The Murmuration of Scientists

Munjung Kim' and Yong-Yeol Ahn'*

1School of Data Science, University of Virginia, Charlottesville, USA

TCorresponding authors: yyahn@iu.edu

September 1, 2025

Abstract

Scientists shift their research interests—or “move” the space of knowledge—sparking new
ideas and novel methodologies. While prior studies have explored how individual character-
istics or direct collaborations shape scientists’ research topic shifts [I—3], they have largely
overlooked the impact of the broader, dynamically evolving behavior of the peer community.
Here, we create a continuous mapping of authors’ positions in a high-dimensional topic space
to examine how scientists “move” through the knowledge space in relations with their peers.
Drawing inspiration from the boids model of collective animal behaviors, we characterize in-
dividual research movements using simple rules: alignment (matching the movement of peer
scientists), cohesion (clustering with peers on similar topics), and separation (avoiding overlap
when peers are too close). Our empirical analysis demonstrates that authors exhibit these
propensities, with alignment and cohesion being modulated with the academic prominence.
Furthermore, we develop a generative model grounded in these simple rules, which effectively
predict future topic shifts based on observed peer dynamics. These findings reveal that the
complex evolution of research interests may be driven by simple collective dynamics principles

that resemble animal behaviors in physical space.

1 Introduction

Researchers navigate a knowledge landscape to discover new knowledge. The progress of scientific

studies often arises either from continued immersion in a single domain—where methodical inquiry



and specialization gradually push disciplinary boundaries—or from venturing into unfamiliar ter-
ritory and synthesizing insights across multiple fields [/, 5]. By focusing on one specialized area,
scientists can accumulate substantial expertise and cultivate a high level of technical mastery over
time [0]. Conversely, radical domain shifts or cross-disciplinary exploration can yield unexpected
breakthroughs; such boundary-crossing efforts frequently introduce new theoretical constructs or
methodologies that spark entirely novel lines of inquiry [5, 7].

Given its significant implications for scientific progress, the dynamics by which researchers choose
their next research topics and by which researcher alter their research interests have garnered in-
creasing attention in the literature. With the advance of data analysis techniques and large-scale
datasets of scholarly information, the transitions of research interests of scientists are captured by
the community detection based on co-citation network [2; ], topic classification code [I, 3], and
network of entities, such as a molecule, in science [, 9]. Through the various ways of detecting the
transition, scholars have examined how various attributes of individual scientists—such as collab-
oration [2, 3], prior training [10], and propensity for exploration or exploitation [!, 9]—influence
patterns of field entry and exit.

Despite recognizing the importance of such contextual forces, most existing work has paid limited
attention to how peer behavior shapes researchers’ decisions to venture into new domains. Studies
of topic change of researchers in relationship with other researchers frequently restrict their focus
to only collaborators and often treat these collaborators’ research interests as fixed. Yet in reality,
collaborators’ own scientific foci also evolve, and researchers might choose to align with or diverge
from their colleagues that they have not collaborated with before for myriad strategic reasons—
ranging from leveraging shared expertise to avoiding competition in the same topic. Consequently,
whether scientists closely follow peers’ dynamic shifts or deliberately separate from them remains
poorly understood. Clarifying these peer-driven dynamics could reveal a fundamental mechanism
through which entire disciplines reorganize in response to broader scientific currents.

In this paper, we address these questions by modeling researchers’ movements in the “knowledge
space,” drawing inspiration from the boids model. We posit that authors’ subsequent moves are
shaped by three peer-related mechanisms: (i) alignment, in which authors mirror the directional
shifts of their peers, (ii) cohesion, in which authors gravitate toward their peers’ positions, and (iii)
separation, in which authors maintain distance to sidestep overcrowding within a given area. We
empirically assess the propensity of these forces using large-scale publication data. By representing

knowledge and individual research trajectories in a high-dimensional embedding space—constructed



from text neural embeddings of publication abstracts—we quantify scientists’ directional transitions
of research interests. Then we compute how the transitions of peer authors, who are defined as the
closest neighbors in the embedding space, are related to the transition of the focal author in the

next step.

2 Results

2.1 Scientist Swarming Model in the Topic Space

The core premise of our framework is that scientists choose their subsequent movements in a knowl-
edge space based on both their own state and that of their peers (Figure la). Each researcher’s
state here is defined by two components: position and velocity of the movement in the knowledge
space.

We begin by conceptualizing a “topic” not as a discrete label (e.g., a subject category) but
as a point in a high-dimensional semantic space derived from textual representations of scientific
publications. In this view, the “knowledge space” is a continuous embedding space where proximity
reflects topical similarity between research outputs. This allows us to model gradual shifts and
overlaps between topics, rather than enforcing rigid categorical boundaries.

To empirically instantiate this space, we use the OpenAlex dataset [I 1], which includes author-
disambiguated data along with their publication titles and abstracts. We generate vector represen-
tations of each paper’s research topics using the SPECTER embedding model [12]. For each author,
we calculate their position by averaging the topic vectors of all papers they published within a five-
year window. To ensure reliability, we include only authors who have published at least five papers
in each window, and we focus on those who meet this threshold across three consecutive windows
to capture sustained research trajectories. As shown in Figure b, an author’s velocity is computed
as the change in their topic-space position between consecutive time windows.

In addition to tracking the movement of focal authors—those who published at least five papers
in each of three consecutive five-year periods—we also identify other researchers who may have
influenced them. These individuals, whom we refer to as potential peers, are defined as authors
who published at least three papers in each of two consecutive five-year windows. Notably, focal
authors themselves meet this criterion and are therefore included in the pool of potential peers.

Our main observation period runs from 1999 to 2018, divided into four five-year windows
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Figure 1: Schematics of the scientist agent’s research topic transition framework. (a) A
scientist agent navigates the knowledge landscape to pursue novel ideas and research topics. The
decision on where to move next is influenced by the agent’s current movement (velocity) and position
as well as by the movements and positions of its peers. The set of peers influencing the agent can
change over time, depending on who is closest in the research topic space at each step. (b) The
author’s research interests state is captured within a time window of length w. For each window,
we compute the embedding vectors of all papers published by the author and take their average to
represent the author’s current research position, denoted as }‘(3. The author’s movement, or velocity
t

V.

%, 1s then defined as the difference between their positions in two consecutive time windows. To

model how an author evolves in topic space, we define their next position and velocity, ( t-“, xé-“),
using a function f that takes into account two factors: (1) the author’s own prior state (V ’ )‘(’?) and
(2) the states of their peer authors at the same time, (v, x!) : i € Neighbor(j). This setup captures
how both personal research trajectories and the surrounding scholarly environment influence an
author’s future direction. (c) The function f is modeled using three core dynamics inspired by the
boids model of collective behavior. First, alignment encourages authors to adjust their velocity in
the direction of their peers’ average movement. Second, cohesion draws authors toward the central
position of their neighboring peers. Third, separation pushes authors away from others who are too

close in topic space, reducing overcrowding and potential competition. Together, these dynamics

simulate how individual researchers respond to the collective motion of the scholarly community:.



(1999-2003, 2004-2008, 20092013, and 2014-2018). To estimate the underlying mechanisms of
the authors’” movement, we restrict our analysis to the 1999-2013 period, which comprises three
consecutive five-year windows, and subsequently use the 2014-2018 period to assess the predictions
derived from these mechanisms. This approach yields a final sample of 1,024,539 focal authors (each
publishing at least five papers per window across all three intervals) and 1,909,038 potential peer
scientists (each publishing at least three papers per window across the first two intervals) for the
1999-2013 period. Then we link focal authors with their neighbor peers by identifying each focal
author’s 14 nearest neighbors based on cosine distance.

We then compute each author’s velocity—that is, the change in their position between con-

secutive time windows—by taking the difference between positions in adjacent intervals. For an

t_
J

5(;_1, where X} is the average

embedding vectors of the papers published by author j in time window ¢ and )2;_1

author 7, the velocity in the time window ¢ is calculated as v! = x
is the average
embedding during the preceding window. Because positions prior to the first window are not ob-
servable, velocities are only computed starting from the second window. Figure |b illustrates how
each author’s position and velocity are derived. In our framework, an author’s subsequent move-
ment is determined by their own prior state as well as by the states of their peers. This relationship
is formalized as

(V;,i?) = f((vi, _5-_1), (vi~t, x!71) i € Neighbor(4)), (1)

J % 7

indicating that author j’s state in window t is determined by their own prior state in window
t — 1 and by the states of their peer authors in the same period.

To construct the function f, we take inspiration from the boids model [13]. The boids model is
a classic example of emergent behavior in agent-based simulations, originally proposed to capture
how birds flock. Each “boid” follows three simple rules: separation (avoid getting too close to
neighbors), alignment (match heading with neighbors), and cohesion (move toward the center of
the group). Despite the simplicity of these rules, complex collective patterns emerge from local
interactions alone.

We adapt this concept to model how scientists move through a high-dimensional topic space.
Here, each author acts as an agent whose position and movement are shaped by analogous so-
cial and intellectual forces. Alignment captures the tendency to move in the direction that peers

are also heading, reflecting a belief that convergence toward certain areas may signal emerging



opportunities or intellectually fertile ground. Cohesion reflects the drive to remain within the in-
tellectual bounds of a research community. Scientists often stay close to the center of disciplinary
conversations to maintain shared language, contribute to dominant paradigms, and avoid becoming
isolated—resonating with Thomas Kuhn’s ideas about normal science and paradigm-driven inquiry.
Separation represents the desire to differentiate one’s work from others. This includes avoiding
overcrowded topics, but also reflects a deeper aspiration: to carve out a niche where one’s expertise
is distinctive and difficult to replace. In this sense, separation is not just about physical distance
in topic space, but about establishing a unique and recognizable identity within the scientific land-

scape.

2.2 Alignment, Cohesion, and Separation Propensity

Building on the boids-inspired framework, we assess how each of the three behavioral dynamics
manifests among scientists in the topic space. Specifically, for alignment, we investigate whether

t—1

changes in a focal author’s velocity, defined as AV§- = V§- -V,

for an author j, are influenced by

the difference between the average peer velocity and their own velocity:

A=y X v v 2)
ieNeighbor(j)

To quantify the strength of this relationship, we computed the cosine similarity between Av§
and A;. As a benchmark, we compare this value to a random baseline in which the author’s prior
velocity V;_l is replaced with that of a randomly selected author vi-!. As shown in Figure 2a, the
mean cosine similarity in the focal author scenario is 0.753, far higher than a random baseline of
—0.0445 (Cohen’s d = 5.8; p < 0.001). Thus, authors appear to adjust their velocity in alignment
with the difference between their peers’ average velocity and their own.

We next assessed cohesion by determining whether an author tends to shift their research posi-
tion toward the center of their peer group. Concretely, we measured the cosine similarity between

the change of the position of author j, Axt = x! —x!~! | and the cohesion vector, which is defined

J J J

as the difference between the average position of the author’s peers and their own prior position:

a=(v X x)-x" (3)

1€Neighbor(j)
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Figure 2: Three patterns of topic shifts among scientists, resembling the boids model.
(a) The cosine similarity between the change in an author’s velocity and the alignment vector is
significantly higher than the similarity between the velocity change and an alignment vector cal-
culated from a randomly selected author’s movement, highlighting the influence of peer movement
alignment. (b) The cohesion effect is captured by the cosine similarity between the author’s po-
sitional change and the vector pointing from their current position to the centroid of their peers’
positions. (c) The cosine distance between the focal author and their peers is negatively correlated
with movement direction, suggesting that authors tend to move away from peers who are closer in
topic space. This negative correlation between distance and separation impact diminishes with in-

creasing neighbor rank—that is, the repulsive effect is strongest for the nearest peers and gradually
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Analogous to the alignment case, we establish a random baseline by replacing 5(3-_1 with -1 in
the calculation of C;. Figure b shows that the resulting cohesion distribution differs markedly from
the random baseline, with an average similarity of 0.453, compared to a random baseline of —0.109
(Cohen’s d = 2.8; p < 0.001), suggesting authors often shift their position toward the “center” of
their peer group.

Finally, we examined separation, the idea that authors may be inclined to move away from peers
who are very close in topic space—potentially to reduce redundancy and establish distinct research
identities. Detecting this behavior is inherently challenging, as it can be masked by opposing
cohesive forces. Therefore, instead of calculating the separation propensity, we tested the hypothesis
that the repulsive effect of separation should be strongest when authors are in close proximity.

To test this, for a focal author j and their closest neighbor i; in window ¢, we calculate the
distance )‘(2» —x! , and compared its direction with the author’s subsequent positional shift, )_(2- —)‘(E_l.
This process is repeated for peers at increasing distances (ig, i3, ... ).

As shown in Figure “c, we find a clear negative correlation between peer proximity and the
separation effect. This repulsive tendency is strongest for the nearest peers and gradually weakens
as peers become more distant in topic space. These results suggest that authors may intentionally
distance themselves from those with highly similar research trajectories—potentially to avoid direct
competition and to establish a distinct, recognizable niche within the broader scientific landscape.
However, it is important to note that this observed pattern may also be influenced by cohesion
dynamics. As peers become more distant, the cohesive pull toward the broader center of the peer
group may grow stronger, potentially offsetting or even dominating the separation effect. Therefore,
further analysis is needed to disentangle the relative contributions of these competing forces—a task

we leave for future research.

2.3 Peer’s Prominence and Alignment, Cohesion impact

An author’s tendency to follow the movements of their peers may depend not only on topical
proximity but also on peer attributes such as academic prominence. In particular, when a highly
influential peer shifts toward a new research direction, a focal author may be more likely to follow
that path. Conversely, more prominent authors may be less susceptible to peer influence, instead
charting more independent research trajectories.

To test the first hypothesis, that prominent peers exert greater influence, we compare the in-
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for the lowest h-index.

(b) Average alignment and cohesion scores as a function of the focal

author’s h-index. Both measures decrease with increasing author prominence, suggesting that more

influential researchers are less likely to follow the movements of their peers.



fluence of a focal author’s most prominent peer with the highest h-index against that of the least
prominent peer with the lowest h-index within their local neighborhood.

For the alignment analysis, we modified Equation 2 by replacing the average peer velocity with
the velocity of either the highest or lowest h-index peer. Similarly, for cohesion, we substituted the
average peer position with the position of the highest or lowest h-index peer. We then computed
the cosine similarity between the focal author’s movement and these adjusted vectors.

As shown in Figure 3a, the cosine similarity between the alignment vector A’ and the change
of the velocity of a focal author Ax® is significantly higher when using the highest h-index peer
than when using the lowest h-index peer (Cohen’s d = 0.82; p < 0.001). This pattern also holds for
cohesion (Cohen’s d = 0.38; p < 0.001). These results suggest that academically prominent peers
exert greater influence on the research trajectories of others.

To evaluate the second hypothesis, that a focal author’s prominence reduces their susceptibility
to peer influence, we examine how alignment and cohesion vary with the author’s h-index. As shown
in Figure 3b, both average alignment and cohesion scores decrease as the focal author’s h-index
increases. This pattern indicates that more prominent researchers are less influenced by their peers

and tend to follow more independent research trajectories.

2.4 Prediction

After quantifying the alignment, cohesion, and separation propensities of scientists, we evaluated
the model’s predictive capability on an out-of-sample period by using data from the 2014-2018
window, which is a period excluded from the initial analysis.

Based on the inverse correlation between neighbor distance and separation impact, we examine
two functional forms of this relationship: an inverse linear form and an inverse quadratic form.

Specifically, the prediction is formulated as follows:

1 . .
V;-i— — V; + aallgnmentAz + Oécohesmnc;

+ aseparation S; (4)

Here, AE- and C§ are defined in Eq. 2 and 3, respectively. The term S; captures the separation

impact, which we previously showed to be negatively associated with the distance between the focal

10
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Figure 4: Impact of Peer’s Academic Prominence and Prediction of the Boids Model.
(a) The estimated coefficients across different dimensions, calculated from the linear regression
of model 4, are highly consistent with small standard deviation (paatignmens = 1.08, 0 atignmens =
0.007, praconesion = 0.830, Tgeonesion = 0.020, and figseparation = 0.030, 0 gseparation = 0.004). (b) Cosine
similarity between the estimated velocity the generative models and the actual velocity indicates
that Models 3 and 4 have the highest similarity, followed by Models 2 and 1, with all models
performing significantly better than the baseline. These findings demonstrate that the combination
of alignment and cohesion propensities provides a substantial level of explainability for how authors

navigate the topic space.



author and their neighbors. While several functional forms can model this inverse relationship, we
adopt a simple approach: an inverse-linear relationship between cosine distance and separation ef-

: : : separation 1 t ot
fect. Specifically, the separation term is defined as « (ZieNeighbor( ) (cosdis(a 2T) (x5 xl)) :
where cosdis(z}, %) indicates the cosine distance between % and }.

alignment cohesion separation
)

To estimate the coefficients « « , and « , we employ linear regression. Since
both the inputs and outputs are vectors, we perform the regression separately for each dimension.
Note that our goal here is not to get the exact value of the estimated coefficient but rather to get the
approximate magnitude and relative scale of the coefficients across the different behavioral forces.

Notably, the estimated coefficients were almost consistent across dimensions with low standard

alignment cohesion

deviation. For example, the « values were centered around 1.08 , as were the «
values 0.83. while the a*¢Paaton yalues were approximately 0.0296, each exhibiting small standard
deviations ( Figure b).

To evaluate model performance, we compared four models:

t+1
J
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Model 1:  viH! = v} 4 q@lismment Al
Model 2: vit! = v+ qeohesion C’,
Model 3: Vt~+1 — V;- 4 aalignment A; + acohesion Cza
Model 4: Vt-+1 — V;— =+ aalignment A; 4 acohesion C;
t_

+ aseparation Z 1 X] Xg
f (<t <t t ot
i€Neighbor(j) 1+ COSdlS(XJ’Xi) HXJ‘ sz

The v! is the velocity of a random focal author. The predicted movements were then evaluated
by computing the cosine similarity between the predicted and actual movements in the 2014-2018
window.

The results of this evaluation are presented in Figure ‘c. Models 3 and 4 produced the best
results, with average cosine similarities of 0.321 and 0.326, respectively. Models 1 and 2 also sig-
nificantly outperformed the baseline, achieving average scores of 0.0811 and 0.0656. These findings
highlight the strong predictive value of alignment and cohesion dynamics in modeling scientific

movement.
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3 Discussion

In this study, we present a novel framework for understanding how scientists shift their research
focus through the dynamic influence of their peers. By applying neural text embeddings to represent
research topics in a continuous space and drawing inspiration from the boids model of collective
behavior, we identify three simple yet powerful dynamics—alignment, cohesion, and separation—
that drive the evolution of individual research trajectories. Our generative model not only accounts
for past movements but also predicts future shifts, underscoring the crucial role of peer influence in
shaping the intellectual landscape of science.

This work makes several key contributions. First, we extend the analysis of peer influence beyond
direct collaborators by incorporating all scientists engaged in related fields. Second, we capture the
dynamic nature of peer interactions by tracking the evolving research interests of peers, moving
beyond the static representations of collaborators’ interests used in previous studies [3]. Third, it
introduces the use of continuous neural text embeddings to represent research topics, enabling a
more flexible and nuanced analysis of how individual research interests shift across time.

Despite these advances, our study has several limitations. First, our boids-like model focuses on
its simplicity only based on peer interactions and largely omits exogenous drivers such as funding
availability, institutional priorities, or broader societal events. In reality, the trajectories of scientists
are shaped by a range of external influences, including grant programs [!], scientific prizes [17],
industry demand [10], or global crises [I7, 18]. Combining our approach with analyses of these
external factors can increase the explainability. Second, the exact formulation of the separation
component in our model remains an open question. Although earlier analysis revealed a negative
relationship between peer proximity and separation behavior, the addition of the separation term in
Model 4 yielded no predictive improvement. This suggests that our current formulation—an inverse-
linear function of peer distance—may not adequately capture the complexity of separation dynamics.
It is possible that the influence of separation is more subtle or non-linear, or that it interacts with
other forces in ways not captured by our current model. Moreover, the neural text embedding model
we used to represent each author’s position inherently restricts multiple authors from occupying the
same position in topic space unless their documents are identical, potentially suppressing meaningful
separation behavior. In this sense, the current separation term might function more as noise than
as a reliable signal. Finally, our predictive analysis relies on embedding vectors derived from data

before 2014 to forecast outcomes for 2014-2018. However, these vectors may already incorporate
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some information from the 2014-2018 period due to their inclusion in SPECTER'’s training process.
Future research should use papers published in periods excluded from the SPECTER training
dataset to enhance prediction accuracy. Overall, these limitations provide promising avenues for

refining our understanding of the interplay between social influence and scientific innovation.

4 Methods

4.1 Dataset
4.1.1 Papers

We collected the article types papers published between 1999 and 2023 from OpenAlex. There are
184,234,031 number of papers in total. Among these, we further selected the articles with title
where the length of the titles are bigger than 10 characters, resulting in xxx papers. Then we

for the embedding, which result in 52,692,352 papers.

4.1.2 Authors

We used an author-disambiguated dataset from OpenAlex. For robustness, we defined focal authors
as those who published at least five papers in three consecutive time windows, and potential peer
authors as those who published at least three papers in the first two consecutive windows. This
filtering produced 1,024,539 focal authors for the 1999-2013 period and 1,909,038 potential peer
authors for the 1999-2008 period. For the prediction task, we applied the same criteria to the
2004-2018 data and selected focal authors appearing in both the 1999-2013 and 2004—2018 periods,
yielding 862,320 authors and 2,756,783 potential peer authors for the 2004-2013 window.

4.2 Identifying Peers

To identify the peers of each focal author, we first computed embedding vectors for each publication
using the SPECTER model. We then determined the average position of each focal and potential
peer author’s publications within a five-year window by averaging their respective publication em-
beddings. For each time window, we identified the 15 nearest potential peer authors—those who
had published at least three papers during the period—whose average positions in the embedding

space were closest to that of the focal author, who published at least five papers in the time window.

14



Here, we assume that individuals tend to interact with a limited number of nearest neighbors rather

than with all others within a fixed metric radius, which also aligns with the studies of the empirical

observation of flocking birds [19]. Given the computational intensity of finding nearest neighbors in

a 768-dimensional embedding space, we employed Facebook’s FAISS library [20], which is optimized

for efficient similarity search and clustering of dense vectors .

4.3 Code Availability Statement

The code to reproduce the results is available at
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Supplementary Information
Flocking Scientists in Research Trajectories

Munjung Kim, Yong-Yeol Ahn

A Excluding Collaborators

Since collaborators share the same publications, having many collaborators could influence both
alignment and cohesion effects. To test whether our findings are not driven solely by collaboration
ties, we repeated the analysis while excluding collaborators from the peer set. The results remained

consistent even when collaborators were removed.

105 J
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Number of Collaborators Among Neighbor Peers

Figure 5: The number of collaborators found within each focal author’s 14 nearest neighbors

Figure 5 shows the distribution of the number of focal authors based on different number of
collaborators present in their 14 nearest peers. Notably, about one-third of the focal authors had
no collaborators among their 14 closest peers.

After excluding the collaborators in the nearest peer set, we re-calculated the alignment, co-
hesion, and separation propensities using this revised peer set. Hence, the authors whose entire
peer group consisted of collaborators are excluded in the analysis. Figure 0 presents the results.

Consistent with the findings reported in the main text (where collaborators were included), both
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the alignment and cohesion scores—measured via cosine similarity—remained significantly higher

than the baseline, reinforcing the robustness of our results.
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Figure 6: The three patterns of topic shifts among scientists persist even when collaborators are

excluded from the set of peers.

B Different Number of Neighbors

We test the robustness of our findings by varying the number of neighbors considered as peers.
Specifically, we increase the number of nearest neighbors in the embedding space from 15 (as used
in the main analysis) to 30. The results remain consistent, confirming the stability of our findings.

This robustness check is presented in Figure

C Field Impact

A potential concern is that the observed alignment and cohesion effects merely reflect broader

field-level trends—mnamely, that researchers within the same discipline tend to move in similar
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Figure 7: The three patterns of topic shifts among scientists persist even when the number of

neighbors is increased to 30.

topical directions over time. However, our operationalization of alignment specifically addresses this
possibility. Rather than measuring absolute similarity in research direction, alignment is defined as
the cosine similarity between the focal author’s velocity change at time ¢ + 1 and the difference in
velocity between the focal author and their nearest neighbors at time ¢. This formulation captures
the extent to which the author adjusts their trajectory in response to the relative motion of peers,
rather than following a shared disciplinary drift.

To empirically distinguish localized peer influence from general field-level convergence, we in-
troduce a field-matched random baseline. In this baseline, we compute alignment as the cosine
similarity between the alignment vector of a randomly selected author from the same field and
the actual velocity change of the focal author. Similarly, the cohesion baseline is calculated as the
cosine similarity between the cohesion vector of a random author from the same field and the focal
author’s observed position change. By comparing these baseline scores with those derived from ac-
tual neighbors, we assess whether alignment and cohesion impact arise from specific peer dynamics
rather than generalized movement within a field.

The results show that alignment and cohesion scores are significantly higher in the original model
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than in the field-level random baseline. This finding suggests that the observed effects cannot be
explained solely by broader topical trends within a field, but rather reflect localized, peer-specific

influences on the evolution of individual research trajectories.

a . b .
1501 . Foriom stgnment 120 Fandom cohesion
1259 t-test p-value < 0.001 1007 test p-value < 0.001
100 1 cohen’s d = 5.763 80 cohen’s d = 2.945
751 601
50+ 40
251 201
0 -0.5 0.0 0.5 1.0 0 -0.5 0.0 0.5 10
Alignment Cohesion

Figure 8: Alignment and cohesion scores remain significantly higher than those in the random
baseline, where authors are randomly selected from the same field. This suggests that alignment
and cohesion effects are not solely driven by field-level topical similarity, but also reflect meaningful

peer influence.

D Awuthor Map

We visually assess whether the average embedding vectors reflect the authors’ primary research
interests. Specifically, we plot the UMAP projection of the average embedding vectors for the
2004-2008 period, coloring each point by the author’s major field—defined as the most frequent
field in which they published during that time. The resulting visualization is shown in Figure

Authors associated with the same field tend to appear near one another in the projection, suggesting

that the average embedding vectors meaningfully capture patterns aligned with disciplinary focus.
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Figure 9: UMAP projection of average embedding vectors for authors during the 2004-2008 period.

Each point represents an author and is colored by their major field of study, defined as the most
frequent field in which they published during this time. The lower panels show the position of the

authors from different fields in the same region of the embedding space.
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