.I. Lewis, Feigl and Blumberg in
this country, have already done the task for physics. But no one as yet,
so it seems to me, has satisfactorily done it for psychology.

(Tolman 1935/1966, 100)

Tolman developed a very influential research program in psychology
that he called operational behaviorism. Itsmain assertionswere inspired
by Watson’s manifest on behaviorism, by logical-positivist ideas on
objectivity, and by Bridgman’s operationism:

It asserts that the ultimate interest of psychology is solely the predic-
tion and control of behavior. . . . It asserts that psychological concepts,
i.e., themental capacities and themental events –may be conceived as
objectively defined intervening variables. And it asserts that these in-
tervening variables are to be defined wholly operationally – that is, in
terms of the actual experimental operations whereby their presences
or absences and their relations to the controlling independent vari-
ables and to the final dependent behavior are determined.

(Tolman 1936/1966, 129)
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Tolman was elected president of the American Psychological As-
sociation in 1937, and presented his research program in his inaugural
speech (Tolman1938/1966). In the logical-positivist spirit he defined
the aim of psychology as finding functional relationships between the
behavior of an organism and its environmental “determiners,” labeled
by him as “dependent” and “independent variables” respectively. He
schematized this as follows (Tolman 1938/1966, 151):

independent variables——— f 1———dependent variable

For complex behavior, finding f 1 is a difficult task, and Tolman there-
fore proposed to break up this complicated function into more man-
ageable component functions, f 2 and f 3, which led to the introduction
of theoretical terms or “intervening variables.” Tolman (1938/1966,
153) schematized the new situation as follows:

independent
variables — f 2—

intervening
variables — f 3—

dependent
variable

A classical example of an intervening variable is a theoretical term
labeled ‘demand’ or ‘hunger,’ which is introduced to relate an inde-
pendent experimental variable (e.g. the time since the organism last
received food)with a certain dependent variable (e.g. the rate of food-
reinforced lever pressing). The introduction of intervening variables
did not conflictwith the positivist ideals of neo-behaviorism as long as
themeaning of these termswas captured in an objectiveway bymeans
of operational definitions. From that point of view, an intervening vari-
able is nothing more than a label used in an observed functional rela-
tionship between behavior and environment. It does not stand for an
entity, event, or process occurring in an unobserved region in an or-
ganism’s body or mind, and it should not to be reified or assigned a
causal role (Zuriff 1985, 67).

In accordancewith the second scheme,Tolman’smethodology can
be divided into three steps: first, picking out the appropriate indepen-
dent, dependent, and intervening variables; second, formulating the f 2
functions between the independent variables and the intervening vari-
ables by operationally defining the intervening variables; and third,
formulating the f 3 functions between the intervening variables and the
dependent variables. I will investigate Tolman’smethodology by look-
ing at a concrete example about rats in mazes that Tolman supplied in
order to exemplify his methodology. By means of this example I will
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examine the three steps in his methodology. It will turn out that in
practice Tolman required more than his methodological ideas alone.
At each stephe relied onhis pre-scientific understandingof rats, which
he used as a heuristic guide in carrying out his methodology.

As an illustration of his methodology, Tolman (1938/1966) an-
alyzed the behavior of rats in T-mazes. A T-maze consists of a very
simple maze with only one choice point where, one by one, the rats
choose between an alley to the left and an alley to the right. Only if a
rat enters the alley to the right will it find food (see figure 4.2.2.a).

As afirst step, Iwill analyzehowTolmanpickedout the appropriate
independent, dependent, and intervening variables. In this example,
he simply proposed looking at certain variables. As a dependent vari-
able, he proposed investigating the “left-turning tendency” of the rats,
which he defined as the percentage of the rats that enter the left al-
ley. He gave no reason as to why he considered this aspect of behavior
worthy of note, as opposed to other aspects, such as whether the rats
moved quickly or slowly. One may wonder why he decided to mea-
sure the tendency of the rats to enter the left alley, that is, the alley
where there was no food. Because it is reasonable to expect that the
presence of food in the right alley is a relevant factor for the behavior
of the rats, it seems more sensible to measure the tendency of the rats
to enter that alley. However, if choices are guided by such considera-
tions, then they might appear biased. Therefore, it might be that his

Figure 4.2.2.a. A T-maze with single choice point; OC = the point of choice;
OL/R = the complex of stimulus objects met going down the left/right alley;
OGL/R = the goal at the left/right; BL/R = the left/right-turning behavior

(Tolman 1938/1966, 150)
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intentionwith his choice of dependent variablewas to avoid giving the
impression that he was prejudiced. As independent variables, Tolman
proposed the number of previous trials in the maze performed by
the rats and the period of food deprivation. He gave no reasons for
this choice either. Apparently, he considered this choice of variables
to be obvious. That it was based on a pre-scientific understanding of
the behavior of rats becomes visible from his choice of intervening
variables.

In Tolman’s methodology, intervening variables are introduced in
the process of breaking down the function between the independent
and dependent variables into component functions. In his example,
Tolman introduced the intervening variable ‘demand,’ which inter-
venes between the period of food deprivation and the percentage of
the rats that enter the left alley, as well as the intervening variable ‘hy-
potheses,’ which intervenes between the number of trials and the per-
centage of rats that enter the left alley. Although intervening variables
were not supposed to represent entities or processes, it is obvious that
this way of breaking down the function is based on the beliefs that the
rats get hungry if they are deprived of food for a long time, that the rats
develop hypotheses during the trials in the maze about where food
can be found, and that hungry rats will use these hypotheses to find
food. Apparently, Tolman used his pre-scientific understanding of the
behavior of rats as a heuristic guide in his choice of dependent, inde-
pendent, and intervening variables.

As a second step, I will analyze the formulation of the f 2 func-
tions between the independent variables and the intervening vari-
ables, which was a central element in Tolman’s methodology of oper-
ational behaviorism. The f 2 functions are the operational definitions
of the intervening variables, and Tolman generated these definitions
by means of what he called “standard experiments.” The rationale be-
hind the use of standard experiments was the idea that following a
standard procedure for the formulation of the definitions of the in-
tervening variables ensured the objectivity of these definitions. The
underlying idea in traditional philosophy of science, that scientific en-
deavor should be a rule-governed activity following themethodolog-
ical rules of science, has been criticized ever since Kuhn (1962) and
Michael Polanyi (1967). For instance, Polanyi (1967, 4) argues that
exploratory acts involve “tacit knowledge” that cannot be stated in
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methodological rules, such as informed guesses, hunches, and imag-
inings. I want to reinforce this point and show that the skills that are
required for such activities are related to scientific understanding.

In his standard experiments, Tolmanmeasured the functional rela-
tion between a specific independent and a specific dependent variable
while keeping the other independent variables at a “standard” value.
Subsequently, he used these functional relations to formulate the op-
erational definitions for the intervening variables he introduced.That
the definitions that Tolman provided are not only based in practice
on methodological rules follows already from their dependence on
“standard values.” These standard values are not specified in Tolman’s
methodology. In most experimental situations this is not a problem
because the choice of these standard values is rather obvious. For in-
stance, the rats used for training experiments in mazes should not be
completely underfed or overstuffed.Determining the right (standard)
level of nourishment is a judgment that is not entirely rule-governed.

In this example the operational definition of the intervening vari-
able ‘demand’ was based on measurements of the relation between
the period of food deprivation and the percentage of rats that entered
the left alley, where the amount of training of all the rats was set to a
standard value. The result of this standard experiment can be seen in
figure 4.2.2.b.

Figure 4.2.2.b. Percentage of rats entering the left alley as a function of the
period of food deprivation (Tolman 1938/1966, 158)
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The number of rats that entered the left alley decreased (and later
increased) in relation to the increase in the number of hours passed
since feeding. To turn this figure into a definition of the intervening
variable ‘demand,’ Tolman (1938/1966, 158) argued, one modifica-
tion was necessary, namely that ‘demand’ should really be defined as
inversely related to this ratio. More precisely, the function that defines
‘demand’ operationally should be defined by the function that results
from the operation of reflecting the original curve about the horizon-
tal axis and translating it such that the curve starts at the origin of the
coordinate system (see figure 4.2.2.c).

The inversion and translation of the graph, which is not rule-gov-
erned, indicates that themethodological rules of Tolman’s operational
behaviorism are not sufficient for formulating operational definitions.
Apparently, Tolman regarded it to be essential that ‘demand’ increase
with the time since feeding – at least for the first 50 hours. In addition,
Tolman presumably regarded the decrease of ‘demand’ after 50 hours
as an unwanted feature of this intervening variable. Although he did
not comment on it, he did decide to stop the experiment after about
80 hours, which suggests that he regarded this last period to be irrele-
vant or uninteresting. It is plausible that he based this judgment on his
pre-scientific understanding that, after about three days of food depri-
vation, the rats are so faint with hunger that their choice for the left or

Figure 4.2.2.c. Demand as a function of the period of food deprivation
(Tolman 1938/1966, 159)
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right alley does not truly reflect their demand for food.Again, this is an
example of a decision that is not rule-governed. Another is his choice
to translate the curve such that the ‘demand’ varies between 0% (no
hunger) and 100% (the maximum level of hunger). It shows that Tol-
manassumes that thedemand is zero immediately after the rats are fed.

The notable act of transforming graphs without methodological
motivations is not exceptional. Similar transformations can be found
in the case of other intervening variables. For the formulation of the
operational definition of the intervening variable ‘hypotheses,’ Tol-
man measured the function between the number of previous trials
made by hungry rats and the percentage of the rats that entered the
left alley, and it appeared that with the increase in the number of pre-
vious trials, thenumberof rats that entered the left alleydecreased (see
figure 4.2.2.d).

Tolman again transformed this function into the definition of ‘hy-
potheses’ by inverting and translating it. The result was, as he argued,
“nomore thanourold friend, the learning curve” (Tolman1938/1966,
145), which is a frequently used function in neo-behaviorism (see e.g.
figure 4.2.3.a in section 4.2.3). In this way he provided ‘hypotheses’
with an objective, operational definition in terms of the number of

Figure 4.2.2.d. Percentage of rats entering the left alley as a function of the
number of previous trials (Tolman 1938/1966, 148)
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previous trials. Although it is clear that the transformations of the
graphs that were performed to obtain the definitions of ‘demand’
and ‘hypotheses’ were based on Tolman’s pre-understanding of the
behavior of rats, he did not indicate any motivation for performing
these transformations. As will become clear when I consider the next
step, which concerns the formulation of the f 3 function, his reason for
performing these transformations was that it resulted in a model of
the behavior of rats that was intelligible to him. Instead of ensuring
that the meaning of the theoretical terms in his model did not exceed
their operational definition (as he ought to have done according to
the philosophical doctrine he preached), Tolman in fact endowed the
terms with surplus meaning.

As a third step, I will analyze the formulation of the f 3 function,
about which Tolman (1938/1966, 160) wrote that “[i]t is by means
of this f 3 function (if we but knew what it was) that we would be able
to predict the final outcome for all possible values of the intervening
variables.” Finding the f 3 function is easier said than done. Tolman
(1938/1966, 160) confessed that this is the feature of his doctrine
about which he was “haziest.” He proposed following a strategy of
anthropomorphism:

I amat present being openly and consciously just as anthropomorphic
about it as I please. For, to be anthropomorphic is, as I see it, merely
to cast one’s concepts into a mold such that one can derive useful
preliminary hunches from one’s own human, everyday experience.
These hunches may then, later, be translated into objective terms. . . .
I . . . intend to go ahead imagining how, if I were a rat, I would behave
as a result of such and such a demand combined with such and such
[hypotheses] and so on. And then on the basis of such imaginings,
I shall try to figure out some sort of f 3 rules or equations. And then
eventually I shall try to state these latter in some kind of objective and
respectable sounding terms. (Tolman 1938/1966, 163–164)

While Tolman called it the haziest part of his illustration of oper-
ational behaviorism, it is actually the clearest indication that in his
scientific work he aimed at constructing intelligible models. In this
example, the collection of intervening variables such as ‘demand’ and
‘hypotheses’ constitute the theoretical model of the behavior of rats
in mazes. Tolman used his pre-scientific understanding of rats to con-
struct this model. This understanding was based on certain skills, of
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which imagining was themost important. He imagined how hewould
behave if he were a rat. This is imagining in the sense of empathizing.
Bymeans of this skill, hewas able to give an anthropomorphic concep-
tualization of the events in the maze. It enabled him to cast concepts
such as ‘demand’ and ‘hypotheses’ into a mold such that he could de-
rive useful hunches from everyday experience about how he would
behave if he were at the choice point. Obviously, the transformation
of the graphs mentioned above was already part of this framing pro-
cess. The theoretical terms used in his model of the rat in the maze
were operationally defined in such a way that their definitions were
in accordancewithTolman’s anthropomorphic interpretation of these
terms. This shows that the meaning of the theoretical terms exceed-
ed their objective definition; these terms possessed surplus meaning.
Conceptualizing the phenomenon in termsof ‘demand’ and ‘hypothe-
ses’ is not trivial – at least not from the positivist point of view that
Tolman advocated. It requires performing actions such as choosing
variables and transforming graphs that are not strictly rule-governed.
By using terms such as ‘demand’ and ‘hypotheses’ in his model, he en-
sured that themodel had the virtueof being interpretable in the above-
mentioned way, thus warranting its intelligibility (provided that one
possesses the skill of imagining).

Tolman’s model satisfies important criteria for intelligibility that
are advocated in this study. First, Tolman was able to apply the mod-
el to the behavior of the rats, or in Giere’s words (2004, 747), he was
able to “do the representing.” By putting himself in the position of a
rat, he was able to judge the similarities between the model and the
phenomenon of rats in mazes and pick out the relevant features of
the model (e.g. from everyday life he knew that demand is a relevant
feature). Second, he was able to use the model for developing quali-
tative insight into its consequences in concrete situations. His skill in
imagining enabled him to derive useful preliminary hunches that he
could use to see intuitively how the rats were expected to behave in
concrete situations (such and such demands combinedwith such and
such hypotheses). This skillful act of reasoning via the model can be
explicated in more detail by invoking the view of “purposive behavior
in animals and men” that Tolman (1932) had developed several years
before he proposed his ideas about operational behaviorism. In this
view, “environmental features are cognitively represented in terms of
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how they can be used or manipulated in order to attain certain goals”
(Feest 2005, 141). For instance, a chair may be represented as some-
thing on which, if placed against the wall, one can stand to reach a
picture. The cognitive representations involve expectations as to the
outcomes of hypothetical actions, and the purposive behavior of an-
imals and men is the result of means-end reasoning with respect to
these cognitive representations. Because Tolman’s model of the rats
in the maze is formulated in terms of expectations (‘hypotheses’) and
goals (‘demands’), reasoning via this model is also a matter of means-
end reasoning. Therefore, the skill that is necessary to reason via this
model can be described as instrumental reasoning, or means-end rea-
soning. In sum, using the model to represent the phenomenon re-
quires the skill of imagining in the sense of empathizing and the skill of
means-end reasoning.His emphatic abilities enabledTolman to imag-
ine the demands and hypotheses of the rats in themaze, and bymeans
of means-end reasoning he was able to imagine how rats behave as a
result of these demands and hypotheses.Therefore, themodel was in-
telligible to Tolman and thus provided himwith understanding of the
phenomenon of rats in mazes.

However, one might ask if this understanding should be labeled
scientific understanding. At first sight, the definitions of the theoreti-
cal terms in his model have no relation to theoretical principles. The
model does not seem to be composed of abstract objects defined by
theoretical principles as in Giere’s representational view of scientific
models. Therefore, one may wonder if the model does meet the epis-
temic values of science, such as scope or fruitfulness. For instance, the
scope of the definition of ‘hypotheses’ is very narrow. Because this in-
tervening variable is defined as a function of the number of trials of
the rats in the maze, Tolman’s model cannot be used to explain, for
instance, the behavior of mice in mazes. Therefore, the model seems
to be deficient in the possibility of fruitful application in other do-
mains. Because in my account of scientific understanding the value of
intelligibility encompasses the other epistemic values, including fruit-
fulness, Tolman’s model does not seem to satisfy all the conditions for
intelligibility advocated in this study.Therefore, Tolman’s model does
not seem to provide full scientific understanding.

Yet, his remark that the graph he used to formulate the defini-
tion of ‘hypotheses’ was actually the learning curve suggests that the
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intervening variables in Tolman’smodel can, in fact, be linked to theo-
retical principles. According to the learning rule, which is an impor-
tant principle in neo-behaviorism, the learning curve describes the
function between the strength of a stimulus-response connection and
the number of ‘reinforcements’ (rewards and punishments). By iden-
tifying the ‘hypotheses’ graph with the learning curve, Tolman appar-
ently considered the ‘hypotheses’ to be a stimulus-response connec-
tion whose strength, according to the principle of the learning rule, is
defined as a functionof ‘reinforcements.’ In this conception, themean-
ing of ‘hypotheses’ is more comprehensive than the meaning of the
term as specified by the operational definition. Instead of capturing
the complete meaning of ‘hypotheses,’ the operational definition only
partially specifiesTolman’s usage of this concept, which has a potential
domain of applicability that ismorewide-ranging than the situation of
the rats in the maze as described. ‘Hypotheses’ may, for instance, also
be applicable to the situation ofmice inmazes.With this conception of
the theoretical terms in Tolman’s model, the model does not have the
shortcoming of being deficient in satisfying epistemic values such as
scope and fruitfulness. Therefore, in this conception Tolman’s model
provides scientific understanding. In sum,my analysis of Tolman’s neo-
behaviorist methodology highlights the fact that his scientific models
are intelligible due to the surplus meaning of their theoretical terms.
The surplus meaning of the terms is valuable because it enables the
scientist to understand the phenomena in the cases at hand scientifi-
cally.

Although this analysis is in line with the claim that intelligibili-
ty is an epistemic value of science, Tolman’s assertion that he would
eventually try to translate the outcome of his methodology into “ob-
jective and respectable sounding terms” – which, because of the name
of his methodology, I take to be operational definitions – seems to
indicate that his reliance on intelligible models is merely an interme-
diate step in the development of objective scientific claims. The final
step would consist of a translation of his claims into objective terms
without surplus meaning. If Tolman had succeeded in removing the
surplus meaning of the terms, the model would no longer be intelli-
gible in the way described above. In the example, however, Tolman
did not perform the last step. In my view, his assumptions about the
feasibility of this step are mere speculation. Epistemic reasons do not
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allow the surplus meaning of the theoretical terms to be removed.
One of these reasons is related to the observation made by the his-
torianThomas H. Leahey that, in actual scientific practice, the estab-
lishment of operational definitions requires justification. A psychol-
ogist who formulates an operational definition “must persuade the
psychological community that his ‘definition’ . . . is a good one” (Lea-
hey 1980b, 138). For instance, in order to establish the operational
definitions of ‘demand’ and ‘hypotheses,’ Tolman performed several
acts that were not methodologically motivated, such as the inversion
and translation of graphs. I think that the justification for these acts
lies in the surplus meaning of ‘demand’ and ‘hypotheses’ that ren-
ders the models in which these concepts are used intelligible to their
users.

The second part of my case study will focus on the epistemic
reasons why the surplus meaning of theoretical terms should not be
removed. I will examine some of the theoretical terms introduced in
the work of Hull. As in the case of Tolman, I will show that Hull’s
theoretical terms possess surplus meaning. In addition to the case of
Tolman, I will demonstrate that removing the surplus meaning of the
terms would imply such a restriction of their domain of applicability
that they would loose their epistemic significance. I will conclude that
the intelligibility of scientific models has epistemic significance: it is
an epistemic value of science.

4.2.3.Clark L. Hull and the Application ofTheoretical Terms in
Different Domains

Clark LeonardHull (1884–1952) studied engineering but was unable
to work as a mining engineer because he was plagued by ill health and
poor eyesight. At 24 he contracted polio, which left him disabled in
one leg and forced to wear an iron brace. This made it necessary to
find a physically less demanding career. LikeTolman,Hull switched to
psychology after reading James’ Principles of Psychology. He majored
in this field at the University of Michigan, where he was especially
enthusiastic about the course in experimental psychology given by
Walter B. Pillsbury and John F. Shepard. He then enrolled in graduate
school at the University of Wisconsin, where he was strongly influ-
enced by Daniel Starch and Vivian A.C. Henmon (Beach 1959, 127).
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After receiving his Ph.D. in 1918 from theUniversity ofWisconsin, he
worked there for ten years. In 1929 he accepted a position as research
professor at Yale University.

Although Hull was a psychologist, his scientific approach revealed
his engineering background. For instance, he developed several ma-
chines that he used in his psychological research, such as a machine
for calculating correlations that was useful for the development and
use of psychological tests, and a logic machine that could display all
the implications of any type of syllogism. His worldview was inspired
by materialism, which was a central characteristic of his research pro-
gram. In 1928, he considered calling his magnum opus “Psychology
from the Standpoint of a Mechanist.” Although the book appeared
in 1943 under another title, the proposed title demonstrates the sig-
nificance of his mechanistic worldview for this scientific work. He
applied what he claimed to be the “Newtonian” view of the universe
as a machine to living organisms. For instance, he developed inge-
nious stimulus-response models, mainly on paper but also as actu-
al machines. They enabled him to give a mechanistic account of the
seemingly non-mechanical aspects of behavior (Still 1997b, 285).

Like Tolman, Hull was very interested in the possibilities of trans-
forming psychology into an objective science. He gave a seminar on
Watson’s behaviorism in 1925 and studied Pavlov’s work when it ap-
peared in translation in 1927. Pavlov’s idea of the conditioned reflex
became an important ingredient of his thinking. Together with col-
laborators, Hull even designed and implemented mechanical devices
to simulate the conditioned reflex. They experimented with different
types of mechanical devices until they settled on an electric circuit:

The mechanism which has given the best results is a combination of
polarizable cells and mercury-toluene regulators, which are sensitive
to temperature changes. Ordinary electric switches serve as “recep-
tors”; a flashlight bulb is the responding “organ,” analogous to the
salivary gland of the experimental animal. By a manipulation of the
switches in a manner strictly analogous to the presentation of stim-
uli inPavlov’s conditioned reflex experiments, phenomena, paralleling
fairly accurately a considerable number of the properties of the condi-
tioned reflex, are obtained. (Hull and Baernstein 1929, 15)

After studyingThorndike’s Fundamentals of Learning in 1935, Thorn-
dike’s law of effect replaced Pavlov’s conditioned reflex as central to
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Hull’s thinking. In his ideas about the possibility of an objective psy-
chology, Hull expectedmuch from the use of the hypothetical-deduc-
tive method. Because this method is not mentioned in Tolman’s de-
scription of operational behaviorism, one might think that the meth-
odologies of Tolman and Hull differ essentially. However, I will argue
below that Hull’s methodology is in fact a continuation and elabora-
tion of that of Tolman. Hull used Tolman’s idea to define theoretical
terms operationally and, like Tolman, he constructed ingenious the-
oretical models of the adaptive behavior (learning behavior) of or-
ganisms. Hull’s methodology was very influential: in the 1940s, at the
peak of his career, Hull was the most widely known behaviorist and
his methodology dominated psychology (Smith 1986, 149).

Hull’s ideas about science were in many respects very similar to
those of the logical positivists. He shared their interest in the use of
formal logic, andhewas attracted toBritish empiricism.DavidHume’s
Treatise of Human Nature especially fascinated him, and he regarded
behaviorism as a direct descendant of British associationism, of which
Hume’s work was exemplary (Smith 1986, 152). In the papers he con-
tributed to the international conferences of theUnity of Science Move-
ment – for instance, in 1937 in Paris and in 1941 in Chicago – he de-
scribed his approach in psychology as themethodology of logical pos-
itivism. Here, and also in his later work (e.g. Hull 1938, 159–160), he
emphasized the kinship between logical positivism and behaviorism:

There is a striking and significant similarity between the physicalism
doctrine of the logical positivists (Vienna Circle) and the approach
characteristic of the American behaviorism originating in the work of
J.B. Watson. Intimately related to both of the above movements are
the pragmatism of Peirce, James, Dewey on the one hand, and the
operationism of Bridgman, Boring and Stevens, on the other. These
several methodological movements, together with the pioneering ex-
perimental work of Pavlov and the other Russian reflexologists, are, I
believe, uniting to produce in America a behavioral discipline which
will be a full-blown natural science; this means it may be expected to
possess not only the basic empirical component of natural science, but
a genuinely scientific theoretical component as well.

(Hull 1943a, 273)

However, the idea of introducing a methodology that followed logi-
cal positivism is not unproblematic. The logical positivists dealt with
the logical reconstruction of theories and concepts, and not primarily
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with methodologies that could guide scientists in their construction
of theories (Mackenzie 1977, 115). For Hull, who shared Hume’s ad-
miration for Newton, it was apparent that the best candidate for a
logical-positivist methodology was Newton’s hypothetical-deductive
methodology. In Hull’s interpretation of this methodology (which is
more a reflection of his own view of the scientific method than of
Newton’s view) theories are formulated as deductive systems consist-
ing of definitions and postulates from which empirical phenomena
can be deduced. Hull had read Newton’s Principia and had spent the
summer of 1929 at Harvard (Smith 1986, 165), where he discussed
Principia Mathematica (1927) by Alfred N. Whitehead and Bertrand
A.W. Russell with Lewis and Whitehead. This work on the founda-
tions of mathematics, which consisted of a formal system of axioms
from which mathematical theorems were deduced, was a stimulus for
the ideas in his Principles of Behavior (1943b).

Hull was very explicit about his view on methodology. As Koch
(1954, 11) observes, “[i]n virtually every one of his theoretical publi-
cations,Hull felt compelled to include general discussionof the nature
of scientific theory, and to lay down corresponding prescriptions for
the construction of adequate psychological theory.” For instance, in
1936, when he was elected president of theAmerican Psychological As-
sociation (one year before Tolman), he devoted his inaugural speech
to the explanation of the hypothetical-deductivemethod.Hull argued
that theories are hypotheses that should be adjusted when the theo-
rems deduced from them do not agree with empirical facts. The ad-
justment of a theory to empirical data is a matter of trial and error.
Whenever a theoremdeduced from a theory fails to agree with empir-
ical facts, the postulates of that theory must be revised. If agreement
cannot be attained, the system must be abandoned (Hull 1937, 8).
How a scientist comes upwith a theory does not reallymatter because
eventually the theory is assessed and eventuallymodifiedon an empir-
ical basis:

The history of scientific practice so far shows that, in the main, the
credentials of scientific postulates have consisted in what the postu-
lates can do, rather than in some metaphysical quibble about where
they came from. If a set of postulates is really bad it will sooner or later
get its user into trouble with experimental results. On the other hand,
no matter how bad it looks at first, if a set of postulates consistently
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yields valid deductions of laboratory results, it must be good. In a
word, a complete laissez-faire policy should obtain in regard to pos-
tulates. Let the psychological theorist begin with neurological pos-
tulates, or stimulus-response postulates, or structural postulates, or
functional postulates, or factor postulates, or organismic postulates,
or Gestalt postulates, or sign-Gestalt postulates, or hormonic postu-
lates, or mechanistic postulates, or dynamic postulates, or postulates
concerned with the nature of consciousness, or the postulates of di-
alectical materialism, and no questions should be asked about his be-
ginning save those of consistency and the principle of parsimony.

(Hull 1935, 511)

A problem for Hull was that, in general, the hypothetical-deductive
method relies heavily on the use of theoretical terms in the postulates
of the theories.The use of these terms was condemned in classical be-
haviorism as metaphysical. Hull (1943b, 31) wrote that it was to Tol-
man’s credit that he had resolved this problem: Tolman’s objective be-
haviorism had introduced the use of theoretical terms in behaviorism
and, as such, paved the way for the hypothetical-deductive method.
In this section, I will examine the theoretical terms in Hull’s theories
of behavior to see if they possess surplus meaning that has epistemic
significance.

According to Hull (1943b, 21), scientists frequently and usefully
employ theoretical constructs such as “electrons, protons, positrons,
etc.” to facilitate their thinking. The use of these constructs has the
advantage of being economical: “The use of logical constructs . . .
comes down to a matter of convenience in thinking, i.e., an economy
in the manipulation of symbols” (Hull 1943b, 111):

In the case of hunger, for example, there must be an equation express-
ing the degree of drive or motivation as a function of the number of
hours’ food privation, say, and there must be a second equation ex-
pressing the vigor of organismic action as a function of the degree of
drive (D) ormotivation, combined in some sense with habit strength.
. . . Now it is a relatively easy matter to find a single empirical equa-
tion expressing vigor of reaction as a function of the number of hours’
food privation or the strength of an electric shock, but it is an exceed-
ingly difficult task to break such an equation up into the two really
meaningful component equations involving hunger drive (D) or mo-
tivation as an intervening variable. It may confidently be predicted
thatmanywriters with a positivistic or anti-theoretical inclinationwill
reject such a procedure as both futile and unsound. From the point
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of view of systematic theory such a procedure, if successful, would
present an immense economy.This statement is made on the assump-
tion that motivation (D) as such, whether its origin be food, priva-
tion, electric shock, or whatever, bears a certain constant relationship
to action intensity in combination with other factors, such as habit
strength. If this fundamental relationship could be determined once
and for all, the necessity for its determination for each special drive
could not then exist, and so much useless labor would be avoided.

(Hull 1943b, 67)

Although theoretical constructs are widely applied in natural science
andhave great advantages,Hullwarned that their use “is attendedwith
certain difficulties and even hazards” (Hull 1943b, 22). Because these
constructs are hypothesized and claims about them are not directly
verifiable, the use of theoretical constructs could result in “unverifiable
theories.” This should be avoided, and therefore the symbolic con-
structs have to be “anchored to observable andmeasurable conditions
or events on both the antecedent and consequent sides” (Hull 1943a,
281):

When a hypothetical dynamic entity, or even a chain of such entities
each functionally related to the one logically preceding and following
it, is thus securely anchored on both sides to observable and mea-
surable conditions or events (A and B), the main theoretical danger
vanishes.This at bottom is because under the assumed circumstances
no ambiguity can exist as to when, and how much of, B should fol-
low A.

A— f → (X)— f → B (Hull 1943b, 22)

Hull’s schematization of the relation between antecedent events (A),
theoretical terms (X), and consequent events (B), is similar to Tol-
man’s schematization of the relation between independent variables,
intervening variables, and dependent variables discussed above. The
functional relations between A and X or between X and B (which are
not meant to be identical, even if in the schematization they are indi-
cated by the same symbol) can be used as operational definitions ofX
bymeansofwhich these theoretical termscanbe securely anchoredon
the antecedent or consequent side. As in Tolman, Hull’s rationale for
expressing the theoretical terms as functions of these objectively ob-
servable conditions was to ensure that his scientific claims contained
only objective terms that did not possess surplus meaning.



the virtue of surplus meaning: neo-behaviorism · 83

Although Hull was an advocate of positivist psychology, the ques-
tion if his own scientific work was in agreement with the strict stan-
dards of logical positivism has been raised. For instance, in an article
by MacCorquodale and Meehl (1948), which I will discuss in more
detail below, it was argued that important theoretical terms in Hull’s
work had surplus meaning. A few years earlier, Kenneth W. Spence,
one of Hull’s former pupils, had already expressed similar worries
about Hull’s use of theoretical terms. In his writings, Hull often sup-
plemented the formal definitions of hypothetical constructs with in-
formal formulations in which the constructs were depicted as mech-
anisms mediating between stimuli and responses. Spence criticized
this, and in 1942 and 1943 he wrote several letters in which he repeat-
edly warned Hull against his habitual practice:

I have always been very unhappy about the fact that you have been
inclined to throw in hypotheses as to the mediational mechanisms
underlying the abstract mathematical concepts.

(Spence to Hull, Sept. 8, 1943, quoted in Smith 1986, 223)

Illustrative is the comparison Spence made between Hull and the
physicist Maxwell who regularly used mechanical analogies to illus-
trate his explanations of natural phenomena:

What you are doing would be analogous to Maxwell insisting on the
mediational mechanism of an ether-like medium to explain electro-
magnetic phenomena rather than depending upon the purely mathe-
matical aspects of his theory.

(Spence to Hull, March 8, 1942, quoted in Smith 1986, 223)

This habit of giving an informal, mechanistic interpretation of the the-
oretical terms was one of the sources of surplus meaning. Another
source was the naming of the theoretical terms. Like Tolman, Hull
used names that already possessed a meaning in everyday life, such
as ‘drive,’ ‘demand,’ ‘habit strength,’ and ‘reinforcement.’ Although he
formulated his scientific claims in objective terms with operational
definitions, the naming practice could cause the meaning of these
terms to exceed these definitions. I will show that Hull’s reason for
providing the theoretical terms with surplus meaning was the same as
Tolman’s: it enabled him to connect the theoretical principles of be-
havior to the concrete behavior of higher organisms (such as humans
and other mammals) via the construction of intelligible theoretical
models.
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To support this claim, I will focus on Hull’s use of the theoreti-
cal terms ‘reinforcement’ and ‘habit strength,’ which were important
terms in the learning principle described in his Principles of Behav-
ior. In his ideas about adaptation and learning of organisms, Hull was
strongly influencedbyPavlov’s theoryof conditioned learning.He saw
the reflex between receptors and effectors as a causal mechanism. He
even built a mechanical apparatus to simulate the conditioned reflex.
This shows thatHull was actually not as hesitant about “metaphysical”
speculation as the logical positivists. He wrote that receptor-effector
connections of an organism correspond roughly to what are known to
common sense as habits (Hull 1943b, 102). He called the strength of
such a connection “habit strength.”Hull used the learning curve to de-
fine ‘habit strength’ (see figure 4.2.3.a). Because, as I discussed above,
Tolman (1938/1966, 145) had argued that the graph that related ‘hy-
potheses’ to the number of previous trials of the rats in the maze was
“no more than our old friend, the learning curve,” it may seem that
Hull’s theoretical term ‘habit strength’ and Tolman’s theoretical term
‘hypotheses’ have the same meaning.

However, Hull’s ‘habit strength’ is more general than Tolman’s ‘hy-
potheses.’ Whereas in Tolman’s example, the intervening variable ‘hy-
potheses’ has a limited scope because it is operationally defined as a
functionof thenumberof previous trialsmadebyhungry rats, inHull’s
account ‘habit strength’ is defined bymeans of a theoretical principle,
namely the learning principle depicted by the learning curve, in which

Figure 4.2.3.a.The learning curve (Hull 1943b, 117)
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‘habit strength’ is described as a function of successive ‘reinforce-
ments.’ In his attempt to be as general as possible,Hull (1943b, 71) did
not give a specification of themeaning of ‘reinforcement’.Hull’s defini-
tion of ‘habit strength’ is, therefore, an exemplification of Giere’s view
that theoretical principles (such as the learning principle) function as
definitions of the abstract “objects” (such as ‘habit strength’) that con-
stitute theoretical models. For concrete situations, such as Tolman’s
T-maze, it has to be specified what counts as ‘reinforcement.’ I will
show that Hull was able to connect his scientific models of behavior
to concrete instances of the learning behavior of higher organisms by
giving what Radder (2006, 119–120) calls a “local” interpretation of
the meaning of the theoretical terms in these models.

I will investigate how Hull used scientific models to connect the-
oretical principles to concrete phenomena, and I will examine the
importance of the surplus meaning of theoretical terms for applying
these models. Although the theoretical terms in his learning models,
such as ‘habit strength’ and ‘reinforcement,’ were defined by means
of the theoretical principles of behavior, their meaning transcended
these definitions. As in the case of Tolman, Hull’s theoretical terms
possessed surplus meaning that rendered his learning models intel-
ligible. Therefore, these models could be used to represent the phe-
nomena and to develop qualitative insight into the consequences of
the models in concrete situations. I will demonstrate that, in contrast
to the methodological ideas of Tolman described above, the surplus
meaning of the theoretical terms should not be removed (if it is at all
possible to do so) because it has epistemic significance.

In his Principles of Behavior (1943b), Hull discussed a number of
experiments that he claimedwere all measurements of ‘habit strength’
in an “indirect way” (Hull 1943b, 102). These measurements were
indirect because the experiments only measured functional depen-
dencies between independent and dependent variables, rather than
dependencies between these variables and ‘habit strength.’ In that
sense these indirect measurements are similar to Tolman’s standard
experiments, where only functional dependencies between indepen-
dent and dependent variablesweremeasured aswell, and not between
these variables and the intervening variables. It is remarkable that
the experiments that Hull claimed were measurements of the same
theoretical term ‘habit strength’ were completely different from each
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other. They were performed with different organisms as subjects of
investigation andwith completely different techniques. Still,Hull con-
sidered all these experiments to be dealing with ‘habit strength.’ I will
analyze how Hull managed to connect his learning principles, which
were used to define ‘habit strength,’ to this wide range of different ex-
periments.

In one of the experiments, a human subject repeatedly received
a mild electric shock after hearing a noise. After the training period,
only the noise was produced, and the strength of the galvanic skin
reaction of the subject was measured as a function of the number of
“reinforcement repetitions” received in the training period.

Hull recognized the learning curve in the graph that depicted the
result (see figure 4.2.3.b) and argued that this meant that the result of
the experiment was a manifestation of ‘habit strength’ (Hull 1943b,
102). Such a claim can only be made if it is reasonable to suppose
that receiving amild electric shock after hearing a noise can be seen as
(negative) ‘reinforcement,’ and that it is reasonable to see the galvanic
skin reaction after receiving a shock as a ‘habit’ whose amplitude
corresponds to the ‘habit strength.’ Hull apparently considered this
to be reasonable, and the similarities with Tolman’s example suggest
that this was due to the surplus meaning of theoretical terms, such as

Figure 4.2.3.b. Manifestation of habit strength in an experiment with human
subjects (Hull 1943b, 103)
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‘habit strength’ and ‘reinforcement.’ By being empathic (like Tolman),
Hull was able to understand that repeatedly receiving a mild electric
shock is a form of negative ‘reinforcement.’ He could imagine that it
is unpleasant to receive these shocks, and he could imagine that the
experience that these shocks always succeeded the noise creates an
expectation. The role played by the surplus meaning of these terms is
similar to that played by surplus meaning in Tolman’s case, where the
surplus meaning of ‘demand’ made it possible to view this theoretical
term in the light of everyday experiences, which enabled making the
connection with concrete situations.

In another experiment, albino rats were trained to press a bar to
obtain food. After the training period, bar pressing was no longer
followed by a reward, and the number of times that the rats kept on
pressing the bar without obtaining food was measured as a function
of the number of “reinforcement repetitions” in the training period.

Again, Hull recognized the learning curve in the graph that depict-
ed the result (see figure 4.2.3.c), and again he argued that this meant
that the result of the experimentwas amanifestation of ‘habit strength’
(Hull 1943b, 102).

In Hull’s view, the theoretical term ‘habit strength,’ which can be
used to account for the results of the experiment with the electric

Figure 4.2.3.c. Manifestation of habit strength in an experiment with albino
rats (Hull 1943b, 106)
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shock, can also be used in other domains: he regarded his experiment
with the rats a replication of the experiment with the electric shock –
they areboth experiments thatmeasure the functional relationshipbe-
tween ‘habit strength’ and the number of ‘reinforcement repetitions,’
even though the “material realization” (Radder 2006, 103) of the
experiments differs completely. This means that Hull regards ‘habit
strength’ to be an extensible concept (Radder 2006, chapters 9 and
10). The scope of extensible concepts is not constrained to a specific
domain but can be enlarged by successfully applying these terms in a
materially different domain. To put it in Radder’s terms, these terms
have “nonlocal meaning.”

To call experiments that produce similar graphs replications of one
another requires certain judgments. For instance, one of these judg-
ments concerns the question if it is reasonable to suppose that both
receiving a shock after hearing a noise and obtaining food after de-
pressing a bar can be seen as ‘reinforcement.’ Another judgment con-
cerns the question if it is reasonable to see the number of times that
rats keep pressing a bar without obtaining food as a measure of ‘habit
strength.’The view that the connection betweenmodels and phenom-
ena depends on judgments by the model users goes beyond the neo-
behaviorist conception of this connection, in which the connection
between models and phenomena should be stated in objective terms
by means of operational definitions. In the case of Hull, if he would
define ‘reinforcement’ by means of operations involving administer-
ing electric shocks to human subjects (in particular situations) and
administering food to albino rats (inparticular situations), thedomain
of his theoretical principles would be restricted to situations in which
theseoperations are applicable.Theprincipleswouldonlydenote rela-
tionships between specific variables in separate and limited domains,
and, accordingly, have no epistemic relevance in other domains.This,
however, is not in accordance with Hull’s intention, which was to for-
mulate a general theory of behavior.

Hull never specified how the theoretical principles should be ap-
plied in different domains; it seems that he regarded this as obvious.
In his methodological writings he never explained how the terms in
his models should be related to concrete situations, and in his dis-
cussion of the different experiments on ‘habit strength’ he did not ex-
plain how he made the judgment that all these experiments deal with
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the same concepts. A detailed examination of Hull’s work reveals that
establishing the connection with concrete phenomena necessarily in-
volves judgments that are not rule-governed. For instance, it involves
judgments about the similarities of features of the models to features
of the phenomena and about the relevance of these similarities. Hull
seemed tomake these judgments as amatter of course. Apart from the
two experiments discussed above, Hull gave numerous other exam-
ples of indirect measurements of ‘habit strength’ in experiments with
animals, such as rats, dogs, chickens, as well as human subjects, and
in all of these different situations Hull recognized the same learning
curve. This recognition of the learning model in the empirical data
illustrates the theory-ladenness of observation. As for instance Han-
son (1958), and Kuhn (1962) famously argued, observations are in-
herently imbued with theoretical preconceptions. In Hull’s case, the
observations were influenced by the theoretical concepts of his learn-
ing models. Due to this theory-ladenness of his observations, Hull
was able to relate his experiments to his learning models. He simply
knew what to call ‘stimuli,’ what to call ‘responses,’ and what to call
‘reinforcement.’ I submit that the reason for this is that the models
were intelligible to him due to the surplus meaning of the theoretical
terms.

Hull had no difficulty applying the same models to quite distinct
behaviors of higher organisms. Like Tolman, he was able to “do the
representing” (to useGiere’s phrase again) due to his skill in imagining
in the sense of empathizing. Because hewas able to imagine himself in
the position of the human subjects who received amild electric shock
after hearing a noise, or in the position of the rats that obtained food
after pressing a bar, he was able to identify the shocks and the food
as cases of ‘reinforcement.’ In other words, he was able to conceptu-
alize these situations in the theoretical terms of his scientific models.
Subsequently, he was able to develop qualitative insight into the con-
sequences of the models, which is an ability that De Regt and Dieks
(2005, 151) proposed as one of the criteria for intelligibility. ForHull,
themodels were intelligible, and hewas able to apply them to the phe-
nomena due to the right combination of his skills and the virtues of
the models. Like Tolman’s model, Hull’s models possessed virtues,
such as anthropomorphic interpretability, that originated from the
surplus meaning of the theoretical terms in the models. In addition,
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the theoretical terms possessed causal-mechanical surplus meaning.
For instance, Hull regarded ‘habit strength’ as the outcome of a causal
mechanismhehad simulatedbybuilding amechanical apparatus.Hull
had attributed causal-mechanical surplus meaning to his theoretical
terms, and it was precisely this attribution of surplus meaning that
Spence criticized in his letters to Hull.

This critique, however, is misplaced. It was only because the terms
possessed this surplus meaning and because Hull possessed the skills
of empathic imagining and causal reasoning that he was able to per-
form the skillful activity of using his scientificmodels for representing
the phenomena and for developing qualitative insight into their con-
sequences in concrete situations.

In this chapter, the point of departure was Tolman’s concrete ex-
ample of rats in mazes that he used to exemplify his ideas of an objec-
tive psychological methodology. I used this example to illustrate the
notion of intelligible models. Because Tolman used his pre-scientific
understanding of rats as a heuristic guide in formulating abstractmod-
els about their behavior, the meaning of the terms in the model was
initially based on this pre-scientific understanding. A detailed exam-
ination of his example revealed that this implied that the theoretical
terms have surplus meaning. Their meaning transcended their objec-
tive definition. This surplus meaning rendered the model intelligible
to him. The right combination of his skills (imagining in the sense of
empathizing and means-end reasoning) and the virtues of the mod-
el (anthropomorphic interpretability) originating from the surplus
meaning of the theoretical terms used in themodel enabled him to use
themodel to represent the phenomena of rats inmazes and to develop
qualitative insight into its consequences in concrete situations.

In Tolman’s view on methodology, the use of intelligible models
is merely an intermediate step. He believed that the surplus meaning
of the theoretical terms that bring about the model’s intelligibility
should eventually be removed. I do not share this view. My study of
Hull’s work shows that the surplus meaning of theoretical terms in his
learning models is significant for the application of these models to
concrete phenomena.

The surplus meaning of the theoretical terms remains significant
even if the terms are provided with specific operational definitions
in concrete domains. First, the surplus meaning is significant for the
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justification of the establishment of these specific operational defini-
tions. I agree with Uljana Feest (2005, 134–135), who argues that in
the scientific practice of neo-behaviorism an operational definition of
a concept is “not intended to state necessary conditions for the appli-
cability of the term.” Instead, it has themethodological functionof get-
ting “an empirical handle on a phenomenon.” Contrary to Bridgman’s
intentions, anoperational definition “doesnotprovide anecessary, but
at best a sufficient condition for application” (Feest 2005, 137). The
establishment of an operational definition therefore involves the judg-
ment that the operational definition can be considered an adequate
means for applying the theoretical concept it represents (cf. Leahey
1980b, p. 138). For instance, it has to be assessed if ‘reinforcement’
can be defined operationally as the result of repeatedly performing the
operationof administering amild electric shock tohuman subjects im-
mediately after presenting a noise.The case study reveals thatHull was
able to make these judgments due to the surplus meaning of his theo-
retical terms.

Second, the surplus meaning of the theoretical terms is significant
for extending the domain of applicability of these terms, and thus of
themodels that contain them. For instance, in order to apply the term
‘reinforcement’ to the situation of the bar-pressing rats, it has to be es-
tablished that, supplementary to the operational definition involving
the electric shocks, ‘reinforcement’ can be definedoperationally as the
result of repeatedly performing theoperationof giving food to a rat if it
depresses a bar.This extension of the domain involves judgments that
are facilitated by the surplus meaning of the theoretical concepts.The
same judgments are required for the application of concepts in their
original domain. Without the surplus meaning of the concepts, these
judgments cannot be made.

Thus, in spite of Spence’s critique in his letters to Hull, there are
goodepistemic reasons for providing termswith surplusmeaning.The
surplusmeaning of the theoretical terms in theoreticalmodels renders
thesemodels intelligible to their users. Removing the surplusmeaning
wouldmake themodels unintelligible and therefore useless. Scientific
models need to be intelligible to be applicable to phenomena.
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4.3.The 1950s Dispute onTheoretical Terms and their Surplus Meaning

In my discussion on the desirability of surplus meaning of theoret-
ical terms I assumed that there are no major differences between
Tolman’s and Hull’s methodologies. Hull regarded his hypothetical-
deductive methodology as an elaboration of Tolman’s operational be-
haviorism, and I have therefore assumed that the conclusion of my
analysis that the surplus meaning could not be removed from Hull’s
theoretical terms without making his behavioral models useless also
holds for Tolman. However, at the beginning of the 1940s, when psy-
chologists became “increasingly aware of the methodological prob-
lems of their science,” the affinity between Tolman’s methodology,
with its emphasis on the empirical component of scientific method,
and Hull’s, with its emphasis on the formal or theoretical component
of scientific endeavor, was questioned (Bergmann and Spence 1941,
1). At that time, the University of Iowa had become a center for neo-
behaviorist thought where positivist philosophers of science and neo-
behaviorist psychologists collaborated. Bergmann (1906–1987), who
studied mathematics, law, and philosophy in his native Vienna and
was a member of the Vienna Circle, became attached to this univer-
sity after his emigration to the United States in 1938. He worked in
the departments of philosophy and psychology for forty years. Ken-
nethW. Spence (1907–1967), who would becomeHull’s best-known
student, worked at the University of Iowa from 1938 to 1964. With
their papers on theoretical psychology (Bergmann 1940a; Bergmann
1940b; Bergmann 1953; Bergmann and Spence 1941; Spence 1944;
Spence 1948), Bergmann and Spence became leading figures in the al-
liance between behaviorism and logical positivism (Smith 1986, 209).
In 1938Koch (1917–1996), a talented student in philosophy and psy-
chology, also came to Iowa, where he wrote his master’s thesis on the
“far-reachingmethodological renaissance” in psychology (Koch 1941,
15). In 1941 Bergmann and Spence, as well as Koch, analyzed Tol-
man’s and Hull’s respective methodologies and concluded that these
were “fully in line, indeed identical” (Bergmann and Spence 1941,
13).

According to Bergmann and Spence (1941, 13), Tolman’s con-
ception of intervening variables and Hull’s conception of theoretical
terms in his theoretical models were equal. Both Tolman and Hull
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introduced theoretical terms to break the mathematical equation that
describes the experimental laws relating the independent variables
(external stimuli) and the dependent variables (types of behavior)
down into component functions:

[I]t is toTolman’s credit that he has been one of the first in psychology
to outline this general methodological scheme. His actual theorizing
however, has not gone beyond suggesting and cataloguing the various
possible intervening variables and showing how they provide for the
definition and use of mental terms (demands, hypotheses, etc.) in a
behavioristic psychology. (Bergmann and Spence 1941, 13)

Hull’s work can be seen as a continuation and elaboration of Tolman’s
program. Tolman andHull used the samemethodological procedure.
Operationism and the hypothetical-deductive methodology supple-
ment each other.

I agree with the analysis by Bergmann and Spence (1941) and
Koch (1941) that there is no major difference between Tolman and
Hull in their use of theoretical terms. Consequently, I hold that, as
withHull’s theoretical terms, the surplusmeaning cannot be removed
from Tolman’s either without making his behavioral models useless.
It is because of the surplus meaning that the models are intelligible.
Because of this surplus meaning, the models have virtues that, if they
match the skills of the scientists, facilitate the successful application
of the models.Therefore, removing this surplus meaning would make
them inapplicable.

However, at the end of the 1940s and the beginning of the 1950s, a
debate started among theoretical psychologists and logical positivists
on the question if Tolman’s and Hull’s respective methodologies dif-
fered. The issue at stake was precisely if Tolman’s theoretical terms,
like Hull’s, possessed surplus meaning and, if not, if they should pos-
sess it. Furthermore, the question was raised if terms with a particular
kind of surplus meaning, such as physiologically inspired hypotheti-
cal concepts, were preferable to other theoretical terms. I will analyze
this debate and relate the arguments that are put forward about the
significance of surplusmeaning tomy account of intelligibility. At first
sight, the contributions to the debate do not seem to be very coher-
ent. They deal with a variety of issues such as operationism, realism,
and reductionism. However, I submit that the debate among neo-
behaviorists and logical positivists around 1950 should be understood
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as a coherent debate that was (implicitly) centered around one theme,
namely the question of how the value of intelligibility should be incor-
porated into neo-behaviorist theories.

4.3.1. Intervening Variables and Hypothetical Constructs

The surplus meaning of theoretical terms became an issue in neo-
behaviorism because of a classic paper by the psychologists Mac-
Corquodale and Meehl (1948) entitled “On a Distinction between
Hypothetical Constructs and Intervening Variables.” In this paper
they distinguished between “two subclasses of intervening variables,
or we prefer to say, between ‘intervening variables’ and ‘hypothetical
constructs’ which we feel is fundamental but is currently being ne-
glected” (MacCorquodale and Meehl 1948, 95). Roughly speaking,
this distinction is the difference in logical status between “constructs
which involve the hypothesization of an entity, process, or event which
is not itself observed, and constructs which do not involve such hy-
pothesization.” According to MacCorquodale and Meehl, the hypo-
thetical entities that Hull postulated with his hypothetical-deductive
methodology belonged to the first subclass of constructs, which they
called hypothetical constructs, whereas Tolman’s operationally de-
fined theoretical terms exemplified the other subclass of constructs,
which they called intervening variables. As an example of the differ-
ence between intervening variables and hypothetical constructs, they
contrasted the notion of ‘resistance’ in electricity to the notion of ‘elec-
tron’:

The resistance of a piece of wire is what Carnap has called a disposi-
tional concept, and is defined by a special type of implication relation.
When we say that the resistance of a wire is such-and-such, we mean
that “so-and-so volts will give a current of so-and-so amperes.” . . . Re-
sistance, in other words, is ‘operational’ in a very direct and primitive
sense.The electron, on the other hand, is supposedly an entity of some
sort. Statements about theelectronare, tobe sure, supportedbymeans
of observational sentences. Nevertheless, it is no longer maintained
evenby thepositivists that this set of supporting sentences exhaust the
entire meaning of the sentences about the electron. Reichenbach, for
example, distinguishes abstracta from illata (fromLat. infero).The lat-
ter are ‘inferred things,’ such as molecules, other people’s minds, and
so on. They are believed in on the basis of our impressions, but the
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sentences involving them, even those asserting their existence, are not
reducible to sentences about impressions.This is the epistemological
form, at rock bottom level, of the distinction we wish to make here.

(MacCorquodale andMeehl 1948, 96)

This example may seem to suggest that intervening variables are the-
oretical terms without existential status, whereas hypothetical con-
structs are theoretical termswith existential status.However, this view
does not capture the essence of the distinction that was discussed in
the 1950s. Although the realistic interpretationof termswas oneof the
issues that played a role in the debate, the view that the surplus mean-
ing of theoretical terms concerns their existential status is a specific
interpretation of surplus meaning. Surplus meaning is not always ex-
istential. For instance, below I will discuss the ideas of Lindzey (1953,
28) who argued that hypothetical constructs do not have to be inter-
preted realistically.

MacCorquodale and Meehl, who discussed three ways of stating
the distinction they had in mind, related the distinction between in-
tervening variables and hypothetical constructs to what Reichenbach
(1938) called “surplus meaning.” First, the statement of a hypotheti-
cal construct, as distinguished from an intervening variable, contains
terms “which are not explicitly defined by . . . empirical relations.” In
other words, intervening variables can be defined completely in terms
of observables, whereas hypothetical constructs can only be partially
defined in terms of observables. The meaning of hypothetical con-
structs cannot bewholly capturedbymeansof operational definitions.
They have additional meaning, that is, surplus meaning. Second, for
sentences containing only intervening variables, the truth of the facts,
that is, the observation sentences and empirical laws, constitutes “both
the necessary and sufficient conditions” for the truth of these sentences.
For sentences involving hypothetical concepts, this is “well known to
be false.” This is a direct consequence of the surplus meaning of the
hypothetical constructs. Sentences involving hypothetical constructs
cannot be reduced to empirical facts because the surplus meaning of
the hypothetical constructs goes beyond empirical content. Third, in
the case of intervening variables, “the quantitative form of the con-
cept, e.g., a measure of its ‘amount,’ can be derived directly from the
empirical laws simply by grouping of terms. In the case of hypothet-
ical concepts, mere grouping of terms is not sufficient.” Intervening
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variables are nothing more than what Spence (1950) called “calcula-
tional devices,”which are abbreviations for certain groupings of terms.
These calculational devices “have no factual content surplus to the
empirical functions they serve to summarize.” Because hypothetical
constructs have surplusmeaning, this does not obtain for them (Mac-
Corquodale andMeehl 1948, 96–97).

As an example to illustrate the distinction between hypotheti-
cal constructs and intervening variables, MacCorquodale and Meehl
mentioned the theoretical term ‘habit strength,’ which is defined in
Hull’s Principles of Behavior (1943b, 178–179) as SHR = M (1-e-kw)
e-jt e-ut’ (1-e-iN). Habit strength (SHR) is a certain joint function of
four variables, namely the number of reinforcements, the delay in re-
inforcement, the amount of reinforcement, and the asynchronism be-
tween thediscriminative stimuli and response (N, t,w, t’ respectively).
The other symbols in this formula (M, e, k, j, u, and i) are constants.
If this definition is taken as capturing the whole meaning of ‘habit
strength,’ then it is a convenient grouping of terms, and thus an in-
tervening variable. Of course, Hull could also have chosen another
way to group the terms. According to MacCorquodale and Meehl, if
‘habit strength’ is indeed an intervening variable instead of a hypo-
thetical construct, then the question if it really exists is equal to the
question “whether we have formulated a ‘correct statement’ concern-
ing the relations of this intervening variable to the anchoring (em-
pirical) variables.” This is, in turn, equivalent to the question if the
empirical variables are “related in such-and-such a way.” To confirm
or disconfirm this is a direct empirical matter (MacCorquodale and
Meehl 1948, 98). This means that if theoretical terms such as ‘habit
strength’ are interpreted as intervening variables, and thus merely as
calculational devices, the proof of their existence boils down to the
proof of the correctness of the empirical relations that are obtained
from writing out these calculational devices. However, MacCorquo-
dale and Meehl called into question if the meaning of ‘habit strength’
inHull’s work is indeed captured by the joint function of four variables
or itmeans “somethingmore of a neural or other physiological nature.”
In that case, “the theory could be false even if the empirical relations
hold” (MacCorquodale andMeehl 1948, 99).

At first sight, the theoretical terms, such as ‘habit strength,’ with
their formal definitions in Hull’s Principles of Behavior seem to be
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calculational devices.Therefore, it seems that Tolman andHull agreed
on the use of theoretical terms (MacCorquodale and Meehl 1948,
101). This observation is in line with the analysis by Bergmann and
Spence that the methodologies of Tolman and Hull are identical.
However, MacCorquodale and Meehl argued that Hull’s formal def-
initions do not capture the wholemeaning of the concepts he used. In
Hull’s scientificwritings, the formal definitions of theoretical concepts
wereoften supplementedwith statements referring tomechanisms.As
I discussed above, due to this practice, which Spence had criticized
in his letters to Hull, the theoretical terms acquired surplus meaning.
According to MacCorquodale and Meehl, this implies that, despite
the alleged similarities, there is a fundamental difference between
Tolman’s and Hull’s respective uses of theoretical concepts, name-
ly that Hull hypothesized the existence of unobserved entities and
the occurrence of unobserved events. Hull’s constructs have a “sur-
plus meaning that is existential” (MacCorquodale and Meehl 1948,
106):

There are various places inHull’sPrincipleswhere the verbal accompa-
niment of a concept, which in its mathematical form is an intervening
variable in the strict (Tolman) sense, makes it a hypothetical con-
struct. (MacCorquodale andMeehl 1948, 101)

The article by MacCorquodale and Meehl (1948) caused a lively de-
bate among theoretical psychologists and logical positivists about in-
tervening variables and hypothetical constructs. The difference be-
tween these two subclasses of theoretical terms was seen to be impor-
tant, and hundreds of papers were written on this topic (Furedy 1988,
74). In this debate the questions if Tolman’s use of theoretical terms
indeed differed from that of Hull, if the use of hypothetical constructs
is to be favored over the use of intervening variables, and if some kinds
of surplus meaning are preferable over others were explored. I will an-
alyze some contributions to this debate and shed new light on it by
arguing that the focal point in the debate is the value of intelligibility.
Neo-behaviorists, who, following logical positivism, considered verifi-
ability as the criterion for assessing scientific theories, implicitly came
to value the intelligibility of models and theories. Thus, the debate
about the surplus meaning of theoretical terms should be understood
as dealing with the question how to combine the positivist attitude
towards scientific theories with the demand for intelligible theories.
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4.3.2.TheMerits of UsingTheoretical Terms with Surplus Meaning

MacCorquodale andMeehl believed that the use of hypothetical con-
structs was preferable to the use of intervening variables.They argued
that statements with only intervening variables could be translated or
reduced to statements that contain nothing but empirical terms and
relations. This is “to be sure, what Tolman’s original definition im-
plied.” But it excludes “extremely fruitful hypotheses . . . for which the
strict reducibility does not exist” (MacCorquodale and Meehl 1948,
101). A scientist who wants tomake progress should use hypothetical
constructs. In addition toMacCorquodale andMeehl, others promot-
ed theuse of hypothetical constructs aswell. BecauseMacCorquodale
andMeehl had characterized Tolman’s theoretical terms as exemplary
intervening variables, it was surprising that in this debate Tolman also
encouraged the use of hypothetical constructs instead of intervening
variables. After the publication of MacCorquodale and Meehl’s pa-
per, Tolman was quick to make clear that he did not agree with the
ideas about the intervening variables thatwere ascribed to him.Hedid
not think that scientists should only use intervening variables. Instead,
he recommended that psychologists develop physiologically inspired
brain models containing hypothesized neurological entities. He ad-
mitted that hemade “such a statementwith surprise” because formany
years he had objected to what he called “premature neurologizing”
(Tolman 1949, 48):

Nevertheless, . . . I have come to realize that a tentative, hypothetical
brain model is in fact inevitable and to be desired. Further, I would
now coin the term “pseudo-brain models” to cover such hypotheses,
not to cast aspersions on them or to suggest that such models should
not be as solid and as consonant with known neurology as possible,
but rather to empathize that if they are to be comprehensive enough
for our purposes they must at the present time be very speculative,
very tentative, and often only pseudo neurological in character.

(Tolman 1949, 48)

In Tolman’s plea for physiologically inspired hypothesized entities he
explicitly mentioned the use of models. To work with hypothesized
entities amounts to building a model. He recommended the use of
models in science because they can be fruitful in the search for new
relations and predictions:
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But the important point, as I see it, is that a model (whether almost
good physiology or almost wholly “pseudo”) has certain specific in-
trinsic properties attributed to it by its authors. And it is by following
out the consequences of these attributed properties that one is led to
wider predictions . . . Amodel provides a conceptual substrate– a sub-
strate which is endowed by its author with certain intrinsic properties
of its own. And, if the model be a happy one, then we are led by it to
expect new behavioral relations which we would probably otherwise
never have thought of. (Tolman 1949, 48–49)

In the interpretation of MacCorquodale andMeehl, intervening vari-
ables can be used only for the description of empirical relations and
not for the prediction and discovery of novel empirical relations.This
changes when the intervening variable is integrated into a model.
However, by doing this, the intervening variable acquires the interpre-
tation of a hypothesized entity, and thus transforms into a hypotheti-
cal construct:

Or to put the whole matter another way, I am now convinced that “in-
tervening variables” to which we attempt to give merely operational
meaning by tying them through empirically grounded functions ei-
ther to the stimulus variables, on the one hand, or to the response
variables, on the other, really can give us no help unless we can also
imbed them in a model from whose attributed properties we can de-
ducenew relationships tobe looked for.That is, to useMeehl andMac-
Corquodale’s distinction, I would now abandon what they call pure
“intervening variables” for what they call “hypothetical constructs,”
and insist that hypothetical constructs be parts of a more general hy-
pothesized model or substrate. (Tolman 1949, 49)

Tolman emphasized that scientific theories are more than merely a
collection of empirical relations. If intervening variables are the only
constructs used in a scientific system, then this system is not a theory
but merely a collection of empirical relations – or an “unconscious”
theory, as he wittily called it. A “conscious” theory has to contain
hypothetical constructs, and, as such, it is a hypothesized model with
certain specific intrinsic properties attributed to it. Only the use of
such a “conscious” model is fruitful and can lead to new predictions:

[T]his demand for models may . . . seem to be asking too much. Any
model, we can suggest now, must inevitably be inadequate and but
sketchily related to themeager sets of empirical evidence now at hand.
Nevertheless, my final plea is that conscious, even though bad, theory
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is better than unconscious theory. We all do have models in the back
of our heads when we collect systematic sets of data. Therefore, we
should stick our necks out so that both we and others can see what
thesemodels are. For I have faith that themore explicitwe canbecome
about our theories, the more fruitful they will be, and also the more
likely it is that we will be ready to drop or change them when they no
longer prove useful. Or, to put it another way, the sin of “rigidity” is, I
believe,more apt to function in theunconscious than in the conscious.

(Tolman 1949, 50)

In my view, Tolman’s plea for “conscious” models is, implicitly, a plea
for intelligible models. Tolman’s reason for rejecting “unconscious”
models, which consist only of intervening variables without surplus
meaning, is that they are not fruitful. In other words, Tolman regarded
models as fruitful if they provide a conceptual substrate that suggests
their application to (new) phenomena. In chapter 5, especially in sec-
tion 5.3.4, I will discuss the importance of the conceptual structure
of models for their intelligibility. I will argue that providing such a
conceptual substrate is a characteristic feature of intelligible models.
Therefore, Tolman’s plea for “conscious,” and thus fruitful models is in
line with my view that fruitfulness is a requirement for the intelligibil-
ity of models (in the sense that only fruitful models can be assigned
the value of intelligibility). In my account of intelligible models, Tol-
man’s requirement that models should provide a conceptual substrate
that suggests their application does not yet guarantee their intelligibil-
ity. In addition, the suggested application shouldbe successful –which
might bewhatTolmanmeans by the situation that themodel is a “hap-
py” one. In this interpretation, Tolman’s plea for “conscious” models
is, implicitly, a plea for intelligible models.

It is clear that Tolman’s ideas about theories underwent an extraor-
dinary development. As hewrote in his autobiography (Tolman 1952,
335), he changed his view from conceiving a theory as a set of ‘inter-
vening variables’ to the contention that all theories use ‘hypothetical
constructs.’ In light of my view of scientific understanding, this is a
positive development. However, not all neo-behaviorists agreed with
Tolman’s new ideas. First, the question was raised if Tolman was right
that hypothetical constructs should be used in science, and, second, if
he was right that the surplus meaning had to be physiological in char-
acter. I will discuss both issues. I will start with the first issue, about
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the merits of theoretical terms that possess surplus meaning, and in
the subsequent section Iwill discuss the nature of the surplusmeaning
of psychological concepts.

A neo-behaviorist who argued against the use of hypothetical con-
structs was Marx. According to this psychologist, who worked at the
University of Missouri, Columbia, it was “especially discouraging to
find Tolman, whose introduction of the intervening variable con-
tributed notably to the establishment of the recent operational trend,
now apparently reversing his earlier position” (Marx 1951, 235). In his
view, the “improved scientific sophistication . . . evidenced by psycho-
logical theorists has been largely characterized by an increased sensi-
tivity to the need for operational validity in the formation and use of
logical constructs” (Marx 1951, 235). Despite this, he noticed a ten-
dency by several neo-behaviorists to apply constructs of the hypothet-
ical type and tominimize the value of the operational type. According
to him, the reason for this was that physiological models, which in-
clude hypothetical constructs, were considered to be useful guides in
the development of science (Marx 1951, 239–240). Although Marx
admitted reluctantly that such guides were necessary, he argued that
the benefits of hypothetical constructs should not be at the expense
of objectivity. In other words, although he acknowledged the heuris-
tic importance of the use of the surplus meaning of theoretical terms,
he did not allow that to interfere with a positivist attitude towards sci-
entific theories. As a solution to this dilemma, he proposed a special
labeling technique for intervening variables:

[I]n deciding which verbal label to give this intervening variable,
we may draw upon our own informal observations or upon some
particular theoretical framework. This use of the intervening variable
technique thus makes it possible not only to give a purely operational
meaning to the construct used, but also to relate them to some prior
observations or theoretical systems in a way that should help to move
these constructs in the direction of a more clear-cut operationism.

(Marx 1951, 243)

His idea was to label the intervening variables in such a way that
such labeling contributes to the semantic clarificationof psychological
language.

As an example, he discussed two situations. The first concerned
the situation of animals in a cage in which they have access to food
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and receive electric shocks from which they cannot escape. The sec-
ond concerned the situation of animals in a cage in which they have
access to food and receive electric shocks fromwhich they can escape
by jumping off a grid. It appears that there is a relation between the
restraining conditionsof the animals and the amountof food they con-
sume: they consume more in the cage in which they can escape the
shocks.Marx suggested that the amount of food that the animals con-
sume could be described as a function of the “sense of helplessness,”
which is an intervening variable that he defined purely in terms of the
restraining conditions of the animals. On the one hand, this interven-
ing variable functions as a calculational device that is useful for the
description of the functional relation between the restraining condi-
tions and the amount of food consumed. On the other hand, because
of its name, it suggests a hypothesis that might explain the different
amount of food consumed in the two situations.Therefore, according
to Marx, this naming technique “seems to combine the best features
of both the hypothetical construct and the orthodox intervening vari-
able. That is to say, it offers the experimenter an opportunity to draw
upon the suggestions of a theoreticmodel and yet remains on a strictly
operational level of discourse” (Marx 1951, 243–245).

On the one hand, Marx demanded that theoretical terms remain
free of surplusmeaning,whichmeans that theirmeaning is completely
covered by their operational definition. On the other hand, he recom-
mended labeling them so that they are extensible to novel situations.
This seems impossible because the applicability of the concepts can
only be extendable to domains other than those inwhich the concepts
are defined if the definition of the concepts is partial or “open.” The
heuristic advantage that Marx expected from the use of his labeling
technique for theoretical terms is similar to the fruitfulness that Tol-
man expected from the use of theoretical terms that possess surplus
meaning. Both expectations are about the extensibility of the domain
of application of the models that contain these theoretical terms. My
interpretation of Tolman’s remarks about “conscious” theories is that
this extensibility of the domain of application is facilitated by the sur-
plusmeaning of the theoretical terms in themodels that renders them
intelligible to their users. Therefore, I submit that the dilemma that
Marx tries to solve with his labeling technique can be seen as the val-
ue conflict between the value of intelligibility and typical positivist
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values suchasobjectivity andempirical adequacy.This value conflict is
a crucial issue in the debate about intervening variables and hypothet-
ical constructs. AlthoughMarx seems to regard the positivist values as
superior to other values, by promoting his labeling technique he in-
directly admitted the importance of intelligibility, which is actually in
line with Tolman’s plea for “conscious” theories.

That Marx’s labeling technique will not work follows, for instance,
from the reflections on “verbal magic” in an article with the intrigu-
ing title “Do Intervening Variables Intervene?” by Maze (1954) that
attracted widespread interest. Its author, a theoretical psychologist at
the University of Sydney, was influenced by the realist views of the
philosopher John Anderson who worked at the same university and
whose theory that whatever exists is a spatiotemporal situation or oc-
currence flourished in several universities in Australia (Furedy 1988,
71). In this article, Maze focused on surplus meaning that is existen-
tial and showed that the use of a labeling technique already introduces
such surplus meaning. He argued that, due to their use of the relation
between intervening variables and empirical variables, MacCorquo-
dale andMeehl were implicitly ascribing surplusmeaning to the inter-
vening variables:

[T]o ask about “its” relation to anything is to treat it as being the sort
of thing that can be a termof a relation – that is, as being qualitative, as
being some state or condition or “stuff” that there can be quantities of.
Such a notionmust always have “surplus meaning”; that is, a term of a
relation must have some nature, some collection of properties, other
than its having that relation; otherwise itwould beunintelligible to say
that it had that relation.What would “it” refer to?Now, such a conclu-
sion is precisely whatMacCorquodale andMeehl want to avoid, but it
is entailed by their speaking of “its relation to the empirical variables.”

(Maze 1954, 227)
According toMaze,MacCorquodale andMeehl were not alone in im-
plicitly treating the interveningvariable asbeing somestate, condition,
or entity. Hull did the same when he spoke of the requirement of an-
choring variables such as ‘habit strength’ at both ends:

We have to be clear, then, that the empirically found mathematical
relations are not between (for example) SHR and its antecedents on
the one hand, and between SHR and its consequents on the other, but
just between the antecedent and consequent events – in fact, that that
relationship is just what SHR is. (Maze 1954, 228)
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Hull’s use of the term reveals that he regarded ‘habit strength’ as
more than merely a calculational device that was convenient for ma-
nipulation. As discussed above, the definition of ‘habit strength’ con-
sists of four factors. Maze argued that “[i]f convenience of manipu-
lation is the only concern, it must be very difficult to show why that
particular four out of all these factors should be taken together, and
why their product should be given a special name.”Hull did not group
them for the sake of convenience but on the basis of the “material con-
sideration” (Maze 1954, 229) that “it is hard to believe that an event
such as a stimulation in a remote learning situation can be causally ac-
tive long after it has ceased to act on the receptors” (Hull 1943a, 285).
Although Hull (1943a, 285) claimed that “it is perfectly possible to
put into a single equation the values of events which occur at differ-
ent times,” those past events cannot be causally active now, and ‘habit
strength’ “is merely a quantitative representation of the preseverative
after-effects of the no-longer-existent compound events” represented
by four factors in the definition of ‘habit strength’:

Hull, then, groups the variables in this regular way not merely as a
matter of convenience in calculation (if indeed oneway could bemore
convenient than another), but also because he regards the variables in
any group as acting together to build up some specific condition in the
animal, and the intervening variable based on that group would then
be thought of, if not actually as a “measure” of that condition, at least
as varying quantitatively in direct relationwith it. (Maze 1954, 229)

The intervening variable “becomes a hypothetical construct in the as-
cription to it of qualitative content” (Maze 1954, 233).These hypoth-
esized states are thought of as mediating between temporally remote
stimuli and responses.Maze called this the fallacy of verbalmagic, “i.e.,
giving a name to a certain kind of event and then using that name as if
it accounted for the occurrenceof that kindof event” (Maze 1954, 226).
Marx’s labeling technique is an example of this fallacy of verbal mag-
ic. Labeling a variable that is defined purely in terms of the restraining
conditions of animals as “sense of helplessness” suggests the existence
of an internal state of the animals that explains their behavior. There-
fore, Marx is wrong in claiming that his labeling technique allows the
theoretical terms remain free from surplus meaning.The name “inter-
vening variable” already suggests causal interaction: “the words them-
selves inevitably suggest some state-like thing that intervenes between
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stimulus and response” (Maze 1954, 233). In sum, verbal magic is a
source of the surplus meaning of theoretical terms. Due to this verbal
magic, it is not possible to use intervening variables in sciencewithout
supplying them with surplus meaning.

The view that intervening variables acquire surplus meaning when
they are used in science was also supported from a very different an-
gle. Bergmann, who together with Spence more than a decade earlier,
already claimed that there is no essential difference between Tolman’s
andHull’s use of theoretical terms (Bergmann andSpence 1941), reaf-
firmed this claim by objecting to the division made by MacCorquo-
dale andMeehl betweenTolman’s intervening variables andHull’s hy-
pothetical constructs (Bergmann 1953). According to Bergmann, in
scientific practice all terms have surplus meaning (or “excess mean-
ing” as he called it). He argued that intervening variables, whichMac-
Corquodale and Meehl “discounted as trivial and arbitrary, in the
sense in which mere abbreviations are arbitrary” (Bergmann 1953,
441–442), are brought into science as the components of theories,
and theories always carry surplus meaning in that they predict laws
quite different from those on which they are based. Therefore, all
theoretical terms in science have excess meaning. In fact, for very
strict neo-behaviorists such as Burrhus F. Skinner, the inevitability of
theoretical terms having surplus meaning was a reason to condemn
the use of theoretical terms in science because it leads to unwarrant-
ed predictions and explanations (Greenwood 1999, 5). According to
Bergmann (1953, 446), it follows that “as soon as the intervening vari-
ables of behavior theory are put to use they acquire automatically
excess meaning. Why, then, are they now dismissed as ‘mere abbrevi-
ations’?” Bergmann (1953, 446–447) argues that because in practice
surplus meaning cannot be a property that distinguishes hypothetical
constructs from intervening variables, the distinction made by Mac-
Corquodale andMeehl is a “pseudo-distinction,” and, in addition, “the
whole controversy of intervening variables versus hypothetical con-
structs is a pseudo-issue.”

In sum, when theoretical terms are “put to use” (Bergmann 1953,
446) in scientificmodels, they acquire surplusmeaning. In this respect
there is no difference between the terms used by Tolman and Hull,
which is in line with the analysis of Bergmann and Spence (1941). In-
evitably, the theoretical concepts advocated by both Tolman andHull
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have surplusmeaning.However,whereasBergmannconsiders the sur-
plus meaning of theoretical terms to be a result of their application
in scientific models – the terms acquire it when they are “put to use”
(Bergmann1953, 446)– I suggest that it is often theotherway around:
the surplus meaning is often the driving force behind the application
of models in science. The surplus meaning of the theoretical terms in
themodels renders themodels intelligible, and this enables their users
to apply them to phenomena.

Several participants in the debate about intervening variables and
theoretical constructs openly appreciated the added value of the sur-
plusmeaning of theoretical terms. I submit that the underlying reason
for this was that they implicitly came to appreciate intelligibility as an
important scientific value. In chapter 3, intelligibility was described
as a positive value that scientists attribute to a model’s virtues that
facilitate their use of the model. Tolman’s plea for “conscious” mod-
els indicates that the appreciation for models containing theoretical
terms with surplus meaning was based on the insight that this surplus
meaning facilitates the successful application of these models. Con-
taining theoretical terms that possess surplus meaning was regarded
as a virtue of a model that facilitates its use. In other words, although
the participants in the debate did not explicitly put it that way, models
that had this virtue were appreciated for their intelligibility.

The debate in the 1950s illustrates that the use of theoretical terms
with surplus meaning became appreciated among neo-behaviorists
and logical positivists, as was the case with Bergmann. However, the
participants in the 1950s debate disagreed about the type of surplus
meaning that is appropriate for theoretical terms inpsychology. For in-
stance, some argued that their nature should be neuro-physiological,
while others argued against this and supported other types of hypo-
thetical constructs. Apparently, among the neo-behaviorists therewas
disagreement about how the value of intelligibility should be incorpo-
rated into the particular context of their discipline.

4.3.3.TheNature of the Surplus Meaning of Psychological Concepts

InTolman’s plea for “conscious” theories, he argued that the hypothet-
ical constructs should be (tentatively) neurological in character. This
was contested by, for instance, Lindzey (1953), a social psychologist
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who became widely known as the editor of The Handbook of Social
Psychology (1954). Although he supported the use of theoretical con-
structs that are more than mere shorthand designations of observed
empirical relations, he questioned if such a construct “must possess
existential status” (Lindzey 1953, 28). In particular, he asked if it was
necessary to employ only constructs that seem to promise eventual
linkage with physiology and neurology, as advocated by Tolman and
also by Krech (1950), a professor of psychology at the University of
California at Berkeley and a follower of Tolman:

Much of this emphasis has come from quarters where one might
least expect it and may be considered evidence of a strong swing in
the direction of forcing integration between psychological theory and
physiological theory and observation. In particular, both Tolman and
Krech have pointed to physiology and neurology as a necessary area of
consideration for the psychological theorist. (Lindzey 1953, 29)

Lindzey strongly disagreed with this position and objected to the no-
tion that “all psychological theorists are bound to examine their con-
cepts in the light of physiological evidence” (Lindzey 1953, 30). Al-
though Lindzey admitted that physiology could be useful for psychol-
ogy, he reduced its usefulness to a possible heuristic advantage for the
formation of theories and stressed that physiological plausibility is not
a reason to assess theories positively:

The eventual test of whether the influence upon his theorizing has
been beneficial or baleful, however, will be independent of physiolog-
ical data.That is, the theory will be evaluated not in terms of how well
it represents physiological data but rather in terms of how efficiently it
is able to control behavioral data. I would suggest consistently that the
person who wishes to, may turn to Dostoevsky, Shakespeare, Faulkn-
er, or any other literary or graphic artist for suggestions or inspirations
as to the most fruitful means of representing behavior.

(Lindzey 1953, 31)

However, the possible heuristic advantage was not the only reason
for psychologists such as Krech to plead for the use of physiolog-
ically inspired hypothetical constructs. They considered it essential
that hypothetical constructs refer to real entities and processes, which
they expected to be of a neurological or physiological kind. For in-
stance, Krech (1950, 283–284) argued that it is obvious to ask where
these hypothetical constructs are located, andhe claimed that the only
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legitimate answer is that these constructs should be viewed as neu-
rological events. This is so because if it is said that they “are in the
psychological field, are psychological processes and can be studied
by psychological analysis,” then “we are forced to place all would-
be hypothetical constructs in a sort of never-never land – a domain
which is forever inaccessible to scientific inquiry” (Krech 1950, 284).
The reason for this is that hypothetical constructs are not shorthand
terms for certain behavior, as intervening variables were considered
to be, but determinants of behavior that cannot be directly inferred
from observations. Merely studying the immediate data of psychol-
ogy – stimulus and response – cannot reveal the intrinsic attributes
of these determinants of behavior. And because “psychological psy-
chologists” deny that the hypothetical constructs are names for neuro-
logical activities, the possibility of an objective physiological study of
the intrinsic attributes of these hypothetical constructs is also reject-
ed. Therefore, “such an answer does not even offer the slightest guess
or hunch or even fantasy of how the scientist is ever to get beyond
the study of correlations between . . . stimulus and response” (Krech
1950, 285).

Lindzey did not agree with this. He held that if the behavioral con-
sequences of psychological models can be verified, the question if the
concepts in the model have a neurological correlate becomes irrele-
vant. He even approved the use of concepts that “violate physiological
data,” such as the psychoanalytic notion of the libido. This notion, if
given existential status, “implies a rough sort of plumbing systemwith-
in the body for the transmission of nervous impulses,” and such a sys-
tem is contradictory to all evidence and belief in the field of neurology
(Lindzey 1953, 32). Still, Lindzey (1953, 32) insisted upon retaining
it as long as it assisted in producing more verifiable behavioral conse-
quences than alternative concepts that might bemore congruent with
physiological data, because the only criterion for evaluating theories
is if they agree with empirical data:

It should not be a question of whether a theorist must turn toward
physiology ormust ignore it. He should be permitted to do either with
equal respectability since the eventual evaluation of the fruitfulness
of his approach should hinge on grounds quite independent of the
agreement of his theory with physiological data.

(Lindzey 1953, 30)
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According to Lindzey, it is not necessary for hypothetical con-
structs in psychology to be physiologically inspired. Moreover, he
claimed that it is not even necessary for them to be assigned an ex-
istential status. He clarified this claim by a rhetorical question: “All
theoretical constructs must be related to reality via empirical proposi-
tionsderivable fromthese constructions.Thequestionhere iswhether
the theorist sees some direct tie to reality other than these derivable
empirical consequences” (Lindzey 1953, 28).

Lindzey’s response is both open-minded and narrow-minded. It is
open-minded because it is open to the use of hypothetical constructs
that are not physiologically inspired.His arguments for not restricting
psychology to the use of physiologically inspired hypothetical con-
structs and fordisregarding the existential status of their constructs are
to the point, although I would rephrase them in terms of intelligibili-
ty, rather than fruitfulness. A concept such as the libidomay be useful
in scientific accounts of certain behavior if it renders those accounts
intelligible to its users, which means that they are able to apply that
account in specific situations such that they understand the behavior.
Here it does not seem necessary for the concepts to have a physiolog-
ical nature, and their existential status may also be irrelevant.

At the same time, Lindzey’s response is narrow-minded because it
reduces the value of intelligibility to a heuristic advantage in the de-
velopment of theories. In his view, for the assessment of theories only
their empirical adequacymatters, and it seems that he regards the sur-
plus meaning of the terms to be unrelated to the derivation of their
empirical consequences. This view is similar to Marx’s, who regarded
the value of intelligibility to be subordinate to positivist values. How-
ever, it is incorrect. As I have shown, especially in my discussion of
Hull’s application of the term ‘habit strength,’ intelligibility – and thus
the surplus value of theoretical terms – plays a significant role in ac-
counting for the phenomena.

I contend that an underlyingmotivation for the debate amongneo-
behaviorists and logical positivists around 1950was their implicit dis-
satisfaction with the logical-positivist view of science that failed to
recognize the value of the intelligibility of scientific models. The de-
bate canbeunderstood as the search for an answer to thequestionhow
the value of intelligibility had to be incorporated into neo-behaviorist
theories. An important issue in this debate was if the hypothetical
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constructs used in psychology should be of a specific nature. An an-
swer to this question lies partly in the transition fromneo-behaviorism
to cognitive psychology. This transition has been interpreted in sev-
eral ways, for instance, as a Kuhnian paradigm shift, as a movement
from an instrumentalist to a realist conception of psychological theo-
ry, or as a continuous evolution out of neo-behaviorism (Greenwood
1999, 1). I agree with John D. Greenwood that this transition is best
represented in termsof the replacement of intervening variables by hy-
pothetical constructs that possess cognitive surplus meaning. These
hypothetical constructs consisted of theoretical terms from informa-
tion theory, which was developed in the same period. Apparently, the
early cognitive psychologists believed that the use of this kind of con-
struct resulted in intelligible psychological models. In the next chap-
ter I will examine the early days of cognitive psychology and inves-
tigate the merits of using theoretical terms from information theory.
I will analyze the virtues of the models containing theoretical terms
with cognitive surplus meaning, and I will explore the skills that were
required to use these virtues and apply the informational models to
psychological phenomena.

4.4.The Epistemic Significance of Surplus Meaning

The aim of this chapter has been to demonstrate, by means of a case
study of scientific practice, that intelligibility is an epistemic value
that is constitutive of science. The account of understanding used in
this chapter is based on the idea that merely “possessing” relevant
theoretical knowledge is not enough for the scientific understanding
of phenomena. In addition, one should be able to use this knowledge,
which implies applying it to concrete cases by means of intelligible
models.

Both Tolman and Hull formulated theoretical models of behavior
that were intelligible to them due to the surplus meaning of the theo-
retical terms in their models. For instance, Tolman supplied the theo-
retical terms such as ‘demand’ and ‘hypotheses’ with surplus meaning
that originated in his pre-scientific understanding of rats. Although
Tolman argued in the presentation of his methodology of operational
behaviorism that this surplus meaning should be removed, he later
recognized that the use of hypothetical constructs is “inevitable and
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to be desired” (Tolman 1949, 48). The surplus meaning of the theo-
retical terms in the psychological models has epistemic significance
because it renders the models intelligible to its users. Only because of
the surplus meaning is it possible to apply these models to concrete
phenomena. The epistemic content of the models therefore depends
on their intelligibility.

In the 1950s the neo-behaviorists started openly to appreciate the
use of theoretical terms that possess surplus meaning. In my view,
an explanation of this development was the growing appreciation of
intelligibility as an epistemic value of science. In a debate among neo-
behaviorists and logical positivists several merits of using terms with
surplus meaning were mentioned, such as its fruitfulness. Although
these merits were not explicitly related to intelligibility, my analysis
of the debate, in which I use the account of scientific understanding
developed in chapter 3, shows that the underlying reason for their
appreciation of the use of models containing theoretical terms with
surplusmeaningwas that it rendered thesemodels intelligible to them.

My analysis of the 1950s dispute about theoretical terms and their
surplus meaning is mainly explanatory: it sheds light on a historical
development in psychology. However, it is also evaluative. In chap-
ter 2 I argued that one of the normative tasks of philosophy of science
is to give evaluative appraisals. The different opinions about the use
of surplus meaning in neo-behaviorism that were put forward by the
participants of this debate can be assessed by asking if they meet the
characterization of science developed in this study. According to this
characterization, the intelligibility ofmodels is an epistemic value. Be-
cause the case study in this chapter shows that the intelligibility of
theoretical models depends on the surplus meaning of their theoreti-
cal terms, one of the norms for evaluating the different opinions about
the use of surplusmeaning is the extent towhich they are in agreement
with the view that the use of hypothetical constructs is to be preferred
over the use of intervening variables.

For instance, in 1949 Tolman publicly declared his conversion to
the use of hypothetical constructs. Not all of his colleagues appre-
ciated this. Especially those who expressed an extremely positivist
attitude towards science, like Marx, rejected the use of hypothetical
constructs and proclaimed that intervening variables that do not pos-
sess surplus meaning are “the only kinds of constructs admissible in
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sound scientific theory” (Marx 1951, 246). Evaluating the positions
of Tolman and Marx using the characterization of science developed
in this study results in an endorsement of Tolman’s conversion and a
rejection of Marx’s reaction. Tolman’s conversion showed that, unlike
Marx, he was aware of the value of intelligibility in science. If it does
not use the surplus meaning of theoretical terms, neo-behaviorism
will only produce “unconscious” theories. To avoid this, psychologists
have to develop intelligible models, which according to Tolman are
models that provide a conceptual substrate that facilitates their appli-
cation. His argument for “conscious” models is in line with the idea
that intelligibility is one of epistemic values that are constitutive of sci-
ence.

My primary motivation for investigating neo-behaviorism was its
extraordinary positivist inclination.Theneo-behaviorist pursuit of de-
veloping an objective science of psychology – which in the end would
leave no room for intelligibility and understanding – can be seen as
a test case of the philosophical thesis that understanding plays a fun-
damental role in science. The analysis of the scientific practice of the
neo-behaviorists has revealed that, despite their positivist attitude,
they came to realize that the use of theoretical terms that have sur-
plus meaning is inevitable and even desirable. Implicitly, they began
to appreciate the use of intelligible models. Their (implicit) adoption
of intelligibility as an epistemic value corroborates the claim that un-
derstanding is more than a by-product of theorizing: it demonstrates
that understanding has epistemic significance.



chapter 5

Skills for Understanding: Cognitive Psychology

5.1. Introduction

In chapter 3 I presented a theoretical framework for my account of
scientific understanding, based on the idea that understanding is the
ability to apply a model successfully to a phenomenon. A prerequisite
for the successful application of amodel by a scientist is that themodel
be intelligible to this scientist. This requires that the scientist possess
certain skills and themodel certain virtues, such that the combination
of skills and virtues facilitates the successful application of the model
(cf. De Regt 2004; De Regt and Dieks 2005). The successful applica-
tion of a model to a phenomenon is a pragmatic activity that involves
the skillful act of making assessments concerning relevant similarities
and the skillful act of reasoning via the model.

The main aim of the case studies is to articulate the proposed
theoretical framework. In chapter 4 the focus of the case study of neo-
behaviorism was on the epistemic significance of the intelligibility of
models. In the present chapter, the focus of the case study of cognitive
psychology will be on the skills that are required for the successful
application of a model to a phenomenon. The reason for looking
at cognitive psychology is not only a matter of chronological order,
given that it is the successor of neo-behaviorism. Also – and more
importantly – the case is illuminating because, compared with the
neo-behaviorists, cognitive psychologists were much more explicit
about the use of models in their scientific endeavor.

Cognitive psychology is one of the disciplines of cognitive science.
It includes topics such as memory, language, imagery, and attention
(Baars 1986, 147, 180). Other disciplines that are part of cognitive
science are linguistics, artificial intelligence, and the neurosciences.
In her voluminous book of more than 1600 pages on the history of
cognitive science, Margaret A. Boden (2006, 12) describes cognitive
science as “the study of mind as machine,” for “the core assumption is
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that the same type of scientific theory applies to minds and mindlike
artefacts.”This interdisciplinary study of mind was informed by theo-
retical concepts drawn from information theory, whichwas developed
shortly after World War ii. I will focus on the use of information-
theoretical models to explain psychological phenomena and investi-
gate the skills required for the successful application of these models.
In section 5.2 I will briefly describe the rise of cognitive science. In
section 5.3 I will investigate how early cognitive psychologists such
as George A. Miller applied information-theoretical models to cogni-
tive phenomena. I will show that the application of thesemodelswas a
non-trivial achievement that involved the use of skills andmetaphors.
In section 5.4 I will look in detail at a specific example of the applica-
tion of the information-theoretical approach in cognitive psychology,
namely the work of Broadbent on the phenomenon of attention. In
section 5.5 I will present the results of the analysis of the skills that are
involved in understanding cognitive phenomena.

5.2. A Brief Review of the Rise of Cognitive Psychology

An event that marked the rise of cognitive science and the decline of
behaviorism was the Hixon symposium on “Cerebral Mechanisms in
Behavior” in September 1948 at the California Institute of Technolo-
gy (Gardner 1985, 10).The scientists that gathered at this symposium
were very distinguished scholars from several scientific disciplines. In
the opening talk the mathematician John von Neumann discussed an
analogy that would become one of the most inspiring ideas in cogni-
tive science, namely the comparison of the human brain and a com-
puter. In another talk the psychologist Karl S. Lashley criticized neo-
behaviorism, the dominant discipline at that time, by arguing that a
linear successionof stimulus and response cannot explain complexhu-
man behavior that is planned and organized by hierarchical brain pro-
cesses. Other speakers at the symposium who would become impor-
tant representatives of the new field of cognitive science were the neu-
rophysiologist Warren S. McCulloch and the logicianWalter H. Pitts,
who compared the working of the brain to a neural network, the lo-
gician Alan M. Turing, who pioneered in computer theory, the math-
ematician Norbert Wiener, who coined the term “cybernetics” as the
science of communication and control in the animal and themachine,
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and the electronic engineer and mathematician Claude E. Shannon,
who was one of the founders of information theory.

Not long after this symposium, cognitive science became recog-
nized as a separate discipline.This was due especially to a symposium
on information theory in 1956 at theMassachusetts Institute of Tech-
nology and to the establishment of the Center for Cognitive Studies in
1960 at Harvard. At the symposium, computer scientist Allen Newell
and economist Herbert A. Simon discussed their Logic Theory Ma-
chine, linguist Noam A. Chomsky presented his new approach to lin-
guistics, and psychologistMiller delivered a famous paper in which he
claimed that the capacity of human short-term memory is limited to
approximately seven entries. Together with Jerome S. Bruner, Miller
co-founded the research center at Harvard for the investigation of the
humanmind as the first institute to be dedicated to what is now called
cognitive science (Schultz and Schultz 2000, 472):

In using the word “cognition” we were setting ourselves off from be-
haviorism. We wanted something that was mental – but “mental psy-
chology” seemed terribly redundant. “Commonsense psychology”
would have suggested some sort of anthropological investigation, and
“folk psychology” would have suggested Wundt’s social psychology.
What word do you use to label this set of views?We chose “cognition.”

(Miller, quoted in Baars 1986, 210)

Thenewdiscipline in psychologywas very successful. After a decade it
had somany adherents it could have its own journals, such asCognitive
Psychology (first published in 1970), Cognition (1971), Memory and
Cognition (1973), Journal of Mental Imagery (1977), Cognitive Ther-
apy and Research (1977), and Cognitive Science (1977) (Schultz and
Schultz 2000, 482).

The cognitive shift is sometimes described as a radical turnaround
(Sperry 1995, 35) and a revolt against the neo-behaviorist doctrine
where positivist ideas about science were pushed too far. To put it
in Ulric Neisser’s (1967, 5) words, one of the main figures of cog-
nitive science, cognitive psychology is incompatible with the behav-
iorist view that “man’s actions should be explained only in terms of
observable variables, without any inner vicissitudes at all.” People
joked that with behaviorism psychology had “lost consciousness” or
“lost its mind” and that with the cognitive revolution it had regained
it (Schultz and Schultz 2000, 468). Instead of focusing merely on
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stimulus-response connections, cognitive psychologists shifted their
attention tomental processes and events and used behavioral respons-
es as sources for making inferences about mental processes. With
the rise of cognitive psychology the emphasis shifted from behavior
to mind. This may suggest a discontinuity in the history of psychol-
ogy.

In my opinion, a more accurate view is articulated by Bernard
J. Baars (1986), who in his bookThe Cognitive Revolution in Psychol-
ogy describes the cognitive shift as a quiet revolution. The fact that
most of the changes occurred silently is related to an important topic
discussed in the previous chapter, namely the surplus meaning of the-
oretical terms. The meaning of theoretical terms used by behaviorists
exceeded their operational definition, and this enabled them to use
these terms outside the domain for which they were defined. Accord-
ing toBaars, this extension of themeaning of terms eventually resulted
in the rise of cognitive psychology:

Most of the milestone experiments in the cognitive revolution were
published without fanfare, and changes were occurring even as their
profundity was being denied. Many such changes seemed to proceed
by a process of euphemism. Psychologists did not speak of “mental
representation” at first, but of “memory”; not of “consciousness,” but
of “selective attention”; not of “the organization of meaning,” but of
“semantic features.” In each case, the modest euphemistic term was
defined operationally, by precise and reliable experiments, and the re-
sults were interpreted within narrow theoretical limits. But as the new
ideas gained momentum, theoretical terms such as “mental represen-
tation,” “meaning organization,” and recently, even “consciousness”
burst theboundaries of the experimental situations inwhich theywere
first defined. Soon, all the terms were extended far beyond any single
experimental model or technique. (Baars 1986, 141–142)

In the 1950s the neo-behaviorists began to appreciate theoretical
terms that had surplus meaning. In the previous chapter I argued that
an underlying reason for this was that they (implicitly) came to appre-
ciate intelligibility as an important scientific value.One of the issues in
the debate among neo-behaviorists at that timewas the questionwhat
kind of surplus meaning is most appropriate for psychology. Some
argued for a reductionist program in psychology that used physiolog-
ically inspired hypothetical constructs. Another idea, one that would
gain much support, was the use of theoretical terms from the newly
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developed information theory. Psychologists came toview thebrain as
a kind of information processor: “The term ‘cognition’ refers to all the
processes by which the sensory input is transformed, reduced, elab-
orated, stored, recovered, and used” (Neisser 1967, 4). In the 1950s
“it seemed natural for psychologists and neurophysiologists to inves-
tigate how information theory could beused tounderstandhumanbe-
ings” (Baars 1986, 153). In this chapter, Iwill describehow, in the early
days of cognitive science, psychologists found inspiration in informa-
tion theory in modeling the mind. By focusing on their information-
theoretical accounts of behavior, I will investigate the skills that were
required for the application of models to phenomena.

5.3. Applying Information-Theoretical Models in Cognitive Psychology

As I argued in chapter 3, the application of models to phenomena can
be successful only if the scientists possess skills that match the virtues
of the models. In this section I will examine the principles of infor-
mation theory and investigate the skillful nature of the application of
these principles in cognitive psychology.

5.3.1. InformationTheory

Information theory has its roots in the SecondWorldWar, when com-
munication engineersworking on communication systems such as the
telegraph and the telephone developed methods to measure their in-
formation capacity. The comparison of the of rival communication
systems with respect to efficiency required measuring the amount of
information. In 1948, Shannon, whowas an engineer for the Bell Tele-
phone Company, proposed a measure for the amount of information
in his influential article “AMathematicalTheory of Communication.”
In this article he presented a schematic description of communication
systems (see figure 5.3.1) and developed amathematical theory about
the transmission of messages over “channels.”

According to Shannon, a communication system uses a channel,
such as “a pair of wires, a coaxial cable, a band of radio frequencies,
a beam of light,” to transmit information from a source to a destina-
tion. As a rule, a transmitter transforms the messages from the infor-
mation source into signals suitable for transmission over the channel.
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For instance, in telephony this operation consists of converting sound
pressure into an electrical current. Usually, the receiver on the other
side of the channel performs the inverse operation in order to recon-
struct the message from the signal (Shannon 1948, 380–381). If the
channel is not noiseless, the signal is disrupted by noise during trans-
mission and/or at the terminals. In that case, the received message is
not the same as the initial message (Shannon 1948, 406).

Shannon argued that themeaning of themessages transmittedover
the channels is irrelevant for the comparison of the channel capaci-
ty of different communication systems. The semantic aspects are ir-
relevant to the engineering problem. The essential question is if the
receiver can use a transmitted signal to make a choice within a set of
possible messages. The smallest unit of information is one that en-
ables the receiver to discriminate between two alternative messages.
This smallest amount of information is called a “bit.” If the transmit-
ted signals enable the choice of onemessage from a set of alternatives,
then the number of alternatives, or any monotonic function of this
number, can be regarded as a measure of the amount of information
that is involved in this choice. Shannon proposed using a logarithmic
function to measure information content because parameters of engi-
neering importance, such as time and bandwidth, tend to vary linearly
with the logarithm of the number of possibilities. Moreover, this log-
arithmic measure agrees with the intuitive feeling that, for example,
“two punched cards should have twice the capacity of one for infor-
mation storage, and two identical channels twice the capacity of one
for transmitting information” (Shannon 1948, 380). For example, in a

Figure 5.3.1. Schematic diagram of a general communication system
(Shannon 1948, 381)
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communication system in which the transmitter and receiver are used
for processing ofmessages composedof letters from theRoman alpha-
bet, the informationcontentof aone-lettermessage,whichenables the
choice between the 26 letters of the alphabet, is -log2 1/26 = 4.7 bits,
while the information content of a two-letter message is -log2 1/262 =
9.4 bits. Ameasure of the capacity of a communication channel, which
is the maximum amount of information a channel can carry per sec-
ond, is the number of bits per second that can be transmitted over the
channel.

5.3.2. Experiments on the Capacity of Human Information Transmission

Soon after the appearance of Shannon’s article, the idea emerged of
using information theory in psychology. This new insight was nicely
articulated at a BBCThird Programme Talk in 1950, in which a review
was given of the First International Symposium on Information Theory
in London.The speaker wasDonaldM.MacKay, who at that timewas
a doctoral student working on the measurement of information, and
who would later change his primary field of research to the physiolog-
ical organization of the brain:

Psychologists want to know how much information could be carried
by a nerve-fibre in a second, how much per second is received by the
eye or the ear, and a host of other questions like that. It becomes
quite precisely meaningful to ask, for example, whether a particular
hypothetical model of the brain could contain as much information
as we believe to be held by the real article. In fact, I believe that the
ideas of information theory maymake a number of real contributions
to the studyof thebrain,which, if nothingelse, is a remarkably efficient
transformer of information. (MacKay 1969, 15)

At the symposium MacKay (1952) had spoken about “The Nomen-
clature of Information Theory.” This lecture was an explanation of
information (or communication) theory in which the definitions of
themost important terms of information theory, such as information,
channel, and capacity, were presented. This glossary would become a
useful aid for the pioneering scientists who tried to apply information
theory in psychology. As I will discuss below, one of themwas Broad-
bent who, in his magnum opus Perception and Communication (1958)
on the transformations of information in the mind, admitted that he



120 · chapter 5

had not always introduced the theoretical terms properly. He antici-
pated critique of the “non-technical and therefore inexact” use of the
terms by referring toMacKay’s lecture:

For precise definitions of this and other terms in communication
theory, reference should be made to the excellent glossary given by
MacKay (in von Foerster 1952). All such terms are used in this book
with MacKay’s definitions, though they are introduced in popular
language. (Broadbent 1958, 5)

Psychologists like Broadbent, whomodeled the humanmind as a pro-
cessor of information, explicitly claimed that in their modeling work
theymadeuseof the concepts andprinciples from information theory.
A concrete example of how, according to the early cognitive psychol-
ogists, information theory can be used in psychology is Miller’s “The
Magical Number Seven, Plus or Minus Two” (1956). In this ground-
breaking article, whichpromoted theuse of information theory in psy-
chology and would become one of the most significant landmarks in
the “cognitive shift” (Baars 1986, 199),Miller introduced information
theory as a basic theoretical tool for psychology and used it to inves-
tigate the structural properties and limitations built into the human
mind. In his article Miller reviewed absolute judgment experiments,
which are experiments in which it is tested how accurately people can
distinguish differences between stimuli. Subjects are confronted with
stimuli, such as sounds, that differ in loudness or lines that differ in
length, and their task is to classify them accordingly, for instance by
ranking them with numbers. According to Miller, these experiments,
which were already quite common at the time in experimental psy-
chology (cf. Garner and Hake 1951), are suitable candidates for an
information-theoretic treatment:

In the traditional language of psychology these would be called ex-
periments in absolute judgment.Historical accident, however, has de-
creed that they should have another name. We now call them experi-
ments on the capacity of people to transmit information.

(Miller 1956, 81)

In Miller’s view, the stimuli can be interpreted as signals that carry
information that is processed by the subjects and transformed into
a response. Therefore, “[i]n the experiments on absolute judgment,
the observer is considered to be a communication channel” (Miller
1956, 82). Like all information channels, humans also have a limited
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capacity. In fact it is this capacity that is measured in the experiments
of absolute judgment:

The experimental problem is to increase the amount of input infor-
mation and to measure the amount of transmitted information. If the
observer’s absolute judgments are quite accurate, then nearly all of the
input information will be transmitted and will be recoverable from
his responses. If he makes errors, the transmitted information may be
considerably less than the input. We expect that, as we increase the
amount of input information, the observer will begin to make more
andmore errors;we can test the limits of accuracyof his absolute judg-
ments. If the human observer is a reasonable kind of communication
system, then when we increase the amount of input information the
transmitted information will increase at first and will eventually level
off at some asymptotic value.This asymptotic value we take to be the
channel capacity of the observer: it represents the greatest amount of
information that he can give us about the stimulus on the basis of an
absolute judgment.The channel capacity is the upper limit on the ex-
tent to which the observer can match his responses to the stimuli we
give him. (Miller 1956, 82)

An example of such an experiment of absolute judgment mentioned
by Miller (1956, 84) is Irwin Pollack’s (1952) measurement of the
channel capacity of subjects that perform the task of classifying dis-
tinct tones according to their pitch. In an experimental session human
subjects were presented tones selected from a series of tones whose
frequencies were spaced equidistantly on a logarithmic scale. Their
task was to rank the tones by assigning numbers to them. The selec-
tion of the tones was random with one statistical restriction, namely
that in an experimental session the number of presentations of each
tone of the series was equal. A tone was presented for about 2.5 sec-
onds, and the interval between successive presentations was about 25
seconds. After a tone was presented, the subjects tried to assign the
rightnumber to it.Theywere subsequently informedabout the correct
identification of the tone. Then the next tone was presented. Pollack
gave an information-theoretical description of this task using Shan-
non’s model of a communication system (see figure 5.3.2.a):

The outstanding characteristic is a definedmessage-source. The source
is, in turn, made up of a defined class or set of possible messages and
the rules for selecting messages from the set. The selected message is
transmitted over a channel to a receiver and, thence, to a destination. In
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terms of the present study, the message-set is a defined number of
sinusoidal voltages from the oscillator, the method of selection or
choice is a table of random numbers, the oscillator voltages are trans-
mitted by a loudspeaker over the air sound path to the receiver – the
experimental subject – who attempts to identify the tone by assigning
a numeral to it, and enters his response at the destination – the answer
sheet. It is possible to obtain a quantitative measure of the amount of
information presented to the experimental subject; and a quantitative
measure of the amount of information lost by the subject. The differ-
ence between the information presented and the information lost is
the information gained, received, or transferred by the subject.

(Pollack 1952, 745)

Pollack varied the number of tones in the message set that he used
in different experimental sessions.The experiment showed that when
the toneswere selected from a series of only two or three tones, the lis-
teners never confused the tones. With four different tones confusions
were quite rare, but with five or more tones confusions became more
frequent. With fourteen different tones Pollack’s research subjects –
who, in the Human Resources Research Laboratories U.S. Air Force in
Washington D.C. where he worked, were mostly military and civilian
students (Lumsdaine 1953) – made many mistakes. Pollack used the
results of his experiments to calculate the amount of information that
the listeners were able to transmit under these conditions by taking
the logarithm to the base 2 of the number of tones perfectly identified
(see figure 5.3.2.b). According toMiller, the results of Pollack’s exper-
iment fit in nicely with the idea of the observer as a communication
system:

The amount of transmitted information behaves in much the way we
would expect a communication channel to behave; the transmitted
information increases linearly up to about 2 bits and then bends off

Figure 5.3.2.a. Pollack’s specification of Shannon’smodel of a commu-
nication system (Pollack 1952, 745)
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toward an asymptote at about 2.5 bits. This value, 2.5 bits, therefore,
is what we are calling the channel capacity of the listener for absolute
judgments of pitch. . . . 2.5 bits corresponds to about six equally likely
alternatives. The result means that we cannot pick more than six dif-
ferent pitches that the listener will never confuse. (Miller 1956, 84)

Miller’s use of the concept of channel capacity differs to some extent
from Shannon’s. Instead of representing the maximum amount of in-
formation that can be transmitted over a channel in one second, it
stands for the maximum amount of information that a subject can
give about the stimulus on the basis of an absolute judgment (Miller
1956, 82). In Pollack’s experiment, themaximum amount of informa-
tion that the subjects could give about the pitch of the toneswas about
2.5 bits.This result of 2.5 bits could easily be compared with the chan-
nel capacity found in other experiments of absolute judgment. Miller
showed that, in general, the capacities found in these experiments fluc-
tuate around the 2.8 bits. The “magical number seven” in the title of
Miller’s article refers to this phenomenon, because 2.8 bits stands for
the possibility of identifying seven stimuli without making mistakes.
The advantage of the information-theoretical account advocated by
Miller is that it enables one to compare the results of completely differ-
ent experiments of absolute judgment.This makes it possible to bring
together a large amount of hitherto dispersed data and to argue that

Figure 5.3.2.b. Pollack’s results presented in bits (Miller 1956, 83)
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they point to a common conclusion, namely, that there are limitations
in human information-processing capacities. Because of these advan-
tages, the information-theoretical approach promoted by Miller was
received with enthusiasm.The hope was that these “rigorous new ap-
proaches of the engineering-oriented scientists” (Gardner 1985, 91)
would allow a whole range of psychological phenomena to be under-
stood.

5.3.3.TheNon-Trivial Application of Information-Theoretical Models

The schematic illustration of Shannon’s informational system (see fig-
ure 5.3.2.a) that Pollack used to specify the setup of his experiment
gives the impression that, for him, filling in Shannon’s model was sim-
ple and unambiguous. Obviously, the transmitter is the loudspeaker,
the receiver the listener, and the channel the air in between. Scientists
such as Pollack and Miller probably had no trouble at all with con-
necting model and phenomenon. Applying Shannon’s model seems
to be an easy exercise of finding a mapping between the model and
the psychological phenomenon.The handwritten specification of the
elements of Shannon’s model in Pollack’s schematic illustration of
his experimental setup suggests that Pollack simply adopted Shan-
non’s model and straightforwardly supplemented it with such a map-
ping. Because it seems to be a matter of course to account for the
phenomenon of the ‘magical number seven’ by means of Shannon’s
model, it might seem exaggerated to argue that, from a philosophical
point of view, the successful application of this model is a skillful act.
One might object that it is an overstatement to argue that skills are
required for the selection of relevant features of the model and the
phenomenon, and for the evaluation of the possible similarities be-
tween these features. The same holds for the examples discussed in
the previous chapter, where it might sound overstated to call it a skill-
ful achievement to see a connection between, for instance, ‘demand’
in Tolman’s model and some aspects of the behavior of rats in mazes.
However, I will argue that, from a philosophical point of view, making
these connections is not as straightforward as itmay seemat first sight.

First, in the case of Pollack’s use of Shannon’smodel, it can be ques-
tioned how straightforward it is to regard randomly chosen tones as
signals that carrymessages. In the normal use of this term amessage is
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produced by an intentional agent and has a meaningful content. Pol-
lack’s use stretches the meaning of what is normally understood by
a message and a message source. Specifying the model therefore in-
volves judgments about the applicability of theoretical terms. Another
aspect of Pollack’s use of Shannon’s model that is not entirely straight-
forward is his choice to leave out the noise source. He apparently re-
garded thenoise as negligible.However, it couldbe that his assessment
waswrong. For instance, there could be a disturbing smell in the room
that he incorrectly deemed to be irrelevant. This shows that in order
to apply Shannon’s model, Pollack had to make judgments concern-
ing the applicability of terms and the relevancy of features of model
and phenomenon that are not strictly based onmethodological rules.
In my view, making such judgments requires experience. In section
5.4.3 I will show that Broadbent, for instance, considered the applica-
tion of information-theoreticalmodels to psychological phenomena a
technique that had to be mastered. Because of that, Pollack’s applica-
tion of Shannon’smodelmatches Brown’s (1988, 156) idea of a skillful
activity.Therefore, althoughmaking a connection between Shannon’s
model and certain cognitive phenomenamay be straightforward from
a practical point of view, from a philosophical point of view it is far
from trivial.

Another indication that connectingmodel andphenomenon is not
straightforward is that in scientific practice there are differences in the
way scientists carry out the exercise of specifying the model. For in-
stance, Pollack described the listener as receiver (positioned on the
right side of Shannon’s model). WarrenWeaver, who co-wrote a book
with Shannon on the mathematical theory of communication, held a
similar view. He considered the nervous system to be the receiver of
information: “When I talk to you, my brain is the information source,
yours thedestination;myvocal system is the transmitter, and your ears
and the associated eighth nerve is the receiver” (Shannon andWeaver
1949, 17). Miller, however, described the listener as the communi-
cation channel (positioned in the middle of Shannon’s model). The
sense organs receive information encoded in sensory perceptions, and
the amount of information transmitted by the communication chan-
nels is the difference between the amount of information encoded in
the stimuli and the amount of information recoverable from the re-
sponses. Broadbent held a similar view. He saw the nervous system
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as a “channel for communication”: “Information transmitted through
the man . . . will be limited by the size of his nervous system” (Broad-
bent 1958, 41), and “a nervous system acts to some extent as a single
communication channel” (Broadbent 1958, 297). Apparently, there
is a divergence of views among scientists about the mapping relation
between Shannon’smodel and the phenomenon under consideration,
which indicates that the application of Shannon’s model is not merely
amatter of course.This divergence can have consequences for the way
in which the scientists reason about the phenomena and for the way
in which they design their experiments.

However, bymaking a distinction between the articulation and the
application of a model and by introducing a distinction between ab-
stract and concrete models, one might argue that the way in which
models are specified is irrelevant for the philosophical question con-
cerning the triviality of making a connection between a model and
a phenomenon. An abstract model can be made more concrete by
giving a more specific interpretation to its constituent parts by, for
instance, identifying the signals in Shannon’s model with randomly
chosen tones and identifying the receiver with a listener. Different ar-
ticulations of an abstract model result in different concrete models.
If the articulation of an abstract model is seen as a preliminary task
preceding the real application of amodel, then a difference in how sci-
entists articulate an abstractmodel does notmean that these scientists
differ in the way they apply models. Even though Pollack and Miller
differed in their identificationof componentsof Shannon’smodelwith
parts of the experimental setup, this does not necessarily indicate that
they differed in the way they applied models to phenomena. In this
view, Pollack and Miller simply tried to apply different models. That
Pollack conceived listeners as receivers whereas Miller took them to
be communication channels does not indicate that connectingmodel
and phenomenon is not a straightforward activity.

This line of thought can be continued by arguing that the way Pol-
lack and Miller arrived at their more articulated models might be of
interest for the historian or psychologist of science. But it is not of
interest for a philosophical analysis of the application of models to
phenomena. A further step would be to claim that, although the pre-
liminary task of specifying the model might be a skillful act, skills no
longer play a role once themodel is ready for application. For instance,
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although identifying randomly chosen tones with signals that carry
messages is philosophically not trivial – it involves judgments con-
cerning theextensibilityof the conceptofmessage–once themapping
relations between the model and a concrete phenomenon are speci-
fied, applying the model amounts to nothing more than straightfor-
wardly working out its consequences in this concrete situation.

However, the view that Pollack andMiller applied differentmodels
does not do justice to the intentions of these scientists. They tried
to unify the results of different experiments of absolute judgment by
arguing that theywere all examples of the phenomenonof the ‘magical
number seven.’Therefore, their intentionwas to apply the samemodel,
namely Shannon’s, and the idea that they applied different models
is wrong: they both applied Shannon’s model, although in slightly
different ways. However, even if one assumes, for the sake of the
argument, that they did apply differentmodels, skills would still play a
role not only in the articulation of themodel but also in its application.
Even the application of an articulated model involves philosophically
non-trivial acts, such as the selection of relevant features of the model
and the phenomenon and the evaluation of the possible similarities
between these features.

For example, Shannon’smodel of a communication systemhas sev-
eral features, one of which is that a channel has a limited capacity
and another that a receiver has a prefabricated set of possible out-
comes (for instance, all the letters of the Roman alphabet) that can
be triggered by incoming signals. Scientists such as Pollack andMiller
focusedmainly on the feature of limited capacity. Shannon had devel-
oped his account of communication systems, including measuring of
their limited capacity, precisely because of the need for comparing the
efficiency of rival communication systems. Therefore, with respect to
comparinghumanswith communication channels, itmatters if human
performance gives evidence of limitations regarding capacity similar
to those of communication channels. Accordingly, both Pollack and
Miller related the number of mistakes made by their subjects to the
limited capacity of communication systems.They did not focus on the
feature that information systems have a prefabricated set of possible
outcomes because the question if humans have such a prefabricated
set was not relevant to them either.More than that, they would proba-
bly evendismiss experimental sessions inwhich, insteadof responding
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in accordance with the supposed set of possible outcomes, the subject
started, for instance, to question the limitations of the experimental
setup. This shows that the application of models involves philosophi-
cally non-trivial judgments about relevant features.

The application also involves the evaluation of the possible similar-
ities between the relevant features of themodel and the phenomenon.
Bymeans of figure 5.3.2.bMiller showed that the behavior of the sub-
jects in experiments of absolute judgment is similar to the behavior
of communication systems with a limited capacity of 2.5 bits.The sol-
id line represents the amount of information transmitted by listeners.
The two intersecting dashed lines are drawn to compare the results
with the behavior of a communication channel with a limited capaci-
ty of 2.5 bits. For an amount of input information less than 2.5 bits, the
solid line shouldbe comparedwith thediagonal dashed line represent-
ing the transmission of information without any capacity limitation,
and for an amount of input information more than 2.5 bits, the solid
line should be compared with the horizontal dashed line represent-
ing the transmission of 2.5 bits of information.The solid line does not
coincide completely with the relevant parts of the dashed lines. For
instance, the solid line descends slightly at 3 bits of input information.
This could be a reason to argue that the relevant behavior of the sub-
jects and the communication channel are dissimilar. However, Miller
stated that the behaviors are similar.This statement was not substanti-
ated bymethodological or statistical rules of curve fitting. Apparently,
hemade thephilosophically non-trivial judgment that deviations such
as the slight decrease were irrelevant:

The amount of transmitted information behaves in much the way we
would expect a communication channel to behave; the transmitted
information increases linearly up to about 2 bits and then bends off
toward an asymptote at about 2.5 bits. This value, 2.5 bits, therefore,
is what we are calling the channel capacity of the listener for absolute
judgments of pitch. (Miller 1956, 84)

It appears that applying Shannon’smodel to Pollack’s experimental re-
sults, which involves, for instance, posing connections between the
limited capacity of a communication channel and the errors made
by the listeners, requires philosophically non-trivial judgments about
relevant features of the model and the experimental results and the
evaluation of possible similarities between these features. That these
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judgments are non-trivial becomes even more clear from critical re-
marks made by some cognitive psychologists a few years after the
first attempts to apply Shannon’s theory of information. For instance,
MacKay, who at first considered these attempts as very promising and
shared the hope that Shannon’s information theory was of great value
for psychology, later changed his view:

Such were the hopes of 1950. It soon became clear that the biggest
problem in applying Shannon’s selective information measure to hu-
man information-processingwas to establishmeaningful probabilities
to be attached to the different possible signals or brain-states con-
cerned. After a flourish of ‘applications of information theory’ in psy-
chology and biology which underrated the difficulty of this require-
ment, it has now come to be recognized that information theory has
more to offer to the biologists in terms of its qualitative concepts than
of its quantitative measures, though these can sometimes be useful in
setting upper or lower limits to information-processing performance.

(MacKay 1969, 17–18)

MacKay came to recognize that the use of Shannon’s information the-
ory in psychology poses difficulties because it is not evident how the
concept of the amount of information, which is defined as a function
of the number of alternatives of choice, can be applied in a psychologi-
cal account of the humanmind.The comparison of humanswith com-
munication systems presupposed that, like communication systems,
the humanmind also has a prefabricated set of possible outcomes. As
MacKay (1969, 28) put it, “[t]he object of communication is to se-
lect some particular conditional readiness in the recipient from the
range of states that are possible.” It is questionable if it makes sense
to describe the humanmind as containing such an ingrained and pre-
fabricated set of possible outcomes. To put it in Baars’ words (1986,
155), “[t]hemathematical theoryof informationpresupposed that the
context of alternatives was already known; but this is precisely what
psychologists needed to discover.”Making a comparison between the
functioning of communication systems and the functioning of the hu-
man mind, which seemed to be quite straightforward in the case of
experiments such as that of Pollack, was later considered to be rather
problematic. What scientists had regarded to be similar – such as the
functioning of a receiver in a communication system and that of a lis-
tener in Pollack’s experiment – was later seen to be dissimilar. The
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primary reason for this was that they came to attach more impor-
tance to the feature of Shannon’s model that a communication system
has a number of prefabricated possible outcomes. It seemed unlike-
ly that this is also the case for the human mind. Although subjects in
experiments of absolute judgment could be instructed to use only a
limited set of possible answers, such as a few numerals, this did not
mean that their mind really functioned like a communication system
with an ingrained set of possible answers. Early cognitive psycholo-
gists began to realize that if the human mind indeed functions like a
communication system, the size of their ingrained set would be enor-
mous:

Let us consider some very simple quantitative aspect of speech. In the
first place, eachword is chosen froma vocabulary of fairly definite size.
Basic English contains 850 words; other languages have considerably
more, but Basic will do for our purpose, both because it is a definite
number and also because it obviously has less than the maximum vo-
cabulary a man can use. If a man can make a different response to any
word of Basic which he hears, hemust have at least 850 possible states
of each part of the neural mechanism between stimulus and response.
Now suppose that he hears a two-word sentence, he must have a cer-
tain number of possible states: but the number is now the square of
850, namely 732,500. A three-word sentence requires over 60,000,000
states of any mechanism which will produce an appropriate response
to the sentence. . . . As the length of a speechmessage goes up there is
bound to come a point at which it is drawn from a set of possibilities
larger than the number of states the nervous system can take up.

(Broadbent 1958, 38–39)

In the early days of cognitive psychology, psychologists such as Broad-
bent considered this inconceivable number of ingrained possible
states that would be required for distinctive reactions to lengthy
speech messages to be a reason for expecting certain limitations in
the capacities of humans to process these messages (e.g. Broadbent
1958, 40). However, a few years later, cognitive psychologists such
as Neisser considered the incredible number of ingrained possible
states that would be required for distinct reactions – and the idea that
these reactions are passive because they are preprogrammed and trig-
gered by signals from the environment – to be a reason for arguing
against the comparison of humans with communication systems. Al-
ready in his most influential book, Cognitive Psychology, which was a
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landmark in the newpsychological discipline,Neisser (1967, 175) de-
scribed this view as “less congenial, because it interprets cognition as
a passive rather than a constructive process.” Later, inspired by James
J. Gibson’s theory of direct perception, Neisser (1976) would formu-
late his dissatisfaction with this passive view of the mind even more
explicitly. Instead of a linear model like Shannon’s, in which input is
transformed into output, he suggested a cyclical model in which the
organism is not completely passive but has a cognitive schema that
directs its search for information. “The act of picking up information
changes the schema, enabling it to pick up new information that in
turn will change it further” (Neisser 2007, 288). Apparently, Neiss-
er’s judgments concerning the relevant similarities betweenShannon’s
model and the humanmind differed from those of early cognitive psy-
chologists.This illustrates that these judgments,which are required for
the application of models to phenomena, are non-trivial philosophi-
cally.

In sum, this inquiry into the application of Shannon’smodel to psy-
chological phenomena such as the ‘magical number seven’ reveals that,
from a philosophical perspective, it is not a straightforward matter to
connect amodel to a phenomenon.My case study thus illustrates that
it is a skillful practice that involves making non-trivial assessments
concerning relevant similarities. However, it leaves open several ques-
tions related to the non-trivial skills that are required for it. To start
with, it does not reveal why, at first sight, the non-trivial application of
Shannon’s model appears to be elementary. Further, it does not reveal
the reason whyNeisser’s assessments differed from those of early cog-
nitive psychologists likeMiller and Pollack. Surely all these men were
competent scientists. They all possessed the skills required for mak-
ing philosophically non-trivial assessments. It is not the case that, for
instance, Neisser lacked the skills to apply Shannon’s model or that
the others lacked the skills to recognize relevant dissimilarities be-
tween the model and the phenomenon. Therefore, an explanation of
the different assessments cannot be that they were not equally skilled.
Answering these questions requires a more thorough analysis of the
skillful application of Shannon’s model in psychology. I will deal with
these questions by invoking the picture that Diego Fernandez-Duque
and Mark L. Johnson (1999) provide of the way in which Shannon’s
model of a communication system is used in psychology.
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5.3.4.The Skill of Conceptualizing and the Role of Metaphors

Fernandez-Duque and Johnson (1999) offer an interesting analysis
of the application of Shannon’s model of a communication system in
psychology. They argue that the early cognitive psychologists’ com-
parison of the mind with an information-processing device is one
of the central metaphors used to conceptualize psychological phe-
nomena. According to them, the models used by the early cognitive
psychologists are “conceptual metaphors.” They define a conceptual
metaphor, which is a central notion in their account, as “a conceptual
mapping of entities, properties, relations, and structures from a do-
main of one kind (the source domain) onto a domain of a different
kind (the target domain)” (Fernandez-Duque and Johnson 1999, 84).
The source domain of the ‘mind-as-information-processing-device’
metaphor consists of Shannon’s model of a communication system.
The target domain is comprised of cognitive phenomena like that of
the ‘magical number seven,’ visible inPollack’s experiment. In this con-
ceptual mapping, properties of the receiver are mapped onto the ear,
and properties of the signal aremapped on to a randomly chosen tone
produced by an oscillator connected to a loudspeaker. Each of these
sub-mappings “takes some entity or structure in the source domain
and constructs a counterpart to it in the target domain” (Fernandez-
Duque and Johnson 1999, 85). In this way, the metaphor conceptual-
izes the target domain: it adds conceptual structure to the description
of the phenomenon.

Where I, inmy analysis of the application of Shannon’s model, talk
about the act of specifying the model – for instance, by identifying
signals with randomly chosen tones – Fernandez-Duque and Johnson
speak of conceptualizing the target domain by means of a conceptual
mapping. Likemyobservation that there are differences in theway sci-
entists carry out the exercise of specifying amodel, Fernandez-Duque
and Johnson (1999, 86) argue that there is more than one way tomap
entities in the source domain on to entities in the target domain.This,
however, does not imply that the mapping is ambiguous:

[T]here is nothing at all vague about the mapping, once it has been
interpreted in a particularway, depending on specific technical knowl-
edge of information-processing devices and on a particular version of
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the mapping. It is precisely such specification of the metaphor that
defines a particular theoretical and experimental viewpoint.

(Fernandez-Duque and Johnson 1999, 87)

According to Fernandez-Duque and Johnson (1999, 105), the use of
conceptual metaphors helps scientists develop a notion of the phe-
nomena that has a sufficient conceptual structure to “provide ade-
quate explanations of what [the phenomenon] is and of how it works.”
This aspect of the analysis of Fernandez-Duque and Johnsonmay help
explain the non-trivial skills that are required for applying a mod-
el to a phenomenon. First, the use of conceptual metaphors facili-
tates the skillful activity of identifying characteristic features of the
phenomenon. For instance, in the case of the ‘mind-as-information-
processing-device’ metaphor, a characteristic feature of the source
domain is the limited capacity of communication channels. Using
information-processing devices as a metaphor for the mind therefore
suggests that these limitations are also a characteristic feature of the
target domain. This motivates the investigation of the limitations of
human information processing that become apparent from the num-
ber of mistakes made by subjects in psychological experiments of ab-
solute judgment. Accordingly, the metaphor guides the scientists in
what they regard to be relevant, how they frame hypotheses, how
they construct experiments, and how they interpret data (Fernandez-
Duque and Johnson 1999, 111). In this view, the basis of the skills
required for the judgments concerning relevant similarities is the con-
ceptual metaphor. Metaphors are useful for singling out certain as-
pects of the phenomenon. However, this can also be a limitation of
their use, because, asNeisser’s critical remarks on the use of Shannon’s
model indicate, metaphors can be too restrictive. In his view, this use
led to a disregard of relevant characteristics of human cognition.

Second, the use of conceptualmetaphors facilitates the skillful pro-
cess of reasoning about the phenomenon due to certain features of the
source domain. According to Fernandez-Duque and Johnson (1999,
85), these features enable scientists to use their “knowledge of the
source domain plus inference patterns drawn from the source domain
to reason about the target domain.”The features of the source domain
that, in their account, facilitate reasoning about the phenomena, play
the same role as the virtues of theories and models in the notion of
intelligibility developed byDeRegt (2004, 103; 2009, 31). According
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toDeRegt, to facilitate the skillful activity of reasoning about the phe-
nomenon, the virtues of theories and models should match the skills
of their users. In a similar vein, Fernandez-Duque and Johnson (1999,
85) argue that “the potential source domain for conceptualmetaphors
is highly constrained by the nature of our bodies, our brain capacities,
and the environments we inhabit.”They do not explain, however, how
the virtues of the source domain facilitate reasoning about the phe-
nomenon.Therefore, in section 5.4 I will look in detail at an example
of the use of a conceptual metaphor and analyze the skillful process of
reasoning with it.

The analysis of Fernandez-Duque and Johnson can be used to ex-
plain why, in the examples of experiments in cognitive psychology
mentioned above, it appears to be straightforward how model and
phenomenon should be connected. It is common nowadays to use
information-theoretical concepts in descriptions of human behavior.
A plausible reason for this is the dominant role of the computer in
present society, which provides a fruitful source of metaphors. Famil-
iarity with these metaphors makes it obvious to regard a listener as
a receiver who decodes the information in the received signals. This
would not have been obvious when information-processing devices
were uncommon and other metaphors were used to account for hu-
man behavior – such as L’homme machine (La Mettrie 1748/1999)
or the steam engine (Freud 1940, 80). In other words, at present it is
common to conceptualize human behavior in terms of informational
concepts, and therefore the mappings of psychologists such as Miller
and Pollack seemobvious nowadays.This analysis reveals the context-
dependent nature of the skills that are required for the application
of models to phenomena. In order to apply a model, scientists have
to be familiar with its concepts. Only then can the conceptual struc-
ture of the model be used to account for the phenomenon. The use
of information-theoretical models could gain acceptance in psycholo-
gy only after the psychologists developed the relevant skills to reason
about information-processing devices.

This analysis does not, however, explain why Neisser, who surely
had the skills to apply Shannon’s model to psychological phenomena,
did not regard it as contributing to his understanding of those phe-
nomena. Neisser undoubtedly possessed the skills to work success-
fully with information theory. As a student at Harvard, specializing in
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psychology, he already heard about it from his advisor Miller, and he
followed Miller when the latter moved to a new psychology depart-
ment being established at the Massachusetts Institute of Technology
(Neisser 2007, 278). He was very interested in the new ideas about
applying information theory in psychology and even wrote a very in-
fluential book about it:

Sometime in the early 1960s, all of this began to jell. Perception, the
span of attention, visual search, computer pattern recognition, human
pattern recognition, problem solving, and remembering were all in-
terrelated aspects of information processing. Perception and pattern
recognition were input, remembering was output, and everything in
between was one or another kind of processing. This was already a
rather obvious idea (cf. Broadbent 1958), but no one had put it for-
ward clearly and effectively. I could write a book!

(Neisser 2007, 282)

Just like early cognitive psychologists such as Miller, Neisser was fa-
miliar with information-theoretical concepts. He was able to make
judgments concerning the relevant similarities between Shannon’s
model and cognitive phenomena and possessed the skills to reason
via the model. Yet, in contrast to the early cognitive psychologists, he
did not consider the model as providing understanding of cognitive
phenomena. In his view, the model had no relevant similarities with
the phenomena and did not provide mechanisms that could be used
to reason about the functioning of the brain:

I am more skeptical than Broadbent about the value of information
measurement . . . He argues that the cognitive mechanisms must have
a finite informational capacity – in terms of bits per second – and
that filtering mechanisms are needed if their capacity is not to be
overloaded. This is surely true in some sense, but it does not help
us understand the mechanisms in question. One might as well say
that the heart, which pumps only about 100cc. of blood per stroke,
has limited capacity compared with, say a fire engine.This would also
be true, but by itself would be of little help in understanding the
physiology and “hemodynamics” of the heart. Perhaps it is for this
reason that Broadbent’s later papers (e.g., 1963) have emphasized flow
charts rather than “bits.” (Neisser 1967, 208)

Next to the context-dependent factor of familiarity with certainmeta-
phors, there can be other contextual factors that influence whether
scientists regard models intelligible. I submit that an important cause
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for the difference in the assessment of intelligibility of Shannon’smod-
el betweenNeisser and the early cognitivepsychologists such asMiller
and Pollack was the difference in character and purpose of their inves-
tigations. The early cognitive psychologists often carried out investi-
gations of applied psychology in the fashion of engineers because, for
instance, it concerned research projects commissioned by the army,
whereas Neisser, who worked as a theoretical scientist with an ap-
pointment at the university, was occupied only with theoretical psy-
chology.Therefore, the early cognitive psychologists andNeisserwere
interested in different aspects of cognition. Information-theoretical
accounts that use Shannon’s model describe cognitive processes as
passive. The early cognitive psychologists, who were mainly interest-
ed in human failures and shortcomings in the processing of informa-
tion, did not consider this passivity relevant. Instead, they focused
on the similarities between the capacity limitations of communica-
tion systems and humans. Neisser, however, regarded the difference
between the passive nature of communication systems and the “con-
structive” nature of cognitive processes highly relevant. For instance,
he argued that, instead of passively receiving and processing speech
signals, a hearer actively constructs an internal model that matches
these signals (Neisser 1967, 193–198). Neisser deemed it very im-
portant that this constructive aspect of human cognitionwas account-
ed for in cognitive psychology and he considered it problematic that
it was lacking in accounts based on Shannon’s model. Therefore, in-
stead of using his familiarity with the source domain, such as his ex-
periences with the limitations of communication equipment, to as-
sess the relevance of aspects in the target domain, Neisser in a sense
worked the other way around. He believed that cognition is construc-
tive, which motivated him to regard the similarities with communica-
tion channels as irrelevant. In other words, he used his acquaintance
with the target domain to assess the relevance of aspects in the source
domain. In sum, Neisser’s disapproval of the use of Shannon’s mod-
el in psychology shows that in addition to the contextual factor of
the availability or prevalence of metaphors, there may be other con-
textual factors that influence if and how scientists understand phe-
nomena.

In my view, a shortcoming of Fernandez-Duque and Johnson’s ac-
count is that the mapping between the source domain and the target
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domain of a metaphor is considered to be unidirectional, going from
source to target (Fernandez-Duque and Johnson 1999, 85). In their
account, the source domain determines which aspects of the target
domain are relevant, and which inference patterns drawn from the
source domain are used to reason about the target domain. However,
in my view the mapping between source and target is not strictly uni-
directional. The use of the ‘mind-as-information-processing-device’
metaphor may influence not only the way in which the mind is un-
derstood but also the way in which information-processing devices
are understood. Applying information-theoretical models in psychol-
ogy, such as Shannon’smodel –which Fernandez-Duque and Johnson
consider a typical example of the use of a conceptual metaphor – in-
volves the act of specifying the model. This act can have effects upon
the target domain, namely the addition of a conceptual structure, as
well as upon the source domain, namely the stretching of themeaning
of the concepts in that domain. For instance, the mapping between
signals that carry messages and randomly chosen tones stretches the
concept of message.This indicates that the view of Fernandez-Duque
and Johnson concerning thedirectionality of themapping requires ad-
justment.

Another shortcoming of the picture provided by Fernandez-
Duque and Johnson is that it sketches the role of metaphors in sci-
ence in broad outlines without offering a detailed analysis of the
role of metaphors in concrete scientific practices. Fernandez-Duque
and Johnson show that the ‘mind-as-information-processing-device’
metaphor inspired many psychologists, arguing that this metaphor
guided them in their conceptualization of the phenomena.They even
claim that conceptualizations are always based on metaphors. “The
metaphors circumscribe the phenomena, define the basic concepts,
guide the research program, and determine the inferences drawn
about the phenomena” (Fernandez-Duque and Johnson 1999, 110).
Although they have supplemented their argumentation with several
quotes and examples to illustrate the role of metaphors, these exam-
ples concern mainly rather general theoretical reflections of scientists
insteadof concrete coursesof action in scientificpractice. For instance,
they quoteBroadbent, who compared the limited capacity of the brain
with the limitation of sending messages in Morse code with a buzzer
that cannot send a dot and a dash at the same time:
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Any hypothetical account of brain functionmust in the future consid-
er on the one hand the size of the brain (howmany buzzers there are)
and on the other hand the rate at which that brain will make reactions
to a given set of incoming stimuli (the number of dots and dashes per
second). (Broadbent 1958, 5)

Although this quote illustrates Broadbent’s theoretical ideas on hypo-
thetical accounts of brain function, it does not reveal how these ideas
are used in actual scientific practice to understand phenomena that
are for instance observed in concrete psychological experiments. In
their account, Fernandez-Duque and Johnson focus on the concep-
tualization of the phenomena and they point to the guiding role of
metaphors. However, they have not looked in detail at how scientists
conceptualize the phenomena in concrete scientific endeavors and
how the guidance ofmetaphors functions in concrete cases. I am sym-
pathetic to their ideas about the important role that conceptualiza-
tions play in accounts of phenomena.This topic appears to be closely
related to the topic of surplus meaning that I discussed in the previ-
ous chapter onneo-behaviorism. For instance,Tolman argued that the
conceptual substrateofmodels,which is required for their application,
originates from the surplus meaning of their theoretical terms. In this
view, the surplus meaning of the theoretical terms supplies the con-
ceptual substrate that is necessary to account for these phenomena.
Metaphors could very well be a source of this surplus meaning. The
question if it is the only source, as the account of Fernandez-Duque
and Johnson seems to suggest, is not answered by them.

In the next section, I will analyze in detail how the conceptualiza-
tion of phenomena is realized in a concrete case of scientific practice,
and how the conceptual substrate that is brought in by this conceptu-
alization can be used to reason about the phenomena.My aim is to get
a clearer idea of the skills required for this. I will examine the work of
Broadbent, who was one of the leading early cognitive psychologists,
and who made every effort to make his colleagues familiar with the
application of information-theoretical models to psychological phe-
nomena.
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5.4.The Information-Theoretical Approach at Work: Donald E. Broad-
bent’s Account of Attention

In this section I will focus on a concrete example of a psychological
phenomenon and the way it was understood in cognitive psycholo-
gy, namely the phenomenon of attention. A pioneer in this area was
Donald Eric Broadbent (1926–1993), who in retrospect can be seen
as one of the early cognitive psychologists although he saw himself
more as a behaviorist and even disliked the strong cognitive inter-
pretation given to his views (Baars 1986, 394). He is considered to
be one of the initiators of the “paradigm shift” from behaviorism to
cognitive psychology because he recognized the prospects of infor-
mation theory for psychology. He was one of the first psychologists
to apply concepts from communication engineering. His Perception
and Communication (1958) is seen as a landmark in the development
of information-processing psychology (Baars 1986, 394). In this book
Broadbent applied information theory to the problemof attention.He
explained the results of experimentsonattentionbyhypothesizingun-
derlying functional stages of information processing and their order of
occurrence – and at a time when behaviorism was still the dominant
paradigm in psychology, this was a radical move.

Broadbent’s career choice was influenced by his experiences as a
conscript in theBritishArmy.Becauseof his fascinationwithflying, he
was determined to complete hismilitary service as a rafpilot.He suc-
cessfully passed the selection procedure of the raf and later recalled
that he was very impressed by the personnel selection tests. He went
to theUnited States to learn to fly, and there he physically experienced
the ergonomic problemsof equipment use,whichwere to someextent
related to the problems of applied psychology he would deal with in
his professional career as psychologist. More importantly, in theUnit-
edStateshe came in contactwithpsychology,whichwas studiedmuch
more widely there than in Britain.These experiences made him aware
of the prospects of applied psychology. Back in England, in 1947, he
decided to study experimental psychology at Cambridge.The head of
the department was Sir Frederick C. Bartlett, who had been involved
inwartime research onhumanperformance under various demanding
conditions. From Bartlett Broadbent took the idea that psychologi-
cal principles should be derived from real-life situations (Weiskrantz
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1994, 35). He became familiar with the novel field of cybernetic con-
trol systems explored by Kenneth J.W. Craik, who had died at a young
age just before Broadbent entered the department. From the various
manuscripts left by Craik Broadbent took the idea of an engineer-
ing approach to psychology, which involved applying control systems
analysis to human performance in order to understand human nature
(Baddeley and Weiskrantz 1993, xi). These experiences with applied
psychology, which could yield practical knowledge that was useful for
the army, for instance, had a major impact on Broadbent’s choice of
research topics in the rest of his scientific career. Although he became
famous for his major theoretical contributions to cognitive psycholo-
gy, his primary field of research was applied psychology.

After finishing his studies in 1949, Broadbent accepted a job with
theRoyalNavy that consisted of studying the effect of noise onperfor-
mance. Originally, the intention was that he would perform his exper-
iments in a naval laboratory. Broadbent, however, preferred to stay in
Cambridge and asked if he could perform his experiments at the Ap-
plied Psychology Unit of the Medical Research Council (mrc) based
in Bartlett’s department. When the naval laboratory realized that the
experiments would involve very loud and disturbing noises they ap-
proved this request (Baddeley and Weiskrantz 1993, xii). Broadbent
would stay in Cambridge for 25 years. The experiments that involved
the loud noises were quite boring, however, and fortunately Norman
H. Mackworth, the director of the Applied Psychology Unit, allowed
Broadbent to widen his scope and perform studies of vigilance tasks,
which involved experiments on problems of gunnery and air traffic
control systems. In these experiments, subjects only have to respond
to very infrequent signals but may have to monitor their occurrence
over long periods. Mackworth had performed experiments on these
tasks during the war, in view of the problem of detecting submarines
by radar from the air (Broadbent 1958, 108). Broadbent was especial-
ly interested in tasks in which listeners have to attend to several signals
that arrive more or less simultaneously. This research topic was also
interesting for the navy because it offered suggestions on how to deal
with situationswhere a great deal of information is is being offered and
some of it has to be discarded, as is the case in gunnery and air traffic
control systems. Broadbent’s work revealed that in these cases there
should be reflectionon theway inwhich this information is presented:
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[W]hen some information must be discarded, it is not discarded at
random. Thus if some of the material is irrelevant it is better for it to
come from a different place from the relevantmaterial, or to be louder
or softer, or to have different frequency characteristics, or to be on the
eye instead of the ear. (Broadbent 1958, 34)

Broadbent realized that his experiments at theApplied PsychologyUnit
were all related to thephenomenonof attention,whichwas a topic that
had been left largely untouched by traditional neo-behaviorist psy-
chology. Inspired by the freshly developed information theory, Broad-
bent started to employ the vocabulary of communication engineer-
ing. Together with E. Colin Cherry, who was a professor of telecom-
munication at Imperial College London, he developed experiments in
which two different auditory stimuli, usually speech, are simultane-
ously presented to a listener, one in each ear, normally using a set of
headphones (Weiskrantz 1994, 36–37). As an adherent of informa-
tion theory, Cherry used Shannon’smodel of communication systems
as his point of departure in this psychological research, which he de-
scribed as an investigation into the capacities of listeners to obtain
information from noisy channels. He examined how listeners recog-
nize what one person is saying when others are talking at the same
time,whichhe called the “cocktail partyproblem” (Cherry 1953, 976).
He suggested that humans have a filtering mechanism that filters out
most of the irrelevant information. According to Cherry (1953, 976),
if the principles of this filteringmechanismwere known, one could de-
sign a machine for carrying out such a filtering operation. It was this
challenge, finding the characteristics of the filtering mechanism, that
Broadbent took upwith his experiments on attention.His general idea
was that thenervous systemhas a limited capacity and that thefiltering
mechanism is required as an economical way ofmanaging the amount
of information that passes through it (Broadbent 1958, 41).With this
stress on the limits of information processing, the work of Cherry
and Broadbent is similar to Miller’s studies on the ‘magical number
seven’ that I discussed earlier. An important difference between the
research projects on both sides of the ocean, however, was that the
British researchers not only investigated the structural limits in hu-
man information processing but also tried to determine which opera-
tions are performed by the nervous system on the information that is
processed (Gardner 1985, 91). With his “non-positivistic approach,”
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Broadbent (1958, 301–302) attempted to “find out what happens in-
side the organism.” Because Broadbent’s source of inspiration for the
development of his account was the brand-new theory of informa-
tion developed by communication engineers, it was natural to apply
the methods of these engineers and represent the operational pro-
cesses by means of a flow chart. He may well have been the first psy-
chologist to apply this representational technique (Weiskrantz 1994,
37). In 1958, when he became the director of the Applied Psycholo-
gy Unit, he presented his engineering approach and his findings in
hismost influential book,Perception andCommunication. LikeMiller’s
work in America, the studies of Cherry and Broadbent inspired the
information-processing approach to psychology in England.

I will investigate concrete cases of the use of this information-
theoretical approach in psychology to understand the psychological
phenomenon of attention and I will describe the skills that are re-
quired for the application of information-theoretical models to this
phenomenon. I will examine the surplus meaning of Broadbent’s the-
oretical terms that (to put it in Tolman’s terms) supply these models
with a “conceptual substrate” (Tolman1949, 48–49) and Iwill analyze
how the information-theoretical conceptualization is used to reason
about attention. My line of approach is to focus on the way in which
Broadbent introduced his information-theoretical approach in psy-
chology. I will examine howhe contrasted the information-theoretical
terms with the terms used in neo-behaviorism and how he used them
to formulate an account of attention. Subsequently, I will investigate
how he tried to ensure that his fellow psychologists possessed the re-
quired skills to use his approach to account for the phenomenon of
attention as it was investigated in concrete psychological experiments.

5.4.1. Broadbent’s Conceptual Framework

In addition to traditional behaviorist terminology, such as “stimu-
lus” and “response,” Broadbent used the information-theoretical ter-
minology of communication engineering. He argued that the tra-
ditional behaviorist terminology could be used to describe observ-
ables, whereas terms from information theory could be used for the-
orizing about the unobservable processes in the nervous system. As
I discussed in chapter 4, in the 1950s neo-behaviorists increasingly
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came to appreciate the use of hypothetical constructs. Among neo-
behaviorists it became fashionable to introduce physiologically in-
spired hypothetical constructs. Broadbent (1958, 306), however, dis-
approved of this, because he thought that psychologists ran the risk of
having their psychological theory disproved by irrelevant physiologi-
cal research.As an example, hementioned thephysiologically inspired
psychological theory of Donald O. Hebb (1949):

[T]he psychological essence of this theory is that the perception of
patterns can be accounted for by the linking of unit elements in the
nervous system into sequences.This theory is worded physiologically
so that the elements of the theory are identified as cell assemblies and
phase sequences. Should a physiological experiment cast doubt on the
latter, the psychological side of the theory will be in danger of being
neglected: although it may well be true even though the elements are
not physically what Hebb supposed them to be.

(Broadbent 1958, 306)

In his view, it is better to describe the unobservable processes in terms
of information flow because the terminology of information theory is
more general than that of physiology. It might very well be that such a
description can be readily attached to physiological knowledge when
the latter becomes available. For instance, the components of Broad-
bent’s model of attention, such as a selective filter that blocks unat-
tended information and a short-term store that can store information,
are based on information theory. As such, they are not provided with
a physiological interpretation. Nevertheless, Broadbent (1958, 303)
argued that these components “could be recognized if it were possi-
ble to observe them directly: a filter or a short-term store might take
different physiological forms, but it could be decided with reasonable
ease whether any particular physiological structure was or was not
describable by these terms.” According to him, “[i]nformation theo-
ry is desirable as allowing future contact with physiology but never
assumingphysiological detail” (Broadbent 1958, 305).With the intro-
duction of concepts from information theory, psychology can remain
autonomous while leaving room for future connections with the adja-
cent sciences.

Furthermore, Broadbentwas careful not tomagnify the differences
betweenhis approach anddominant neo-behaviorist ideas.He argued
that most of the results of his experiments could also be explained by
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means of a stimulus-response theory as presented in Hull’s Principles
of Behavior. For instance, the finding that intense stimuli are more
likely to produce a response is known in Hull’s system as “stimulus
intensity dynamism.” However, a markedly anti-behaviorist aspect of
using terms from information theory is that it invites theorizing about
unobservable processes that take place within the nervous system.
Broadbent stressed that this aspect should be seen as an advantageous
addition to traditional neo-behaviorism that does not necessarily lead
to conflicts with neo-behaviorist theories:

By saying that intensity confers priority in a competition to pass
through a filter at the entrance to the nervous system, we are merely
adding to theHullian statement about behaviour. Reinforcement the-
orists may regard this addition as speculative, since they sometimes
accept uncritically the view that statements about internal processes
are operationally untestable. But at least the addition is not in conflict
with reinforcement. (Broadbent 1958, 247)

Broadbent (1958, 266) suggested keeping the words “stimulus” and
“response” for observables and speaking of “information” when draw-
ing inferences about unobservables. This could avoid a danger com-
mon to speculative physiology, namely “that if we use words normally
given an objective meaning we will think our theory objective even
though it [may] be wildly speculative” (Broadbent 1958, 304). As an
example, Broadbent mentioned the frequent use of unobservable re-
sponses in stimulus-response theories.

Another advantage of applying terms from information theory is
that it facilitates analysis of limitations in the human processing of
information. As I already discussed above, one of the central concepts
in information theory is the limited capacity of information channels.
Broadbent, whose main research domain was applied psychology,
stressed the importance of this concept in psychology. For instance,
he argued that speech messages bring the brain of the listener into
one of its possible brain-states. Because humans are capable ofmaking
different responses tomanydifferent sentences, Broadbent (1958, 38–
39) considered this number of possible states to be quite large:

Theprocesswehavebeenconsidering, inwhichoneof a set of possible
signals enters a system and one of another set emerges at the far end, is
analogous to that of telephone or radio communication.The ‘number
of possible states’ or the ‘vocabulary’ which we have considered so far
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is usually called the ‘ensemble’ of signals by communicationengineers.
They speak of the ‘information’ conveyed by a signal as increasing
with the size of the ensemble from which it is drawn. If there are n
possibilities, all equally probable, the information is usually defined
as the logarithm of n. (Broadbent 1958, 39)

When the listener has to dealwith a great deal of information in a short
period, for instance, when more than one sentence is being presented
at the same time, the amount of information that enters the nervous
system in that period may surpass the amount of information it can
handle given the number of possible brain-states. In other words, in
some cases “the human being acts as a single communication chan-
nel and therefore cannot deal with two signals in rapid succession”
(Broadbent1958, 281).According toBroadbent (1958, 5), the limited
capacity of communication systems is “a matter of central importance
to communication engineers, and it is correspondingly forced on the
attention of psychologists who use their terms.”

According to Broadbent, one of the problems with neo-behavior-
ism is that it is unable to take into account that it generally depends on
the context whether or not two stimuli should be regarded as similar.
In his view, information theory does take the context into account. In
this theory, the information content of a signal is equal to the choice
that it enables the receiver to make within a set of possible messages.
Therefore, whether two signals differ in meaning depends on their
context (the set of possible messages). It is a major advantage of
information-theoretical accounts that they enable one to “consider the
whole ensemble of possible stimuli rather than simply the presence or
absence of each one” (Broadbent 1958, 59). Broadbent criticized neo-
behaviorism for its positivist attitude towards themetaphysical notion
of possibility. He argued that because of the refusal to use this notion
in the definitions of terms, stimuli-response terminology is vague:

[T]o regard two stimuli as the same when one is chosen from two
possibilities and another from a set of fifty, is . . . unjustifiable; even
when the two are physically identical in everyway.Theword ‘stimulus’
is as vague as the word ‘thing’ in the phrase ‘doing two things at once’,
and for the same reason: it contains enough truth for its unsatisfactory
character to be overlooked. (Broadbent 1958, 35)

To some extent, Broadbent’s own terminology is also vague. For in-
stance, it is difficult to get clarity on his notion of channels. The most
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important feature of channels in Broadbent’s description is that they
transmit signals that have some characteristics in common (Broad-
bent 1958, 291).However, in Broadbent’s account it is not specified in
detail what these common features are. An example of a possible com-
mon feature is that the signals originate from the same sense organ.
Broadbent referred to such channels as sensory channels. Roughly
speaking, the sense organs can be seen as the entrances of these chan-
nels. However, as is shown, for instance, by experiments on the role of
auditory localization, this view of sensory channels is an oversimplifi-
cation. Although the only sense organs affected in those experiments
are the two ears, if the sound that reaches the listener arrives from dif-
ferent directions, the channels involved correspond to the different
directions rather than to the two ears (Broadbent 1958, 14–15).Thus,
in general, sensory channels transmit information from sensory per-
ceptions that have certain features in common.

In sum, Broadbent introduced concepts in psychology that dif-
fered from traditional neo-behaviorist concepts, because their surplus
meaning, or the conceptual content, originated from information the-
ory. These concepts facilitated his theorizing. I will now investigate
how he used these terms to account for the phenomenon of attention.

5.4.2.The FilterTheory of Attention

Broadbent conceptualized attention as a filter that filters out unattend-
ed information and passes through attended information. The main
parts of his model of attention are a short-term store and a filter. In-
formation that comes in through the senses is placed in a short-term
store. After that, it is selectively filtered. Only information that pass-
es through the filter enters a system of limited capacity. In Broadbent’s
account, this information becomes conscious and can enter long-term
memory.The sense organs can take inmore information than the ner-
vous system can process. Therefore, the selective filter has to block
some of the sensory channels. The blocked information is stored in a
short-term buffer in which it decays in a few seconds. From this short-
term store the information can be introduced again to the filter, which
can let it through or send it back to the store. “The theory thus be-
comes one of recurrent circuit type, in which information is passed
continuously around a loop until required. As has been said, this is in
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fact a common device for short term storage inmachines” (Broadbent
1958, 226–227).

In Broadbent’s view, it is only logical that the capacity of the brain
will limit the number of tasks that can be performed simultaneously
and that part of the information presented must be discarded. Be-
cause not all the information that enters the nervous system can be
processed, the hypothesis of a filter mechanism that operates on it is
“almost purely a logical statement” (Broadbent 1958, 106). Howev-
er, the principles that govern the discarding of information cannot be
stated simply by logical analysis. Instead of using Hull’s hypothetical-
deductivemethodology and startingwith postulates fromwhich these
principles be deduced, Broadbent (1958, 7) stressed that what human
behavior is like should be discovered first. For this reason, the struc-
ture of his Perception and Communication (1958), which describes the
investigation of these principles, differs from most psychology books
of that period:

We are reversing, in the course of this book, the plan of many books
on psychology.They often start with a general discussion of scientific
method, then set up postulates, and then discuss predictions from
those postulates.The type of such books is that ofHull (1943).We, on
the other hand, have discussed results first, then theories, and finally
broad principles. (Broadbent 1958, 307)

An inspiring starting point for the experimental inquiry into these
principles was Cherry’s (1953) “shadowing” experiment on selective
listening in which subjects heard differentmessages through right and
left ears of headphones. Cherry asked them to quickly repeat aloud
(“shadow”) themessage presented to one specific ear. People become
very good at this task with practice and are able to repeat the input
with a delay of a few tenths of a second. Cherry discovered that, while
performing this task, subjects were unable to reportmuch of what was
presented to the unattended ear. Although they could report some
characteristics of the signal, such as whether it was music or speech,
they generally were not able to report shifts of content or tongue:

During the experiment [Cherry] changed the nature of the stimulus
on the ear which was to be ignored. Although that ear was first stim-
ulated with ordinary speech, it was then given reversed speech having
the same spectrum as normal speech but nowords ormeaning. Other
subjects heard awoman’s voice follow that of themanwho had started
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the passage, others heard German words instead of English ones, and
still others heard a pure tone. These changes were all reversed be-
fore the end of the session, so that the subject was only exposed to
the changed stimulus during the middle of the period while he was
steadily repeating the speech on the other ear. After the experiment all
subjects were interrogated about the speech they had to ignore. They
could say nothing about its content or even what language it was in: a
few noticed ‘something queer’ about reversed speech, but others did
not. But the change from one voice to another was nearly always no-
ticed, and the change to a pure tone was always noticed.

(Broadbent 1958, 22–23)

Apparently when the selective filter is tuned to one sensory channel,
it filters out most – but not all – of the information transmitted by
other sensory channels. The subject receives some information even
from the rejected ear, whichmeans that a small amount of information
passes through blocked channels. Broadbent suggested that this small
amount of information is used by the filtermechanism to determine if
these channels are to be kept blocked or not:

Little mechanism is required to decide which sensory channel a par-
ticular word has arrived by, to reject words from one channel, and to
pass those from another channel on to a further mechanism for the
analysis of the remaining information they convey. Such a system is
therefore an economical way of keeping down the amount of infor-
mation passed through the main part of the mechanism. . . . We may
call this general point of view the FilterTheory, since it supposes a fil-
ter at the entrance to the nervous systemwhich will pass some classes
of stimuli but not others. (Broadbent 1958, 41–42)

Broadbent used experimental investigations to determine the role that
this small amount of information that passes blocked channels plays
in the selection procedure and to reveal the factors that determine if
information on a sensory channel passes through the selective filter.
As I will show when I discuss some of the experiments, these factors
included the physical intensity of the signals that conveyed the infor-
mation, the absence of recent inputs on the channel, and the position
of the sensory channel in the hierarchy of the different sense channels
(Broadbent 1958, 265).

In addition to these findings, experimental investigation showed
that a shift of the selective process fromone sensory channel to anoth-
er takes a determinate time (Broadbent 1958, 299).This small lapse of
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time is noticeable, for instance, when persons carry out tasks of pro-
longed work. If a person is presented with a series of stimuli, a fresh
stimulus immediately following every response, after some time there
will occasionally be a very slow response. These slow responses are
called “blocks” in psychology (Broadbent 1958, 128). Broadbent’s in-
terpretation of these blocks is that they represent interruptions in the
intake of information fromone source, owing to intake of information
from another source. The filter, which is tuned to a specific sensory
channel, occasionally passes stimuli from another channel for a sec-
ondor so, andduring this time the informationon theoriginal channel
is blocked. The frequency of shifts by the filter depends on the rel-
ative intensity and novelty of the stimuli on the channels involved.
An increase in either one of these qualities makes it more likely that
a stimulus passes the filter (Broadbent 1958, 134). A similar effect is
visible in the vigilance tasks mentioned earlier. After prolonged ob-
servation of one source of information, an observer will show brief
intervals in which information is taken in from another source. Broad-
bent argued that because the filter possesses a bias in favor of channels
that have not been active recently, it is likely that attention wanders af-
ter one source of information has been controlling responses for some
time. In general these breaks in the intake of task information are brief,
but increase in frequency as the task is continued (Broadbent 1958,
120).

In the last chapter ofPerception andCommunication (1958), Broad-
bent gave twelve principles that together constitute his abstract theory
of attention and immediate memory. He supplemented these prin-
ciples with an information flow diagram that reflects the processes
involved in the phenomenon of attention (see figure 5.4.2). The ex-
perimental findings about attention could be explained by means of
the principles and the flow chart (Broadbent 1958, 297–299).

The principles and the flow chart were presented as a comprehen-
sive account of the phenomenon of attention. Broadbent wrote that
his intention with his book was to show that nervous systems are net-
works of the type shown in figure 5.4.2, “and of no other type” (Broad-
bent 1958, 304). In what follows I will concentrate on the principles
concerning the basics of the filtering of information by the nervous
system (namely principles A, B, C, D, and J). I will not deal with the
principles concerning the short-term store because discussing them
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would not yield any new insights for my philosophical analysis of
Broadbent’s application of information theory:
(A) A nervous system acts to some extent as a single communication

channel, so that it is meaningful to regard it as having a limited
capacity.

(B) A selective operation is performed upon the input to this channel,
the operation taking the form of selecting information from all
sensory events having some feature in common. Physical features
identified as able to act as a basis for this selection include the
intensity, pitch, and spatial localization of sounds.

(C) The selection is not completely random, and the probability of
a particular class of events being selected is increased by certain
properties of the events and by certain states of the organism.

(D) Properties of events which increase the probability of the infor-
mation, conveyed by them, passing the limited capacity channel
include the following: physical intensity, time since the last infor-
mation from that class of events entered the limited capacity chan-
nel, high frequency of sounds as opposed to low (in man), sounds
as opposed to visual stimuli or touch as opposed to heat (in dogs).
. . .

( J) A shiftof the selectiveprocesses fromoneclass of events to another
takes a time which is not negligible compared with the minimum
time spent on any one class. (Broadbent 1958, 297–299)

Broadbent realized that this account of attention could fall on fertile
ground only if the information-theoretical descriptionwas intelligible
to his readers. Psychologists were not familiar with the information-
theoretical approach and the use of flow charts. Therefore, the theory

Figure 5.4.2. Information flowdiagramof attention (Broadbent 1958, 299)
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of information, and the use of information flow diagrams had to be
carefully explained (Boden 2006, 291). In Perception and Communica-
tion (1958) Broadbent gave a thorough analysis of how to explain psy-
chological phenomena by analyzing the flow of information through
the nervous system and depicting this information flow using flow
charts such as figure 5.4.2. I will briefly examine how he did this be-
cause it indicates which skills – in Broadbent’s view – are relevant for
the use of the flow chart as a model by means of which the theoretical
principles can be applied to the phenomenon of attention. After that
I will analyze another aid that Broadbent used to make his account of
attention intelligible, namely amechanical model that he presented to
clarify the working of the filter mechanism.

5.4.3.The Introduction of Flow Charts

Broadbent illustrated what he meant by the flow of information by
drawing an analogy with a railway system (see figure 5.4.3). Trains
departing from London represent information entering the nervous

Figure 5.4.3. A railway system analogous to the flow of information through
the nervous system in conditioning (Broadbent 1958, 188)
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system. Like trains, which travel from one station to another, informa-
tion flows from one stage to another. And similar to trains, which ar-
rive at another destination when the points are switched, information
can take different courses in the nervous system and result in differ-
ent output. For example, if an unconditioned stimulus like a noise that
initially does not lead to a conditioned response is always followed by
a reward such as food, it transforms into a conditioned stimulus that
does result in a conditioned response such as salvation:

When an unconditioned stimulus is delivered, the information about
this event travels through the organism and eventually appears as an
output, such as turning the head to examine the source of stimulation.
After conditioning thefirst stages of this journeymust be the same, but
at some point the information takes a different course and emerges in
a different output, such as salivating. An analogy would be a railway
system in which trains from London normally arrive at Chester, until
the points are switched over at Crewe. After that operation the trains
from London arrive at Liverpool. (Broadbent 1958, 187–188)

Although this analogy looks rather simple, Broadbent deemed it nec-
essary to introduce it because it highlights significant aspects of in-
formation flow analyses that are virtually absent from neo-behaviorist
analyses of psychological phenomena. Like the description of events
happening at different stages of the train journey, an informational
description aims at describing the operations that information under-
goes from the moment it enters a system until it eventually produces
an output. These operations are “informational events” (Palmer and
Kimchi 1986, 39) which – like the event of the journey – are (spa-
tio)temporally ordered. This ordering, which is generally neglected
in neo-behaviorist analysis, is an important aspect of an information
flow analysis. For example, conditioned responses can be inhibited. In
a neo-behaviorist analysis of this phenomenon there is no room for
mentioning the locus of inhibition, whereas in an information flow
analysis there is: information that enters the nervous system may be
discarded before or after the stimulus-response association. In terms
of the analogy, if trains have disappeared, this might have happened
before or after they reached Crewe. Broadbent regarded ignorance
about the locus of inhibition an inadequacy of the neo-behaviorist
analysis that, he argued, had led to several misinterpretations. There-
fore, he considered it desirable to give an information flow analysis
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instead (Broadbent 1958, 190; 1956a, 359). The ordering of the in-
formational events can be represented with a flow chart that specifies
how the information flows through the system. In these diagrams,
such as figure 5.4.2, the informational events are depicted as a box
and incoming and outgoing arrows depict their interrelationships. In
Broadbent’s view, the analogy of the railway system with its connec-
tions between different stations is a helpful aid to becoming familiar
with the technique of anatomizing the psychological phenomena in-
to these informational events with their ordering relations. In other
words, it helps to master the skill of conceptualizing phenomena in
information-theoretical terms. It is this skillful technique that scien-
tists have to master before they can work successfully with the infor-
mation flow chart and understand Broadbent’s account of attention.

5.4.4.TheMechanical Model for Attention

Understanding thephenomenonof attentionbymeans ofBroadbent’s
flow chart and his twelve principles requires familiarity with informa-
tional descriptions. The psychological phenomenon is decomposed
into informational events, such as the event of information filtering,
that are described by theoretical principles. The ordering relations
between these informational events are depicted by means of a flow
chart. As I argued above, Broadbent tried to make his audience famil-
iar with this kind of descriptions bymeans of the analogywith the rail-
way system, for instance. However, mastering the skill of anatomizing
phenomena in informational events with ordering relations between
them is not sufficient for an information-theoretical understanding of
them. In addition, each informational event also has to be understood.
Broadbent’s twelve principles of attention are meant to account for
the informational events in his flow chart of attention. However, like
Hull’s principles of behavior discussed in chapter 4,which contain the-
oretical terms that are only partially defined, Broadbent’s principles
also contain concepts of which the meaning is not completely spec-
ified, such as the communication channel or the selective filter. And
like Hull, who often supplemented the formal definitions of hypo-
thetical constructswith informal formulations inwhich the constructs
weredepicted asmechanismsmediatingbetween stimuli and respons-
es, Broadbent tried to make his account intelligible by introducing
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mechanical models that he used to articulate the meaning of his the-
oretical terms. I will analyze in detail how Broadbent used such a me-
chanical model to elucidate the meaning of his theoretical terms.

A year before presenting his theory of attention in Perception and
Communication (1958), Broadbent published a very similar version
of it in an article entitled “A Mechanical Model for Human Attention
and ImmediateMemory” (1957). He realized that his audiencemight
be unacquainted with his information-theoretical account and there-
fore consider his theory “an abstract [one] using unfamiliar terms” like
“communication channel” and “channel capacity” (Broadbent 1957,
206). Accordingly, he was afraid that the theory was “difficult to com-
municate to others without putting them to the trouble of learning the
necessary vocabulary” of information theory (Broadbent 1957, 205).
Moreover, he was afraid that it was open to misinterpretation (Broad-
bent 1957, 205). To avoid this, Broadbent presented an expository
device for his abstract theory in the form of a mechanical model. It
was meant as a device for communicating the outline of the abstract
theory– “directed largely at thosewhofind sucha theoryunintelligible
in its original form” (Broadbent 1957, 213) – and for demonstrating
how this theory connects a number of facts about attention “in a way
which most people can understand” (Broadbent 1957, 209). Like the
train analogy, this mechanical model was very simple.This might sug-
gest that these expository devices were developed for an audience of
lay people. However, this is clearly not the case, because the article
about themechanicalmodel appeared inPsychological Review, and the

Figure 5.4.4.a. A simple mechanical model for human attention
(Broadbent 1957, 206)
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train analogy was presented in Perception and Communication (1958),
which was Broadbent’s most important scientific work.

Broadbent presented two versions of themechanicalmodel, name-
ly a simple version comprising only the selective filter and an extended
version that also comprises the short-term store. I will only look at the
simple mechanical model, which consists of a Y-shaped tube mount-
ed vertically (see figure 5.4.4.a), and a set of small balls. The stem of
the Y tube is so narrow that it can take only one ball at a time. At
the junction of stem and branches is a hinged flap that can be pivoted
about its upper edge so as to close off either of the branches (Broad-
bent 1957, 206).The flapmoves freely so that a ball dropped into one
arm of the Y will knock the flap aside and fall into the stem.When the
flap allows balls fromonebranch, it automatically closes the other (see
figure 5.4.4.b).

According to Broadbent, his abstract theory of attention, formulat-
ed in the formof theoretical principles, is applicable to thismechanical
model. This may sound peculiar because the principles were meant
to describe human attention, and not the behavior of a mechanical
model. However, Broadbent argued that the theoretical principles are
formulated using terms from information theory, and “information
concepts are applicable to any system, whatever its physical nature,
and so may equally fit a model or a man” (Broadbent 1957, 206). In
terms of the semantic view of theories discussed in chapter 3, the me-
chanical model is one of the models of Broadbent’s theory: it is an
interpretation that satisfies all the theoretical principles. Of course,

Figure 5.4.4.b.Themechanical model in action
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this requires that there be a mapping between the theoretical terms
of the principles and the components of the model such that the
model satisfies the theoretical principles. Broadbent (1957, 206–207)
provided such a mapping: the balls represent the information from
various stimuli, the branches represent different sensory channels,
the narrow stem represents the communication channel with limited
capacity, the flap represents the selective operator, and the dropping
of a ball into one of the arms represents the delivering of input to the
channel.

It is clear that with this mapping the Y tube satisfies principles A
and B (see section 5.4.2). Because the narrow stem (representing a
communication channel) can take only one ball at a time (represent-
ing a certain amount of information) it is indeedmeaningful to regard
it as having a limited capacity. Furthermore, the hinged flap (repre-
senting a selective operator) can block or pass balls through that are
dropped into the branch (representing information delivered into a
sensory channel) and thus it indeed performs a selective operation.
For the other three theoretical principles it is less obvious that the
model satisfies them. To illustrate that they do, Broadbent discussed
some thought experiments with the mechanical model. For instance,
he argued that the flap may not block the balls completely at random.
The probability that balls from one branch could pass through is in-
creased by certain properties of the balls, such as the force by which
they are thrown down, and by certain conditions of the tube, such as
the steepness of the branches. He thus tried to demonstrate that the
mechanical model fully satisfies the abstract theory.

As I will argue below, Broadbent compared the implications of his
thought experiments with results of actual psychological experiments
about attention.The ideawas that the resemblancebetween thebehav-
ior of the mechanical model, which satisfies the theoretical principles
of attention, and the behavior of the subjects in the psychological ex-
periments illuminates the relation between the abstract theory and
the experimental results. In other words, the mechanical model can
be used to “mediate” (cf. Morrison and Morgan 1999b, 17–18) be-
tween this theory and the phenomenon of attention. Determining the
resemblances betweenmodel and phenomenon requires the selection
of relevant features of the model and the phenomenon and the evalu-
ation of the possible similarities between these features. As discussed
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in chapter 3, this is a skillful practice. Furthermore, the comparison
between the behavior of themodel and the behavior of the subjects in-
volves the skillful practice of reasoning via themodel. Iwill analyze the
required skills by looking closely at the comparisons that Broadbent
made between the behavior of the mechanical model and the results
of the experiments on attention.

5.4.5. Analogies between the Mechanical Model and the Phenomenon of
Attention

According to Broadbent (1957, 207), the behavior of the model re-
sembles the behavior of humans in several respects. In his article, he
described anumber of relevant features of the behavior of themechan-
ical model, and hementioned a number of psychological experiments
on attentionwhose results, he argued, bore a resemblance to these fea-
tures of the behavior of themechanicalmodel.Hedid not describe the
experiments in detail. Instead, he only summarized the experimental
results and gave references to publications about these experiments. I
will examine Broadbent’s description of the relevant behavior of the
model, and review the experiments he associated with them.

The first situation discussed by Broadbent is that of two balls
dropped simultaneously, one into each of the branches. Because the
balls strike the flap on both sides, it does not move and the balls be-
come jammed in the junction. However, if the flap is pivoted and clos-
es off one of the branches before the balls are inserted, then the ball
entering the other branch will emerge successfully (Broadbent 1957,
207).

The analogous situation for humans takes place in experiments car-
ried out by Broadbent (1952) and E.C. Poulton (1953). In these ex-
periments subjects heard twomessages indifferent voices, and inPoul-
ton’s experiment also coming from different spatial directions. Sub-
jects had to respond to only one of the two messages, namely the one
that started with a specific call sign. For instance, in Poulton’s exper-
iment, where air traffic control tower communication was simulated,
subjects had to respond only to aircraft calling one particular tower,
such as “Lakenheath tower,” by writing down the aircraft number.The
subjects performed their task very well, except for the occasional situ-
ation in which the two voices spoke simultaneously. Then only about
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50% of the subjects responded correctly to the message. By way of
explanation, Broadbent supposed that “one of the two voices is se-
lected for response without reference to its correctness, and that the
other is ignored. It is understandable, then, that simultaneous audito-
ry call signs should be ineffective: if one of the two voices is selected
(attended to) in the resulting mixture there is no guarantee that it will
be the correct one” (Broadbent 1952, 53). However, the performance
of the subjects increased significantly when they were told in advance
which of the voices they had to answer. In the case of simultaneous
speech theywere able to attain an efficiency of about 70% (Broadbent
1952, 54).

The second situation discussed by Broadbent is one in which the
two balls are not strictly simultaneous. In that case, the first to arrive
will gain an advantage by knocking the flap aside and shutting out the
other (Broadbent 1957, 207).

The analogous situation for humans takes place in an experiment
by J.C.Webster andP.O.Thompson (Broadbent actually referred to an
experimentbyW.Spieth, J.Curtis, and J.C.Webster thatwaspublished
in 1954 but probablymeant an experiment byWebster andThompson
that was published the same year; see also Broadbent 1958, 15). Like
Poulton,Webster andThompson simulated conversation in an air traf-
fic control tower. Subjects heard airplane tower phraseology over six
loudspeakers placed at different locations and had to respond to all
messages. For each message they had to activate a switch correspond-
ing to the loudspeaker from which it came and repeat back what they
heard. Occasionally, messages coming from two loudspeakers over-
lapped in time.The degree of overlap was systematically varied (Web-
ster and Thompson 1954, 396–398). This experiment demonstrated
that in the case of two messages overlapping in time, the subjects re-
sponded much more accurately to the message that arrived first than
they did the other.

The third situation discussed by Broadbent is one in which the Y-
shaped tube is not mounted in a perfectly vertical position. In that
case, the ball in the more vertical branch will have an advantage over
a simultaneous ball in the other because the flap will hang to one side
(Broadbent 1957, 207).

The analogous situation for humans takes place in experiments
done by Broadbent (1954a). In these experiments subjects had to
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performafive-choice taskwhile being exposed to high-pitchedor low-
pitched loud noise. The experimental setup consisted of five separate
lights and five buttons each corresponding to a light. When a lamp
lit up the subject had to touch the appropriate button as quickly
as possible, which caused another lamp to light. Accordingly, there
were no rest intervals between the signals. During this task, touches
given to incorrect buttons as well as brief pauses by the research
subjects of periods of two seconds ormorewere recorded (Broadbent
1958, 95). Compared to the performance of subjects that received
low-pitched noise, subjects that received high-pitched noise made
significantlymore errors, which demonstrated that high-pitchednoise
is more likely to distract attention than low-pitched noise (Broadbent
1958, 99).

The fourth situation discussed by Broadbent is one in which one
ball is thrown violently down its branch. In that case it may succeed in
forcing the flap against the unassisted weight of a ball on the opposite
branch (Broadbent 1957, 207).

The analogous situation for humans takes place in experiments
by D.E. Berlyne (1950) and Broadbent (1954a). In Berlyne’s choice-
response experiment, subjects were asked to respond to any one of
two simultaneously presented visual stimuli of different brightness by
pressing a corresponding key. It appeared that they were more likely
to choose the brighter one. In Broadbent’s experiment, the five-choice
task discussed above, subjects were not only exposed to high-pitched
or low-pitched loud noise but also to noise of lower physical intensity.
Compared to the performance of subjects under that circumstance,
subjects that received loud noises made significantly more errors. As
Broadbent formulated it concisely:

Twenty-four subjects were used on this occasion, divided into three
equal groups. Each group received its own intensity of noise: 80, 90
and100db. Eachmanworked for 1/2hr periods, in successive days, one
day receiving a noise containing only frequencies above 2000 c/s, and
the other day receiving a noise containing only frequencies below that
point.The high pitch noise producedmore errors throughout, but the
difference was insignificant at the two lower intensities. It was highly
significant at 100 db: indeed, high-pitched 100 db noise produced
twice as many errors as high or low pitched 80 or 90 db noise, which
were all very similar to one another. (Broadbent 1958, 99)
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The fifth situation discussed by Broadbent is that of the overswing-
ing flap. “After a single ball has been passed through the system, the
door will swing back from the position into which it was pushed. Nat-
urally itwill overswing, and temporally close thebranchwhichhas just
been used” (Broadbent 1957, 207).

The analogous situation for humans takes place in an experiment
by Poulton (1956) that demonstrated that a stimulus has an extra
advantage for a response if it comes on a previously quiet channel as
opposed to a previously busy one. This experiment was again one in
which air trafficcontrol tower communicationwas simulated. Subjects
had to respond only to aircraft calling one particular tower. All the
loudspeakers were quiet during the intervals between the calls except
one, whichwas busy all the time.On the busy loudspeaker the interval
between calls was occupied by other conversations. It was found that
a call from a usually quiet loudspeaker tended to capture the attention
of the subject even when this call was irrelevant and coincided with a
relevant one from the busy loudspeaker (Poulton 1956, 338).

The sixth situation discussed by Broadbent is one in which balls
are being inserted into one branch at a certain rate of delivery. In that
case, “the effect of increasing the rate of delivery of the balls through
the same branch is not the same as that of adding the same number of
extra balls to the other branch. There is more risk of jamming in the
latter case” (Broadbent 1957, 207).

The analogous situation for humans takes place in an experiment
by R. Conrad (1951). In this experiment, the participants were en-
gaged in a clock-watching task called the “speed and load test.” The
experimental setup consisted of two, three, or four clock dials and the
same number of buttons corresponding to these dials. Subjects had
to attend to the dials (see figure 5.4.5). When the rotating pointer of
any of these dials approached the 12:00 or 6:00 position, they had to
press the appropriate button. In different experimental sessions, the
number of dials used and the rotation speed of the pointers of the di-
als were varied. It was recorded whether or not the subjects pressed
the button at the right moments. Missed responses and responses at
wrong moments were recorded as erroneous. The subjects were test-
ed at five speeds. They had to respond 40, 60, 80, 100, or 120 times
per minute. Not only did higher speeds appear to result in more er-
rors but this effect also appeared tobedrastically amplifiedwhenmore
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dials were used. Doubling the number of dials resulted in consider-
ablymore errors than doubling the speed of the dials, even though the
number of additional signals to which the subjects had to respondwas
the same.

The seventh situation discussed by Broadbent is one in which two
balls are dropped into the model and jamming is avoided by the flap
being coincidentally to one side. One of the balls can pass through,
while the other is blocked. “[T]he impeded ball will not therefore
disappear. It will emerge later, when the door next swings back to the
opposite branch. Surprisingly enough, this also happens with man.
Simultaneous stimuli either jam or produce successive responses”
(Broadbent 1957, 208).

The analogous situation for humans takes place in experiments by
Broadbent (1954b; 1956b). In these experiments the subjects were
given a pair of headphones, and two series of digits were presented
simultaneously, one to each ear.The subjects were asked to repeat the
digits. It appeared that both series could elicit responses but would
do so one after the other. In the experiment a set of three digits,
such as “7 1 3” was applied to one ear, and a different set such as
“2 5 6” to the other ear. The subject’s natural response was either
“7 1 3 2 5 6” or “2 5 6 7 1 3” but never “7 2 1 5 3 6”. Deliberate
instructions to repeat thedigits in order theywerepresentedproduced
a very low proportion of correct responses (Broadbent 1956b, 145).
However, when there was a time interval of about one and a half or
two seconds between succeeding pairs of simultaneously presented

Figure 5.4.5. Speed and Load Stress (Conrad 1951, 3)
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digits, the subjects showed considerable improvement. According to
Broadbent (1954b, 195; 1958, 212) this implies that a time interval of
between one and two seconds is required for attention to shift away
from one sensory channel to another and back to the first.

Bymentioning the relevant properties of themodel and discussing
the similarities that these properties have with characteristic proper-
ties of the phenomenon of attention, Broadbent showed how his me-
chanical model mediates between the theoretical principles and the
phenomenon. According to Broadbent it is not necessary that mod-
el and phenomenon be similar in all respects. Dissimilarities do not
have to be considered disadvantages if it is clear that they are irrele-
vant:

[The mechanical model] is admittedly ludicrous as a description of
what really happens in the brain, but this is a positive advantage. Psy-
chologists are not likely tomistake thismodel for speculative neurolo-
gy, and so they should concentrate their experiments on the essentials
of the theory rather than the irrelevant properties of the model.

(Broadbent 1957, 209–210)

In all seven situations of the mechanical model it is easy to have
insight into its behavior. The model has several virtues, such as its
visualizability and causal-mechanical nature. It is so simple that it
is straightforward to mention some of the characteristic features of
its behavior in specific circumstances. Everybody who possesses the
skills of visualization and causal reasoning, and who has experience
with causal agency, is able to reason with this model. For each of
the seven situations, Broadbent mentioned a situation concerning
the phenomenon of attention that can easily be regarded as analo-
gous to it. Therefore, he argued that “the Y tube does seem at this
time to have related a number of facts about perception and put
them in a way which most people can understand” (Broadbent 1957,
209).

In sum, Broadbent’s ability to apply themechanicalmodel success-
fully to the phenomenon of attention was a skillful activity, based on
skills such as conceptualizing phenomena in information-theoretical
terms, visualization, and causal reasoning. These skills were required
for selecting the relevant features ofmodel and phenomenon, evaluat-
ing the possible similarities between these features, and reasoning via
the model.
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5.5. Relevant Skills for Successfully Applying Models to Phenomena

Amodel is intelligible to its users if they possess certain skills and the
model certain virtues, such that the combination of skills and virtues
facilitates successful application of themodel.The purpose of the case
study of cognitive psychology is to analyze the skills that are involved
in the application of a model to a phenomenon. In several examples
in the case study it might seem that applying models is so straight-
forward that it is exaggerated to call it a skillful activity. For instance,
at first sight, it seems trivial to connect Shannon’s model of a com-
munication system to Miller’s phenomenon of the ‘magical number
seven.’ However, differences in the selection of relevant features, and
differences in the evaluation of similarities, as expressed, for instance,
in Neisser’s disapproval of the early cognitive psychologists’ use of
Shannon’smodel, give evidence for the contrary. Several aspects of the
application of amodel to a phenomenon are (at least philosophically)
non-trivial.

In applying a model to a phenomenon, the conceptual substrate
of the model is mapped onto the phenomenon. This conceptual sub-
strate facilitates reasoning about the phenomenon. In theoretical
models this conceptual substrate is contained in the surplus mean-
ing of the theoretical terms. The source of this surplus meaning can
be a metaphor such as the ‘mind-as-information-processing-device’
one. Whether or not scientists consider a model applicable to a phe-
nomenon depends on contextual factors such as the availability of
certain metaphors. It is common nowadays to employ information-
theoretical concepts to describe human behavior. Therefore, the ap-
plication of Shannon’s information-theoretical model appears to be
elementary. However, the use of these concepts in the domain of
psychology presupposes the availability of the ‘mind-as-information-
processing-device’ metaphor, which became prevalent only after ma-
jor advances in the development of information-processing technolo-
gy. Furthermore, there are other contextual factors that influence the
assessment of scientists concerning the applicability of a model to a
phenomenon. For instance, in the case of Neisser’s disapproval of the
applicationof Shannon’smodel in psychology, oneof these factorswas
Neisser’s interest in theoretical psychology rather than applied psy-
chology.
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Both the activity of conceptualizing the phenomenon and the ac-
tivity of using this conceptualization to reason about thephenomenon
are philosophically non-trivial activities. They require skills to assess
the relevant similarities between the source domain and the target
domain and skills to use the concepts of the source domain to rea-
son about the target domain. For example, differences in the way in
which scientists connected model and phenomenon illustrate that
the activity of conceptualizing the phenomenon of the ‘magical num-
ber seven’ by means of Shannon’s model is not merely a matter of
course. Whereas Pollack specified the receiver as the listener, Miller
specified the communication channel as such. That conceptualizing
the phenomenon involves learned abilities is illustrated by means of
Broadbent’s analogy of the railway system that helps to master the
technique of anatomizing the psychological phenomena into these in-
formational eventswithordering relations between them.Broadbent’s
mechanical model of attention illustrates that reasoning about the
phenomenon by means of the conceptualization also involves skills.
Broadbent conceptualized attention as a filter mechanism. In situa-
tions in which a lot of information enters the nervous system, such
as a cocktail party in which one listens to one person while others are
speaking at the same time, this mechanism filters out most of the ir-
relevant information. Broadbent explained his ideas concerning the
principles that governed the discarding of information by means of a
mechanical model. In this model, a flap that could close off branch-
es of a Y-shaped tube represented the information filter and balls that
enter the branches of the tube represent information. Reasoning via
this model requires experience with causal agency and involves skills
such as visualization and causal reasoning. These skills enable recog-
nizing characteristic consequences of the model and making assess-
ments about relevant similarities between the behavior of hismechan-
ical model and the behavior of subjects in psychological experiments
on attention. In sum, from a philosophical point of view, the applica-
tion of a model to a phenomenon is a non-trivial activity that requires
skills.
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Conclusion

In chapter 3 I developed a philosophical framework for scientific un-
derstanding of phenomena.A central idea in this framework is that sci-
entists scientifically understand a phenomenon if they are able to ap-
ply a scientific model successfully to that phenomenon. A key notion
in this framework is the intelligibility of a model, which is described
as a value attributed to the model by its users.This value reflects their
ability to apply the model successfully to a phenomenon. A prerequi-
site for the successful application of a model to a phenomenon, and
thus for scientific understanding, is that the model is intelligible to its
users. Other key notions in this framework are the skills of the sci-
entists and the virtues of the models. The intelligibility of a model
depends on the virtues of themodel and on the skills of the scientists.
At the end of chapter 3 I formulated five key questions concerning the
key notions of this study. In this chapter I will use my analysis of the
case studies in chapters 4 and 5 to answer these questions.

6.1. Is the intelligibility of models an epistemic value and how does it
function in scientific practice?

The epistemic significance of the intelligibility of scientific models is
one of the central issues in the case study of neo-behaviorism. Because
of their positivist attitude towards science, neo-behaviorists rejected
understanding as a genuine aim of science, viewing prediction and
control to be its only aims. If they valued intelligibility of models at
all, they regarded it as subordinate to positivist norms such as objec-
tivity and verifiability. An analysis of the actual scientific practice of
neo-behaviorism, however, shows that in spite of their positivist atti-
tude even neo-behaviorists aimed at intelligiblemodels.Theirmodels
were intelligible to them due to the surplusmeaning of the theoretical
terms in these models. The meaning of the theoretical terms gener-
ally exceeded their operational definitions because these terms were
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named, for example, “demand” and “reinforcement,” and because of
the informal formulations that were supplemented to their formal def-
initions. Neo-behaviorists were able to apply their models to behav-
ioral phenomena as a result of this surplus meaning. The application
of theoretical terms in a specific domain required the establishment of
operational definitions.This involved judgments to determine if these
operational definitions canbe considered adequatemeans to apply the
theoretical concepts they represent. These judgments were facilitat-
ed by the surplus meaning of the theoretical terms. For instance, due
to the surplus meaning of ‘reinforcement,’ which originated in every-
day experiences, Hull recognized that in one experimental situation
repeatedly receiving a shock after hearing a noise counts as ‘reinforce-
ment,’ whereas in another experimental situation obtaining food after
depressing a bar counts as ‘reinforcement.’ Consequently, he was able
to apply hismodels of behavior that contained the theoretical term ‘re-
inforcement’ in different domains. Removing the surplus meaning of
the terms (if at all possible)wouldmake themodels unintelligible, and
thatwoulddrastically reduce their applicability.Consequently, even in
the case of neo-behaviorism, the intelligibility ofmodels has epistemic
significance.

Like empirical accuracy, consistency, scope, simplicity, and fruit-
fulness, the intelligibility of models is one of the epistemic values that
are constitutive of science. As I have argued, the various epistemic val-
ues are not completely independent. For instance, scientists do not
consider amodel tobe intelligible if it is not empirically accurate. Intel-
ligibility is also related to fruitfulness. According to Tolman, a model
is fruitful if it supplies a conceptual structure that facilitates its appli-
cation to phenomena. For instance, Tolman’s model of the behavior
of rats in mazes supplies a conceptual structure consisting of goals
(‘demands’) and expectations (‘hypotheses’). This conceptual struc-
ture enabled Tolman to apply his theoretical model to the concrete
situation of rats in mazes.The feature of supplying a conceptual struc-
ture is a necessary condition for the intelligibility of a model. Howev-
er, it is not a sufficient condition. In addition, the application of the
model should be successful, which is the situation in which Tolman
calls themodel a “happy” one and which requires that the application
meets all the epistemic values of science, and not only that of fruitful-
ness.
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6.2.What kinds of skills are required for the successful application of a
scientific model to a phenomenon?

The question of what skills are required for the successful application
of models to phenomena is one of the central issues in the case study
of cognitive science and to a lesser degree also in the case study of neo-
behaviorism.The case studies illustrate that the successful application
of models to phenomena involves several skillful activities.

First, the successful application of models to phenomena involves
making a connectionbetween features of themodel and features of the
phenomenon. This requires making judgments concerning relevant
similarities betweenmodel and phenomenon. For instance, it requires
a judgment to recognize that obtaining food after depressing a bar and
receiving an electric shock can both be conceptualized as instances of
‘reinforcement.’ By specifying the meaning of the theoretical terms in
his learning model, such as ‘reinforcement,’ Hull was able to connect
his model to concrete psychological phenomena. The different ways
in which Pollack and Miller connected Shannon’s model of a com-
munication system to the phenomenon of the ‘magical number seven’
illustrates that the specificationof themeaningof the theoretical terms
in a model is not a matter of course. Whereas Pollack specified the
receiver as the listener, Miller specified the communication channel
as such. Broadbent, who realized that conceptualizing cognitive phe-
nomena in information-theoretical terms is a technique that has to be
mastered, introduced a railway system analogy as a helpful aid for be-
coming acquainted with the technique of anatomizing psychological
phenomena into informational events.

Second, the successful application of models to phenomena in-
volves reasoning via themodel.That this is a skillful activity is illustrat-
ed in the example of Tolman who was able to recognize qualitatively
characteristic consequences of his model of the behavior of rats in
mazes bymeans of the technique of imagining howhewould behave if
hewere a rat.This technique involved empathic imagining, whichTol-
man used to imagine the ‘demands’ and ‘hypotheses’ of the rats in the
maze, and means-end reasoning, which he used to imagine how rats
would behave as a result of these ‘demands’ and ‘hypotheses.’ Another
example is Broadbent who was able to recognize qualitatively charac-
teristic consequences of hismechanicalmodel of attention, consisting
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of a Y-shaped tube with branches in which balls could be placed, due
to his experience with causal agency and his skills of visualization and
causal reasoning.

6.3.Which kind of virtues can render a model intelligible to its users?

Whether the users of a model are able to apply that model success-
fully to phenomena depends on the match between their skills and
the virtues of the model. The case studies, which focus on the use of
theoretical models, show that the intelligibility of this kind of models
depends on the surplus meaning of the theoretical terms in the mod-
el.The surplus meaning of theoretical terms can have various sources.
Their origin can be informal, mechanistic interpretations that are sup-
plemented by the formal definitions of the terms. Another source
can be the naming of the theoretical terms. The use of the ‘mind-
as-information-processing-device’ metaphor in cognitive psychology
shows that technological metaphors also function as sources for sur-
plus meaning.

The surplus meaning of the theoretical terms can render a theo-
retical model intelligible to its users. For instance, due to the surplus
meaning of terms such as ‘demand’ and ‘hypotheses,’ Tolman’s mod-
el of the behavior of rats in mazes possesses the virtue of being an-
thropomorphically interpretable and facilitating means-end reason-
ing. Hull also used theoretical terms that were anthropomorphically
interpretable. Moreover, he used terms such as ‘habit strength’ that
had a causal-mechanical surplus meaning that made them accessible
to causal reasoning. Similarly, Broadbent’s mechanical model of atten-
tionwas intelligible because of its causal-mechanical surplusmeaning.

6.4.On what kind of pragmatic and contextual factors does intelligibility
depend?

The attribution of the value of intelligibility to a model depends on
several pragmatic and contextual factors. For instance, it can depend
on the availability of certainmetaphors, such as the ‘mind-as-informa-
tion-processing-device’ metaphor on which the information-theoret-
ical models of early cognitive psychologists were based and which
facilitated the application of these models to cognitive phenomena.
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These models did not provide understanding for psychologists who
were not familiar with this metaphor.

Another factor can be the objectives of the researcher. For instance,
because early cognitive psychologists like Pollack andBroadbentwere
mainly engaged in applied psychology, their objectives differed from
Neisser’s, who was primarily occupied with theoretical psychology.
Because of that, theywere interested in other aspects of cognition than
Neisser was. As a result, they did not share Neisser’s objection to the
application of Shannon’s model of a communication system to cog-
nitive phenomena. Whereas they focused on the similarities between
themodel and the phenomena and considered themodel to be intelli-
gible,Neisser focusedon thedifferences, such as the fact that cognitive
processes are active,whereas inShannon’smodel informationprocess-
ing is passive, and consequently argued that themodel did not provide
understanding.

That intelligibility is a pragmatic and context-dependent concept
might give the impression that it depends on the idiosyncrasies and
changing tastes of scientists. However, within scientific communities
scientists should be able to apply the same models. Therefore, it is
important that scientists working in the same research tradition do
not vary much in their views about intelligibility. For instance, when
cognitive psychology was developed as a new scientific discipline, it
was important that psychologists possessed the skills to work with
information-theoretical concepts. At that time, however, the ‘mind-as-
information-processing-device’ metaphor was not common knowl-
edge. Therefore, early cognitive psychologists made an effort to pro-
mote this metaphor. They tried to familiarize fellow psychologists
with the use of information theory and attempted to give them the
required skills. This was necessary because only if fellow psycholo-
gists were familiar with the metaphor were they able to apply the
information-theoretical models of the early cognitive psychologists.

For instance, Miller showed how experiments in absolute judg-
ment could be reinterpreted as experiments on the capacity of people
to transmit information, and Broadbent constructed simple models
that were meant to cultivate the techniques that were necessary to
work with information-theoretical concepts. One of these techniques
was the atomization of phenomena into informational events, which
is necessary to account for these phenomena by means of flow charts.
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One way in which Broadbent tried to give a feeling for the use of flow
charts, in which information flows from one stage to another, was by
drawing an analogy with railway systems. Conceptualizing the phe-
nomena as informational events involves the recognition of relevant
similarities between the information-theoretical models and the psy-
chological phenomena. Broadbent tried to elucidate this to his col-
leagues by means of a simple mechanical model in which tubes and
flaps represented information-theoretical concepts such as communi-
cation channels and information filters.The use of thismodel involves
skills that practically everybody masters.

6.5. Is the characterization of science advocated in this study useful for
the explanatory and normative tasks of philosophy of science?

Major aims of philosophy of science are the description, explanation,
and normative appraisal of (the results of) scientific practices. A com-
mon feature of these aims is to provide a more or less general char-
acterization of science. The characterization of science advocated in
this study asserts that intelligibility of models is an epistemic value
of science. In the case study of neo-behaviorism, this characterization
is used mainly to provide a more comprehensive explanation of de-
velopments in psychology that are, in themselves, well known from
textbooks on the history of psychology. In the 1950s neo-behaviorists
gradually came to appreciate the surplusmeaning of theoretical terms.
They started to advocate the use of hypothetical constructs, which
possess surplus meaning, instead of intervening variables, which were
considered not to possess surplus meaning.This development in psy-
chology, which eventually resulted in the rise of cognitive psycholo-
gy, can be understood as being driven by the normative question of
how the value of intelligibility of models should be incorporated into
psychology. For instance, Tolman converted publicly to the use of hy-
pothetical constructs because he realized that the surplus meaning of
these hypothetical constructs provided themodels inwhich theywere
usedwith a conceptual substrate thatmight facilitate the successful ap-
plication of the models.

Although the analysis of the case studies has been mainly descrip-
tive and explanatory, the account of understanding developed in this
study also has normative implications. It entails that, because models
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in science should be intelligible, the use of hypothetical constructs is
to be preferred over the use of intervening variables. Thus, contrary
to the opinion of some strict neo-behaviorists such asMarx, Tolman’s
conversion should be appraised positively. Scientists should aim at in-
telligible models.

In sum, scientific understanding is an important aimof science that
has epistemic significance.Adding the value of intelligibility ofmodels
to the list of epistemic values that are constitutive of science results in
a characterization of science that can be used in the explanation and
normative appraisal of scientific practices and results.
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Samenvatting (Summary in Dutch)

Het begrijpen van het begrip van psychologen: De toepassing van
begrijpelijke modellen op verschijnselen

Het begrijpen van verschijnselen is een belangrijk epistemisch doel
van de wetenschap. Onder wetenschappers en wetenschapsfilosofen
bestaat echter de neiging het belang van wetenschappelijk begrip te
bagatelliseren door het te omschrijven als een psychologisch bijpro-
duct van wetenschappelijke verklaringen. De neobehaviorist Edward
C. Tolman had het bijvoorbeeld over de psychologische behoefte om
de “innerlijke spanningen” te verlichten die ontstaan bij de confronta-
tie met onverklaarde verschijnselen.

Volgens traditionele opvattingen in de wetenschapsfilosofie ver-
wijst begrijpen naar psychologische en pragmatische aspecten van
wetenschappelijke verklaringen, en daarmee niet naar de epistemo-
logische aspecten ervan. In filosofische beschouwingen over weten-
schap zou daarom geen plaats zijn voor wetenschappelijk begrijpen.
Het scherpe onderscheid tussen pragmatische aspecten, die afhanke-
lijk zijn van de persoon die een verklaring geeft of ontvangt, en epis-
temische aspecten, die dat niet zijn, is echter problematisch. In dit
proefschrift betoog ik dat wetenschappelijk begrijpen een pragmati-
sche notie is die van epistemisch belang is.

De stelling die wordt verdedigd in dit proefschrift is dat weten-
schappers een verschijnsel begrijpen als ze in staat zijn er met suc-
ces een wetenschappelijk model op toe te passen. Een centrale notie
hierbij is de begrijpelijkheid (of intelligibiliteit) van het model. Dit is
een waarde, toegekend aan een model door de gebruikers ervan, die
weergeeft in hoeverre ze in staat zijn het model succesvol toe te pas-
sen. Deze toepasbaarheid hangt niet alleen af van de eigenschappen
van het model maar ook van de vaardigheden van de wetenschap-
pers, bijvoorbeeld de vaardigheid om de relevante overeenkomsten
tussen model en verschijnsel te beoordelen en de vaardigheid om ka-
rakteristieke consequenties van het model in te zien. De notie van de
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begrijpelijkheid van eenmodel, en danmet name het epistemisch be-
lang en het pragmatische karakter ervan, is in dit proefschrift onder-
zochtmetbehulp van tweehistorischegevalstudies uit depsychologie.

De casus over het neobehaviorisme

Het hoofddoel van de gevalstudie over het invloedrijke neobehavio-
risme is het aantonen van het epistemisch belang van wetenschap-
pelijk begrijpen door het ontkrachten van een schijnbaar plausibel
tegenvoorbeeld. Tolmans uitlating over de psychologische aspecten
van wetenschappelijke verklaringen illustreert de positivistische we-
tenschapsvisie van de neobehavioristen, waarin geen rol is weggelegd
voor wetenschappelijk begrip. Een analyse van de wetenschappelijke
praktijk vandezepsychologen laat echter ziendat deneobehavioristen
ondanks hun positivistische beginselen impliciet wel degelijk streef-
den naar het opstellen van begrijpelijke modellen.

Een voorbeeld van zo’n model is Tolmans model voor het gedrag
van ratten in een doolhof. Dit model, dat hij opstelde ter verduidelij-
king van zijn door het logisch positivisme geïnspireerde methode van
het operationele behaviorisme, was begrijpelijk voor Tolman doordat
het de mogelijkheid bood de situatie van de ratten in het doolhof op
een antropomorfe wijze te interpreteren. Doordat de termen in het
model zoals ‘behoefte’ en ‘verwachtingen,’ die door hem waren ge-
introduceerd als theoretische termen, kondenworden verbondenmet
ervaringen uit het dagelijks leven, overstegen ze qua betekenis hun
operationele definities. Deze zogenoemde “surplusbetekenis” stelde
Tolman in staat om zich met behulp van het model in te leven in de
ratten en zich een voorstelling te maken van hun gedrag. Dat dit zijn
model begrijpelijk maakte, was voor Tolman echter geen reden om
zich positief uit te laten over het gebruik van theoretische termenmet
surplusbetekenis. Volgens hem moest zijn model gezien worden als
een tussenstap in de ontwikkeling naar objectieve wetenschappelijke
uitspraken. Om tot zulke uitspraken te komen was het volgens hem
nodig de theoretische termen in zijn model om te zetten in objectieve
termen vrij van surplusbetekenis. Ik betoog echter dat dit vanuit epis-
temologisch oogpunt ongewenst is.

Dat de surplusbetekenis van theoretische termen epistemische re-
levantie heeft, blijkt uit een analyse van neobehavioristischemodellen
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die zijn opgesteld door Clark L. Hull. De theoretische termen in deze
modellen zoals de ‘sterkte van een gewoonte’ hadden een surplusbe-
tekenis waarvan de oorsprong niet alleen lag in het gebruik van be-
tekenisvolle termen uit het dagelijks leven, maar ook in de informele
mechanistische interpretaties die Hull meegaf aan deze termen. Zo
bouwde hij bijvoorbeeld een mechanisch apparaat ter illustratie van
zijn theoretische principes over het vormen van gewoonten. De sur-
plusbetekenis die dit gaf aan zijn theoretische termen zoals ‘gewoon-
te’ maakte het hem mogelijk om de relevante overeenkomsten tussen
zijnmodellen en de verschijnselen te beoordelen en de karakteristieke
consequenties van demodellen in te zien. Zonder deze surplusbeteke-
nis zou Hull niet in staat zijn geweest zijn theoretische modellen toe
te passen op de relevante verschijnselen, waardoor dezemodellen dan
geen epistemische waarde zouden hebben.

Rond 1950 gingen de neobehavioristen, die aanvankelijk vanwege
hun positivistische uitgangspunten gekant waren tegen het gebruik
van theoretische termen met surplusbetekenis, dit gebruik positiever
waarderen. Ook Tolman schaarde zich onder de voorstanders. Deze
ontwikkeling, die wel wordt beschouwd als een belangrijke factor in
de overgang van neobehaviorisme naar cognitieve psychologie, kan
worden gezien als het gevolg van een impliciet ongenoegen over de
logisch-positivistische wetenschapsvisie, waarin de begrijpelijkheid
van wetenschappelijke modellen onvoldoende wordt gewaardeerd.
Het besef ontstond dat de surplusbetekenis van theoretische termen
in wetenschappelijke modellen een belangrijke epistemische functie
heeft, namelijk het begrijpelijk maken van deze modellen.

De casus over cognitieve psychologie

Het hoofddoel van de gevalstudie over cognitieve psychologie is het
analyseren van de pragmatische en contextuele aspecten van weten-
schappelijk begrip.Het gaat hierbijmet nameomde vaardigheden van
wetenschappers die nodig zijn om eenmodel toe te passen op een ver-
schijnsel, zoals het herkennen van verbanden tussen eigenschappen
van het model en eigenschappen van het verschijnsel, en het afleiden
van consequenties van het model. De modellen die in de beginjaren
van de cognitieve psychologie werden ontwikkeld, waren gebaseerd
op de metafoor van de mens als informatieverwerker. Het basisidee
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was dat, analoog aan een telegraaf of telefoon, de informatieverwer-
king van een mens kan worden beschreven in termen van de nieuw
ontwikkelde informatietheorie, zoals informatiebron, zender, ontvan-
ger en communicatiekanaal. Op het eerste gezicht lijkt het toepassen
van informatietheoretische modellen wellicht dusdanig triviaal dat
het overdreven is om hier te spreken van “benodigde vaardigheden”.
Dat het toepassen van deze modellen echter niet triviaal is, blijkt uit
de verschillende manieren waarop wetenschappers dit deden.

Cognitievepsychologen verschildenbijvoorbeeld indewijzewaar-
op ze met behulp van een informatietheoretisch model psychologi-
sche verschijnselen conceptualiseerden. Waar Irwin Pollack de proef-
persoon in een bepaald experiment zag als de ontvanger van infor-
matie, beschouwde zijn collega George A. Miller deze persoon juist
als communicatiekanaal, een duidelijk ander aspect van hetzelfde in-
formatietheoretische model. Dit laat zien dat het conceptualiseren
van cognitieve verschijnselen in informatietheoretische termen niet
vanzelfsprekend is. De psycholoog Donald E. Broadbent, die het ge-
bruik van de terminologie van de informatietheorie in zijn vakgebied
aanmoedigde, zag het als een techniek die psychologen in de vingers
moesten krijgen. Dat het beheersen van deze techniek tegenwoordig
mogelijk overkomt als triviaal komtwaarschijnlijk door de vertrouwd-
heid die er nu is met concepten uit de informatietheorie.

Broadbents ontwikkeling van eenmechanischmodel voor het psy-
chologische verschijnsel ‘aandacht’ laat zien dat hij besefte dat niet
alleen het conceptualiseren van psychologische verschijnselen in in-
formatietechnologische termen een vaardigheid is, maar dat ook het
redeneren met modellen die zijn gebaseerd op deze concepten vaar-
digheden vergt. Aandacht kon volgens hem worden geconceptuali-
seerd als een mechanisme waarmee informatie wordt gefilterd. In een
situatie waarin veel informatie het zenuwstelsel binnenkomt, zoals tij-
dens een cocktailparty waarin iemand luistert naar een persoon ter-
wijl tegelijkertijd ook anderen spreken, zorgt dit mechanisme ervoor
dat irrelevante informatiewordt uitgefilterd. Broadbents uiteenzetting
van de informatietheoretische principes waarop dit mechanisme be-
rust, werd door hem verduidelijkt met behulp van een mechanisch
model. In dit model wordt de informatiefilter gerepresenteerd door
een klep die een arm van een Y-vormige buis kan afsluiten en wordt
informatie gerepresenteerd door ballen die de armen van deze buis
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binnenkomen. Het kunnen werken met dit model vraagt bekendheid
met de werking van causale mechanismen en bekwaamheid in visua-
liseren en causaal redeneren. Omdat vrijwel iedereen deze vaardighe-
den bezit, was Broadbent in staat om met dit model zijn theoretische
visie op het verschijnsel aandacht duidelijk te maken aan collega’s die
niet vertrouwd waren met informatietheoretische concepten. Broad-
bents manier om zijn collega’s inzicht te verschaffen in dit psycho-
logische verschijnsel illustreert dat het voor de begrijpelijkheid van
een model van belang is dat er een goede aansluiting is tussen de ei-
genschappen van dit model, zoals de visualiseerbaarheid ervan, en de
vaardigheden van de gebruiker.

Of wetenschappers de waarde van begrijpelijkheid toeschrijven
aan een concreet model hangt niet alleen af van hun vaardigheden,
maar ook van andere pragmatische en contextuele factoren. Zo ver-
schilde de cognitieve psycholoog Ulric Neisser bijvoorbeeld van me-
ning met collega’s als Pollack en Broadbent over de begrijpelijkheid
van informatietheoretische modellen zoals dat van Broadbent. Door-
dat Neisser zich primair bezig hield met theoretische psychologie
was hij geïnteresseerd in andere aspecten van cognitie dan Pollack
en Broadbent, die zich met name richtten op toegepaste psychologie.
Terwijl Neisser zich concentreerde op het wezen van cognitie, dat hij
beschouwde als een actief proces, hadden zijn collega’s vooral belang-
stelling voor de beperkingen van menselijke informatieverwerking in
praktische situaties. Neisser vond het relevant dat informatieverwer-
king in de informatietheoretische modellen wordt beschreven als een
passief proces, en voor hem was dit een reden om te beargumente-
ren dat deze modellen geen begrip geven van cognitieve processen.
Psychologen als Pollack en Broadbent vonden echter met name die
aspecten van de modellen relevant die ze konden koppelen aan de
beperkingen van menselijke informatieverwerking, en zij waren van
mening dat informatietheoretische modellen wel degelijk inzicht ge-
ven in deze beperkingen.

Doordat begrijpelijkheid een pragmatisch en contextueel concept
is, zou de indruk kunnen ontstaan dat begrijpen volledig afhankelijk is
vandekaraktertrekkenendewisselende smaak individuele vanweten-
schappers. Echter, het is wenselijk dat binnen een wetenschappelijke
discipline verschillende wetenschappers in staat zijn dezelfde model-
len toe te passen. Aangezien de begrijpelijkheid van modellen een
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grote rol speelt bij de toepassing van modellen op verschijnselen is
het daarombelangrijk dat wetenschappers niet al te zeer verschillen in
hun oordeel over de begrijpelijkheid van demodellen die binnen hun
discipline worden gehanteerd. Naar mijn idee is dit de reden waarom
Broadbent het van belang vond dat zijn mechanische model van aan-
dacht aansloot bij vaardigheden die vrijwel iedereen bezit, en waarom
hij zich inspande om zijn collega’s de vaardigheid van het conceptuali-
seren van cognitieve verschijnselen in informatietheoretische termen
bij te brengen. Hij besefte dat zijn vakgenoten slechts dan in staat zou-
den zijn om met behulp van informatietheoretische modellen cogni-
tieve verschijnselen te begrijpen, wanneer ze vertrouwd warenmet de
metafoor van demens als informatieverwerker enwanneer ze beschik-
ten over de relevante vaardigheden.

Kortom,wetenschappersmoeten strevennaar begrijpelijkemodel-
len, niet alleen omdat dit hen zou kunnen helpen bij het verlichten van
“innerlijke spanningen” die ze ervaren bij de confrontatie met onver-
klaarde feiten, maar vooral omdat enkel begrijpelijke modellen suc-
cesvol kunnen worden toegepast op verschijnselen.Wetenschappelijk
begrip is niet slechts een psychologisch bijproduct vanwetenschappe-
lijke verklaringen. Begrijpen is een centraal doel van de wetenschap.


