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otivation

I Emerging fields grow through heterogeneous researcher mobility.

e Emerging fields (e.g., hydrogen research) expanded rapidly, with increasing number of
active researchers over time.

@ This growth is driven especially by entrants with prior publications outside the focal field,
i.e., pivot entrants.

e Among pivot entrants, their magnitude of departure from prior trajectories (pivot
magnitude) varies widely.
Annual active hydrogen researchers Annual entrants in hydrogen research

= with prior publications (pivot entrants)
= without prior publications (new entrants)
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I Recent studies document the prevalence and consequences of scientific pivots.

@ Research interests evolve over scientific careers (Jia mo
=gy

°
Past works
by author |

et al., 2017). .
@ Scientists have become more likely to switch 7

between topics over time (Zeng et al., 2019).
@ Recent work formalizes the cost of pivots and

documents a pivot penalty (Hill et al., 2025).
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o Existing studies have typically focused on short-term

outcomes (e.g., citation impact of the pivot paper). Reeaga vt s Nrsgs oot s
Hill et al. (2025)

@ Yet, little is known about what happens to scientists after they pivot to a new field,
leaving the long-term career consequences of pivots underexplored.
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Research Gap

@ Yet, little is known about what happens to scientists after they pivot to a new field,
leaving the long-term career consequences of pivots underexplored.

@ Pivot entrants differ in how far the new field is from their prior trajectory, making pivot
magnitude a key source of heterogeneity in post-pivot outcomes.

@ We examine post-pivot adaptation as a survival process: whether entrants remain in the
focal field, continue their career elsewhere, or retire from research.

I How does pivot magnitude shape post-pivot survival?
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Research Questions

I How does pivot magnitude shape post-pivot survival?

@ We examine post-pivot adaptation as a survival process with two key outcomes:
focal-field retention and research-career continuation.

@ RQ1: How is pivot magnitude associated with retention in the focal field?

@ RQ2: How is pivot magnitude associated with research-career continuation?
Does focal-field exit imply research-career exit?

@ RQ3: Do these patterns generalize across fields?
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e Data sources: scholary publication data from Publication data
OpenAlex and SciSciNet-v2. OpenAlex + SciSciNet-v2
@ Focal domain: hydrogen research as an exemplary L]

Focal field

Identify focal-field papers
and first focal-field entry

emerging field.

@ Analysis cohort: researchers who entered the focal 7
field between 2090 and 2021, with at least three Pivot-entry cohort
prior non-focal-field papers (89,838 researchers). iy fiim e Gozel
o Event definitions: focal-field exit and with prior publications outside the field
research-career exit, measured by absence of Y
publications in three-year windows after pivot entry. FEREI=EEY [Pl

Focal-field exit and research-career exit
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Conceptual Framework

Separating two kinds of risk: focal-field exit vs. research-career exit

| Prior trajectory |

‘ Prior publications (at least three) outside the focal field ’

v

First publication in the focal field

focal-field event v v research-career event
Focal-field exit Research-career exit
No longer publishes in the focal field No longer publishes any paper
Focal-field retention Research-career continuation
Continues publishing in the focal field Continues publishing in any field

Survival and exit are measured using three-year publication windows after entry.
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lllustration: Sankey diagram of post-pivot trajectories

All Samples

Entry 1 years 4 years 7 years 10 years

Focal-field retention Focal-field retention Focal-field retention
Focal-field retention 8,237 (31.1%) 7,448 (28.1%) 7,173 (27.1%)
10,563 (39.9%)

Focal-field entrants Focal-field exit &
26,480 (100.0%) Focal-field exit & ocal-field exi
Focal-field exit & continued research continued research
|

continued research 15,752 (59.5%) 15,218 (57.5%)

Focal-field exit & 15,936 (60.2%)

continued research
14,852 (56.1%)

" Research-career exit Research-career exit
Research-career exit §e350e7ar(cah%c°/a;eer exit I 3,280 (12.4%) I 4,089 (15.4%)
1,065 (4.0%) i Cli470
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Estimation Strategy

I Discrete-time survival models estimate the risk of each event separately.

Pr(event; ; = 1) = f(pivot magnitude; ; x career stage; ,
+ duration FE + entry cohort FE + pre-entry controls; , )

to: pivot year; t: years since pivot. Standard errors clustered by author.

Outcome 1: focal-field exit, i.e., three-year absence from the focal field publication.

°

@ Outcome 2: research-career exit, i.e., three-year absence from any publications.

e Pivot magnitude: pivot surprisal (trajectory-conditioned) or pivot size (static distance).

o Career stage: whether the pivot entry occurs in researchers’ early (1-5 years), mid (6-15
years), or late (1630 years) career.

@ To avoid post-treatment adjustment, the models condition only on pre-entry controls
measured at or before the pivot year.

@ Pre-entry controls: publication productivity and field diversity.
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Measuring Pivot Magnitude

o Pivot size (Hill et al., 2025) is used as a static-distance-based benchmark:
&y, = 1 — cos(peys P<ty), Where py, and p<y, are the aggregated reference vectors.

o Pivot surprisal measures how unexpected the pivot paper's references are.

@ A sequential model predicts the next paper’s Publication record P_ 1

references based on the prior trajectory: P<r=(p1,---,P7-1)
pi=A{rit,-,rin}y, i < T

Pg(r € Pty | p<t0) +reference-set sequence

Trajectory encoder
contextual embedding
hr = go(p<7)

+ match with e,

@ Then, pivot surprisal is the average negative
log-probability of the pivot paper’s references:

Candidate-reference distribution

—_— E |Og 'Do9 r & Pty ’ p<t0) thg rzixte papelr PT a)nd ref(eer_?race)r,
=0
0 rEpy 0 PT | P<T r NT

@ Larger surprisal means that the pivot paper is less expected from the prior trajectory.
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Result 1: Focal-field Retention

How is pivot magnitude associated with retention in the focal field?

Observed focal field survival by pivot surprisal quartile
1.0

—— Q1 (low pivot)
- Q2

o s PO Term Coef. SE Odds Ratio
: pivot surprisal (early-career, 1-5 yrs) 0.120 0.012 1.13
goe pivot surprisal (mid-career, 6-15 yrs) 0.210  0.008 1.23
g pivot surprisal (late-career, 16-30 yrs) 0.218 0.011 1.24
H

Focal-field exit logit. Odds ratio is per 1 SD increase in z-standardized
pivot surprisal;
N = 200,104 person-years (89,838 persons).

Duration (years)

o Larger-pivot entrants are more likely to leave the focal field. (left, KM curve)
o Field-exit risk increases with pivot surprisal, and this pattern is consistent across career

stages. (right, discrete-time logit)
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Result 1: Focal-field Retention

Career-stage heterogeneity

Research Question 1-2
How do these relationships vary by career stage?

Observed focal field survival by pivot surprisal quartile within career stage

early mid late

o
o

—— Q1 (low pivot)
— Q2
— 03
—— Q4 (high pivot)

o
@

o
ES

Survival probability
o o
5w

e
=

0.0

123456789120 12 3456 7 8910 1 234567 8910
Duration (years) Duration (years) Duration (years)

@ While consistent across career stages, the pivot-survival relationship is stronger
for mid- and late-career entrants than for early-career entrants.
@ (smaller-pivot) Mid- and late-career entrants show relatively higher retention.

o (larger-pivot) The career stage gap narrows, as all entrants face high exit risk.
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Result 1: Focal-field Retention

Robustness checks

@ Baseline pivot entry include anyone who publishes at least one paper in the field, which
may include some exploratory entries that do not reflect a true pivot.

@ Re-estimate among entrants who keep publishing after the pivot year, i.e., conditional on
early retention in the focal field.

Early-career —— p=<0.001
Baseline . =

(publishing for 1+ years) Mid-career —e— p=<0.001
Late-career —— p=<0.001

Early-career —_0— p=<0.001

Publishing for 2+ years  Mid-career —— p=<0.001
Late-career ———@— p=<0.001

Early-career —_—6—A p=<0.001

Publishing for 3+ years  Mid-career —— p=<0.001
Late-career —— p=<0.001

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Coefficient on pivot surprisal (log-odds)

@ Conditional on early retention, the field-exit association remains positive and stage

heterogeneity remains consistent.
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Result 2: Research-career Continuation

Research Question 2-1

How is pivot magnitude associated with research-career continuation?
Does focal-field exit imply research-career exit?

Observed research survival by pivot surprisal quartile
1.00

—— Q1 (low pivot)
- Q2

— Q3

0.95 —— Qa4 (high pivot) Term Coef. SE Odds Ratio
2050 pivot surprisal (early-career) -0.166  0.016 0.85
3 pivot surprisal (mid-career) -0.104 0.015 0.90
go® pivot surprisal (late-career) -0.093 0.021 0.91

080 Research-career exit logit. Odds ratio is per 1 SD increase in

z-standardized pivot surprisal;
N = 486,858 person-years (89,838 persons).

Duration (years)

o Larger-pivot entrants are less likely to exit research.
o Career-exit risk decreases with increasing pivot surprisal, opposite to the field-exit pattern.

13/26



Result 2: Research-career Continuation

Career-stage heterogeneity

Research Question 2-2

How do these relationships vary by career stage?

Observed research survival by pivot surprisal quartile within career stage

early mid late
1.00

0.95
0.90

o o
® ®
3 &

Survival probability
°
3
S

—— Q1 (low pivot)
070 —
065 Q3
—— Q4 (high pivot)

12345678910 1234567891 1234567 8910
Duration (years) Duration (years) Duration (years)

@ The pivot-survival relationship (decreasing career-exit risk with Larger pivots) is most
pronounced among early-career entrants.
@ Nevertheless, the negative association between pivot magnitude and career-exit risk is

generally consistent across career stages.
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Result 2: Research-career Continuation

Robustness checks

@ Re-estimate among entrants who keep publishing after the pivot year, i.e., conditional on
early retention in the focal field.

Early-career —— p=<0.001
Baseline .
ishi - —— =

(publishing for 1+ years) Mid-career p=<0.001
Late-career —— p=<0.001
Early-career —_————— p=<0.001

Publishing for 2+ years  Mid-career _— p=0.049

Late-career F o p=0.049

Early-career —_———i p=0.001

Publishing for 3+ years  Mid-career 0 p=0.063

Late-career k | p=0.081

—-0.25 —-0.20 -0.15 -0.10 —-0.05 0.00 0.05

Coefficient on pivot surprisal (log-odds)

@ The negative career-exit association persists only among early-career entrants.

@ For mid- and late-career entrants, the association is inconsistent and weaker after
conditioning on early retention.
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Summary of Results 1 & 2

Focal-field retention and research-career continuation show divergent relationships
with pivot magnitude:

@ Larger pivots are robustly associated with higher field-exit risk.
@ Yet, this does not imply career-exit.

@ Larger pivots do not predict higher career-exit risk (negative or null association).

Career-stage heterogeneity is observed in both focal-field retention and
research-career continuation, but the patterns differ:

@ Pivot magnitude has a stronger positive association with field-exit risk for mid- and
late-career entrants than for early-career entrants.

@ Pivot magnitude has a consistently negative association with career-exit risk only among
early-career entrants.
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Result 3: Generalizability across Fields

Research Question 3

Do these patterns generalize across fields?

Generalizability across fields: pivot surprisal Generalizability across fields: pivot surprisal
Field-exit risk Research-exit risk
o —e—i
o ——

Hydrogen Hydrogen

Batts ] Batte ——
attery attery

PV o PV ——
22 ——i
——t ——
i ————
ccs ccs
Combusti o Combusti
* —et®
ombustion ombustion
F I —e—i i |
° e}

inite element inite element

| k e | k —

Neural networks Neural networks L,
067 075 08 0.9 1 11 1.25 15 075 08 0.9 1 11 125
0dds ratio for exit 0Odds ratio for exit
® CEarly-career  ® Midcareer  ® latecareer O Clcrosses1 ® Early-career  ® Midcareer  ® latecareer O Clcrosses1

@ Larger pivot magnitude is generally associated with higher field-exit risk across fields.
@ The divergence between field-exit and career-exit patterns is common across fields.

o Career-stage heterogeneity is not consistent across fields.
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Generalizability across Fields

Pivot surprisal vs. pivot size

Hydrogen

Battery

PV

ccs

Combustion

Finite element

Neural networks

0.67

075 0.8

Early-career

Generalizability across fields: pivot surprisal

Field-exit risk

0.9

11 1.25

0dds ratio for exit

®  Mid-career

® Late-career

O Clcrosses 1

Generalizability across fields: pivot size
Field-exit risk

Hyd o
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Batt ==
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PV Py
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H—O0——
ccs ——
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N ———i
Finite element ——
—o——
N | network: —e—i
eural networks
0.75 0.8 0.9 1 11 1.25

0Odds ratio for exit

® cEarly-career  ® Mid-career ~ ® Late-career O Clcrosses 1

o Pivot surprisal is more informative than pivot size for focal-field retention.
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Discussion

Focal-field retention and research-career continuation show divergent relationships
with pivot magnitude (common across fields).
— Why do large pivots raise field-exit risk but not career-exit risk?

Career-stage heterogeneity is observed in both focal-field retention and
research-career continuation (patterns different across fields).
— What drives the career-stage heterogeneity, and why does it differ across fields?
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Discussion

Distinct patterns in focal-field retention and research-career continuation

Discussion 1

Why do large pivots raise field-exit risk but not career-exit risk?

@ An exploitation-exploration trade-off may underlie the divergent patterns.

e Smaller-pivot entrants may have stronger field-commitment (exploitation), as they can
leverage their accumulated expertise and networks.

o Larger-pivot entrants may have weaker field-commitment (exploration), as they find it
difficult to integrate their prior expertise into the focal field.

@ This divergence of strategies may lead to different risk profiles: smaller-pivot entrants
may be more likely to stay in the focal field, while larger-pivot entrants may put less of
their career capital at risk in the focal field.
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Discussion

Distinct patterns in focal-field retention and research-career continuation

Discussion 1

Why do large pivots raise field-exit risk but not career-exit risk?

@ Even among researchers who stay active in the focal field, larger-pivot entrants allocate a
relatively smaller share of their publications to the focal field than smaller-pivot entrants,
suggesting weaker field-commitment.

Focal-field publication share

0.400

0.375

e
w
g
o

0.325

0.300

0.275

0.250

0.225

0.200

—8— Q1 (low pivot)
—o- Q2
—— Q3
—8— Q4 (high pivot)

e e

1 2 3
Duration since pivot entry
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Discussion

Distinct patterns in focal-field retention and research-career continuation

Discussion 1

Why do large pivots raise field-exit risk but not career-exit risk?

Observed focal field survival Observed research survival

@ Stronger field-commitment after
pivot entry (in first 3 years) is

associated with higher focal-field = L z

) Eoe E
retention and lower H :‘21 £
research-career continuation. gos H

0.2 — 75-100% focal-field share in first 3 years —— 75-100% focal-field share in first 3 years
= 50-75% focal-field share in first 3 years 0.70{ = 50-75% focal-field share in first 3 years
—— 25-50% focal-field share in first 3 years —— 2550% focal-field share in first 3 years
—— 0-25% focal-field share in first 3 years —— 0-25%focal-field share in first 3 years
0.0 0.65
1 2 3 4 5 6 7 8 9 10 1 2 3 a 5 6 7 8 9 10
Duration (years) Duration (years)

@ While stronger field-commitment (exploitation) supports field retention, broader portfolios
(exploration) help researchers survive field-level failure without exiting research.
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Discussion

Career-stage heterogeneity in focal-field retention

Discussion 2

What drives the career-stage heterogeneity?
Why does it differ across fields?

o Early-career entrants
e (4) may be more adaptable to the new field (flexible with less sunk cost).
o (—) have less transferable career capital.
e (—) may be more vulnerable to failure (higher career-exit risk).

o Established entrants
o (+) have more transferable career capital (both intellectual and social).
o (—) may be less adaptable to the new field (rigidity with more sunk cost).

@ When pivot magnitude is large, prior expertise becomes less directly transferable,
weakening the career advantage in focal-field retention.

@ But this is not consistent across fields, suggesting that field conditions may shape

the career-stage heterogeneity.
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Conclusion

Summary of findings

@ Pivot magnitude is positively associated with focal-field exit risk, implying the long-term
retention cost of large pivots.

@ Yet, higher field-exit risk does not predict higher career-exit risk, showing divergent
patterns.

@ These patterns are generally consistent across fields, but career-stage heterogeneity is not,
suggesting that field conditions may shape the career-stage dynamics of pivot survival.
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Conclusion

Observed focal field survival by pivot surprisal quartile
Implications et
@ As there are distinct patterns in long-term retention after
pivot entry, we should consider the dynamics of field
retention and career continuation.

al probabilty

Surviv,

@ To promote researchers’ adaptability to emerging fields,
science policy should e P

Observed research survival by pivet surprisal quartile
100

e support smaller-pivot entrants, who are more likely to stay in
the focal field but face higher career-exit risk, by mitigating
the career risks of early-career pivots through targeted funding
and career development resources.

— Q1 (low pivot)
— Q2

3
—— Q4 (high pivot)

Survival probability

o help larger-pivot entrants, who are less likely to stay in the
focal field, by reducing adaptation costs through bridge
funding.
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Thank you for your attention!
Questions and feedback are very welcome.

saeyoung.choi@snu.ac.kr
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Backup: Sankey diagram of post-pivot trajectories

Although our first-event risk models cannot capture the full complexity of post-pivot
trajectories, descriptive analysis of trajectory flows shows similar patterns.

Low Pivots High Pivots

Entry 1years 4years 7 years 10 years Entry 1years 4years 7 years 10 years.

Focatrta retenuon || rocoi-ved erention
e st gesmencn |l Tt roctteae
ocarnearrenion [l cs2 1 erencon | I Foco i oo | i Foctidstercion Focat e retencon| [l 935 22541
IS e AT
Focalfild entants
s

Focal i entrants Focalfield exit &
% Focal-fleld exi
(100.0%) Focal-field exit & focarfieg et 115 (100.0%) Focal-field extt & v continued research
Focalfield exit & continued researcn [l Sontinued researc EREES | | sy S50 (71 4y
Focal-field exit & ;01"62‘7:: ;:zy!e'(" 3,169 (53.0%) ¢ o ‘“‘?”’E‘: exit & of 2,935 (71.3%)
ST 5:525 (61.4%)
N t I Research-carcer exit [l Researchcoreer ext . .
researcn-coreer et [ Bsseysisereer = [ o180 % e nesearc coreer exi [ fgsearchcoreerext [ Asseatycareer ex
50575.1%) 65311103 g fesearch career exit | I35 e %) 339 (8.2%) 450 (10.9%)
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Backup: Sequential model details

Researcher

Publication Record

References
(Journals cited by paper)

—

BHEHE [iy)

BHEHE [iy) DO
BHEHE [y

-

Next Paper
(observed)

References
(Journals cited by next paper)

Model

Pull together

Predicted References

!

> [ +e BOBD [

Push apart

Random ltems
9 (negative sample)

[

$

b

Researchers

Publication records [

—

References
(Referenced journals)

Journal embedding

OO0 PEEE [y Do
OO0| prEE (i)

B
B
B
@

Reference-level attention
Publication embedding [ ]
Publication-level attention
i

Prediction layer
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Pivot surprisal is

more informative than pivot size for focal-field retention.

Observed focal field survival by pivot surprisal quartile Observed focal-field survival by pivot size
1o —— Q1 (low pivot) 10 —— Q1 (low pivot)
— @ —_— Q2
— 03 —
08 —— Q4 (high pivot) 0.8 —— Q4 (high pivot)
é 0.6 ,;E 0.6
2 3
g g
H K
204 204
2 2
0.2 0.2
A S S 7 8 9 10 A T 6 7 8 o
Duration (years) Duration (years)
Model (pivot magnitude) pseudo R2  Coef. SE p-value
Not included (controls only) 0.1420 - - -
Pivot size + controls 0.1432 0.0225  0.010 .019
Pivot surprisal 4 controls 0.1468 0.1199 0.012 < .001
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Backup Result 1: Metric robustness in focal-field retention

Pivot surprisal is more informative than pivot size for focal-field retention.

Hydrogen

Battery

PV

ccs

Combustion

Finite element

Neural networks

0.67 0.75 0.8

@ Early-career

Field-exit risk

i

0.9 1 11
Odds ratio for exit

® Mid-career ® Late-career

Generalizability across fields: pivot surprisal

1.25 15

O Clcrosses 1

Generalizability across fields: pivot size

Hydrogen

Battery

PV

CcCs

Combustion

Finite element

Neural networks
O,I75 0:3

® Early-career

Field-exit risk

0.9 1 11 1.25
0dds ratio for exit

® Mid-career ~ ® Late-career O Clcrosses 1
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ess In resea

career continuation

Pivot surprisal and pivot size show similar negative associations with career-exit.

Observed research survival by pivot surprisal quartile

Observed research-career survival by pivot size
.00 —— Q1 (low pivot) 1.00 —— Q1 (low pivot)
— @ —_— Q2
— Q3 - Q3
095 —— Q4 (high pivot) 095 —%: —— Q4 (high pivot)
2090 20.90 — |
3 H
H 2
2 0.85 2085
3 ] 3
:
¥ 0.80 i:% < 0.80
0.75 0.75
070 5 6 5 10 T 3 7 8 9
Duration (years) Duration (years)
Model (pivot magnitude) pseudo R? Coef. SE p-value
Not included (controls only) 0.0482 - - -
Pivot size + controls 0.0556 -0.1766  0.013 < .001
Pivot surprisal 4 controls 0.0546 -0.1663 0.016 < .001

5/6



Backup Result 2: Metric robustness in research-career continuation

Pivot surprisal and pivot size show similar negative associations with career-exit.

Generalizability across fields: pivot surprisal Generalizability across fields: pivot size
Research-exit risk Research-exit risk
Hyd ——i Hyd ——
ydrogen lydrogen
—— ——
Battery —— Battery ——
—— ——
——i ——i
PV —— PV ——
—— ——
—_— ——
ccs ————— ccs —_——
——f— ————
i = . ——i
Combustion —— Combustion ——
—_— ——
—— ——
Finite element ——— Finite element ———i
— —
——i —e—i
Neural networks —— L Neural networks ——
——rp —_—
0.75 0.8 0.9 1 11 1.25 0.75 0.8 0.9 1 11 1.25
0dds ratio for exit 0dds ratio for exit
® Early-career @ Mid-career @ Late-career O Cl crosses 1 ® Early-career  ® Mid-career @ late-career O Clcrosses 1
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