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Types of Creative Processes & Products
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Figure 1: Conceptual-space DAGs before (S) and after (S') the Coy

and Keplerian revolution. All non-axiom artifacts
reach at least one axiom (sink node), satisfying the formal definitiof

onceptual space.

Table 1: Historical instances of transformational creativity in science, demonstrating how the transformation of axioms A — A’
transformed the conceptual spaces S — 5.

S (Initial Space) A (Selected Axioms) A’ (Mo loms) S’ (Transformed Space)

Newtonian Physics Absolute time;

space/time;

arate Relative time; spacetime unity;

p Relativistic Physics
y as force  gravity as curvature

Ptolemaic Astronomy  Earth-c d universe St d model

Heliocentric system
Euclidean Geometry  Parallel Postulate: througha  Altered Parallel Postulate: through  Non-Euclidean geometry
point not on a line there i such a point there are zero (elliptic)  (elliptic and hyperbolic)
exactly one parallel line o at least two (hyperbolic) parallels
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Figure 1. A generative Al reconstruction of Einstein’s E-J-A dia-
gram. Einstein drew this diagram ij er to Maurice Solovine,
showing a cyclical line jumping fro; e Experience (E) to Ax-
ioms (A) via a Jump (J), and then deducing logical consequences.
Tronically, the hallucination of the axiomatic symbols highlights
the very difficulty of automating the jump.




Transformational Creativity: Examples

Scientific example: Geocentrism to heliocentrism
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reach at least one axiom (sink node), satisfying the formal definition of a conceptual space. Too Sertes Prime (P)
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Table 1: Historical instances of transformational creativity in science, demonstrating how the transformation of axioms A — A’ : Lo (R]b
transformed the conceptual spaces S — S’. T e
S (Initial Space) A (Selected Axioms) A’ (Modified Axioms) S’ (Transformed Space) Music example: Atona”ty thel’ary example: Plot twists

Newtonian Physics Absolute time; separate Relative time; spacetime unity; Relativistic Physics
space/time; gravity as force  gravity as curvature

Ptolemaic Astronomy  Earth-centered universe Sun-centered model Heliocentric system A 6’|a
, : . : s(a, @) = D(Py,||Ps) = Pe‘ log —=db.
Euclidean Geometry Parallel Postulate: through a  Altered Parallel Postulate: through Non-Euclidean geometry P
point not on a line there is such a point there are zero (elliptic) (elliptic and hyperbolic)
exactly one parallel line or at least two (hyperbolic) parallels

Note that when the two terms in the relative entropy
expression are not absolutely continuous with one
another, the surprise value is infinite. This may arise
when a previously unseen component is used in the new
artifact. Following the obscure feature hypothesis, we
claim that such an infinite value is an indicator of
transformational creativity (Varshney, 2019)

Transformational Creativity in Science: a Graphical Theory
Schapiro-Black-Varshney (2025), Best Short Paper Award, ICCC 2025




Comparing the Transformational Creativity of
Humans and LLMs

TwistBench: Setup

Task. Write a complete short story (roughly 2,000-3,000
words). The story must contain a plot twist: a late reveal
that makes the reader re-interpret earlier events in a new
light, yet is consistent with everything that came before.
In hindsight it should feel prepared, not arbitrary.

1. Surprise: Surp(T) € {1,2,3,4,5}. How drastically must one reinterpret earlier
story elements after the plot twist?

2. Coherence: Coh(T) € {1,2,3,4,5}. After the plot twist, do earlier story elements
still hold together? Is the story still logically consistent?

3. Realism: Real(T) € {1,2,3,4,5}. Does the plot twist involve impossible elements
(e.g. real ghosts, magic, time travel, sentient Al, aliens) that violate the notion of
literary fair play?

Next, since diversity is a crucial aspect of creativity (Nagarajan et al., 2025) and given that
LLMs have a documented tendency to homogenize on open-ended tasks (Zhang et al., 2025;

iang et al., 2025), we also measure diversity over the set of a model’s plot twists. Given a set
of n stories T = {T1, Ty, ..., T} and a function that maps a story to a concise summary of
its twist f : T — W*, we compute the average embedding dissimilarity among these twists:

Div(T) = oy ;dcos f(T:)), ¢(f(T}))) @
i#]

TwistBench: Results

Table 2: Top systems by transformational creativity. The 8 highest-scoring systems on
Ovuerall and on each facet. Expert humans (bold) top the Overall ranking and reach the top 8
on Coherence and Realistic, but rank only #9 on Diversity and #14 on Surprise.

Rank Overall Surprise Coherence Diversity Realistic
1 Expert humans (+2.0) claude-opus-4.8 (+1.4) laude-opus-4.6 (+1.3)  d k-v3.2 (+1.4) laud 4.5 (+1.7)
2 claude-sonnet-45(+19)  deepseek-vd2-exp (+13)  claude-opus-48(+13)  deepseek-chat-v31(+14) claude-sonnet-46 (+17)
3 claud t-4.6 (+1.8) 4:31b (+1.3) Expert humans (+12)  kimi-k? (+1.3) claude-opus-4.5 (+1.7)
4 claude-opus-4.6 (+1.7) qwen3-next-80b (+1.2) sonnet-4.6 (+1.2)  deepseek-v3.2-exp (+1.3)  claude-opus-4.6 (+1.7)
5 claude-haiku45(+15)  deepseek-chat-v31(+11) claude-opus-47 (+12)  d k-v3.1-term. (+1.2) Expert humans (+1.6)
6 claude-opus-4.5 (+15) deepseek-v3 I-term. (+1.0) deepseek-v3.2-exp (+12) glm.5.1 (+12) mistral-small-3.1-24b (+1.5)
7 gpt54(+1.4) qwen3.5-flash (+1.0) gemma-4-31b (+1.2) Kimi-k2.5 (+1.2) gpt-5.4 (+1.3)
8 kimi-k2.5 (+1.3) deepseek-v3.2 (+0.9) claude-haiku-45 (+12)  gemma-3-27b (+1.2) granite-4.0-h-micro (+1.3)
jamba-large-1.7 (+1.1) gpt-5.4-mini (+0.9) claude-opus-45(+1.2)  Expert humans (+1.2) claude-haiku-4.5 (+13)
14 deepseek v3.1-term. (+07) Expert humans (+0.8) glm-5.1 (+1.0) nova-2-lite-vl (+0.9) hunyuan (+1.0)
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Ex: "Elias is not human but a synthetic being; his
memories are digital files being restored."
Surprise: 4.08, Coherence: 4.22, Realism: 2.97
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Ex: "Ryan is not a patient but a test subject with
an implanted device controlling his thoughts."
Surprise: 3.87, Coherence: 2.91, Realism: 3.74

Ex: "Sarah is not a patient but a test subject in a
government program.”
Surprise: 413, Coherence: 3.60, Realism: 3.89

(¢9: Dead-spouse grief-denial (n=63) |

UMAP-1

c9: Dead-spouse grief-denial

Ex: David has actually passed away; Margaret
carries on her daily life as if he were still there"
Surprise: 417, Coherence: 4.84, Realism: 4.84

Figure 4: Recurring patterns in LLM-generated plot twists. A map of recurring twists

models give, obtained via spectral clustering and

projected to 2D with UMAP (Mclnnes

et al., 2020). Surprise, coherence, and realism in each box are the cluster means.



The “Process-level” Artificial Hivemind
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Write a metaphor involving time.

0.3

Qwen3-328
Qwen2-72B-Instruct
OLMo-2-1124-138-Instruct
qwen-max-2025-01-25
claude-3-5-sonnet-20241022
Llama-3.1-708-Instruct
gpt-40-mini-2024-07-18
Llama-3.1-Tulu-3-708
Llama-3.3-708-Instruct
gemini-1.5-pro

o phia

DeepSeek-V3
aya-expanse-32b
Mistral-Large-Instruct-2411
gemini-2.0-flash
Mixtral-8x7B-Instruct-v0.1
9pt-40-2024-11-20
Qwen1.5-110B-Chat
gemma-2-27b-it
claude-3-sonnet-20240229
Qwen2.5-728-Instruct
Llama-3.1-405B-Instruct-Turbo
caai-command-r-plus-08-2024
claude-3-0pus-20240229
qwen-plus-2025-01-25 —0.4

°

o
Second Principal Component

°

-0.2 0.0 0.2 0.4
First Principal Component

0.6

9pt-40-2024-11-20: Time is  river, endlessly flowing, carrying
momens ike leaves that drift away, never to return.

Qwen2.5-72B-Instruct: Time is aiver, flowing silently and
(ease\ess\y carrying leaves from birth to oblivion, each one a
story, a ife, a moment that once was.

phi-4: Time is an invisible river, endlessly flowing, carrying
[*| moments past ike leaves caught n its current, each whispering

stories that dissolve into the vast ocean of eternity.

Time is a river, gh the
lodscape o o ve,carying marmeries ke fallen eaves,
some vibrant and golden, others brown and britle, each
moment flowing past, never to be recaptured, yet shaping the
banks of who we are

‘ 1:Time is 2 flowing

steadily forward, never pausing, never retreating, carrying us al
»| along in s current, whether we're ready or not. s up to us to
swim against the siream o let the current take us where it wil,
buteither way, we can never truly escape its flow.

phi-4: Time is a slont weaver, meticulously threading moments |
into the tapestry of aur lives, each stitch a memory, and each

| colora different phase, creating a masterpiece that tell the story
of who we were, are, and will become

Meta-Llama-3.1-405B-Instruct-Turbo: Time is a master weaver,
carefuly threading moments into a tapestry of memories, each
strand intrcately intertwined with the next, creating a complex
and beautiful fabric that tels the story of our lives.

Llama-3.1-Tulu-3-70B: Time is the silent sculptor, chiseling
away at the clay of lfe with unseen hands. Each tick of the clock
is atap of the chisel, reshaping us and our world in its stead,
relentless rhythm. Time molds our ambitions into achievements,
our dreams into reality, and our love into memories.

Figure 1: Responses to the query “Write a metaphor about time” clustered by applying PCA to
reduce sentence embeddings to two dimensions. Each of the 25 models generates 50 responses using

top-p sampling (p = 0.9) and temperature = 1.0. Despite the diversity of model families and sizes,

the responses form just two primary clusters: a dominant cluster on the left centered on the metaphor
“time is a river,” and a smaller cluster on the right revolving around variations of “time is a weaver.”

Part 1: Choose the Twist

. Frame the Task

2. Promise Coherence

@) GPT-5.4: (3) A potential twist might be
revealing that the narrator is actually dead,
perhaps assisting a friend in solving a
missing-person case

\7 Qwen3-14B: (6) Maybe the keeper is
actually a ghost? No, that might be too
cliché. Alternatively, the keeper is not
human. Or perhaps the lighthouse is a
prison.
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Figure 7: The creative process of reasoning models. All 207 traces roughly follow the
same procedure, regardless of effort level. Models first choose the twist, then retroactively
determine the plot. The location of each step is given by its median (£ IQR) position among

all 207 traces.
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In Conclusion...

Open Question #1: How can we post-train models to
use a diverse range of processes on open-ended
tasks?

Open Question #2: How can we evaluate or enhance LLMs’
abilities to exhibit transformational creativity in science?
To make paradigm-shifting discoveries?
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