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Abstract

Large language models (LMs) often struggle to generate diverse, human-like
creative content, raising concerns about the long-term homogenization of human
thought through repeated exposure to similar outputs. Yet scalable methods for
evaluating LM output diversity remain limited, especially beyond narrow tasks
such as random number or name generation, or beyond repeated sampling from
a single model. To address this gap, we introduce INFINITY-CHAT, a large-
scale dataset of 26K diverse, real-world, open-ended user queries that admit a
wide range of plausible answers with no single ground truth. We introduce the
first comprehensive taxonomy for characterizing the full spectrum of open-ended
prompts posed to LMs, comprising 6 top-level categories (e.g., creative content
generation, brainstorm & ideation) that further breaks down to 17 subcategories.
Using INFINITY-CHAT, we present a large-scale study of mode collapse in LMs,
revealing a pronounced Artificial Hivemind effect in open-ended generation of
LMs, characterized by (1) intra-model repetition, where a single model consistently
generates similar responses, and more so (2) inter-model homogeneity, where
different models produce strikingly similar outputs. INFINITY-CHAT also includes
31,250 human annotations, across absolute ratings and pairwise preferences, with
25 independent human annotations per example. This enables studying collective
and individual-specific human preferences in response to open-ended queries. Our
findings show that state-of-the-art LMs, reward models, and LM judges are less well
calibrated to human ratings on model generations that elicit differing idiosyncratic
annotator preferences, despite maintaining comparable overall quality. Overall,
INFINITY-CHAT presents the first large-scale resource for systematically studying
real-world open-ended queries to LMs, revealing critical insights to guide future
research for mitigating long-term Al safety risks posed by the Artificial Hivemind.

1 Introduction

Large language models (LMs) are the core backbone of modern Al systems but often fail to produce
the diverse, human-like creativity expected in open-ended tasks that do not have a ground truth answer
[88, 93, 92, 52]. This shortfall has sparked growing concerns about the long-term homogenization of
human thought, as users are repeatedly exposed to similar outputs [79, 10]. While ensemble methods
or model “swarms” have been proposed to enhance diversity [27, 25], their scalable evaluations of
diversity in real-world settings are still lacking [31]. Existing benchmarks often target stylized tasks
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gpt-40-2024-11-20: Time is a river, endlessly flowing, carrying
moments like leaves that drift away, never to return.
Qwen2.5-72B-Instruct: Time is a river, flowing silently and
ceaselessly, carrying leaves from birth to oblivion, each one a
story, a life, a moment that once was.

phi-4: Time is an invisible river, endlessly flowing, carrying
moments past like leaves caught in its current, each whispering
stories that dissolve into the vast ocean of eternity.
gpt-40-mini-2024-07-18: Time is a river, winding through the
landscape of our lives, carrying memories like fallen leaves,
some vibrant and golden, others brown and brittle, each
moment flowing past, never to be recaptured, yet shaping the
banks of who we are.

Mixtral-8x7B-Instruct-v0.1: Time is a relentless river, flowing
steadily forward, never pausing, never retreating, carrying us all
along in its current, whether we're ready or not. It's up to us to
swim against the stream or let the current take us where it will,
but either way, we can never truly escape its flow.

phi-4: Time is a silent weaver, meticulously threading moments
into the tapestry of our lives, each stitch a memory, and each
color a different phase, creating a masterpiece that tells the story
of who we were, are, and will become.
Meta-Llama-3.1-405B-Instruct-Turbo: Time is a master weaver,
carefully threading moments into a tapestry of memories, each
strand intricately intertwined with the next, creating a complex
and beautiful fabric that tells the story of our lives.
Llama-3.1-Tulu-3-70B: Time is the silent sculptor, chiseling
away at the clay of life with unseen hands. Each tick of the clock
is a tap of the chisel, reshaping us and our world in its steady,

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.”

such as persona generation [30], keyword-driven storytelling [13], or random number generation
[93, 88], and often rely on narrowly defined tests centered on poetry or figurative language [64, 92].
Yet, these settings fail to capture the open-endedness and pluralism of real-world user interactions.

We introduce INFINITY-CHAT, a large-scale dataset of 26K real-world open-ended queries spanning
diverse, naturally occurring prompts mined from WildChat [94]. These queries admit a wide range of
plausible answers with no single correct response. We further develop the first comprehensive taxon-
omy of open-ended LM queries, encompassing 6 top-level categories (e.g., Brainstorm & Ideation,
and less explored types such as Speculative & Hypothetical Scenarios, and Skill Development) and
17 subcategories grounded in natural chatbot-user interactions.

Using INFINITY-CHAT, we systematically study intra- and inter-model mode collapse across 70+
open and closed source LMs (25 detailed in the main paper). We uncover a pronounced Artificial
Hivemind effect: (1) intra-model repetition, where a single model repeatedly generates similar
outputs, and, more critically, (2) inter-model homogeneity, where different models independently
converge on similar ideas with minor variations in phrasing. The latter warns that model ensembles
may not yield true diversity when their constituents share overlapping alignment and training priors.

Beyond generative behaviors, we also examine whether LMs are calibrated to assess alternative
responses of comparable quality to open-ended queries. To enable this study, we collect 31,250
human annotations on distinct model responses in INFINITY-CHAT, encompassing both absolute
quality ratings and pairwise preferences, with dense annotations from 25 independent annotators
per query-response pair. Our results show that LMs, reward models, and LM-based judges are
often miscalibrated with respect to human ratings on responses that elicit divergent, idiosyncratic
preferences among annotators despite comparable overall quality. This exposes key limitations in
current modeling pipelines, which tend to assume a single, consensus notion of quality and thus
overlook or fail to reward the diverse, pluralistic preferences that arise in open-ended responses.

Altogether, our work introduces a comprehensive framework for evaluating realistic open-endedness,
diversity, and pluralistic alignment in LMs, both within and across LMs. By integrating real-world
queries, a taxonomy of query types, and dense human annotations, INFINITY-CHAT provides a useful
resource for diagnosing the Artificial Hivemind effect and for guiding the development of safer,
more expressive, and more resourceful LMs that better empower human creativity.
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