argument is that any improvement de-
pends upon a good understanding of
how to improve a theory, and preregistra-
tion provides no such understanding. In
other words, although preregistration
may prompt more thinking, it is not clear
how it provides a path towards better
thinking. We worry that, without this un-
derstanding, preregistration may be per-
ceived as the solution.

Instead, better understanding of theory
development requires thoughtful discus-
sion and debate about what constitutes
good scientific inference. For example,
what are the best examples of good theo-
ries both within and outside of the social
and behavioural sciences [8]? What are
the characteristics of good theories [7]?
How do we improve the link between psy-
chological theory, measurement, method-
ology, and statistics? The answers to
these questions are unlikely to come from
nudging researchers with preregistration
or some other method-oriented solution.
They are likely to come from scientific
problem-solving: generating, exchanging
and criticising possible answers, and im-
proving them when needed.

Preregistration Is Nondiagnostic,
and Potentially Harmful
Preregistration is not diagnostic of, nor
does it necessitate, good science. When
preregistration is hard, it is hard because
it is based on good theory, and good
theorising is hard. However, preregistration
does not require that the underlying theory
be strong, nor does it discriminate between
experiments based on strong or weak the-
ory. Because bad theories, methods, and
analyses can also be preregistered, we
should remain aware of the ways in which
widespread adoption of preregistration
could harm progress in our field.
Ultimately, we must decide whether any ad-
ditional benefits outweigh the potential
costs [9]. Transparency of methods and
studies are important, but there are
other solutions to solve such problems
(e.g., asking researchers to disclose their

studies and methods when publishing).
We conclude that, although preregistration
should be an option for anyone who thinks
it improves their research, requiring, re-
warding, or promoting it (e.g., with badges,
research funding, etc.) is not worthwhile.
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Semantic Search as
Pattern Completion
across a Concept

Sarah H. Solomon'*and ™
Anna C. Schapiro’*

What role does the hippocampus
play in semantic memory? In a re-
cent paper, Cutler et al. use a
vector space model of semantics to
characterize semantic search defi-
cits in hippocampal amnesia. We re-
late their findings to properties of the
hippocampal neural code and to
controversies regarding hippocam-
pal contributions to cognition.

The hippocampus is known to play a crucial
role in episodic memory, but its influence ex-
tends widely into other memory systems
and cognitive domains [1,2]. This raises
questions regarding the nature of hippo-
campal processing. Does the hippocampus
contribute to online cognition only by retriev-
ing stored hippocampal representations, or
can it dynamically form new representations
to support diverse cognitive functions? A
version of this question is currently under de-
bate in the episodic memory domain —is the
hippocampus involved in remote episodic
memory because it stores those memory
traces, or because it helps to reconstruct
cortically represented traces at the time of
retrieval [3]?

In their recent paper, Cutler, Duff, and
Polyn (hereafter, CDP) [4] ask a pertinent
question in the semantic memory domain
— how does the hippocampus contribute
to the retrieval of remote semantic memo-
ries (i.e., our generalized knowledge of the
world)? An earlier study by Klooster and
Duff [5] reported that patients with hippo-
campal damage produce fewer responses
than healthy controls on a semantic
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feature generation task in which a target
concept is presented (e.g., ‘berry’) and
one must generate as many features of
the target as possible (e.g., ‘sweet’, ‘red’,
‘juicy’). To characterize these impairments
in detail, CDP used a vector space model
to reanalyze the data; this revealed differ-
ences in how amnesics and controls navi-
gate semantic space. Vector space
models of semantics leverage word co-
occurrences in text to approximate the se-
mantic similarity of the underlying con-
cepts, thus allowing the authors to
capture  target-to-feature  similarity
(e.g., ‘berry’ and ‘sweet’) and feature-to-
feature similarity (e.g., ‘sweet’ and ‘juicy’).
Their analyses revealed that, relative to
controls, the feature responses of amne-
sics tended to be closer in semantic
space to the target concept. Although
target-to-feature similarity decreased across
successive responses for both groups, the
controls exhibited a steeper decline in
similarity such that later responses ranged
farther from the target word in semantic
space. In other words, the movement of
amnesics through semantic space was
more restricted.

CDP offer two interpretations of their re-
sults regarding the role of the hippocam-
pus in semantic memory. In a memory
curation hypothesis, the hippocampus
contributes to the formation and updating
of cortically stored semantic memory
(consistent with systems consolidation
theory), and damage to the hippocampus
thus results in impoverished semantic
representations over time. In this view,
the semantic deficits of amnesics are
due to degraded cortical semantic repre-
sentations. A recent study [6] builds on
Klooster and Duff [5] by adding a control
group matched to the age of onset of
hippocampal damage in the patient
group. Age-of-onset controls and amne-
sics performed worse than current-age
matched controls on semantic tasks,
suggesting that the hippocampus does

contribute to the continuous enrichment
of semantic memory over long time-
scales. However, both control groups
outperformed amnesics, implying an ad-
ditional role for the hippocampus. The
memory curation hypothesis may thus
explain some of the observed deficits
but not the full pattern of results.

CDP additionally propose the relational
search hypothesis, in which deficits are
caused by an impaired search process ap-
plied to intact semantic representations in
neocortex. In episodic memory, the
hippocampus is thought to rapidly bind
representations of event elements together,
and it could perform a similar role in
semantic memory - quickly binding
internal semantic elements for immediate
use. We elaborate on this hypothesis by
considering potential neural mechanisms
and representations. What is the format of
these hippocampal representations? How
do they differ from semantic representa-
tions in neocortex? How do these
interacting representations support seman-
tic search?

We provide a framework for thinking
about these questions in Figure 1. We
represent a single concept as a network
in which nodes represent features and
edges represent their associations within
that concept [7]. Concept representa-
tions (e.g., ‘berry’) in the cortex have
rich structures in which some features
(e.g., ‘'sweet’, ‘red’) are more central
whereas others are more peripheral
(e.g., ‘seeds’, ‘sour’). This structure es-
tablishes feature—feature distances:
‘sweet’ and ‘red’ are closer in semantic
space than ‘fuzzy’ and ‘seeds’ (Figure
1B). These cortically represented fea-
tures are activated upon presentation of
a concept label (e.g., ‘berry’), and then
a binding of these features occurs in the
hippocampus via the creation of a con-
junctive code in dentate gyrus and CA3
subfields (Figure 1A). This binding
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operation would render the elements of
the representation more fully connected
than those in cortex, and less sensitive
to graded levels of feature
associations. The cortical activation of
one ‘berry’ feature could then activate a
subset of this conjunctive code in the
hippocampus, which would then retrieve
other features via pattern completion [8].
This representational structure would
enable distant features to be more easily
activated than if cortical representations
alone were used. For example, healthy
controls could use this hippocampal rep-
resentation to access 'seeds’ with rela-
tive ease (Figure 1C), whereas amnesics
would be restricted to the complex corti-
cal representation requiring longer
traversals.

We propose that the hippocampus
contributes a dynamically created con-
junctive or relational code to semantic
search, rather than a stored conceptual
representation. This is consistent with the
general notion that the hippocampus can
contribute to remote memory retrieval in
the absence of a stored hippocampal trace
[3]. Although this is relatively uncontroversial
for semantic memory, its tenability for epi-
sodic memory is still a matter of debate [9].

The existence of ‘concept cells’ in the
hippocampus, which respond similarly to
different instantiations of a given concept
(e.g., ‘Jennifer Aniston’ [10]), could be
taken as evidence that the hippocampus
does store remote semantic memories. An-
other possible explanation for these find-
ings, however, is that a concept cell is part
of a hippocampal conjunctive code that is
rapidly formed from cortical representations
at the first presentation of a concept
stimulus. That same conjunctive code then
continues to be accessed throughout the
experiment.

The mechanism of pattern completion
over a dynamically formed conjunctive
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Figure 1. Cortical and Hippocampal Representations in Semantic Search. (A) The cortex has a representational code that reflects the rich co-occurrence
structure of semantic features, in which some features are more central to a concept than others. Upon presentation of a semantic probe, the hippocampus reads in
the full cortical semantic representation and forms a conjunctive representation of these features (as if they were features of an episode). This hippocampal
representation loses the cortical spatial topography, and is less sensitive to the rich semantic structure stored in cortex, but allows pattern completion from one feature
to any other within that concept through dense recurrent connectivity. The hippocampus can use this pattern completion process to move quickly to relatively distant
features and then reinstate these more distant features in cortex. (B) The cortical concept network is structurally complex and contains large feature—feature distances.
(C) The hippocampus creates a more fully connected network such that it is easier to traverse from one conceptual feature to another.

representation of cortical features
may also explain the contribution of
the hippocampus to other cognitive
domains such as future thinking, per-
ception, and working memory [1].
As CDP demonstrate, applying rich
models to empirical data provides
useful theoretical constraints. Similar
investigations of hippocampal func-
tion across domains are likely to be a
fruitful direction for further empirical
and modeling work.
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Ecological Sex Ratios
and Human Mating

Jon K. Maner'* and
Joshua M. Ackerman®* ..
The ratio of men to women in a given
ecology can have profound influ-
ences on a range of interpersonal
processes, from marriage and di-
vorce rates to risk-taking and violent
crime. Here, we organize such
processes into two categories —
intersexual choice and intrasexual
competition - representing focal
effects of imbalanced sex ratios.

Men are more likely than women to be both
the perpetrators and victims of violence;
men typically engage in more risk-taking
and self-defeating behavior than women
do; and despite substantial variation within
the sexes, men on average are more sexu-
ally promiscuous, sometimes shying away
from long-term committed relationships in
favor of casual sexual relationships. So
what happens when there is an overabun-
dance of men, relative to women, in the
population? Intuition might suggest that
rates of violent crime would skyrocket,
marriages would destabilize, and many
children would be born out of wedlock.
Intriguingly, however, the opposite has
been observed. When the population ratio
of men to women increases, homicide
rates drop, people are more likely to get
and stay married, and children are more
often born into intact homes [1,2]. What
explains these patterns?

Ecological Sex Ratios

Although ecological sex ratios (SRs) have
been investigated extensively in non-
human species, SRs play a crucial role in
humans as well. Many factors can produce
SR imbalances, including wars (which Kkill
more men than women), sex-differentiated
migration patterns, and infanticide practices
favoring one sex over the other. SR imbal-
ances also exist among racial and ethnic
subgroups (e.g., African Americans in the
USA, for whom a relatively large proportion
of men are currently imprisoned). Some of
the SR effects in humans mirror those
observed in other species. For example,
across a range of non-human animal spe-
cies, male-skewed SRs are associated
with higher levels of male intrasexual com-
petition, as well as higher levels of mate-
guarding [3]. We review evidence for similar
outcomes in humans below.

Some of the most immediate conse-
quences of SRs can be found in the domain
of mating. Imbalances in the number of
reproductively viable males to females (the
operational SR) fundamentally change mat-
ing market dynamics. Members of the over-
represented sex experience heightened
competition in attracting the attention of
potential mates, whereas members of the
under-represented sex experience greater
flexibility in choosing high-quality partners
and thus greater ability to assert their own
romantic partner preferences. Pressures
produced by SR skew have important im-
plications for interactions between the
sexes, as indicated by alterations in mat-
ing strategies and intersexual choice, and
for interactions among members of the
same sex, mainly in the form of increased
intrasexual competition (Figure 1).

Sex Ratios and Intersexual Choice
What effects do SR imbalances have on
people’s mating strategies? When SR
skew exists, members of the more abun-
dant sex often alter their mating strategies
to match the preferences of the scarcer
sex [4]. For example, when men are abun-
dant, they shift their energy away from
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seeking multiple sexual partners, toward
maintaining committed long-term relation-
ships and parenting. This likely occurs
because the rarity of women decreases
the frequency of mating opportunities for
men, and increases women’s ability to
assert preferences for monogamous pair-
bonding which, on average, are stronger in
women than men. Such changes amplify
the reproductive benefits of partner and pa-
ternal investment, relative to those of mate
quantity [5]. At a population level, this
leads to increased marriage rates, mem-
bers of both sexes having fewer sexual
partners, marriage at younger ages, lower
divorce rates, and fewer children born out
of wedlock [2].

Conversely, when women are especially
abundant, they display greater willingness
to engage in casual sexual relationships,
shifting their behavior toward the mating
preferences of men, for whom the
reproductive benefit of engaging with
multiple partners (relative to maintaining
monogamous pair bonds) increases [6].
For example, female-skewed SRs are as-
sociated with decreased marriage rates
and paternal investment in offspring,
increased rates of teen pregnancy, less
prioritization of committed relationships,
and greater importance placed on signs
of physical attractiveness such as symme-
try in potential partners [2].

Shifts in mating strategies have been ob-
served under conditions of natural [5]
and experimentally manipulated [6] SR
skew, and are independent of many
other ecological factors such as life ex-
pectancy, infant mortality rate, and
wealth [7]. Effects of SR skew may be es-
pecially pronounced among those with
relatively low value as a mate [4]. For in-
stance, men of low socioeconomic sta-
tus (SES) are generally less desirable to
potential partners and their mating op-
portunities are likely to be limited. In
male-skewed ecologies, therefore, low-
SES men are particularly inclined to
reap the relatively higher benefits of
pair-bonding and parental care [8].
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