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In light of psychology’s ‘theory crisis’, multiple authors have argued that adopting for-
malization and/or formal modelling would constitute a useful or even necessary step
towards stronger psychological theory. In this article, I instead argue that formal mod-
elling cannot solve the core problem the psychological ‘theory crisis’ refers to, which
are the currently high degrees of contrastive and holistic underdetermination of our
theories by our data. I do so by first introducing underdetermination as an explanatory
framework for determining the evidential import of research findings for theories, and
showing how both broader theoretical considerations and informal assumptions are
key to this process. Then, I derive the aforementioned core problem from the current
‘theory crisis’ literature and tentatively explore its possible solutions. Lastly, I show that
formal modelling is neither a necessary nor sufficient solution for either contrastive or
holistic underdetermination, and that its uncritical adoption might instead worsen the

crisis.
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Introduction

Until 2018, discussion of psychology’s replication cri-
sis appeared to mostly concern issues of incentives,
statistics and methodology, such as publication bias,
pressure to publish, QRP’s, p-hacking and HARKing
(e.g., Nelson et al., 2018; Shrout and Rodgers, 2018).
Since then the spotlight appears to have turned: the
locus of attention now is on ‘new’ and unresolved is-
sues with our measurement practices (e.g., Chester and
Lasko, 2021; Flake and Fried, 2020, but also see Bring-
mann and Eronen, 2016) and theories (e.g., Proulx and
Morey, 2021), which are argued to also contribute to
our field’s replicability problems.

Especially this former discussion of psychology’s
theories has attracted a lot of attention after the
coinage of psychology’s theory crisis (see Oberauer
and Lewandowsky, 2019, but also e.g. Borsboom et
al., 2021; Robinaugh et al., 2021). Oberauer and
Lewandowsky (2019) argued that our theories are too
‘weak’: they do not strongly imply hypotheses, by which
is meant that a hypothesis (e.g., a statistical hypoth-
esis, an experimental hypothesis) can only be deduc-
tively derived from our theories when adding a large
amount of (often unevaluated) auxiliary assumptions
about research design, statistics or measurement tech-
niques (see e.g., Earp and Trafimow, 2015; Meehl,
1990b). Such theories hereby inhibit their own testa-

bility: this lack of connection between theory and hy-
pothesis entails that a failure to find predicted effects
does not necessarily provide evidence against the the-
ory, but is instead often taken to be a violation of aux-
iliary assumptions (Oberauer & Lewandowsky, 2019,
p.1598). Psychological theories and hypotheses cur-
rently thus suffer from poor testability, and in turn, this
allows almost all psychological theories to persist whilst
also providing no incentive to improve upon them. Yet,
such ‘weak’ theories also hinder our field’s theoretical
progress — for example by hindering our ability to cre-
ate robust interventions due to our inability to identify
the conditions in which they ought (not) to work (Bors-
boom et al., 2021).

Though some authors writing about psychology’s
problems with theory generally appear to agree with
Oberauer and Lewandowsky’s (2019) framing (e.g.,
Fried, 2020a; Robinaugh et al., 2021), others diverge
significantly. Van Rooij and Baggio (2020, 2021) for ex-
ample explicitly reject both (the priority of) the afore-
mentioned testing problem and its framing as a ‘cri-
sis’. Instead, they identify an obsession with effects over
understanding as a problem in psychology, and focus
more on the need for theory to lead to a priori plausi-
ble explanations than on theory’s relevance for testing.
Other authors largely forego specifying problems with
psychological theory, and primarily posit methods for
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improvement (e.g., Guest and Martin, 2021; Smaldino,
2017, 2020), calling into question what they take to
be the problem. Despite this lack of agreement and
other dissimilarities, most authors in this new litera-
ture nevertheless converge on the same solution for the
discipline’s theoretical problems: psychologists need to
adopt formal and/or computational modelling, be it as
a useful method in general (Fried, 2020a, 2020b; Guest
& Martin, 2021; Muthukrishna & Henrich, 2019; Ober-
auer & Lewandowsky, 2019; Robinaugh et al., 2021;
Scheel et al., 2021; Smaldino, 2019, 2020) or as a nec-
essary step in a proposed theory construction method
(e.g., Borsboom et al., 2021; Haslbeck et al., 2022).

Importantly, computational and formal modelling are
not identical. By formal modelling, proponents gener-
ally refer to the translation of verbal, narrative theories
into formal models (sometimes also called ‘formal the-
ories’; e.g. Haslbeck et al., 2022) — be they mathemat-
ical, computational or logical in form. A good example
of this is the formalization of existing theory on panic
disorder by Robinaugh et al. (2024). In turn, compu-
tational modelling refers either strictly to the formal-
ization of a theory through a programming language
(Guest & Martin, 2021; Smaldino, 2017, 2020), or to
combining the former with a paradigmatic computa-
tionalist approach to cognition in which the locus of psy-
chological investigation is the decomposition of human
capacities (i.e., abilities) into algorithms and their im-
plementations in the brain (Marr, 1982; Van Rooij and
Baggio, 2021; also see Piccinini, 2009 for an overview).
Notably, the latter interpretation of computational mod-
elling thus not only consists of a method or process
but also requires taking highly specific paradigmatic as-
sumptions on board, and thus is better defined as an
approach.

This divergence calls for some preliminary defini-
tions. By ‘formal modelling’ I strictly refer to the for-
malization of verbal theories into formal models (and
the iterative development of such models) as a method
or process in itself — broader approaches to or interpre-
tations of modelling thus are not to be included. Here,
‘theory’ refers to a logically coherent set of propositions
aimed at the explanation of one or several phenomena.
In turn, ‘formal model’ refers to any mathematical, log-
ical or other formalization of a theory’s structure and
‘phenomenon’ refers to a feature of the world that scien-
tists seek to explain, be it an ability, process, event type,
data pattern or other ‘explanandum’. The former type of
computational modelling — recasting theory into a pro-
gramming language — then is a sub-category of formal
modelling, for which reason I will use the latter as an
umbrella term covering both instances in the remainder
of this paper.

Generally, 1 agree with the aforementioned authors
that formal and/or computational modelling in princi-
ple would be a valuable addition to any psychologist’s
methodological toolbox; both as an aid for thinking
and as a non-experimental method for theory evalua-
tion (e.g., Farrell and Lewandowsky, 2010; Smaldino,
2017). Yet, the argument for formal modelling is some-
times accompanied by more or less explicit rejections of
verbal theories and theorizing (i.e., theory construction
and evaluation on the basis of natural language proper-
ties) as if these are in competition with ‘formal theoriz-
ing’, such as by labeling the former as ‘proto-theories’
(Borsboom et al., 2021) or arguing that natural lan-
guage is inherently ambiguous and thus best replaced
with formal accounts (Fried, 2020a, 2020b; Haslbeck
et al., 2022; Robinaugh et al., 2021). Some even go
so far as to suggest that adoption of formal modelling
is the only way to advance our field (Smaldino, 2017,
2020).

In contrast to such claims, I do not believe that formal
modelling or formalization are the — and perhaps not
even a — way forward for many psychological sub-fields
in their current state, nor that (informal) verbal theo-
rizing and theories are inherently problematic. Eronen
and colleagues for example have already pointed out
that formalization may be premature for many fields
in psychology due to a lack of well-defined constructs,
robust phenomena and valid measurement techniques,
which according to them leads to the necessity to first
engage in good (verbal) conceptualization in order to
kickstart a process of epistemic iteration of good co-
ordinative definitions and functions (e.g., Eronen and
Bringmann, 2021; Eronen and Romeijn, 2020; see also
Chang, 2004; Kellen et al., 2021). Similarly, some pro-
ponents of formal modelling tentatively argue that it
is not applicable to all psychological sub-fields (Bors-
boom et al., 2021), especially since formal modelling
is primarily applicable to isolated ‘toy worlds’ (Navarro,
2021). Critical evaluation of both the readiness of psy-
chological fields for formalization and the general ap-
plicability of formalization to these fields thus is war-
ranted.

My point however goes further than these claims: I
believe that formal modelling is neither a necessary, nor
a sufficient solution to the ‘theory crisis’ (i.e., the previ-
ously outlined problems with testability). Furthermore,
I argue that adopting formal modelling can worsen this
crisis if (and only if) not accompanied or preceded
by strong verbal theorizing, as this is necessary to de-
sign informative experimental tests. Formal modelling
should thus not be uncritically adopted or applied by
psychologists as a replacement or even ‘remedy’ for ver-
bal theorizing, if their goal is to improve the testability



of their theories and the evidential value they derive
from these tests.

In the remainder of this paper I will support these
claims. I will do so by first identifying what problem
with theory the currently discussed ‘theory crisis’ ex-
actly refers to, which I will do by introducing underde-
termination of theory by data as an explanatory frame-
work for the evidential import of findings for theories,
and deriving the concept of degrees of underdetermi-
nation from its application. Using this framework, I
show that the current interpretation of the ‘theory cri-
sis’ is grounded in the observation of high degrees of
contrastive and holistic underdetermination of psycho-
logical theories by our data, after which I tentatively
identify the cause of this crisis as well as a possible path
for its resolution. Then, I argue that given this analysis
the adoption of formal modelling cannot solve this par-
ticular crisis in isolation of complementary advances in
‘informal’ verbal theory.

Underdetermination and the theory crisis

Even though I stated above that the ‘theory crisis’
refers to the often weak inferential link between psy-
chological theories and hypotheses (see Fried, 2020a;
Oberauer and Lewandowsky, 2019; Robinaugh et al.,
2021), there is no single agreed upon formulation of
this so-called ‘crisis’. Furthermore, it remains unclear
what particular (missing) property of psychological the-
ories causes such weak inferential links. Proponents
of formal modelling as a solution to this ‘theory crisis’
(i.e., Fried, 2020a, 2020b; Oberauer and Lewandowsky,
2019; Robinaugh et al., 2021) so far only specify the
effects of weak theory (e.g., insufficiently informing hy-
potheses, no derivable boundary conditions), but do not
clearly converge on a cause for such problems in terms
of theoretical issues. The perceived lack of formaliza-
tion cannot be a theoretical problem in itself either,
since a formalization of a weak theory is not inherently
stronger (although we may strengthen the theory in the
formalization process). We are thus faced with a crisis
declaration of psychological theories failing to do what
they ought to as well as a proposal for resolving this sit-
uation, without clarity on what the exact failure is and
which properties of theories cause it. Subsequently, the
proposed remedy — formal or computational modelling
— might not be a cure at all.

Yet, the authors that explicitly frame formal mod-
elling as a solution to psychology’s weak inferential
links between hypotheses and theories (i.e., Fried,
2020a, 2020b; Oberauer and Lewandowsky, 2019;
Robinaugh et al., 2021) do offer several supporting ar-
guments for their view from which the core problem of
this ‘theory crisis’ can be derived. Instead of discussing

their arguments one by one, I will describe their views
after introducing the problem of underdetermination of
theory by data (see Stanford, 2017 for an overview) and
my analysis of the theory crisis in its terms, since many
of their arguments are either directly related to or even
derivable from it.

Notably, several authors have discussed underdeter-
mination in relation to the replication crisis and psy-
chology before (e.g., Earp and Trafimow, 2015; Meehl,
1978, 1990a, 1990b; Trafimow and Earp, 2016; Tung
and Tung, 2023). My account here is not an attempt to
improve on their specific analyses, but it does expand
upon them to draw attention to aspects of underdeter-
mination that are relevant for this ‘crisis of theory’. Fur-
thermore, my goal is not to argue in favor of any par-
ticular interpretation or framing of underdetermination,
but simply to use it as an organizing framework to think
about the evidential import of research findings for the-
ories and hypotheses.

Underdetermination of theory by data

When we speak of ‘underdetermination of theory by
data’, we refer to the fact that our research results
do not completely constrain what we should believe:
upon being confronted with a particular research find-
ing, there is never a straight-forward answer to what
(theoretical) beliefs we should hold in response to it
(Stanford, 2017). This underdetermination stems from
two sources. The first is that a (set of) successfully pre-
dicted finding(s) does not simply entail that a theory
is true. After all, it is always possible to formulate an
alternative theory that predicts the same (set of) find-
ing(s) — be it a wholly different theory, a mere variant,
or simply a more precise or bounded form of the theory
under test. Due to the persistent presence and poten-
tially large size of this set of theoretical alternatives, a
successfully predicted result cannot directly justify our
choice for the theory it was derived from. This is called
contrastive underdetermination (e.g., Stanford, 2017):
any successful experiment is insufficient to justify our
choice for one specific theory, as there always will be
(unidentified) others that predict the same outcome.
Whilst this type of underdetermination in principle al-
ways applies, the relative size of the set of potential
viable alternatives differs between hypotheses. For ex-
ample, compare only predicting any positive correlation
between two variables, which only excludes all possi-
ble alternative theories that predict no or a negative re-
lation from the set of alternatives upon success, to a
successful highly precise prediction, which can only be
matched by a comparatively much smaller subset of all
possible theories.

The second source of underdetermination stems from
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the fact that we never test a theory-derived hypothesis
H in isolation: to relate the theory-derived hypothesis
H (i.e., X should be the case’) to the empirical context
in which we do research, we always need a set of fur-
ther assumptions — also known as auxiliary assumptions
— that guarantee that the experiment and subsequent
analyses constitute a valid test of H. These include, but
are not limited to, assumptions about the validity of all
used measurement techniques, the successful execution
of all elements of the experimental design and its appro-
priateness as a test of the theory (see also Kellen et al.,
2021), the absence of influence from any unexpected
and/or unknown but nevertheless causally effective fac-
tors that can change the experimental outcome in a test-
relevant way (also known as the ‘ceteris paribus clause’;
C,), the non-violation of assumptions of used (statisti-
cal) analyses, and the representativeness and sufficient
size of our sample (see e.g., Meehl, 1990a, 1990b). In
turn, any experiment is not a direct test of the theory-
derived hypothesis or theory itself, but a test of the con-
junction of the hypothesis with all these assumptions:
the test tests not just whether the hypothesis is true but
whether the hypothesis and all auxiliary assumptions
are true. Only the truth of all auxiliary assumptions and
the hypothesis logically entails the prediction. This is-
sue is also known as the problem of holistic underdeter-
mination (Stanford, 2017).

Why these auxiliary assumptions are necessary be-
comes explicit when confronted with a failed predic-
tion or a non-replication. Instead of showing that the
hypothesis H (and by extension the theory T) is false,
such a failure to find the expected results shows that
the conjunction of H with all auxiliary assumptions is
false. This means that this failure might be caused by
the falsity of one or more auxiliary assumptions even if
the hypothesis and/or theory are true, and it is there-
fore logically possible to blame such failure on any or
multiple of the auxiliaries instead of on the hypothesis
or theory. Such cases are also not hard to imagine: a
research assistant instructing the participants might for
example have deviated heavily from the study protocol
and biased the participants in the wrong (or ‘right’) di-
rection, one of the measurement techniques might be
invalid, or the used analysis might be inappropriate for
the data type and therefore lead to false results, or the
new research context may have contained a new, un-
known confound, and so on (see also Earp and Trafi-
mow, 2015; Iso-Ahola, 2017; Meehl, 1990a; Robinaugh
et al., 2021; Stroebe and Strack, 2014).

If any of these auxiliary assumptions is violated, the
findings simply are uninformative for our evaluation of
H or T - regardless of whether our prediction is con-
firmed or not. This is also not a matter of degree: if, for

example, our measurement technique is in fact invalid,
our findings should not have any bearing on our eval-
uation of H or T. After all, if I attempt to measure the
brightness of stars in the sky by looking at the Christ-
mas lights hanging from my ceiling, this finding simply
should not be taken into account by astronomers due to
the blatant violation of measurement validity assump-
tions (i.e., my visual inspection of Christmas lights is not
a valid measurement of star brightness) and design as-
sumptions (i.e., my Christmas lights are not part of the
population I want to investigate) even if I somehow end
up with the correct answer (see also Trafimow, 2017).
Combining the latter with the fact that there are often
many such assumptions involved in an experiment, it
means that upon a failed prediction it is generally pos-
sible to blame this on the violation of an auxiliary as-
sumption instead of falsifying the hypothesis or theory
itself (a.k.a. a ‘Lakatosian defense’; Meehl, 1990a; but
also see Earp and Trafimow, 2015).

An important consequence of this is that while it is
not always possible to direct blame towards the known
auxiliary assumptions (e.g., measurement techniques
are validated, manipulation checks were successful, we
controlled for known confounds), it is always possible to
reject the ceteris paribus clause (C,). After all, we can
always posit that a (previously) unknown confound or
‘hidden moderator’ has confounded the results (see e.g.,
Van Bavel et al., 2016), such as an unknown contex-
tual factor or a difference in experimenter skills. Holis-
tic underdetermination can thus seriously, though legit-
imately, complicate the interpretation of both original
findings and (non-)replications’.

I cannot stress enough here that the aforementioned
methodological and statistical auxiliary assumptions are
not all assumptions that are relevant to holistic under-
determination, even though they receive the most at-
tention in psychological practice. In principle, all of our
background knowledge and tacit assumptions can play
a role in the evaluation and construction of our theo-
ries and experiments due to either being indirectly in-

IThis also identifies an issue in the current replication cri-
sis literature, where some authors propose testing such alter-
native explanations (e.g., Nelson et al., 2018; Stroebe and
Strack, 2014; Tunc¢ and Tung, 2023). Since in psychology
replication attempts can never be completely identical, any
possible difference might be identified as ‘relevant’ post-hoc.
Yet, notably this also goes for comparisons between replica-
tions themselves. Any testing strategy for combatting holis-
tic underdetermination can thus easily spiral out of control
into a so-called experimenter’s regress (Collins, 1985; also see
Morawski, 2019): a possibly never-ending spiral of replica-
tions and auxiliary assumption-validating experiments aimed
at verifying the adequacy of previous experiments, and repli-
cations of these assumption-testing experiments themselves.



corporated in them, or possibly being contradicted by
them (Quine, 1951). Theory itself and possibly athe-
oretical methodological choices (e.g., using chocolate
as a reward, assuming that everyone likes chocolate)
also can introduce further auxiliary assumptions into
our experiments. For example, our choices of theory
and disciplinary matrix (Kuhn, 1962) — or our ‘theoret-
ical framework’ (Guest & Martin, 2021; Muthukrishna
& Henrich, 2019) - as well as our conceptualization of
key variables will impose far more (tacit) assumptions
on experiments than the general methodology of psy-
chology can. Meanwhile, whether we pay attention to
it or not, the aforementioned ‘background theory’ also
limits the possible auxiliaries we can assume for reasons
of coherence.

The most important example of the latter claim
of limitations on auxiliaries stemming from ‘paradig-
matic’ influence are our (implicit) metaphysical posi-
tions (Hochstein, 2019), which I prefer to call our on-
tological commitments (i.e., commitments about the
structure of the world). Ontological commitments rel-
evant to psychology range from our fundamental ideas
about the nature of human cognition to what we take
to be the real-world referents or realizers of our theory’s
concepts, constructs or implied processes. Whilst not di-
rectly testable themselves, such commitments form the
basis for any of our investigations — be it explicitly or
implicitly — by informing not only what we might con-
sider the things we investigate to be, but also how we
ought to study them (Hochstein, 2019).

A simple example can be found in the definition of
‘stress’. Whether we define ‘stress’ as a particular bio-
logical state (i.e., parasympathic nervous system acti-
vation), a particular mental state (i.e., subjective expe-
rience of stress), or a combination of these has direct
bearing on the to-be assumed reliability and validity of,
say, cortisol levels as a measurement of stress. After
all, it is a direct measurement on the biological account,
but an indirect measurement at best under the mental
definition (if even a proper measurement at all). This
definition also indirectly suggests mechanisms for in-
tervention, and for confounding: direct cortisol injec-
tions could be an unconfounded intervention on stress
on a biological account, but might be confounded by
strong alternative competing mental states on a mental
account of stress. In turn, this also partially sets how
we should design our experiments such that they are
free from any confounding influences, and thus how we
would interpret experimental results: those supporting
a mental account of stress might find cortisol injections
an unsatisfactory induction of stress, as they require
elimination of alternative mental states too.

Though often distal to our research questions, our

base ontological assumptions about the nature of hu-
man cognition can also deeply influence our experi-
ments. A most basic, common example is that we take
the brain to be ‘the seat’ of the mind in some way, shape
or form — but that without this commitment, neuro-
science as a whole would cease to make sense, as well
as reference to neuroscientific findings. Furthermore,
allegiance to a paradigmatic position such as (radical)
embodied cognition, radical behaviorism or computa-
tionalism can directly constrain the type of entities and
mental processes we could use in psychological the-
ory to begin with, by for example prohibiting talk of
‘representations’ (embodied cognition; see e.g. Shapiro
and Spaulding, 2021), or requiring all processes to be
specifiable as input-output algorithms (computational-
ism; see e.g. Piccinini, 2009) or as forms of behavior
(radical behaviorism; see e.g., Skinner, 1953). Simi-
larly, the complex systems approach’s assumptions that
the causal structure of cognition is interaction-dominant
instead of component-dominant (Van Geert, 2019; Wal-
lot & Kelty-Stephen, 2018) directly problematizes most
existing psychological theories by effectively excluding
the possibility of simple causal structures and isolatable
entities or mechanisms. Such fundamental ontological
commitments in turn also constrain how we conceive
of psychological phenomena such as thought; e.g., as
capacities that can be described as input-output algo-
rithms (computationalist; Van Rooij and Baggio, 2020,
2021) or as processes instantiated in behavior that is in-
herently intertwined with its context (complex systems
approach; Van Geert, 2019).

From here, these commitments also ‘trickle down’
into the mechanisms we propose due to for example as-
suming more or less context-dependence for processes,
or requiring a particular type of mechanism. In turn,
these too influence which confounds we would identify
whilst remaining coherent with our background ideas —
and resultantly could. Notably, they can also directly
influence which (statistical) analysis methods are ap-
plicable; whether we assume that the phenomenon we
study can be taken to be homogeneous across individ-
uals or not — which varies between ontologies — greatly
influences the usability of common research techniques,
such as population aggregate statistics (see e.g., Mole-
naar, 2004; Richters, 2021). Ontological commitments
thus provide constraints on nearly all other auxiliary as-
sumptions, even basic methodological ones, by specify-
ing the properties and boundaries of the phenomena we
study, and the resultant requirements for studying them
intelligibly.

Another relevant source of auxiliary assumptions in
psychology was recently identified by Brenninkmeijer
et al. (2019), who showed that experimental psychol-



ogists can significantly diverge in how they design their
experimental materials, conduct themselves with their
research subjects and try to motivate them. The psy-
chologists in question concluded this might also affect
their research results, which in fact has been observed
by Landy et al. (2020). The differing approaches of ex-
perimental psychologists thus may form a key type of
tacit knowledge involved in psychological experimental
design. This can indirectly bring an individual’s own
‘tacit assumptions’ into the mix of relevant auxiliaries:
assumptions about the manner in which an experiment
has been (or should be) conducted which are not di-
rectly methodologically or otherwise describable. An-
other example of such ‘tacit assumptions’ can be found
in face validity-informed construction/evaluation of ex-
perimental setups and measurement instruments, for
which researchers often simulate their own participa-
tion and interpretations of stimuli/questions. In turn,
fit with ‘personal simulations’ or ‘techniques’ can also
enter as a tacit auxiliary assumption about experimen-
tal design, and thus in principle can be used to dismiss
certain research designs and findings by individuals.

Two types of ‘theory’

Two implications of the above analysis need to be
made explicit here. First, the above examples show that
given different ontological commitments, tacit knowl-
edge or other elements of our background theory, we
might draw different conclusions about the evidential
relevance of the same results for the same theories. No-
tably, changing any of these elements also can force
changes in our evaluation of all results we previously
believed to constitute evidence for or against our views.

Second, this analysis shows that the generally used
definition of theory in this literature — that is, ‘a logically
coherent set of propositions aimed at the explanation of
one or several phenomena’ — does not cover many rele-
vant and even highly ‘theoretical’ assumptions involved
in our experimental practice (e.g., ontological commit-
ments, statistical assumptions, measurement theory).
Instead, the analysis so far shows us that any such the-
ory aimed at the explanation of a single phenomenon
can only be tested given a set of auxiliary assumptions
drawn from many other theories (see also Teo, 2020
for a different angle leading to the same conclusion)
as well as paradigmatic, personal and non-theoretical
background knowledge or beliefs (Kuhn, 1962; Quine,
1951). This latter set is not exactly the same as the set
of theory and all auxiliary assumptions directly relevant
to a single phenomenon and its measurement, as cer-
tain auxiliary assumptions themselves may be derived
from further background theory or theories, or yet fur-
ther sources (e.g., theories about space-time).

A definitional segue therefore must be made here
in order to distinguish the theory under test from the
larger background of ‘theory’ in which it and any ex-
periment testing its derived hypotheses are embedded,
and from which its evaluation partially occurs. From
this point on, I will use ‘theory,” when talking about
theory in the former, narrow sense, as I have been do-
ing so far: specific theories aimed at the explanation of
one or more phenomena, such as ‘attachment theory’ or
‘ego depletion theory’, which can be more-or-less eas-
ily distinguished from auxiliary assumptions about, say,
measurement validity. I will instead use ‘theory,” when
talking about theory in the latter, broad sense of theory
implied by holistic underdetermination: the entire set
of theories and (tacit) assumptions directly or indirectly
involved in the formulation and derivation of a hypoth-
esis from a theory;, and the design of an experiment
capable of testing it”>. Notably, this means theory, can
include other theories; that are not under test. I will
reserve ‘theory’ for cases in which either interpretation
fits.

Theory, encompasses a large variety of possibly rel-
evant ‘background beliefs’, which might vary per ex-
periment and experimenter. This makes it hard to pin
down. For most psychological experiments, it will range
from more basic statistical and methodological assump-
tions to the aforementioned ontological commitments
we hold. It also will likely cover our (personal or disci-
plinary) interpretations of key scientific concepts such
as causality, correlation and validity. It also covers
any indirectly or directly relevant knowledge and theo-
ries from other fields (e.g., about the nature of space-
time), and most likely several ‘tacit’ assumptions de-
rived from previous experimental experience and our
assumptions about a participant’s engagement with ex-
perimental tasks.

Degrees of underdetermination and how to decrease
them

Let us now return to the relevance of our discussion
of underdetermination for the psychological ‘theory cri-
sis’. How is underdetermination related to the weak link
between psychological theories and experimental hy-
potheses? In order to show this, I first need to introduce
a new concept: degrees of underdetermination. On the
basis of the previous two sections, I argue that findings
can underdetermine theories more or less. The higher
the absolute number of theories — including unknown

2Notably, theory, is closer to Quine’s conception of the role
of knowledge in science (Quine, 1951), as well as encompass-
ing the background knowledge on which we draw in order to
abduce theories; (e.g. Haslbeck et al., 2022).



ones — that is able to account for the same (successful)
finding to the same degree of accuracy, the higher the
degree of contrastive underdetermination. The more
auxiliary assumptions we could legitimately falsify in-
stead of falsifying a hypothesis after an unsuccessful
finding, the higher the degree of holistic underdetermi-
nation. These two definitions can be more concretely
translated as the absolute amount of viable alternative
explanations we could respectively formulate for suc-
cessful and unsuccessful results given complete aware-
ness of all alternatives: the more possibilities we have
in either case, the more underdetermined our theory
will be by any eventual finding (see also Fiedler et al.,
2012). In practice, the degree of holistic underdetermi-
nation also can be considered the inverse of the degree
to which all types of study-element related validity (e.g.,
construct, internal) have been established (see also Fab-
rigar et al., 2020), though it must be stressed here that
the degree to which we can in fact establish such va-
lidity is dependent on the specificity of our theory; and
(background) theory, — more on which will follow be-
low.

From these definitions, we can also directly derive
methods to decrease underdetermination. To decrease
the degree of contrastive underdetermination we run
into, we can try to make predictions that only would
follow from a smaller subset of possible theories®. The
most common, and perhaps easiest way to do this is to
formulate predictions that are very precise or otherwise
very unlikely without the theory, which is also known
as a risky testing approach (see Meehl, 1978; Popper,
1959). Upon (a series of) predictive success(es), such
a theory would only have to compete with a much
smaller set of possible alternative explanations of the
same finding(s) due to the fact that few alternative the-
ories can predict the same exact outcome(s) (see also
Meehl, 1990a). In turn, this means that such a success-
ful unlikely or risky prediction is both more informa-
tive than a general prediction (i.e., we learn more) and
provides more corroboration for the investigated theory
relative to the set of all alternative theories than a ‘safe’
prediction that is compatible with many theories would.

Similarly, we can decrease the degree of holistic un-
derdetermination by ensuring the validity of all of our
auxiliary assumptions, and thereby reducing the chance
we discover post-hoc that they are violated. In the philo-
sophical literature, the approach closest to this tech-
nique is best formulated in Deborah Mayo’s severity
principle: a research finding only provides evidence for
a hypothesis H if — and only if - this finding results from
a test procedure which taken as a whole would have un-
covered the falsity of or discrepancies from H if H were
false (Mayo and Spanos, 2009, p. 32; see also Mayo,

2018).

The ability of a test procedure to in fact identify flaws
in H depends not just on whether we (un)intendedly
skew the data and statistical analyses in our theory’s fa-
vor (e.g., through forgery or QRPs; see Mayo, 2018, p.
40-41), but also on the validity of our auxiliary assump-
tions. If we are uncertain about some of our auxiliary
assumptions, the test procedure might not be able to
uncover whether H is false, after all: if any auxiliary
assumption is violated, the finding may simply be irrel-
evant for H. We can thus reduce the degree of holis-
tic underdetermination by for example validating our
measurement instruments in advance, using manipula-
tion checks, ensuring that our design is carried out cor-
rectly and does not violate our theoretical assumptions,
and ensuring that we use appropriate statistical tech-
niques and have an adequate sample size (Mayo, 2018,
p. 75-115). To further enhance severity in this par-
ticular form we can specify our theory to such a degree
that it identifies which factors can possibly influence the
phenomenon we study and, more importantly, which
cannot. This not only allows us to design studies that
control for the known confounds, but also to treat any
remaining violation of the C,-clause as a violation of our
theory — because if there was another ‘unknown’ con-
found or ‘hidden moderator’, our theory is apparently
incomplete. Although this level of specification is diffi-
cult to achieve, it in effect allows us to a priori specify
the boundary conditions implied by our theory, whilst
simultaneously decreasing the degree of contrastive un-
derdetermination by excluding alternative theories that
imply different boundary conditions for the similar pre-
dictions. Through this method, we can also indirectly
test our ontological commitments, given that different
ontological commitments would imply different bound-
ary conditions down the line.

3A reviewer remarked that contrastive underdetermination
in principle could be reduced by examining the explanatory
coherence of a theory (cf. Maier et al., 2024). This is true
if we assess how well a set of known theories explains or pre-
dicts a particular set of data, as this allows us to identify which
theories are incompatible with the full range of gathered data
and thus can be discounted from consideration. Yet, knowing
that any current theory has good or even the best possible
explanatory coherence with the data does not reduce the pos-
sibility that there are unconceived alternatives with the same
or better coherence. After all, note that explanatory coherence
is bounded by the set of known (to be) relevant data. Since
novel theories can help identify novel measuring techniques,
relevant phenomena and data points, our current best theory
might turn out less and less coherent over time due to failing
to explain the novel evidence. Explanatory coherence thus at
the very best is an unreliable guide to contrastive underdeter-
mination, if not potentially irrelevant to it.



Furthermore, we can develop our theory,-based
background assumptions and make these explicit, en-
suring that there is no incoherence of these with our
theory and/or experiment, as well as use these to fur-
ther inform the strength of auxiliaries. Such severe test-
ing then minimizes the amount of auxiliary assumptions
that can function as possible ‘scapegoats’ when a pre-
diction fails, and thereby allows us to more easily direct
the blame towards the hypothesis, and by extension the
theory it was derived from. Taken together, underde-
termination of theory by data as a whole then can be
relatively deflated through engaging in both risky and
severe testing.

What is the theory crisis, and what is its cause?

It is now time to return our attention to the theory
crisis: how does underdetermination relate to this? As
mentioned in the previous section, underdetermination
covers many of the problems that are argued to be at
stake there, which becomes clear when we take a closer
look at the relevant literature. In this section I will
therefore first analyze the arguments in the theory crisis
literature in relation to underdetermination, and argue
that these indicate that the theory crisis refers to the
currently high degree of underdetermination of our the-
ories by our data. Then, I switch attention to the cause
of this high degree of underdetermination in psychol-
ogy.

Oberauer and Lewandowsky’s (2019) view of the the-
ory crisis is explicit throughout the opening of their pa-
per (p. 1596-98): in order to deductively derive a hy-
pothesis (defined by them as ‘the assumption that an
empirical generalization holds’, p. 1597) from our the-
ories, we currently often need to (tacitly) assume many
different propositions that are not implied by our theo-
ries. Furthermore, if our hypothesis is not confirmed by
our data, in the case of ‘weak theory’ there are many
possible explanations for this failure that protect our
theory from being affected. This occurs either because
the theory does not strictly require the hypothesis to ob-
tain, or by falsifying one of these auxiliary assumptions
instead of our theory (p. 1598). This problem is echoed
by Fried (2020a) when he states that the weaker the
theory, “the more auxiliary scape goats can be blamed
if the theory does not explain or predict well” (Fried,
2020a, p. 4). In other words, Fried (2020a) and Ober-
auer and Lewandowsky (2019) are worried about the
high degree of holistic underdetermination that occurs
in the testing of our current theories: we have many
auxiliary ‘scapegoats’ due to their lacking specification
and validation, and therefore many alternative expla-
nations can be given for failed predictions.

Interestingly, Oberauer and Lewandowsky (2019)

also indirectly mention the problem of contrastive un-
derdetermination when they state that an empirical hy-
pothesis derived from a theory needs to be specific to
this theory in order to be diagnostic for it (i.e., the
probability of the finding given that the theory is false,
P(X|-=T), must be low), which echoes the risky testing
approach described above. This claim is not an explicit
part of their critique, but forms a key component of the
amount of evidence for the theory we can draw from the
experiment upon a successful finding in their analysis.
Notably, P(X|—T) can also be lowered by formal mod-
elling due to the possibility to draw precise point predic-
tions from formal mathematical models, as for example
pointed out by Borsboom et al. (2021), Fried (2020a),
and Robinaugh et al. (2021).

Fried (2020a) and Robinaugh et al. (2021) in turn ex-
plicitly derive both their critique of our current theories
and their suggestion to adopt formalization from the
work of Paul Meehl (1978; but also see 1990a, 1990b).
Meehl in fact discussed underdetermination in his work,
thereby intending to show that the failure of our the-
ories and research practice is multiple. He for exam-
ple argued that our current testing strategy (i.e., testing
against null effects and/or an opposite directional ef-
fect) is inadequate to actually provide evidence for theo-
ries due to the high P(X|-T) associated with predictions
that ‘there is a (directional) effect’: a successful find-
ing corroborates the entire set of theories that predict
such a (directional) effect (Meehl, 1990a, p.123), which
we have already identified as a case of high degrees of
contrastive underdetermination. Besides this, he also
argued that our auxiliary assumptions are often com-
pletely uncorroborated or even missing, and that we of-
ten mistake statistical hypotheses for substantive theo-
ries (Meehl, 1990a, p. 110-2). In other words: Meehl
argued that, respectively, the degrees of contrastive and
holistic underdetermination are very high in psychology,
heavily limiting what we can learn from our studies.

Robinaugh et al. (2021) primarily discuss Meehl’s
former argument about contrastive underdetermination
as well as our mistaken usage of statistical hypotheses
as theories (also covered by Fried, 2020a), as well as
Meehl’s preferred solution to it: risky testing through
point predictions derived from formal models and con-
sistency testing (see Meehl, 1978, 1990a, 1990b). This
method relies on the low odds of a highly precise pre-
diction actually obtaining given any failure of an auxil-
iary assumption, causing a successful finding to provide
support to the entire conjunction of H and all auxiliary
assumptions whilst also eliminating contrastive under-
determination by being highly precise. Yet, they also
indirectly touch upon the issues with holistic underde-
termination by pointing out the necessity of strong aux-



iliary assumptions, especially for measurement. They
later however delimit this to formal auxiliary assump-
tions about the hypothesized statistical and mathemat-
ical properties of the phenomenon under study and as
well as interpretation of its measurements, thereby im-
plicitly leaving out a large swathe of auxiliary assump-
tions. Nevertheless, Robinaugh et al.’s (2021) critique
of psychological theories can be argued to boil down to
the high degree of contrastive and holistic underdeter-
mination we encounter in their testing.

Fried (2020a) is the most specific about what he be-
lieves to be wrong with psychological theories. In his
critique he largely follows Meehl’s lead, due to which
he also (in)directly defines ‘weak’ theories as theories
suffering from a large degree of both variants of under-
determination when tested. Besides his aforementioned
critique grounded in holistic underdetermination, Fried
for example states that weak theories “predict observa-
tions also predicted by other theories”, which he ex-
plicitly identifies as a problem with a high degree of
contrastive underdetermination (Fried, 2020a, p. 24).
He also adds further elements that point in the direc-
tion of underdetermination, such as the suggestion to
write ‘falsification paragraphs’ describing under which
(boundary) conditions the hypothesis is supposed to
hold and under which it ought not. Such falsification
paragraphs would amount to an explicit expansion of
our known auxiliary assumptions about experimental
design, as well as a relative reduction in the amount
of circumstances that could lead to falsification of the
C,-clause. Whilst doing so, Fried (2020a) importantly
also points out the double standard inherent in refer-
ring to contextual sensitivity of effects in the case of
failed predictions (i.e., violations of the C,-clause or
design-related auxiliary assumptions), whilst being un-
able to properly formulate the conditions under which
a ‘real’ non-replication would take in advance of any
testing. This shows that such theories either are incom-
plete or not entirely explicitly formulated or specified.
Fried thus also appears to be referring to high degrees
of underdetermination resulting from psychology’s cur-
rent research practices.

To conclude, it appears the theory crisis — as it is cur-
rently discussed — can be interpreted as the often high
degrees of both contrastive and holistic underdetermi-
nation of our theories by our data. In order to offer
solutions to this ‘theory crisis’, we however also require
a clear specification of the cause of this situation. What
causes the currently high degrees of underdetermina-
tion in psychological science? The analysis so far can
offer us a preliminary answer, which is that current psy-
chological theory does not inform our research designs,
instruments, and other methodological choices enough

to create conditions for either risky or severe testing, or
to otherwise reduce the degrees of underdetermination.
Yet, this seems a restatement of the problem. Why can
current psychological theory not do so?

In my view, the above can be best explained by our
theories; not being specific (see also Hagger et al.,
2017; Klein, 2014; Oberauer and Lewandowsky, 2019),
which I mean to use here in all its senses: precision,
completeness, explicitness and clarity. A specific theory,
is explicit about ‘what’ it explains by providing clear def-
initions of the explanandum and the constructs, com-
ponents and concepts it invokes in both defining and
explaining it. This requires ontological commitments
concerning the realization of the explanandum within
that reality (i.e., what it is materially, what counts as an
instantiation of the explanandum and what does not)
and other theoretical elements that are assumed to refer
to something in the world. It is also explicit about the
‘how’ of its explanation by giving a complete account
of not just the mechanism(s) or other relationships un-
derlying the explanandum (see also Smaldino, 2017;
Van Rooij and Baggio, 2021), but also the possible ex-
traneous influences on these (e.g., confounds). This
requires not only verbal specificity (e.g., precise refer-
ence, clear definition), but also can be supplemented
with schematic representations (e.g., mechanistic mod-
els such as schematic images of a synaptic cleft; Bech-
tel and Abrahamsen, 2005) and, indeed, formal mod-
elling. In other words, a specific theory, implies and
informs many of the auxiliary assumptions required for
its testing, and thereby also the conditions required for
it to be tested (Fried, 2020a; Klein, 2014). A specific
theory, thereby also can inform what Van Rooij and
Baggio (2020) label strong tests of qualitative structure:
“tests that directly tap into the workings of a system as
it exercises the capacity of interest” or, as I would prefer
to define this, exhibits the phenomenon of interest.

Such specific theory; always depends, both by defini-
tion and in practice, on explicit theory, for its develop-
ment and, as shown previously, testing. As we saw pre-
viously, our ontological commitments — part of theory, —
do not only inform our measurement practices, but also
constrain what type of entities we can invoke and how
we even conceive of psychological phenomena. More
basic types of auxiliary assumptions can also be deduced
from or implied by the theory, under test in combina-
tion with our theory,, such as auxiliaries about possible
confounds as long as a mechanism is specified by our
theory,. Given sufficient background knowledge of the
system in which this mechanism is embedded (theory,),
we can after all directly abduce mechanism-external in-
fluences on the mechanism’s functioning. If a theory,
offers very little information about this, we can hardly
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delimit the space of possible confounding factors for
our hypothesized relationships, which in turn causes
lacking auxiliary assumptions about these in terms of
experimental design. This compromises our ability to
design internally valid experiments whilst also inflating
the likelihood of the C,-clause being violated - i.e., the
prevalence of ‘hidden moderators’ is unknown, and thus
possibly large.

Theory, is also relevant to most other auxiliary as-
sumptions related to experimental design: only our
theory, can specify which aspects of the design matter
to finding the effect or not (see also Klein, 2014). This is
very clear when determining construct validity of mea-
surement techniques: not only has construct validity al-
ways been strongly tied to theories from a psychometric
view (e.g., Kane, 2001), every single method for estab-
lishing construct validity also relies on some type of the-
oretical reasoning about the to-be-measured construct,
such as a specified nomological network of all this con-
struct’s relationships (Cronbach & Meehl, 1955), the
specification of a causal connection between construct
and measurement technique (Borsboom et al., 2004),
an argument to the effect that our proposed interpreta-
tion of the measurement technique is in fact valid for
our intended use (Kane, 2001) or the minimal claim
that other constructs are to be positively, negatively or
not associated with it in a certain pattern (Campbell
& Fiske, 1959). Since whatever construct is (validly)
measured by the technique must also be the one the
theory, discusses, this implies that not just the valid-
ity of our assumptions about construct validity but also
the degree to which we can in fact investigate this are
largely theory,-dependent (see also Borsboom et al.,
2004; Kane, 2001). Also, note that in the case the mea-
surement is independent from theory, (e.g., measuring
temperature when testing for disease presence), its va-
lidity will depend on theory, nonetheless — as has been
shown above.

Specificity thus is a necessity if we are to decrease
the degrees of underdetermination we are confronted
with. Yet, there is often no such specificity in psycho-
logical theory, because our theories currently often offer
no clear, ontologically specific conceptions of the phe-
nomena, constructs or processes we study: i.e., it is un-
clear how exactly they are realized in the world, or we
are not committed to any particular realization. This is
the case for our theories in both the narrow and broad
sense: there is often no clear background paradigm or
set of ontological commitments (Kellen et al., 2021;
Muthukrishna & Henrich, 2019). The absence of spe-
cific theory in terms of ontological commitments about
the nature of human cognition and resultant definitions
of constructs (e.g., what is a belief, trait or mental pro-

cess precisely?) deeply worsens contrastive underde-
termination by allowing for many alternative underly-
ing mechanisms, whilst worsening holistic underdeter-
mination due to our resulting inability to specify con-
founds and good measurement techniques. However,
currently lacking validation of measurement techniques
(see e.g. Chester and Lasko, 2021; Flake and Fried,
2020) and often lacking consensus on and conceptual-
ization of key constructs even in non-ontological terms
(Eronen & Bringmann, 2021; Feest, 2019) by them-
selves already lead to severe problems with the degree
of holistic underdetermination we encounter. In turn,
we are in the dark when we are faced with our results:
do these support or disconfirm our theory, or are they
wholly irrelevant?

More concisely put, the lack of specificity means that
the results of many of our studies are currently unin-
formative; they do not constrain what beliefs we should
hold in response to them, neither in regard to which the-
ories we should hold nor in regard to whether the find-
ings are actually relevant for the evaluation of these the-
ories. And importantly, we then cannot reliably use our
previous findings to inform or help evaluate future re-
search or findings. This underdetermination then is not
just a problem for theory, evaluation, but also caused
by a lack of theoretical specificity in the first place®.

The ‘theory crisis’ then refers to the high degree
of underdetermination we encounter when testing our
theories;, due to their lack of specification as well as
lacking specification of the background assumptions in-
volved in the creation of hypotheses and their testing
(i.e., theory;). Even though this may not be the only
problem with psychological theory and theorizing (see
e.g., Van Rooij and Baggio, 2021), I want to stress that
this nonetheless is a serious problem as highly under-
determined research is an exercise in futility. If we are
uncertain about not just the validity of our auxiliary as-
sumptions but also which assumptions we actually hold
(e.g., which factors could be considered a possible con-
found and which not, whether our measurement tech-
niques are actually valid), even successful predictions

“Note that this is at odds with a previous analysis by Trafi-
mow and Earp (2016), who, in response to an argument by
Klein (2014) similar to mine, argued that not badly specified
theories but auxiliary assumptions are the cause of the repli-
cation crisis. Although I do not claim that theoretical prob-
lems underlie the replication crisis here, I would contend that
auxiliary assumptions are not always theory-independent; say,
whether a measurement technique can be argued to be valid
depends on what we conceive its measurand to be. Without
such a conception within the theory, auxiliary assumptions
about construct validity will always remain weakly motivated.
Well-specified theories in turn will strictly imply the auxiliary
assumptions under which they can be tested.



can hardly be argued to provide evidence for the tested
theory due to the possibility of assumption violations
— if not here, then in the future. Similarly, replication
and validation attempts are likely to become both goose
chases and money pits due to being similarly underde-
termined by theory. And if we engage in tests of hy-
potheses that could be true under (comparatively) many
theories, we do not actually learn much from our ex-
periments. Then, if much of our research indeed is as
underdetermined as I and the aforementioned authors
argue, the two forms of underdetermination also entail
that the path towards a cumulative psychological sci-
ence currently is blocked, as we are unable to derive
much (if any) evidence for our theories from our ex-
perimental research. In such a case, the evidential rel-
evance of any highly underdetermined study after all
is either low to begin with (high contrastive underde-
termination) and/or extremely uncertain (high holistic
underdetermination) — meaning that we cannot rely on
any findings to inform our theories or knowledge. In
other words, this suggests that without strong theories
we build research programs on the evidential equivalent
of quicksand.

Does formal modelling solve the theory crisis?

Assuming that the ‘theory crisis’ currently is a seri-
ous problem for (parts of) psychology and refers to the
high degrees of underdetermination present in the test-
ing of psychological theories;, we can now ask the ques-
tion whether formal modelling is capable of solving this
problem, and if so, to which extent. I will approach this
question by first identifying the main arguments in fa-
vor of formal modelling, after which I respectively dis-
cuss its effects for contrastive and holistic underdeter-
mination. During this discussion, I argue that formal
modelling is neither sufficient nor necessary for the re-
duction of either degree of underdetermination in psy-
chological science, as well as show that it is not inher-
ently superior to ‘verbal’ or otherwise ‘informal’ theory
regarding this end (e.g., verbal descriptions, mechanis-
tic models).

Let us begin by identifying the main arguments in fa-
vor of formal modelling in the current literature. I here
include arguments of all proponents of formal mod-
elling, not just those claiming to address the ‘theory cri-
sis’, to make the case for formal modelling as strong as
possible. In order of their overall acceptance amongst
proponents of modelling, the expected benefits of for-
mal modelling are:

1. Deductive precision: It is more straight-forward to
deduce hypotheses from formalized theory (i.e., a
theory formalized into a formal model) than from
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unformalized verbal theory, due to the possibil-
ity to directly apply the rules of formal logic or
mathematics to formalized theories or models as
well as the concomitant elimination of any ambi-
guity inherent to natural language. This allows
us to make hypotheses that must be the case ac-
cording to our theories, instead of merely being
possible (Borsboom et al., 2021; Fried, 2020a,
2020b; Guest & Martin, 2021; Haslbeck et al.,
2022; Oberauer & Lewandowsky, 2019; Robin-
augh et al., 2021; Smaldino, 2017, 2019, 2020;
Van Rooij & Baggio, 2021).

. Evaluability and simulation: Formalization also

allows us to formally evaluate whether a (tested)
hypothesis actually follows/is deducible from a
(formalized) theory. This allows us to test the
viability of our theories as an explanation for
their explanandum, as well as check for any con-
straint violations or unlikely implications, in ad-
vance of empirical testing (Borsboom et al., 2021;
Fried, 2020a; Guest & Martin, 2021; Oberauer
& Lewandowsky, 2019; Robinaugh et al., 2021;
Scheel et al., 2021; Smaldino, 2020; Van Rooij &
Baggio, 2020).

. Explicitness: The creation of a formal model

forces you to make core variables and auxiliary
assumptions about e.g. variable interrelation-
ships, moderator variables and boundary condi-
tions explicit (Oberauer and Lewandowsky, 2019;
Smaldino, 2020, p. 1614; Borsboom et al., 2021;
Guest and Martin, 2021; Robinaugh et al., 2021;
Scheel et al., 2021; Van Rooij and Baggio, 2021).

. Risky testing: Following Meehl (1990a, 1990b)

and Popper (1959), formal models can supply pre-
cise mathematical predictions, which increase the
testability and falsifiability of theories — i.e., they
allow theories to be riskily tested. This is possible
by, for example, comparing theory-implied simu-
lated data with actual empirical data (Borsboom
et al., 2021; Fried, 2020a; Robinaugh et al., 2021;
Scheel et al., 2021).

. Open theorizing: Formal theories are ‘open the-

ories’, which — in contrast to unformalized, ver-
bal theories — can be easily interpreted, used and
modified by those who did not conceive them, as
well as being transferrable across domains. Fur-
thermore, their (annotated) code can be shared
openly (Fried, 2020a; Guest & Martin, 2021;
Robinaugh et al., 2021; Smaldino, 2020).

. Emergence from simulations: Simulations based

on formal models can lead to new hypotheses
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as well as the prediction of emergent phenom-
ena that would not be identified without for-
mal modelling, due to the intractability of rea-
soning through all possible variations of values/s-
tates in complex verbal models (Robinaugh et al.,
2021; but also partially present in Oberauer and
Lewandowsky, 2019).

Though not necessarily intended as such by some,
most of these arguments can be brought to bear on is-
sues with underdetermination. Let us begin with the
reduction of contrastive underdetermination, for which
formal modelling appears to be an especially fruitful
approach. To formalize a verbal theory,, we after all
need to (3) specify the exact mathematical or logical
relationships between all variables (e.g., Fried, 2020a;
Guest and Martin, 2021), making any such model a far
more specific instantiation of the verbal theory it is de-
rived from — especially given the fact that this transla-
tion can often occur in multiple mutually exclusive ways
(Robinaugh et al., 2021). Such specification in turn
allows (1) direct derivation of highly precise hypothe-
ses and thus allows us to (4) engage in risky testing by
formulating unlikely hypotheses, especially if the for-
mal model’s variable values are directly translatable into
real-life measurement values (Haslbeck et al., 2022).
An added benefit here is that (2) we can evaluate the
fit of hypotheses to theory; quickly through simulation,
decreasing the chance we test an irrelevant or impos-
sible hypothesis. Lastly, the possibility that the formal
model leads to (6) unexpected, ‘emergent’ predictions
under some parameter values, as pointed out by Robin-
augh et al. (2021), further increases the value of formal
modelling if we wish to engage in risky testing.

As Robinaugh et al. (2021) already recognized, the
possibility to in fact engage in such risky testing based
on point predictions depends on our already having
highly precise, valid and accurate measurement instru-
ments — if not, any failed prediction can be simply
blamed on measurement problems such as invalidity,
low reliability or random error. As mentioned previ-
ously, it has however recently been shown that both
validation practices and such measurement instruments
are often missing (Chester & Lasko, 2021; Feest, 2019;
Flake & Fried, 2020) and that the development of mea-
surement techniques is coupled to advances in concepts
(i.e., part of verbal theory) through a process of epis-
temic iteration (Chang, 2004; Eronen & Bringmann,
2021; Eronen & Romeijn, 2020). Furthermore, as I ar-
gued in the previous sections, the validity of measure-
ment techniques and the degree to which we can es-
tablish this validity rely largely on the specificity of our
theory, and the details of our theory,. Previous valid-
ity claims can after all be easily obviated by changes

in the structure of either of the two, such as changes
in the hypothesized real-world referents of core con-
cepts. Robinaugh et al. (2021) do not offer a direct
solution to these problems, but instead argue that pos-
sible measurement problems will become apparent by
also formalizing our measurement theories. In turn, this
formalization will make our hidden (auxiliary) assump-
tions about our measurement techniques explicit, such
as what our measurements actually indicate. They go
on to state that this newfound explicitness will improve
our measurement techniques, without describing how
this will actually come to pass.

Whilst useful, specifying the (previously tacit) as-
sumptions required for risky tests with certain measure-
ment techniques however does not yet make these in-
struments valid or precise — the only way to achieve the
latter would be to eliminate sources of error in our ex-
isting measurements or to conceive better measurement
techniques. Neither of these latter solutions is depen-
dent on or supported by formal modelling, nor by other
forms of formalization. Formal modelling also does not
fulfill any role for the specification of what our mea-
surement techniques in fact (are supposed to) measure.
Instead, more specific verbal theorizing is required for
such improvements to measurement instruments and
their interpretations, as these require knowledge about
the real-world referent of the measured construct or
quantity and its embedding in a real-world system.

We should, for example, first determine what the to-
be-measured thing in fact is in the world before we can
even think about measuring it. Given such knowledge,
we could formulate an ontologically specific, mecha-
nistic model (Bechtel & Abrahamsen, 2005) that cov-
ers the quantity and its interactions with the environ-
ment in order to identify new approaches to its mea-
surement, allowing us to validate measurements using
triangulation or knowledge of the causal connections
between measurement technique and construct (Bors-
boom et al., 2004). Such a mechanistic model is not
formal per se; in most cases, mechanistic models are
verbal and schematic descriptions of the components
involved in generating a phenomenon (Bechtel & Abra-
hamsen, 2005). Another option would be to create a
complete overview of all the (confounding) factors and
processes that contribute to the measurement process
and its error, in order to see if these can be eliminated
or controlled for in our predictions (i.e., a form of nomo-
logical validation; Cronbach and Meehl, 1955; Hagger
et al.,, 2017). In either case, we need to engage in a
form of specific theorizing: we need to specify the onto-
logical referent of our to-be measured quantity or offer
an otherwise clear conceptualization of it, specify not
only which causal relations it enters into but also how



these occur, and derive possible moderating variables
from these assumptions.

While this increases specificity of our theory, neither
of these approaches has anything to do with formalizing
a theory; per se — they could easily occur independently
of formalization. Furthermore, such specification also
requires, for example, a complementary paradigmatic
view of human cognition implying ontological commit-
ments that can support and guide such specific inter-
pretations. In fact, if our theories; and experiments are
not deeply informed by such commitments, it is unlikely
we can exclude other theories; or interpretations de-
rived from other paradigms (see also Oude Maatman,
2020 for an example of this regarding interpretations
of ‘mental states’). This also goes for formal models
of such theories;; without a commitment to a paradig-
matic background theory, there are extremely few con-
straints that could eliminate any particular formaliza-
tion (see also Van Rooij and Baggio, 2021). This entails
that specification of theory, also is an important, if not
necessary, tool for reduction of contrastive underdeter-
mination in general.

The aforementioned points also show that a prema-
ture move to risky testing based on formal models -
that is, without good measurement techniques or an
embedding in a broader paradigmatic view on human
cognition — could make the degree of holistic under-
determination worse. Without some conception about
what we measure as well as possible sources of mea-
surement variance and error, it is difficult to support the
many assumptions about the target system, reliability,
validity and accuracy required to trust precise measure-
ments, let alone even create such precise measurement
techniques. Even if such measurement techniques could
be created in absence of advances in (informal) verbal
theory, a predictive success could be heavily criticized
as possibly irrelevant to the theory due to invalid mea-
surement. This mirrors the calls for deeper considera-
tion of the importance of conceptualization and mea-
surement by Eronen and colleagues (2021, 2020) and
others (Feest, 2019; Morawski, 2019).

The decrease in contrastive underdetermination of-
fered by formal modelling then appears to be counter-
balanced with the inability to properly capitalize on it
due to an increase in its holistic sibling. That is, unless
serious advances in measurement are made that are de-
pendent on more specific theorizing and increased vis-
ibility of our deeper theoretical and ontological com-
mitments (i.e., theory,) — and thus not on formal the-
orizing or modelling alone. The actual contribution of
Robinaugh and colleagues’ (2021) formalization strat-
egy then would be to make our problems with holistic
underdetermination more explicit: can we be certain
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of the measurement interpretations we require? This is
very useful in its own right, but not a solution to the
contrastive horn of the theory crisis, entailing that for-
mal modelling by itself cannot be sufficient as a solution
to high degrees of underdetermination.

Notably, we also do not need formal modelling to de-
crease contrastive underdetermination, even though it
is very helpful for this. It is, after all, more than pos-
sible to derive specific, risky predictions from theories
without actually engaging in formalization. Consider,
for example, positing not a single effect but a larger
pattern of directional effects across pre-specified varia-
tions in experimental circumstances that are strictly im-
plied by the (verbal) theory, (see also Tun¢ and Tunc,
2023) — which is already far more risky than gambling
on single effect directions. Another example is positing
that a hypothesized mechanism or construct exists as
hypothesized by the theory,, which is essentially a hy-
pothesis about existence and form rather than effects. A
good example of this would be the prediction and later
discovery of the double helix structure of DNA by Wat-
son, Crick, Franklin and Wilkins. Ontologically specific
descriptions of mechanisms also imply their own con-
founding variables, and therefore can be riskily tested
by investigating whether these confounds indeed are
‘confounding’ as long as these confounds are overall un-
likely in other theories.

Though offering less reduction of contrastive under-
determination than mathematical point predictions, the
above examples show that such ‘informal’, verbal pre-
dictions can nonetheless be risky, especially if they are
stacked in a broader theory-testing program. And no-
tably, they achieve this without the necessity to first cre-
ate highly precise measurement techniques, offering a
way to empirically establish warrant for a theory, be-
fore such steps are taken. From a purely experimental
perspective, it would then be advisable to specify before
we formalize. To conclude, formal modelling is also not
necessary to reduce degrees of contrastive underdeter-
mination — though it remains a highly useful method for
doing so.

Let us now turn to the question whether formal mod-
elling can help decrease holistic underdetermination.
Formal modelling is argued to have direct bearing on
the degree of holistic underdetermination through the
(3) specification of theoretical assumptions it requires
and, through this requirement, is argued to forcibly
lead to (Oberauer and Lewandowsky, 2019, p. 1614;
Robinaugh et al., 2021). For example, Oberauer and
Lewandowsky (2019, p. 1614) argue that the formula-
tion of a Bayesian network model (e.g., a DAG) would
involve the identification and incorporation of “assumed
moderator variables, boundary conditions and other



14

auxiliary assumptions”. Similarly, Guest and Martin
(2021) argue that computational modeling forces “sci-
entists to explicitly document an instance of what their
theory assumes, if not what their theory is”, which in
their view notably is possible not just in mathematics,
but also in natural language.

Guest and Martin (2021) thereby also touch upon the
importance of distinguishing formalization from specifi-
cation, although I do not use these words in the same
way as they do. Formalization of a theory, is a form of
specification in my sense of the word: it is the specifi-
cation of the logical or mathematical relationships be-
tween variables or entities in the theory, and thereby
the overall dependency structure amongst these. This
can also be applied to concrete instances of the theory,
(i.e., a specific context or task to which the theory
ought to apply) if adapted to real-life measurement
techniques, and offers the benefit of computable sim-
ulation of our theory’s implications. As we have seen,
this can lead to a welcome decrease in contrastive un-
derdetermination under the right circumstances. For-
malization in itself however does not help us identify,
say, the underlying mechanism of the phenomena we
study, even though it might help evaluate our hypoth-
esized mechanism in regard to prior theoretical, con-
straints (Van Rooij & Baggio, 2021). Similarly, it is not
formalization or formal modelling that would allow us
to identify the relevant moderator variables, boundary
conditions and other auxiliary assumptions Oberauer
and Lewandowsky (2019) are speaking of.

Guest and Martin’s (2021) account instead shows
that general specificity is necessary for our creation of
(useful) formal models to begin with: without preced-
ing (verbal) theoretical specificity, our formal models
are underconstrained by reality, and ill-adapted to com-
parison with or prediction of real systems and environ-
ments. Though they can potentially inform experimen-
tal practice by providing precise or emergent hypothe-
ses, formal models and the process of formalization do
not offer further relevant information for this experi-
mental practice itself, nor for its evaluation. Although
all formalized aspects of theories; are necessarily spe-
cific (e.g., variable interrelationships), few things that
ought to be specific to successfully reduce holistic un-
derdetermination can be explicitly formalized, after all,
such as ontological commitments, definitions, referents,
and auxiliaries about experimental design and measure-
ment. Nor will these automatically become specific due
to engaging in formalization: we cannot, for example,
identify real-life confounds for causal connections be-
tween variables on the basis of (generating) the math-
ematical or logical relationships that might represent
these causal connections after formalization, no matter

how precise they are.

Contra Oberauer and Lewandowsky (2019), I would
therefore argue that “adopting formal modelling ‘forces’
specificity” is a claim that puts the cart before the horse:
theoretical specificity is not a concomitant benefit of
formal modelling as suggested but instead a prerequi-
site for maximizing its utility, and thus should not be
conflated with it. The possibility to improve on these
matters is wholly independent of the process of formal-
ization, unless we conflate formalization with carefully
thinking about what we assume and what our theory
implies (which we can also do non-formally). If the
counter-argument then is that one might or must start
thinking about these matters whilst or due to engaging
in formal modelling - i.e., formal modelling forces the-
orizing (Guest & Martin, 2021) — I would counter we
could just as well proscribe a method where this is not
a side-effect but the ‘main dish’, such as the application
of conceptual analysis, reading the history and philos-
ophy of psychology, or the simple method of carefully
thinking about what we assume and what our theory
implies.

Nevertheless, formal modelling is an incredibly use-
ful tool for instances where the theory is too complex to
reason through unaided (for examples; see Smaldino,
2017). Yet, even then it is only likely to highlight
and improve a specific subset of auxiliary assumptions,
which differs markedly from those we are drawn to
reason about unaidedly. Formal models are merely a
mathematical or otherwise formal decontextualized re-
description of the theory, from which all such informa-
tion necessary for experimental design and other imple-
mentations has been purposefully eliminated in order to
achieve the clarity required for more formal evaluation.
Notably, this is not a bug, but a feature of formalization.
It is quite literally the goal of formalization to elimi-
nate semantic noise (i.e., meaning, reference) and keep
only the more easily evaluable syntactic structure. This
move is very useful — but not for a reduction of holis-
tic underdetermination. There, this feature possibly be-
comes a bug due to indirectly directing our attention
away from real-world implementability and the afore-
mentioned practical issues with meaning and reference
psychology is often plagued with, and towards mathe-
matical, logical and structural intricacies of the model.
Robinaugh et al. (2021, 2024) themselves already show
such an effect when they focus on the auxiliary assump-
tions about mathematical relationships between mea-
surements and quantities that formalization uncovers,
instead of the preceding, experimentally more pressing
question whether these measurements actually measure
what they ought to measure — let alone whether the
theoretical entities involved are well-defined enough.



Due to its inherent decontextualization, formal mod-
elling thus appears to potentially move in exactly the
opposite direction from what is required to reduce holis-
tic underdetermination in practical experimentation; it
directs attention away from experimental practice and
implementation, where the problems with holistic un-
derdetermination however are most present.

Even given the above, one could still argue that for-
mal modelling might still serve a general role in resolv-
ing the theory crisis as a method that enforces specific
theorizing upon the researcher, and thus forms an in-
direct countermeasure to underdetermination. Whilst
neither sufficient nor necessary, it thus still confers a
possible benefit if adopted by psychologists, and could
be unproblematically combined with other tools for rea-
soning.

It however is important to recognize that as a
method, formal modelling is not and cannot be theory-
neutral (Danziger, 1985), which partially counters this
last, middle-of-the-road perspective. The applicability
of formal modelling after all also relies on certain theo-
retical and auxiliary assumptions of its own, such as the
general viability of quantifying (all) variables and rela-
tionships in the theory if the theory is to be translated
into a mathematical formula or if point predictions are
to be achieved, or of the possibility to coherently ap-
ply a form of logic or computational language without
problematically ‘deforming’ whatever is described.

Assumptions about the quantifiability of the psycho-
logical as well as the viability of our current attempts
at quantification however have been seriously criticized
(e.g., Michell, 2021; Tafreshi et al., 2016). Non-
mathematical approaches to formal modelling may be
exempt from the latter critiques, but are also not wholly
theory-neutral. This is the case because formal mod-
elling as a method can only be applied to theories that
are amenable to it. It therefore imposes constraints on
what type of theories and research can be pursued if it
is to be adopted as a new standard in the field (i.e., it
enforces a methodological imperative; Danziger, 1985).
As Navarro (2021) points out, formal modelling is not
well-suited to tasks and theories that are themselves too
complex, thereby indirectly forcing researchers into the
direction of simplified theory and highly constrained re-
search designs, which also delimits the type of research
questions we might ask. Though I cannot delve deeply
into this debate here, I therefore want to stress that
the assumptions underlying the viability of formal mod-
elling itself as well as its desirability for a psychological
research area should also be considered in any future
push towards its adoption — like several proponents also
argue (e.g., Borsboom et al., 2021).

Formal modelling or formalization itself then has lit-
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tle bearing on holistic underdetermination, and there-
fore is neither sufficient nor necessary for the resolution
of this horn of the theory crisis either. In order to be able
to reduce holistic underdetermination, we instead must
engage in several non-formal types of theorizing, such
as clear conceptualization, specifying real-life mecha-
nisms and referents, or, like Van Rooij and Baggio’s
(2021) use of computationalism, explicitly adopting the
assumptions of an existing well-developed paradigmatic
theoretical framework (i.e., one important element of
our theory,). In other words, we must create specific
theories;, which also requires awareness and explicit-
ness of theory,. Only then can formal modelling be ap-
plied fruitfully.

Given the inability of formal modelling to address
holistic underdetermination, we can conclude it is nei-
ther sufficient nor necessary to resolve the current ‘the-
ory crisis’, drawing my argument to a close. Neverthe-
less, a few loose ends remain after this conclusion.

First, there is the possible counter-argument that all
of the above is implicit in the current literature. Yet,
the necessary types of specification outlined above re-
main unmentioned in current proposals for theoretical
improvement in psychology; though closest to what I
outline — whilst occupied with a wholly different prob-
lem - even Van Rooij and Baggio (2020, 2021) do not
draw too much attention to the fact that their proposed
method relies on many (disputable) theoretical back-
ground assumptions about the structure of human cog-
nition, such as the deeply theoretical claim that com-
putable capacities are the core explananda of psychol-
ogy. The recent formalization-based theory construction
methods instead focus on the intricacies of the formal-
ization process whilst defining theory purely as theory,
(e.g., Borsboom et al., 2021; Haslbeck et al., 2022;
Van Rooij and Baggio, 2020), largely ignoring necessary
specifications in and awareness of theory, that are nec-
essary for creation and testing of a specific theory; (e.g.,
paradigmatic assumptions, tacit knowledge, which the-
ory of causality is adopted — though see Van Rooij and
Baggio, 2021 for a strong example that does do this im-
plicitly by adopting computationalism). In doing so, the
current literature thereby appears to primarily aim at
providing methods for formalizing and evaluating ex-
isting theories; instead of in fact telling us something
about how to construct specific theories; from scratch,
including the creation of well-defined concepts and the
process of demarcating phenomena to begin with.

Second, I have not truly dealt with the introduction’s
pejorative treatments of verbal theory yet. After all,
it could be argued that any verbal theorizing in the
end could or should be formalized, meaning that ver-
bal theory is still some form of ‘prototheory’ (Borsboom
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et al,, 2021). In response to this, I argue that many
of the theories and assumptions in theory, are inher-
ently ‘informal’, due to being verbal or schematic (e.g.,
a schematic image of a synaptic cleft). That these are
not formal does not invalidate them, nor does it make
them imprecise by definition: many such assumptions
are either simply not formalizable, or their formaliza-
tion would lead to information loss. Similarly, I have
not explicitly shown that verbal theory is not necessar-
ily ambiguous or imprecise (Fried, 2020a; Robinaugh
et al., 2021). To this I would say that if a construct is
vague or ambiguous, this may not be the result of the
imprecision of language, but of the imprecise usage of
language. If it is difficult to define core theoretical terms
such as ‘tendency’ (Navarro, 2021), the answer there-
fore does not necessarily have to be formalization if we
wish to make our theory testable. Instead, we should
make explicit what it is we mean, as this is necessary
to connect our theory to experimental practice for all
theories, even formal ones. By doing so, we after all
gain the ability to reason about and reduce the holistic
underdetermination associated with our measurement
techniques and experimental designs. Even though such
conceptual specification may be complicated and per-
haps more suited to philosophers than to experimen-
tal psychologists, it will be a necessary step if we want
to derive warrant for our theories from our results (see
also Mayo, 2018, p. 99-101).

If one agrees with me up to this point, the remaining
solution is to not only improve our ‘informal’ theories,
but also engage in theorizing in a much broader sense
than is implied by the current debate. Strong theory is
not derived from, nor dependent on, the form of theo-
rizing (i.e., verbal or formal), but only stems from the
process of theorizing itself — that is, formulating a co-
herent (and in time well-supported) set of assumptions
aimed at the explanation of a single or multiple phe-
nomena (i.e., theory,) that is consistent with a broader,
explicit set of assumptions and practical knowledge that
informs this theory, and is required to connect it to real-
life practice (i.e., theory,). Formal modelling can po-
tentially assist in such theorizing in areas that have suf-
ficiently specific verbal theory and can shoulder the as-
sumptions of formal models, whilst specific verbal theo-
rizing will be necessary everywhere.

Conclusion

In this paper, I have argued that formal modelling
is not a solution to the ‘theory crisis’, since it does not
engage with the problem that lies at its core: the high
degree of both contrastive and holistic underdetermina-
tion of psychological theories by our experiments and
results, which is caused by a lack of specificity of our

theories. In doing so I also outlined a different approach
to the resolution of this crisis: an ‘informal’ route, which
involves a deeper engagement in and appreciation of
specific non-formal theorizing. Whilst I recognize the
added value of formalization and formal modelling in
psychological research as a whole, I hope to have shown
that we cannot relegate (good) verbal theorizing to the
bargain bin, and that it should not be considered nec-
essarily imprecise (Fried, 2020a; cf. Robinaugh et al.,
2021) or a mere stepping stone towards actual, formal
theory; ‘prototheory’ (Borsboom et al., 2021). Instead,
specific verbal theorizing is a necessary component of
any attempt at solving the theory crisis, and a prerequi-
site before we should even start to think of formaliza-
tion.

After all; the quality of a theory is not only a mat-
ter of form, but primarily one of content. As men-
tioned throughout the article, formal modelling can
doubtlessly assist in making this content more explicit
and evaluable, but as we have seen, its usefulness re-
mains heavily limited by the preceding verbal basis it is
applied to — a theory, that is limited in its specificity by
the theory, drawn on to support it. To strengthen this
basis, I believe we must not just create specific verbal
theories but also look beyond our disciplinary borders to
fields engaging with the foundational assumptions un-
derlying our work. In order to be explicit about theorys,,
to evaluate its quality and coherence with our theoryy,
we after all will also need to be aware of it. We there-
fore must engage with fundamental philosophical and
theoretical discussions about these very background as-
sumptions — which luckily have continued in the shadow
of mainstream empirical psychology. Fields like theo-
retical and critical psychology, science and technology
studies (STS), philosophy of mind and philosophy of
science can be drawn from to inform and criticize not
just theories; but also to become aware of and evalu-
ate our theory,: our tacit knowledge (e.g., Morawski,
2019), ontological commitments and metaphysical po-
sitions (e.g., Hochstein, 2019), and other implicit as-
sumptions involved in our research practice.
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