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Research Question: What determines the
cognitive division of labour within organisations?
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“At each increase of knowledge, as well as on the
contrivance of every new tool, human labour
becomes abridged.”

Charles Babbage



“[W]hat may, perhaps, appear paradoxical to some of our
readers that the division of labour can be applied with
equal success to mental as to mechanical operations,
and that it ensures in both the same economy of time.”

Charles Babbage
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“The duty of this first section was to investigate, amongst the various

Section 1: analytical expressions which could be found for the same function,
o that which was most readily adapted to simple numerical calculation
Routing by many individuals employed at the same time. This section had

_ to do with the actual numerical work.”

. sisted of seven or eight persons of considerable
Section 2: acquaintance with mathematics: and their duty was to convert into
: numbers the formulae put into their hands by the first section an
Formulation operation of great labour. ”

“The members of this section, whose number varied from sixty to
eighty, received certain numbers from the second section, and, using
nothing more than simple addition and subtraction, they returned to
Section 3: that section the tables in a finished state. It is remarkable that nine-
. tenths of this class had no knowledge of arithmetic beyond the
Com putation two first rules which they were thus called upon to exercise, and
that these persons were usually found more correct in their

Wiped out by calculating calculations, than those who possessed a more extensive knowledge
machines of the subject.”




“IT]he effect of the division of labour, both in mechanical
and in mental operations, is, that it enables us to
purchase and apply to each process precisely that
quantity of skill and knowledge which is required for it: ...
we equally avoid the loss arising from the employment of
an accomplished mathematician in performing the
lowest processes of arithmetic.”

Charles Babbage



Knowledge — Decision-Making



Knowledge »

How knowledge is - .
. Decision-Making
acquired and processed



Model of Knowledge for Decision-Making



Knowledge Division of Labour

 (Garicano (2000): (knowledge) workers can devote time to learning solutions to problems.
» “Knowing if someone knows the solution to a problem inevitably involves asking that person.”
» Types of knowledge: routine (production floor) and exceptional (top of hierarchy)
» Routing: work out who can solve that problem (refer it up the chain)
» Trade-off: if people specialise in solving there are higher communication costs

» A worker can answer questions in a domain by acquiring domain knowledge — the larger the
domain, the higher the costs of acquiring knowledge.

- |f don’t know an answer, need to find someone who does but that means lost production time.

» Division of Labour: some workers produce while others specialise in solving problems, and
those specialise in knowledge.

 This paper: division of labour based on cognitive processes rather than knowledge-production-
communication trade-offs.
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A QUEST FOR KNOWLEDGE
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Is more novel research always desirable? We develop a model in which knowledge
shapes society’s policies and guides the search for discoveries. Researchers select a
question and how intensely to study it. The novelty of a question determines both the
value and difficulty of discovering its answer. We show that the benefits of discover-
ies are nonmonotone in novelty. Knowledge expands endogenously step-by-step over
time. Through a dynamic externality, moonshots—research on questions more novel
than what is myopically optimal-—can improve the evolution of knowledge. Moonshots
induce research cycles in which subsequent researchers connect the moonshot to pre-
vious knowledge.

KEYWORDS: Science of Science, Search on Brownian Path, Knowledge Creation.

1. INTRODUCTION

IN A LETTER TO FRANKLIN D. ROOSEVELT, Vannevar Bush (1945) pleads with the presi-
dent to preserve freedom of inquiry by federally funding basic research—the “pacemaker
of technological progress.” That letter paved the way for the creation of the National Sci-
ence Foundation (NSF) in 1950. The NSF today, like the vast majority of governments
and scientific institutions, cherishes scientific freedom and allows academic researchers
to select research projects independently.

With scientific freedom comes the responsibility to select the right research questions.
However, what are the right questions? Biologist and Nobel laureate Peter Medawar
(1967) famously notes that “research is surely the art of the soluble. ... Good scientists
study the most important problems they think they can solve.” Finding the most impor-
tant yet soluble question is nontrivial. One reason is that both importance and solubility
depend on the current state of knowledge.

In this paper, we develop a microfounded model of knowledge creation through re-
search. We conceptualize research as a costly search process that may fail. The researcher
picks a question and an intensity with which to search for its answer. The cost of search
depends on how well existing knowledge guides the researcher’s efforts. If the researcher
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A Simplified Quest for Knowledge
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May 16, 2025

Abstract

This paper develops a transparent, simplified version of Carnehl and Schneider
(2025)’s model of knowledge creation. Our tractable framework, which yields closed-
form solutions for key welfare trade-offs, preserves the essential economic mechanisms
while eliminating mathematical complexity. We derive four main insights. First, con-
trary to the original model’s emphasis on “moonshots,” our analysis demonstrates that
expanding knowledge and then deepening it (the moonshot approach) is never socially
optimal under direct welfare comparisons. The original model’s case for moonshots re-
lies on second-best arguments involving research costs and dynamic externalities, not
on direct welfare considerations. Second, we identify a novel misalignment between
private and social incentives in multidisciplinary research contexts. Even without re-
search costs — where the original model predicts perfect alignment — researchers
bridging large knowledge gaps between disciplines choose locations that create subop-
timal knowledge structures. Third, we analyse how citation-based incentive systems
affect knowledge creation trajectories. We show that systems privileging unique contri-
butions over shared ones align private behaviour with social welfare objectives, while
those rewarding shared contributions lead to excessive knowledge deepening. Fourth,
our analysis provides precise characterisations of optimal knowledge creation paths
under various initial conditions and offers clear guidance for science policy. By clarify-
ing when interventions can address misalignments between researchers’ incentives and
social welfare, our simplified model offers practical insights for the design of research

funding mechanisms. Journal of Economic Literature Classification Numbers: O31,
D83, H41.

Keywords. knowledge creation, research policy, moonshot, multidisciplinary research,

scientific exploration, citation incentives
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Universe of questions: x € |

Each has a unique answer: y(x), realisations of the
Brownian motion of random variable, Y(x), or truth

Existing knowledge: &, = {(x,, y()cl-))}i.‘f:1 with x; < x, < «-- < x;



Decision-Maker (DM)

. For each question, x, DM decides whether to take an action, a(x), or abstain,
() with payoff:

0 if a(x) = @,
u(a(x), x) = [ (a(x) — y(x))*
q

if a(x) € |

. Optimum: a*(x) = y(x)

. How does existing knowledge, & ,, assist in making decisions?



Expert: someone how knows specific things
and can answer questions based on related
things from first principles. (Perhaps the
person who created the knowledge in the
first place).

Then there is the famous fly puzzle. Two bicyclists start twenty miles apart and head
toward each other, each going at a steady rate of 10 m.p.h. At the same time a fly that
travels at a steady 15 m.p.h. starts from the front wheel of the southbound bicycle and
flies to the front wheel of the northbound one, then turns around and flies to the front
wheel of the southbound one again, and continues in this manner till he is crushed
between the two front wheels. Question: what total distance did the fly cover? The
slow way to find the answer is to calculate what distance the fly covers on the first,
northbound, leg of the trip, then on the second, southbound, leg, then on the third,
etc., etc., and, finally, to sum the infinite series so obtained. The quick way is to observe
that the bicycles meet exactly one hour after their start, so that the fly had just an
hour for his travels; the answer must therefore be 15 miles. When the question was put
to von Neumann, he solved it in an instant, and thereby disappointed the questioner:
“Oh, you must have heard the trick before!” “What trick?” asked von Neumann; “all
I did was sum the infinite series.” Halmos| (1973), 386-287.

20 miles




Routine: Take existing knowledge and
make inferences to guess at answers to
questions

The story concerns a thirsty crow that comes
upon a pitcher with water at the bottom,
beyond the reach of its beak. After failing to
push it over, the bird drops in pebbles one by
one until the water rises to the top of the
pitcher, allowing it to drink.

The Crow and the Pitcher

Aesop’s Childhood Adventures

An Aesop’s Fable about Ingenuity and Problem Solving

Vunecent A. Mastro
Ustrations by: Anite Wells




Using existing knowledge, experts (who were
responsible for the knowledge in the first place) can
create (tacit) solutions to problems within a domain

Using existing knowledge, routine workers make
conjectures about answers



Two Ways of Processing Knowledge for Decisions

- New question at x = xy + Ve(x)
- EXperts: can use an existing
knowledge point, work from first-
principles, and find a solution at cost, Ve (x)
@
X0 Xm

Vi(s) = max{1 — ns>,0)

- Routines: can interpolate a
conjecture from existing knowledge
with expected payoff

()

Vie(s) = max{1— - 0} with

o s(X —9) _
c°(s) = sor % (where X is the Assume that n € [ s qz] so that the expert is dominates
distance between two nearest the routine worker for a single knowledge point, but their

points). expertise is localised.



Payoff from Routine DM




Expert’s Second Role: Create Knowledge (Exploration)

» |Instead of answering a question in a period, the expert can engage Iin
knowledge creation — that is, research towards a new (Xpew> Y(Xnew))

- The manager must consider (a) whether to allocate the expert to immediate
decisions and, if not, (b) where the expert should create new knowledge?

« Consider the expert role allocation. Let

H*(F,) = max {5 W(F, U { Cnews Y Cnew)) }) — W(F) }

new
be the hurdle level (that is, the optimal NPV of the payoff from new knowledge)

Then, upon observing the current question, x(¢), allocate the expert to research
if and only If:

Ve(x(2)) — Vr(x(1)) < H*(F))



Cognitive Division of Labour

Region 1 | 2 | 3 | 4 | 5

A(x) = Vi(x) - Vr(x)

H high




Well, this is kinda hard ...

- In order to calculate the cognitive division of labour at any 7, we need to know
H*(F).

» That requires solving for the optimal knowledge point that might be added for each
F,

» Which requires knowing the allocation of future labour for any new knowledge point.

» Taking into account the random arrival of questions that determines whether experts
exploit or explore in any period, the probability (p) of which is endogenous.

» And because knowledge accumulates, the dynamic programming problem is non-
stationary.

. Nonetheless, as new knowledge points are added H*(#,) will not increase with
time.

» I’'m either gonna need an expert or ...



... make a simplifying approximation...

0 A*(1)

HEVA _
l—06 L

where A*(?) is the expected improved performance
from one optimally placed new knowledge point

» Greedy: only static improvement

- Separation: no need to consider future prob of
exploration, p(?)

. Bias: HfVA < H;I< early (under-states exploration)
and HtSVA > Ht>I< (over-states exploration) later



New Gap Point

Smaller bridge
New anchor

Region

Tails versus Gaps

1

2 |

3 | 4

5

A(x) = VE(x)— Vr(x)

| Routine Explore

New Tail Point

New bridge
New anchor



Evolution of H,

Time



Evolution of p(7)

X’s large, H, constant, —_—
but A(x | F,) falls.

X’s smaller

Frees up experts for

exploration H._ fall reduces returns to
exploration

>

Time



Performance Over Time G() =E[W,, —W]=p@)-H,

Expansion

Refinement

Performance W;

— Linear-Concave (High Hp)
—— S-shaped (Intermediate Hp)
— Concave (Low Hp)

0 10 20 30 40 50 60 70 8 90 100

Time ¢ (Knowledge Accumulation)



Impact of Al

Al can impact on operational

productivity of experts ( l ;/]) or - o- Baseline (no Al) —= Interpolation Al (q 1) —e— Application Al (7 |)
routines ( T g) 1 [ ‘
. Interpolation Al ( T g), reduces A(x) 0.8

and increases H, and p(?), :

accelerating growth : 0.6
. Application Al ( | #), increases ;a%j 0.4

A(x) and increases H, but

. 0.2
decreases p(t), which may reduce
growth 0 + |

-5 -4 -3 -2 -1 0 1 2 3 4 5
» Interpolation Al more important for Time (normalised)
start-ups while Application Al is

more important for mature firms.



Shifts in Question Domain

Suppose that the question domain shifts by B to [—§+B, £+B], what is the impact on
nascent versus mature firms?

» Nascent firms continue to invest in knowledge points in new area. (Normal trajectory)

.- Mature firms lose the value of some knowledge (proportional to B) but face renewed

incentives for exploration in the ‘open domain.” But expands from > In discrete increments

(if B large). Substantial move from exploitation to exploration with p close to 1.

Thus, the mature firm grows faster than the nascent firm, contrary to many inertia theories. In
this model, knowledge is valuable if it is relevant, as it weakens the trade-off between
exploitation and exploration in response to a shock.

 Very reliant on uniform distribution logic. If non-uniform, other things may occuir.



Conclusions

* Division of labour:

» Role assignment in each period between knowledge workers who use existing knowledge to make
predictions for decision-making (routines) versus those who work at solving problems close to existing
knowledge points (experts) as they are also the people who created the knowledge point initially.

 Chief tension: using experts to “put out fires” (exploitation) versus invest in new knowledge
(exploration). Depends on current question location (operational expert advantage) and current
knowledge set (prospective returns to new knowledge).

» Conclusion: division of labour evolves over time with exploration favoured initially towards evolving to a
situation where experts exploit at little cost (S-curve)

» Applications:

- Al: what impact does it have on decision-making roles (depends on type of Al) and how does this
impact on organisational dynamics (startups versus mature firms)

- Adaptability: what happens when the set of questions shifts? Current model shows that knowledge is
valuable and allows faster exploration of new, open areas.



