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1 INTRODUCTION
Analogical problem-solving involves generating new ideas and ap-
proaches for a problem based on connections to problems from
other seemingly disparate domains based on structural similarities
[27, 28, 38, 39]. Cross-domain analogies, in particular, have been
instrumental in some of the most signi�cant scienti�c and techno-
logical breakthroughs throughout history: for example, the Wright
brothers invented their crucial breakthrough wing steering mecha-
nism by analogy to bicycle control mechanisms and the warping
action of a cardboard box when twisted [45].

Unfortunately, creators often struggle to retrieve, recognize, and
apply analogies, especially across domains [29, 42, 68, 76]. In re-
sponse to these challenges, researchers across the �elds of psychol-
ogy, design, and HCI have made substantial progress on developing
systems to systematize support for analogical innovation. There is
a particularly robust body of approaches designed to support there-
trievalof appropriate analogs, either from creators' prior knowledge
[52,53], or from databases of potential analogs [11,22,26,40,61,63].

In this paper, we consider the problem ofhow to enable cre-
ators to e�ectively recognizeand explore potentially inspir-
ing analogies (especially across domains) that have been re-
trieved by computational analogy systems. In computational anal-
ogy system evaluations, there is a recurring �nding of people
rapidly rejecting cross-domain analogies, only to realize after closer
inspection that their initial rejection was premature. For example,
in evaluation case studies with scientists using a novel computa-
tional analogy search engine for research papers, Kang et al [47]
documented many instances where scientists quickly rejected cross-
domain analogous papers as irrelevant, but upon later inspection
of those papers, recognized novel insights that were not appar-
ent on �rst glance, such as generative misalignment of problem
attributes or constraints that provoked creative reconsideration of
key problem assumptions. Similar rapid rejection of was observed
in Portenoy et al's [67] evaluation of their novel system for rec-
ommending research authors working on analogous problems in
di�erent domains.

This analogical recognition problem is consistent with broader
empirical and theoretical characterizations of the challenges of
cross-boundary creative work, such as scholars' reliance on per-
sonal contacts to overcome the di�culty of recognizing and work-
ing out implications of cross-boundary ideas for their problems
[65]. The di�culty of quickly identifying the value of cross-domain
analogies (unlike a simple search relevance judgment) is also consis-
tent with conceptualizations of the �oblique� nature of inspiration
in the creative process: the value of ideas may not become apparent
until after they have been iterated on [5, 13], and ideas and inspira-
tions that are �bad� may actually be important stepping stones to
breakthrough insights, such as Darwin's development of the theory

of evolution drawing on �wrong� prior theories of coral formation
and monad theories of evolution [33]. At a macro level, this can
contribute to dynamics such as the �recognition penalty� for paper
citations, where highly novel papers have fewer citations in the
short run, despite being on average more likely to be in the top 1%
of citations in the long run [75].

Here, we investigatehow we might address the analogical
recognition problem through careful (re)design of interac-
tion paradigms for computational analogy systems .

Returning to Kang et al's [47] observations of premature rejec-
tion of analogies, one participant quote stands out as suggesting
the need to revisit the interaction paradigm:�I'd not consider... (be-
cause) they are totally di�erent, right? They look irrelevant... until
I think about it I can realize that it's useful. But if you give me the
article, at �rst I don't realize that�.We wonder about reframing
the interaction paradigm from the query-response paradigm of
a search engine (which frames the task as selecting one or two
speci�c analogs that satisfy an information need) towards a more
incremental, exploratory and playful, �berrypicking� approach [3]
that incrementally integrates partial insights from multiple cross-
domain analogies into novel ideas [36].

This research is timely and needed because the problem of ana-
logical recognition has yet to receive systematic attention in re-
search on computational support for analogical innovation. Of
particular note is the relative stability on the interface side in com-
putational analogical systems: most operate within a fairly tradi-
tional search engine interface, where a query is entered, and a set
of results are shown in a list or collection, from which creators
can select relevant analogs to pursue, much like a Google search.
Two recent exceptions include Chan and Rudd's graph-based explo-
ration of analogies [12] and Song and Fu's [71] VISION system that
supports visual querying of an analogical network of patents. Given
the substantial progress that has been made on systems for analogi-
cal retrieval, we believe the time is right for more research like this
to focus sustained e�ort on addressing the analogical recognition
problem.

To advance research on novel interfaces for interacting with
analogies, in this paper we introduceAnalogiLead , an interface for
screening analogies that emphasizesincremental, playful exploration
rather than rapid selection of a few most relevant results.

Drawing on cognitive theories of conceptual chunking and re-
combination [14, 48, 77], AnalogiLead structures interactions with
analogies in terms of exploring interesting recombinations of con-
ceptual �chunks� of problems and analogies, such as goals, obstacles,
stakeholders, or contexts. These chunks are embodied as interac-
tive "magnets," which can be subsequentlyrecombined� akin to
magnet poetry1 � to craft brainstorming questions, encouraging
playful exploration of analogies. In a within-subjects evaluation
study, participants (N=23) ignored analogies 4x less often, and with
12x fewer adjustments to their decision, compared to a baseline
interface with no chunking or recombination. This reduction in
premature dismissal of analogis was associated with 64% longer
processing time. Through qualitative analysis of video and think-
aloud data, we describe how participants used the chunking and
recombination mechanisms to playfully engage with the analogies.

1https://magneticpoetry.com/
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Our system design and empirical results highlight opportunities
and challenges for improving analogical innovation through careful
theory-driven design of interfaces for screening and recognizing
analogies.

2 RELATED WORK
Our work contributes primarily to the literature on systems for
supporting analogical innovation, and draws inspiration directly
from cognitive theories of conceptual chunking and recombination.

2.1 Systems for Supporting Analogical
Innovation

There is a robust interdisciplinary body of work on systems for
supporting analogical innovation. The predominant threads of this
work have focused on supportingretrievalof potentially inspir-
ing analogs. For example, cognitive scientists have identi�ed how
comparing contrasting analogies can ensure they are schematized
enough in memory to be retrieved and connected to analogous
problems, even when there are surface dissimilarities between the
analogies and the problem [16, 18, 29, 53]. In design, systematic
techniques like Synectics [32], TRIZ [61], and the WordTree method
[52] provide structured methods and databases for retrieving po-
tential analogs for problems. Computational systems have been
developed for representing databases of product ideas, research
papers, and research authors, and retrieving them for analogous
problems based on analogical similarity [30, 40, 41, 47, 67] (for a re-
cent multidisciplinary review of this line of research, see [44]). HCI
research has contributed patterns for crowdsourcing annotations
of research papers to enable computational analogical matching
[11], or searching for and describing potential analogs from large
databases of product ideas [80� 82]. These systems have been ex-
tensively validated in terms of their e�cacy at retrieving novel
and relevant analogies for problems [11, 40, 47] that can enhance
novelty, quality, and creativity of ideas when provided directly as
inspiration in ideation experiments [40, 80�82].

We extend this body of work by focusing attention on thein-
teraction paradigmsthat mediate creators' initial exposure to re-
trieved analogs, so as to maximize the likelihood that creators will
recognize and bene�t from them. Our work adds to emerging re-
examinations of interaction paradigms in computational analogical
support systems. One recent example is [12], who drew on research
from the learning sciences to explore how presenting cross-domain
analogs in a graph of �bridging analogies� that link the analogs to
participants' prior knowledge could enable more e�ective recogni-
tion and use of cross-domain analogs. They reported preliminary
demonstrations of increasing depth of processing of far analogies
when creators were shown analogical stimuli alongside bridging
analogies tailored to their prior knowledge (compared to analogi-
cal stimuli alone). Another example is Song and Fu's [71] VISION
system that supports visual querying of an analogical network of
patents. These interaction-oriented approaches complement prior
process-oriented interventions for maximizing analogical trans-
fer, such as including images or descriptions that highlight core
solution schemas from the analogy [10, 17, 19, 29], or inducing
schemas from analogical comparison of two analogs with the same
key relational schema [29, 53, 80]. These previous approaches are

designed to help problem solvers notice and transfer speci�c solu-
tion components or relational mappings that are known in advance;
however, they are not applicable in open-ended discovery scenarios
where insightful relational mappings may not be known in advance,
or where the goal of the problem solver is to use the analogies to
trigger insightful reframing of their problem [21, 36, 47, 64], rather
than transferring direction solution elements.

2.2 Conceptual Chunking and Recombination
in the Creative Process

Conceptual (re)combination is a fundamental creative mecha-
nism [1, 4, 6, 34, 37, 58, 78]. Creative recombinations, particularly of
semantically distant component concepts, can lead to new insights
that are not present when considering only the component concepts
[24, 54, 77]. For instance, designers use visual juxtaposition of often
contradictory themes, in the context of a coherent whole, on mood
boards to productively reframe design problems [54]. Connecting
these �ndings to Sosa's [72] argument that creators do (and should)
evaluate ideas in the early stages of the idea accretion process based
on thegenerativityof the ideas rather than their feasibility and use-
fulness, we hypothesize that fostering recombination of elements
from analogies and a target problem can facilitate more e�ective
recognition of the creative potential and applicability of analogs
(compared to a more �relevance judgment� interaction paradigm).

A related line of research describes how careful consideration
and representation of what conceptual components are available for
recombination can substantially improve creative outcomes. This
process of organizing and representing ideas into components has
been theorized as "chunking ": for instance, chess experts perceive
chess games not in terms of individual features and pieces, but
in terms of �chunks� of patterns of game states, enabling them to
more e�ectively perceive and reason over game states [14]. Impor-
tantly, the way that knowledge is chunked can shape the degree
to which novel recombinations are possible [48, 83]. For instance,
in Duncker's [23] classic study of insight problem solving, given a
candle, a box of thumbtacks, and a book of matches, participants
struggled to devise a way to attach the candle to the wall so it could
be lit without dripping wax on the �oor. This is because theywere
�xated on the traditional use of the box; but when the thumbtack
box was emptied, thus de-emphasizing its conventional use as a
container, and highlighting the availability of the thumbtacks as
components, participants were more likely to devise the insightful
solution of attaching the box to the wall as a platform using the
thumbtacks. A similar e�ect was observed when Frank et al [25]
manipulated the verbal presentation of the objects so as to high-
light their component features (e.g., underlining �box� and �tacks�
separately, rather than �box of tacks� as a phrase).

Some creativity techniques also directly sca�old reorganization
and decomposition of ideas into chunks to facilitate more creative
recombinations, such as highlighting �obscure features� of items
[59]. And some work in HCI has also explored representing de-
sign knowledge in more atomic and reusable components, such as
claims [60] or design patterns [51]. Building on these insights, we
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Figure 2: Components of the AnalogiLead Prototype for Playfully Exploring Analogical Leads. AnalogiLead is designed to
facilitate the processes of recognition and selection of useful analogical leads while providing intuitive interfaces to ease the
process of recombination. To address this, the interface contains four key components. First, the Problem Space (A) is where
the assigned design problem is broken down into components representing the functional components of Stakeholder,
Context, Goal, and Obstacle, and the words within each are broken down into selectable words known as � magnets.� Second,
the Analogy Space (B) is where each recommended analogical lead is broken down in a similar manner, with an additional
component for the functional component of Solution. Users can click through to paginate to the next or previous analogical
lead for processing. Third, the Play Space (C) is where the selected magnets from the aforementioned spaces can be added,
edited, deleted, clearedand recombined through spatial maneuvers such as drag-and-drop to mirror the usage of real-world
fridge magnets. Fourth and �nally, the Recombination Space (D) is where the magnets are recombined into provocative
guiding questions or � prompts� through the use of Generative Pretrained Models (GPT) with the aim to facilitate divergent
thinking while giving users the ability to edit, pin or archive interesting recombinations. Users can record their decisions to
review/keep or ignore the analogical lead based on their explorations, as well as record notes about their decision rationale.

hypothesize that careful selection and highlighting of the compo-
nent �chunks� of analogies and their target problems could facili-
tate more creative recombinations, and subsequently more e�ective
recognition of inspiring analogies.

3 SYSTEM DESIGN
Our high level design goal is to enable more e�ective recognition
of analogies, including reducing premature rejection of promising
cross-domain analogies. Our core design argument is that this can
be accomplished bysupporting exploration of analogies based
on inspiration potential, rather than emphasizing relevance
only . Drawing on theoretical and empirical research on cognitive

mechanisms of chunking and recombination, we further argue that
this shift to inspiration-based exploration is facilitated if users'
primary mode of interaction with analogies is focused onexplor-
ing recombinations of conceptual chunks from the design
problem and analogy .

Our approach to the overall user experience was inspired by
the practice of magnet poetry, where people playfully recombine
small magnets � that contain (fragments) of words and syllables
� into novel phrases and poems, often on everyday surfaces like a
refrigerator2. Connecting this design inspiration to the literature

2https://magneticpoetry.com/
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on cognitive mechanisms of chunking and recombination, we de-
signed two core interaction mechanics: 1)selecting functional
component �chunks� from an analogy and a design problem to
recombine, and 2)generating and considering recombinations
of those chunks. Figure 2 shows how these interaction mechanics
are integrated into a single interface.

3.1 Selecting Functional Component �Chunks�
One key design choice is how to decompose analogies into chunks.
Grounded in Structure-Mapping Theory [27], we aimed to decom-
pose analogies in into conceptual chunks that highlight relational
correspondences rather than merely attribute similarities. Informed
by prior conceptualizations of schemas and analogical transfer,
where successful analogical innovation involves attending to re-
lational/functional components such as goals or constraints and
solutions [29, 40, 81], we therefore chose to decompose the de-
sign problem and analogies with solutions �rst intofunctional
component chunks . We adapted Macneil et al's [56] typology of
functional components, which has proven useful for sca�olding
creative problem (re)formulation amongst design novices:

� Stakeholder: This functional component highlights the
bene�ciaries who will be a�ected by the assigned design
problem.

� Context: This functional component highlights the context
in which the aforementioned stakeholders face the assigned
design problem.

� Goal: This functional component highlights the goal that
the stakeholders need to achieve to solve the assigned design
problem.

� Obstacle: This functional component highlights an obsta-
cle that hinders the stakeholders from achieving their goal
for the assigned design problem.

Alongside these functional components, the recommended analo-
gies add an additional functional component to highlight the solu-
tion:

� Solution: This functional component highlights the solu-
tion proposed to solve the goal of the recommended analogy.

Based on previous studies on the e�ects of chunked visual rep-
resentations [48] of linguistic features on optimal solution �nd-
ing [25, 31], we also decompose the sentences within each of the
functional components into selectable�magnets�(inspired by their
functional analog of real-world fridge magnets).

Further, since prior work suggests that de-emphasizing famil-
iar chunks, and enabling recognition of more obscure component
features, may enhance creative repurposing and recombination of
concepts [25, 31, 48, 79], we hypothesized that enabling users to
hide non-functional words might help focus attention on concep-
tual chunks. We therefore provided a feature to hidestopwords�
words with high frequency automatically omitted during natural
language processing � to enable them to only focus on key function
words.

3.2 Generating and Considering
Recombinations

To nudge users towards exploring recombinations (rather than
judging relevance only), we designed a �playspace� for juxtaposing
conceptual chunks (as magnets) from the design problem and anal-
ogy. Users can rearrange and edit magnets in the playspace, similar
to a magnet poetry experience.

Drawing inspiration from prior research on the use of frames
and open-ended questions to inspire more creative ideation [50, 70,
73], we also experimented with integrating Generative Pretrained
Models [9] to quickly construct insightful, divergent questions from
combinations of the selected �magnets� in the playspace. In our pilot
testing with initial prototypes, we found that providing generative
AI suggestions for recombinations to users was more helpful for
nudging towards exploring recombinations than simply instructing
users to do so, and seemed to lower the barrier to thinking of
interesting recombinations.

For the purposes of this interface at the time of conducting the
study, we used the (then) recent LLM from OpenAI:text-davinci-
002, to generate recombinations in a zero-shot learning paradigm
using the following prompt:

By combining the following list of words together,
generate [n] meaningful questions with insightful
relationships: [word1, word2, ..., wordN]
Output:
1.

We set model parameters to balance the need for creativity and
diversity in the model's responses with the need for coherence
and relevance to the input keywords (magnets) sourced from the
playspace.Temperaturewas set to 0.75 (slightly larger than the de-
fault) for a moderate level of randomness.Frequency_penalty and
presence_penalty were set to 0.5 and 0.25, respectively, to allow
for proper sentence structures and moderately curb the presence of
repetitions in output. Since generated prompts might not always
be relevant or semantically meaningful [15], we also provided the
ability to edit the generated prompts.

3.3 Intended User Flow
Putting these component mechanisms together, our intended user
�ow was for users to interact with analogies by 1) selecting magnets
(representing meaningful conceptual chunks) from the problem and
analogy, and then 2) generating (and editing) recombinations of
these chunks to explore and ideate with. The user should then assess
the analogy in terms of its inspirational potential (e.g., what new
ideas or insights are sparked by the recombinations and magnets),
rather than narrow relevance or similarity of the analogy as a whole
to the problem.

4 METHODS
4.1 Study Design
To evaluateAnalogiLead, we conducted a within-subjects user
study where participants used our intervention interface (AnalogiLead)
or a baseline interface without the key interaction mechanics of
chunking and recombination) to screen analogies, and then attempt
to generate ideas for a problem with the analogies they chose to
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Figure 3: Baseline Interface for the Screening Task. This screenshot highlights the key components in the screening interface used
for the baseline condition. As discussed in section 4.1, the key di�erences from the AnalogiLead interface are the presentation
of analogies as paragraphs of text, and the lack of a�ordances for recombining elements of the problem and analogy.

keep. The ideation task was designed to provide an authentic task
context within which to evaluate analogies (vs. judging analogies
in isolation, in the abstract), and to o�er the opportunity to revise
initial decisions about analogies.

The baseline screening interface used for this study (see Figure 3)
was di�erent from the intervention interface in three key respects:

(1) The design problem is not further broken down into se-
lectable chunks (magnets).

(2) Each analogy is presented, not as chunked components, but
as abstracts of text that elaborate on the analogy with the
proposed solution weaved in the text.

(3) The recombination generation mechanism is removed

This baseline is a strong contrast to the intervention, removing
both the chunking and recombination mechanisms, allowing for
initial holistic testing of our design argument.

4.2 Participants
A total of 23 people participated in the study. Participants were from
diverse gender identities (12 women, 10 men, 1 non-binary), age-
groups (15 between 18 and 25, 2 between 30 and 45, 3 between 46 and
59, 3 over 60), ethnicities (8 Caucasian, 9 African-American, 4 Asian,
1 Hispanic, 1 Asian American and Caucasian) and education-levels
(13 Bachelors degree, 6 Masters degree, 3 Ph.D. or higher, 1 from
some high school). Participants were recruited using Listserv emails
and social media platforms. The only requirement for participation
was age: participants had to be at least 18 years old.

4.3 Materials
4.3.1 Source Problems. Source design problems were selected to
be accessible to participants across diverse backgrounds (e.g., not
requiring specialized knowledge to develop ideas), while still re-
quiring creative thinking to come up with innovative solutions.

Table 1 shows the three design problems used in this study, along
with their functional component breakdowns.

4.3.2 Target Analogies. Participants were provided six analogies (3
near and 3 far) for each design problem. The number of analogies
was chosen to provide su�cient opportunities to observe variation
in processing and provide some time pressure to allocate scarce
attention across the analogies, while balancing feasibility of pro-
cessing all analogies within the constraints of the time budget for
our within-subjects design.

We manually constructed analogies for each problem to ensure
their analogical relevance, while systematically varying their ana-
logical distance, with equal numbers of near and far (cross-domain)
analogies for each problem. See Table 2 for a summary of the analo-
gies, and Tables 6, 7 and 8 in Appendix A for full descriptions.

4.4 Procedure
4.4.1 Main tasks: screening analogies, and ideating with analogies.
The main procedure was structured as two blocks of two tasks each:

(1) In the screening task, participants were given 16 minutes
to choose analogies to carry forward to an ideation task to
inspire creative new solutions for the assigned design problem.
Participants could make one of three decisions about each
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Table 1: Source Problems used for this Study.

Problem Problem Description Problem Components

Baby Carrier

Design a baby carrier that can be used in
harsh climates to protect babies from the
elements while still allowing them to be
carried.

Stakeholder babies
Context in harsh climates

Goal need protection from the elements
Obstacle need to be carried

Marine Environment

Design a marine environment in which
young children and aquatic animals can
interact with each other while keeping
both safe.

Stakeholder young children and aquatic animals
Context in a marine environment

Goal interact with each other
Obstacle keep both safe

Weight Training
Design a weight training program that can
be done while on the go for business
people who are busy frequent �yers.

Stakeholder a business person
Context is a busy frequent �yer

Goal do weight training
Obstacle always on the go

Table 2: Analogies used for this Study.

Design Problem Analogical Leads

Baby Carrier
Near: Baby Gates, Mosquito Netting, Kan-
garoo Pouches
Far: Coral Reefs with Stinging Cells,
Ground Launched Missiles, Convertible
Cars

Marine Environment
Near: Shark Cages, Expert Dolphin Train-
ers, Deep Sea Submersibles
Far: Virtual Reality Psychiatric Treatments,
Lane Assist Technologies, Negative Room
Pressure

Weight Training
Near: Resistance Bands, Sandbag, Desk Cy-
cle
Far: Protein Biosynthesis, Passively De-
signed Popup Houses, In�atable Air Mat-
tresses

analogy: 1) �ignore � (like archiving, they would no longer
see it in their list in the downstream ideation task unless
they consulted the archive of ignored analogies), 2) �keep�
(like bookmarking, these analogies would appear at the top
of their list of analogies for the downstream ideation task,
or 3) �review� (keep it in the list for the downstream task,
but not at the top of the list). Participants also had a textbox
to record therationalefor their decisions. Participants were
instructed to think aloud while doing this task.

(2) In the ideation task , participants were given 8 minutes to
come up with solutions that are as creative as possible for the
assigned design problemusing the analogies they screened
in the previous task as a guide. They were also instructed
to think aloud while doing this task. To ensure that the
participants were not constrained by the task or the open-
ended nature of the selected problems, they were explicitly
allowed to add or modify assumptions or aspects of the

design problem. Participants had access to a searchable list
of all the recommended analogies that they had screened,
and a text area to enter/scrap their ideas. Participants could
also make changes to their decisions about analogies.

In each block of tasks, participants were randomly assigned one
of the three design problems (and its associated 6 analogies) as
well as either the baseline or intervention condition. The di�erence
between the intervention and baseline screening interfaces is de-
scribed in Section 4.1. The ideation task interface di�ered between
the baseline or intervention conditions in terms of 1) whether analo-
gies were shown as full descriptions (like in the baseline screening
interface) or with associated functional component chunks and
magnets, as well as associated bookmarked recombinations (in the
intervention condition), and 2) whether participants could return
to the screening interface to revisit their assessment of analogies
(intervention condition allowed for this since the interactions for
"judging" an analogy were anchored in the magnet recombina-
tion playspace mechanics of the intervention screening interface).
Figures 8 and 7 in Appendix B show screenshots of ideation task
interfaces.

All participants completed procedures via Zoom: the sessions
were video and audio-recorded with the participants' screen sharing.
All study procedures were approved by the authors' institution's
IRB.

4.4.2 Instructions to participants. Prior to the task blocks, partici-
pants were introduced to the study and the think-aloud protocol,
and engaged in a brief practice run of thinking aloud over an unre-
lated task. If a participant failed to think-aloud for a consecutive
couple of minutes, the participants were explicitly asked to "speak
what is on their mind".

Before the interaction with each main task interface, a demo of
that interface was performed with an example problem (di�erent
from the problems assigned to the participant). Participants could
ask clarifying questions about the functionality of the interfaces
before proceeding.

After the main task blocks, participants engaged in a 10-minute
debrie�ng interview. They were asked about their experience using
the interfaces and how useful they were for the goal of selecting
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inspiring leads that led to the most novel, creative and innovative
solutions.

4.5 Measures
4.5.1 Decisions and Revisions. One primary dependent measure
was the initial decisions for each analogy during the screening task.
Given our interest in the core issue of premature rejection, our
primary analysis focused on whether participants made adecision
to ignore (vs. keep or review) each analogy. We also constructed a
binary measure ofdecision revisions to capture the potential phe-
nomena of potentially missing insights in analogies or overfocusing
on surface similarity and relevance on �rst encounter: any changes
to decisions such asIgnore! Keep/Review, Keep! Ignore/Review,
andReview! Keep/Ignore, if found, were coded as revisions.

Decisions during the screening phase were sourced from the
interaction logs while their �nal decisions were taken from the
�nal state of their decisions in the stored data. These decisions
were then mapped together with their problem, analogy, interface
and condition prior to processing.

4.5.2 Processing time. We also measuredprocessing timefor each
analogy, de�ned as the delta in seconds from the timestamp at
�rst paginating into a given analogy, to the timestamp where par-
ticipants clicked to paginate to the next analogy. If participants
returned to an analogy, processing time was incremented only if it
exceeded the current processing time for that analogy.

4.6 Analysis
Quantitative variations in decisions, revisions, and processing time
across the conditions were analyzed withGeneralized Linear
Mixed Models (GLMMs) mixed e�ects models to account for
correlation between repeated measures within an individual partic-
ipant.

For each set of models, we �rst build the baseline null model that
only models the random e�ects of the participant in the absence
of additional predictors to understand the within-participant vari-
ation. We then estimate a model with a �xed e�ect ofAnalogical
Distance(Near or Far) and another model that adds an additional
�xed e�ect of Experimental Condition(Baseline or Intervention).
We complemented this quantitative analysis with a qualitativethe-
matic analysis [8] of the video recordings and transcripts of the
think-aloud and interview.

Our goal was to characterize whether and how interactions with
the analogies via our chunking and recombination mechanisms ap-
proached our intended user experience of playful engagement. Our
analysis was inductive, but also informed by theoretical conceptual-
izations of play. We drew in particular on a recent transdisciplinary
synthesis of conceptualizations of play across the �elds of HCI,
education, psychology, game studies, and linguistics [57]. Due to
technical di�culties with the Zoom meeting (including total loss
of video recordings in 4 cases, and dropped calls in the 6 cases),
we were only able to analyze 13 of the 23 participant protocols in
detail.

5 RESULTS: QUANTITATIVE ANALYSES
5.1 Decreased likelihood of ignoring analogies

in intervention interface compared to
baseline

Our fully speci�ed GLMM (Table 3, last column) estimated signi�-
cant �xed e�ects of both analogical distance and interface condi-
tion. Near analogies were signi�cantly less likely to be ignored, but
analogies overall were less likely to be ignored in the intervention
condition,𝐵 = -1.38, 95% CI=[-2.29, -0.48],𝑝 < .01 (raw observed
proportions in Figure 4A). Note that the analogical distance predic-
tor was dummy coded so that �distance = near� was the reference
class; similarly, the interface condition was dummy coded so that
�interface condition = intervention� was the reference class. This
dummy coding applied across the remaining models.

In odds ratio terms, participants were 4x less likely to ignore
analogies when using the intervention screening interface (i.e.,
AnalogiLead), compared to when using the baseline screening in-
terface (Odds Ratio = 0.25). The decreased Akaike Information
Criterion (AIC; 174.2 for full model vs. 190.7 for null model) and
Bayesian Information Criterion (BIC) measures (188.5 for full model
vs. 197.84 for null model) suggest that the gain in overall model �t
with these coe�cients is not due to over�tting.

A model with an interaction term between analogical distance
and interface condition failed to converge, possibly due to the
sparsity of data.

Note that participant-level random e�ects were estimated as
zero, indicating a singular �t; this may be caused by very low
variation in the ignore decision outcome across participants. A
simpler generalized linear model without participant-level random
e�ects yielded very similar coe�cient estimates as our full model
here (see Table 9 in Appendix C).

5.2 Fewer revisions in intervention interface
compared to baseline

Our GLMMs estimated no signi�cant e�ect of analogical distance
on the likelihood of revisions, but did estimate signi�cant �xed
e�ects of interface condition. In both the full model (2nd to last
column in Table 4) and model with only interface condition as a
�xed e�ect (since model �t was worse with the analogical distance
�xed e�ect included), decisions about analogies overall were less
likely to be ignored in the intervention condition. In the best-�tting
model with only �xed e�ects of interface condition, the coe�cient
estimate was𝐵 = -2.49, 95% CI=[-4.69, -0.29],𝑝 < .05 (raw observed
proportions in Figure 4B).

In odds ratio terms, participants were 12x less likely to revise
their decisions about analogies when using AnalogiLead compared
to when using the baseline screening interface (Odds Ratio = 0.08).
The decreased AIC (77.9 for the interface condition only model
vs. 84.0 for null model) and BIC measures (87.8.5 for full model vs.
90.5 for null model) suggest the gain in overall model �t with these
coe�cients is not due to over�tting.
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Figure 4: Observed proportion of analogies (A) ignored, and (B) with decision revisions, by Analogical Distance and Interface
Condition. Error bars are +/- 1 Standard Error of proportion. (C) shows a box plot of observed mean processing time (in seconds)
per analogy, by analogical distance and interface condition.

Table 3: GLMM models predicting whether an individual analogy received an "ignore" decision

Null model Near Analogy Only Full Model

Fixed E�ects
Intercept -2.05*** (-2.43, -1.67) -1.56*** (-2.01, -1.11) -1.03*** (-1.58, -0.47)
Near Analogy - -1.32*** (-2.20, -0.43) -1.37*** (-2.27, -0.46)
Intervention - - -1.38*** (-2.29, -0.48)

Random E�ects
Participant ID 0 0 0.02

Model Fit Statistics
Log Likelihood -93.35 -88.37 -83.10
AIC 190.70 182.74 174.21
BIC 197.84 193.46 188.50

*p<0.1; **p<0.05; ***p<0.01; Con�dence intervals for �xed e�ects are 95% con�dence intervals; AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion

5.3 Longer processing time per analogy with
intervention interface compared to baseline

Because processing time was right-skewed with an increasing
variance-to-mean ratio, we used a Gamma Distribution with a log-
link function for this set of GLMMs.

Our fully speci�ed GLMM (Table 5, last column) estimated signif-
icant �xed e�ects only of interface condition: participants overall
took longer to process each analogy in the intervention condition
compared to the baseline condition,𝐵 = 0.530, 95% CI=[0.397, 0.663],
𝑝 < .01 (see distribution of processing times in Figure 4C). This
estimated increase of approximately 90 seconds compared to the
baseline translates to approximately a 64% increase in processing

time per analogy when using the AnalogiLead screening inter-
face. The decreased Akaike Information Criterion (AIC; 2279.87 for
full model vs. 2329.49 for null model) and Bayesian Information
Criterion (BIC) measures (2296.26 for full model vs. 2339.33 for
null model) suggest that the gain in overall model �t with these
coe�cients is not due to over�tting.

6 RESULTS: QUALITATIVE ANALYSIS OF
INTERACTIONS WITH ANALOGIES

We now turn to our qualitative analysis, with a goal of comple-
menting the quantitative analysis with detailed descriptions ofhow
Analogilead's chunking and recombination mechanims might have
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Table 4: GLMM models predicting whether an individual analogy received a "revision" of decision

Null model Near Analogy Only Full Model Intervention Only

Fixed E�ect s
Intercept -3.65*** (-5.19, -2.10) -3.40*** (-5.02, -1.79) -3.02*** (-4.86, -1.17) -3.30*** (-5.07, -1.53)
Near Analogy - -0.59 (-1.92, 0.74) -0.68 (-2.09, 0.73) -
Intervention - - -2.53** (-4.74, -0.31) -2.49** (-4.69, -0.29)

Random E�ects
Participant ID 1.98 2.00 2.83 2.77

Model Fit Statistics
Log Likelihood -40.00 -39.61 -35.50 -35.97
AIC 83.99 85.21 79.00 77.94
BIC 90.54 95.03 92.09 87.75

*p<0.1; **p<0.05; ***p<0.01; Con�dence intervals for �xed e�ects are 95% con�dence intervals; AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion

Table 5: GLMM models predicting the processing time for an individual analogy (with Gamma Distribution)

Null model Near Analogy Only Full Model

Fixed E�ects
Intercept 5.195***(5.184, 5.205) 5.155***(5.012, 5.299) 4.876***(4.718, 5.033)
Near Analogy - 0.076(-0.076, 0.227) 0.055(-0.078, 0.187)
Intervention - - 0.530***(0.397, 0.663)

Random E�ects
Participant ID 0.028 0.0294 0.0371

Model Fit Statistics
Log Likelihood -1161.75 -1161.27 -1134.93
AIC 2329.49 2330.53 2279.87
BIC 2339.33 2343.64 2296.26

*p<0.1; **p<0.05; ***p<0.01; Con�dence intervals for �xed e�ects are 95% con�dence intervals; AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion

enabled playful engagement (vs. narrow relevance judgments) with
the analogies.

A portion of P23's screening task with the intervention illustrates
the core themes of how our participants interacted with analogies
in Analogilead (see Figure 5 for a visual walkthrough of this case).
Here, P23's assigned problem was the Marine Environment problem,
and the assigned analogy was the (cross-domain) Virtual Reality
Psychiatric Treatments analogy. P23 began by attending to key
concepts from the problem, represented by the magnets for the
stakeholder (�children�, �aquatic�, �animals�), context (�marine�,
�environment�), goal (�interact�), and obstacle (�safe�) . Each of
these key chunks were added to the playspace to juxtapose with
the analogy. She then scrolled through the stakeholder, context,
goal, and obstacle elements of the analogy, and reacted with initial
dismissal, saying�I'm kind of struggling to see how this would give
me an idea from the context, and just like from just the context of
the what I think the problem statement is�(Figure 5.1). This skep-
ticism persisted after reading through the solution component of
the analogy, but then transitioned to openness and curiosity about

the conceptual chunk of �virtual reality� in the solution, as she
expressed:�I don't know about this solution, but I'm liking this idea
of virtual reality...because that's something I did not think about."
(Figure 5.2)

From here, she began to attend to a cluster of related concep-
tual chunks from the solution, including �virtual reality�, �immer-
sive technology�, and �immersive experience�, adding each to the
playspace in turn. She then attended to and selected other concep-
tual chunks of the solution, such as �feel more in control�, and �tailor
the environment�. After that, she triggered the �generate three re-
combinations� button, and was intrigued by the �rst recombination
question (Figure 5, steps 3 and 4):

Okay, so how does immersive technology enhance the
experience of children interacting with marine animals
and also better protect our environment? That's actually
such a good question...cause, like you know, we always
talk about like aquariums, and how like, it's really a bad
idea to have these animals in my activity right? Because
they should be out there in the wild doing what they
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Figure 5: Illustrated �ow (sequentially labelled from 1-5) of P23's Screening Task for the Marine Environment Problem while
interacting with the Virtual Reality Analogy, showing them (1) exploring the analogy, (2) identifying an inspirational idea, (3)
generating recombinations after choosing magnets in the playspace, (4) pinning intriguing recombinations, and ultimately (5)
electing to keep the screened analogy with reasoning.

want to do. So we could use immersive environments
to help children still kind of like feel like they're in
there and kind of like experience in it, without actually
harming the animals themselves. That's a good idea.
Actually, I like this, a lot.

P23 decided to keep the analogy, elaborating as she wrote her
rationale (Figure 5.5): �I like the focus on helping children interact,
children kind of like have more control, hmm, while interacting with
animals, but also having kinda like the option to keep the animals
safe, and in their own natural habitat instead of in captivity."

This example illustrates a core �ow we saw across the partici-
pants: 1)focusingon interesting conceptual chunks of the problem
and analogy, even when other elements of the analogy appear to be
irrelevant, and then 2) moving towards curiosity and engagement
by interacting with and responding tothe generated recombination
questions, which often involved some degree ofreframingof the
analogy and/or problem. In P23's case, she focused initially on the
intriguing conceptual chunk of virtual reality from the analogy's
solution chunk, even though she was initially dismissive of the
other elements of the analogy; she then was able to consider novel
angles on the problem (a sense of control, and considering the needs
of the animals) in response to one of the recombination questions
generated from the conceptual chunks to which she was attending.

To explore how the interactions and behaviors of this core �ow
might be associated with playful engagement, we drew on Masek
and Stenros's [57] qualitative meta-synthesis of theoretical con-
ceptualizations of playfulness. From a trans-disciplinary review

of conceptualizations of play across HCI, education, psychology,
game studies, and linguistics, Masek and Stenro synthesized a set
of conceptual themes that describemethodsof structuring playful
engagement, and complementary themes that outline structural
characteristics ofenvironmentsconducive to playful engagement.
Given our focus on how to structureinteractionswith analogies to
foster playful engagement (vs. studying environments conducive
to playful engagement), we focus our description on the following
set of method-focused themes:

(1) Focus. Building on concepts like Moon and Kim's [62] in-
�uential concept of �perceived playfulness�, and Csikszent-
mihalyi's concept of ��ow� [ 20], among others, this theme
describes play as deep engagement in a single context that
combines immersion or focus with a playful attitude, of-
ten accompanied by the presence of curiosity and positive
emotional a�ects, such as excitement, joy, and interest.

(2) Openness. This theme describes playfulness as a �ludic�
approach towards a task that emphasizes �exibility, spon-
taneity, and a willingness to explore various perspectives
and possibilities.

(3) Framing . This theme conceptualizes playfulness as an active
and intentional process of altering one's perceived context
to enhance engagement and evoke emotional responses in
oneself and others. This involves a dynamic and creative re-
shaping of situations or environments to introduce elements
of amusement, humor, entertainment, intellectual stimula-
tion, or whimsicality.
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6.1 Fostering Playful Focus
Recombinations sometimes motivated playful focus via progres-
sively deeper inquiry. For instance, one of the recombinations for
the Shark Cages analogy for the Marine Environment problem was
�How do children's interactions in aquatic environment in�uence
hostile behaviour of nearby sharks?� P12's initial reaction was in-
trigue (�That's an interesting question�) as she read it aloud. She
mulled over an idea about setting up�shark netting so that chil-
dren's behaviour does not lead to being eaten even if the sharks are
nearby and hostile�, and then dug deeper into how this uncovered
a previously overlooked aspect of the problem: ``I guess the only
question would be teach children not to act like shark prey�. She then
deepened her inquiry by re�ecting on connections to her childhood
experiences:

That's what they do where I grew up: [laughs]: Try not
to look like a seal! Because the great white sharks want
to eat seals, they don't want to eat you. That's part
of the problem, they have surfers: I'm from Northern
California, it's too cold to surf without a wet suit on, so
you put a wet suit on and you surf, but with a wet suit
you look like a seal.

P13's session showed similar instances of a�ective responses of
surprise and curiosity to the generated recombinations. For exam-
ple, when looking at a recombination of elements of the Marine
Environment problem with the Deap Sea Submersibles analogy, P13
expressed,�I love the idea of, um, yeah, interaction and the depths of
an ocean. I think that's a good question.�This positive a�ective expe-
rience was also echoed in some debrie�ng interviews: for example,
P7 mentioned that they found our proposed interface a lot more
generative than the baseline for coming up with ideas, saying:

maybe it's because the �rst time I used it, but I got really
excited about trying trying di�erent things rather than
actually focusing on my goal... which again, if I was
trying to think of a di�erent aspect or something maybe
that would have helped but... For this I was like, oh, let
me try a bunch of di�erent things. But it was also super
fun. Right? It was so generative!

This generative and fun experience was echoed by P23 (as a
contrast to the baseline interface): after ignoring an analogy in
the baseline interface (the third analogy she was processing), she
sighed and expressed:�I don't know. I think I like the other interface.
This is becoming. This is draining. I was more excited for the other
time�.

6.2 Fostering Playful Openness
We observed a robust cluster of behaviors around a playful ap-
proach of openness to recombinations with our intervention. One
interesting recurring pattern was verbal expressions of curiosity
about what interesting recombinations might be generated from
a set of problem and analogy magnets. Phrases like�I'm gonna
turn this around!"(P04),�let's see what it comes up with�(P12),�I'm
gonna...see what happens�(P01),�What does that give us?"(P13),
and even�why (the heck) not?"(P12) were common precursors to
initiating AnalogiLead's recombination generation feature.

This posture of curiosity and openness was observed even when
there was initial skepticism: for example, while processing the Shark
Cages analogy, P23 expressed strong repulsion to an idea, but still
expressed and acted on curiosity about potential recombinations:

Okay. Some shark cages. Do we want to put children in
cages? That sounds like some trump shit. No, let's not
do that. Let's not do that. But I'm actually curious to
see what this would come up with...Oh, boy! What I was
trying to do. Right?

Additionally, sometimes, when participants did not get useful
recombinations the �rst time around, they regenerated the recom-
binations, indicating further openness to exploration.

6.3 Fostering Playful Framing
Similar to the case of P23, participants often leveraged the magnets
to manipulate their frame of reference for analogies, ignoring as-
pects that were deemed irrelevant in favor of conceptual chunks
that caught their interest. P14, for instance, noted that the overall
context of sleep and elderly people in the In�atable Air Mattresses
analogy did not�seem too relevant here�for the Weight Training
problem, but noted,�I think the portable thing has value�. She went
on to add that magnet from the analogy to the playspace, and rear-
ranged it into a rephrasing of the problem as a sentence along with
other magnets from the problem that centered on the property of
portability (�need good portable weight training away from home�).

Along these lines, a number of participants played around with
the magnets from the problem and analogy components in the
playspace by attempting to form �complete sentences� in varying
degrees (see Figure 6). We considered this to be �framing� taken
literally: problem and analogy conceptual chunks were composed
into a �di�erent frame� in the form of a new sentence, using a�or-
dances like dragging (P14, P17). For instance, P14 rearranged the
playspace combining the analogical obstacle magnet �recurring�
with the problem goal magnets �weight training� to form �recurring
weight training�. Sometimes, while doing so, they added their own
magnets stitching in their train of thought together during this
reframing (P04, P14). For instance, while processing the Sandbag
analogy for the Weight Training problem, P04 added their own
magnets while forming sentences�There's professionals, I guess. And
they're in the plane. They want to improve. Weightlifting. Obstacles
are that. Tired maybe because they �y so much. I think that's a good
thing." Some participants even added their own stopword magnets
to form more complete sentences (P03, P23).

Recombinations, too, would spur reframing of the originalprob-
lem, enabling further engagement with the analogy's ideas. For
example, when considering the (cross-domain) Protein Biosynthe-
sis analogy for the Weight Training problem, P22 added magnets
about �immune system�, �biosynthesis�, and �deterioration� to the
playspace alongside the problem magnets, exclaimed�ahh, this is
going to make something interesting!", and generated recombina-
tions: among the recombinations were �How does degradation of
structural proteins help weight loss training?", �How can an equilib-
rium of weight loss be achieved at a cellular level?", and �How can
a business person balance the loss of weight training?". Pondering
these recombinations during the later ideation task, P22 reframed
the problem to one of maintaining health when workouts were
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Figure 6: Examples of participants manually rearranging magnets in the playspace to reframe the problem/analogy into
complete phrases or sentences, similar to magnet poetry.

not possible (rather than �nding ways to workout on the go), say-
ing �it's all about eating and staying healthy! its a good thing!"and
wrote an idea �When you are on the �y, eat some magical protein
supplement that will allow you to have many no workout days."

We observed a similar reframing in P12's response to a recom-
bination for the Marine Environment Problem with the Deep Sea
Submersibles analogy:�The young children interacting safely with
marine aquatic animals in their environment, that one I think is
important."In pondering this, P12 noted a possible reframing of
the problem away from a focus on the environment to a focus on
interaction:

that's really kind of a restatement of the problem. So
it's really saying, so we're going to design the marine
environment where they can interact and the question
becomes how do they interact safely? So this is a pre-
cursor to designing the marine environment. So... how
to interact safely is an input into how to design an
environment that allows or encourages this kind of in-
teraction. So maybe they can interact through sound or
sight. Which suggests sound, maybe microphones and
speakers for interaction or sight. Maybe clear barriers
that both can see through. And some signals that the
child could use that the animal knows are meaningful
and gets the animal a treat. That's a form of interaction.

7 DISCUSSION
In this paper, we explored how to structure initial encounters with
analogies in computational systems to enhance recognition of �
and reduce premature rejection of � inspiring analogies. Drawing
on cognitive mechanisms of conceptual chunking and recombina-
tion, we designed the AnalogiLead prototype interface to facilitate
playful exploration of recombinations of conceptual chunks.

Our experimental evaluation revealed notable changes in the way
users engaged with with analogies using AnalogiLead (compared

to a baseline interface). Participants were about four times less
likely to overlook analogies and twelve times less likely to revise
their initial decisions about them. Additionally, there was a 64%
increase in the time participants spent processing each analogy.
This suggests that Analogilead helped to reduce hasty dismissals
of potential insights.

Our qualitative results complement these experimental results by
revealing the potential mechanisms by which AnalogiLead might
reduce premature dismissal by fostering playful engagement with
analogies. Drawing on theories of playful engagement [57], we
described how AnalogiLead's magnets and recombinations enabled
participants to enter a state of immersed and curious engagement
with analogies, often by iterating on and responding to generated re-
combination questions. A sense of inviting openness was associated
with the system's features for generating suggested recombinations.
And engagement with the magnets and recombinations enabled
participants to manipulate their frame of focus to ignore irrele-
vant details, hone in on interesting alignments and concepts, and
reframe the problem itself in novel ways in response to recombina-
tion questions.

Overall, our results point to the e�ectiveness of cognitive mecha-
nisms of chunking and recombination for sca�olding playful recom-
bination in initial encounters with analogies to reduce premature
rejection. Because these mechanisms only require a source prob-
lem and a single possible analogy, and focus on fostering playful
problem reformulation in addition to direct solution transfer, they
are complementary to previous process-oriented approaches that
are optimized for noticing and transferring speci�c solution com-
ponents or relational mappings that are known in advance, such
as including images or descriptions that highlight core solution
schemas from the analogy [10, 17, 19, 29], or inducing schemas
from analogical comparison of two analogs with the same key rela-
tional schema [29, 53, 80]. Our design work and empirical results
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also reinforce the value of � and provide one example of � sys-
tematic, theory-driven investigations into redesigning interaction
paradigms in computational analogical innovation systems.

Beyond the particular problem of analogical innovation, our us-
age of LLMs to sca�old exploration of recombinations connects to
broader discussions around human-AI interaction and co-creation
patterns for creativity support. Here, we demonstrate the value
of using generative AI not to produce or re�ne creative products,
but to foster playful engagements with creativematerials(in this
case, analogies). In this way, we add to a growing body of design
explorations for using generative AI to construct re-representations
of information to facilitate sensemaking and re�ection [43, 55] and
search and learning [2, 46]. We are curious to see more explorations
of this design space for human-AI co-creation, focusing not just on
sensemaking and learning (as in past work) but also playful refram-
ing and reformulation (as in our work), which could integrate into
larger work�ows, such as iterative cycles of ideation and reframing
in design �rms [66].

7.1 Limitations and Future Work
Our study has several limitations that must be considered when
interpreting the results. First, the generalizability of our �ndings
may be restricted due to our evaluation being conducted with a rel-
atively small and homogeneous group of participants. This limited
sample size � combined with the loss of complete video protocol
data for 10 of our 23 participants due to technical di�culties �
also constrained our ability to perform a comprehensive qualitative
analysis and capture more nuanced insights. Second, the interface
and task design in our study did not explicitly instruct participants
to develop initial ideas into more mature concepts. Further, the
relatively brief allotted duration for ideation � balancing our need
for task authenticity with the need to minimize participant fatigue
in a fairly long within-subjects design � was likely insu�cient to
fully develop ideas. This is a key limitation since the in�uence of
novel inspirations, particularly from distant analogies, might only
become apparent after several rounds of iteration and development
[5, 13, 33]. The study design thus limits our analysis potential to
fairly coarse process-based measures of divergent thinking, such
as quantity and diversity of ideas. It is also unclear whether more
output-focused measures of quality would be appropriate at this
early stage of the ideation process [72].

A direct evaluation of the downstream implications of the changes
in analogical screening behavior induced by our system is a critical
next step. The ideation task in our study was primarily designed
to provide an authentic context for selecting analogies and observ-
ing revisions in initial screening decisions�a potential indicator
of premature rejection. However, it was not ideally suited to study
impacts on ideation comprehensively. Future work should allow
for and directly study the e�ects on idea iteration and development,
such as providing longer timeframes for idea development and
iteration, embedding the screening task and measures in a more
authentic project arc, or including measures of in�uence, such as
requests for re�ections on the sources of ideas.

Another signi�cant question concerns the potential alternative
explanation that changes in behavior observed with our interven-
tion were merely due to participants spending more time and e�ort.

Our qualitative results challenge this explanation by identifying
speci�c interface-driven actions, such as focusing on conceptual
chunks and responding to generated recombinations, that plausibly
connect to characteristics of playful engagement. Future research
should develop more precise measures of these behaviors to explore
their relative impact on decision-making processes. Such careful
mechanistic analyses will be crucial as the playful engagements we
observed can also occur in unsca�olded interactions, albeit perhaps
more sporadically and e�ortfully: the core bene�t of novel interac-
tion paradigms would be to shift more behaviors, on the margin,
towards playful (versus narrowly relevance-focused) engagement.

From a system design perspective, enhancing AI assistance for
recombinations could be fruitful. Participants sometimes reported
frustrations with occasional nonsensical or repetitive generations,
likely due to our use oftext-davinci-002 with a lower tempera-
ture setting to control the model's outputs. However, lower tem-
perature settings resulted in deterministic but less creative outputs.
When we tested our exact prompts with later versions of GPT (GPT-
3 and ChatGPT), the responses were more informative, intuitive,
and proactive. The dialogue-like nature of ChatGPT could further
enhance iterative recombination processes, for example, by using
prior recombinations as starting points for new ones.

Relatedly, our system was anchored on representing and manipu-
lating textual representations of problems and individual analogies.
This design choice followed from our core design inspiration of
magnet poetry, and lent itself well to the use of GPT to assist with
exploring potential recombinations. Future work can explore how
chunking and recombination might work for analogies in other
mediums, such as visual designs [49], code examples [7], or other
materials such as chemical or protein isomorphisms. Similarly, we
are curious to more directly support recombinations and explo-
rationsacrossanalogies, as observed in some prior work on �com-
pound analogical mappings� [36]. Notably, while AnalogiLead did
not explicitly allow for cross-analogical mappings with a target
problem during the screening process, we found traces for this phe-
nomena occurring in our observations. For instance, participants
P07 and P23 added a custom magnet called�sling� that they identi-
�ed as being relevant to the problem of designing a baby carrier,
carrying them over across analogies to add a little bit of context
from earlier analogies in their generated recombinations.

Finally, we are curious about how this playful interaction par-
adigm for screening analogies might generalize to other contexts
and work�ows. We are particularly interested in the �e�ect size� of
interaction paradigm interventions relative to or in concert with
other more structural and socio-technical factors, such as levels
of socio-emotional support, metacognition, or stages of projects.
For instance, how might our interaction mechanics fruitfully pair
with increased openness to distant analogies during impasses in
problem-solving [69, 74]? From a task and socio-technical con-
text perspective, how might nudges towards playful engagement
�t�or not�in higher-stakes problem situations? Research on the
potential misalignment of �blue sky� design thinking trappings in
community-based co-design with marginalized populations [35]
suggests that careful design work is needed to create sca�olds for
playful engagement that �t di�erent socio-technical contexts. We
believe the theoretical grounding of our prototype in cognitive
mechanisms and conceptualizations of playful engagement, along
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with our qualitative results, will be helpful for informing this future
design work.

8 CONCLUSION
In this paper, we investigated how we might design novel inter-
action paradigms that help creators more readily recognize po-
tential inspiring analogies, especially from di�erent domains. Our
prototype system AnalogiLead, with its grounding in cognitive
mechanisms of chunking and recombination and theoretical con-
ceptualizations of play, illustrates one design path to answering
this question: sca�olding playful engagement with analogies and
problems in terms of recombinations of meaningful conceptual
chunks. We call for more systematic exploration of novel inter-
action paradigms that can augment creators' ability to not only
retrieve, but fully bene�t from, analogical inspiration.
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Key: zhangCognitiveMechanismsSensemaking2020.

A DETAILED DESCRIPTIONS OF TARGET
ANALOGIES

Detailed descriptions of analogies used in our study (along with
their functional component breakdowns) are shown in separate
tables for the Baby Carrier problem (Table 6), Marine Environment
problem (Table 7), and Weight Training problem (Table 8).
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Table 6: Analogies for the "Baby Carrier" design problem

Near Analogies Far Analogies

Kangaroo Pouch Analogy Coral Reef Analogy

Description

Kangaroos that live in hostile open plains
with arid climates need to constantly be on
the move to keep cool in the arid climate.
This can make it hard to protect their
undeveloped o�spring from predators and
the elements. Kangaroos are able to
overcome this problem because they have
in-built pouches, called marsupiums, which
they can use to carry their o�spring with
them.

Description

Coral reefs are an important part of the
marine ecosystem. They provide a home and
shelter for many di�erent �sh species and
other marine life, including �sh, crabs, and
sea urchins. Coral reefs are constantly
threatened by many factors, such as tidal
waves, and marine predators. As they cannot
move, they rely on their stinging cells, known
as nematocysts, shooting tentacles and
sturdy calcium-carbonate shells to defend
themselves.

Stakeholder kangaroo Stakeholder coral reefs
Context in hostile open plains with arid climate Context along hostile ocean shorelines

Goal
protect their undeveloped o�spring from
predators and the elements

Goal
need protection from tidal waves and marine
predators

Obstacle
need to constantly be on the move to keep
cool in the arid climate

Obstacle they cannot move

Solution
in-built pouches, called the marsupium,
which they can use to carry their o�spring
with them.

Solution

stinging cells in the end of their tentacles,
known as nematocysts, which shoot
tentacles and sturdy calcium-carbonate
shells to defend themselves

Mosquito Netting Analogy Military Missile Analogy

Description

Parents with young babies living in places
with tropical climates often su�er from the
surge of tropical insects during summertime.
Some insects, like mosquitoes, act as
disease-carrying vectors for malaria and
other diseases. As it is quite easy for these
insects to get in and out of houses, these
parents use mosquito netting around beds
can keep mosquitoes away from babies.

Description

Soldiers in the military stationed in a war-torn
territory are duty-bound to protect the native
people they serve. However, when the
battle�eld is open, land-locked, and o�ers
little to no cover to the natives from
debilitating attacks raining down from the sky,
it becomes challenging for soldiers to defend
themselves while protecting others
simultaneously. To address this, the military
uses ground-launched missiles designed to
attack targets in the sky, thus o�ering
soldiers a chance to aid the natives in
protecting their lives, either by seeking refuge
or helping them take cover.

Stakeholder parents with young babies Stakeholder soldiers in the military
Context hot tropical climates Context stationed in an open-�eld war-torn territory

Goal
protect their babies from malaria-carrying
mosquitoes

Goal
need to protect natives from the invasion of
harmful elements

Obstacle
it is quite easy for mosquitos to get in and out
of houses

Obstacle
natives and their belongings are susceptible
to a aerial bombardment

Solution
mosquito netting around beds can keep
mosquitoes away from babies

Solution
ground-launched missile designed to attack
targets in the sky

Baby Gates Analogy Convertible Car Analogy
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Table 6 continued from previous page

Near Analogies Far Analogies

Description

Young parents with babies and kids working
remotely from their homes often struggle to
balance between work and monitoring their
kids. This is especially true when they want
to give their young children freedom and
independence to play and roam in the house,
as there will inevitably be areas around the
house where safety can be a major cause of
concern, like staircases, hot stoves, and
cleaning chemicals installing baby gates
that are easy for parents to open but hard for
young children, thus keeping them safe from
these dangerous areas with little supervision.

Description

Many car enthusiasts enjoy open-air driving
experiences. However, in a city with varying
weather patterns, this enjoyment can be
hampered by rainy weather conditions.
Convertible cars help solve this problem:
when it rains, the driver can put up the
convertible top to stay dry while driving.

Stakeholder busy mothers Stakeholder a car enthusiast
Context in a remote work environment Context in a city with varying weather patterns

Goal
give their young children freedom and
independence to play and roam in the house

Goal wants an open-air driving experience

Obstacle
there can be safety concerns with some
areas of the house like staircases, hot stoves
and cleaning chemicals

Obstacle a�ected by rainy weather conditions

Solution
baby gates that are easy for parents to open
but hard for young children to operate

Solution
convertible cars to put up the tops when
it rains and put it down when it does not.

Table 7: Analogies for the "Marine Environment" design problem

Near Analogies Far Analogies

Shark Cages Analogy Immersive Technology Analogy

Description

Marine scientists and explorers often need to
study sharks in their natural habitat, which can
be dangerous since some sharks are territorial
and hostile. To be able to do this safely, they
use shark cages which prevent the sharks
from making contact with the divers. This
allows them to study the sharks in proximity
without putting themselves in danger.

Description

Doctors in psychiatric care facilities have the
goal of treating patients with psychological
ailments. However, di�erent illnesses require
di�erent interventions, which can be an
obstacle. One The solution is to o�er Virtual
Reality and Immersive Technology treatments,
which can be holistically tailored to the needs
of an individual patient. VR and Immersive
Technology can provide an immersive
experience that can help patients feel more in
control and can help to tailor the environment
to their speci�c needs. For example, a patient
with a social anxiety disorder may bene�t from
a VR program that allows them to practice
social interactions in a safe and controlled
environment.

Stakeholder marine scientists and explorers Stakeholder doctors
Context submerged in shark infested waters Context in a psychiatric care facility

Goal study the sharks in proximity Goal treat patients with psychological ailments

Obstacle some sharks are territorial and hostile Obstacle
di�erent illnesses require di�erent
interventions
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Table 7 continued from previous page

Near Analogies Far Analogies

Solution
shark cages, which prevent sharks from
making contact with divers

Solution

o�er Virtual Reality and Immersive Technology
treatments, which can provide an immersive
experience that can help patients feel more in
control and can help to tailor the environment
to their speci�c needs. For example, a patient
with a social anxiety disorder may bene�t from
a VR program that allows them to practice
social interactions in a safe and controlled
environment.

Lane Assist Analogy Dolphin Trainer Analogy

Description

Drivers swerve in and out of their lanes for
many reasons: fatigue, inattention, visibility
issues, etc., resulting in thousands of wrecks
per year. In this era of distraction, cars
equipped with lane assist technologies combat
lane drifting by alerting drivers during an
unintentional swerve and helping them keep
and center their vehicle within the lane, thus
making the roads signi�cantly safer.

Description

The tourists at an open sea aquarium are
always very enthusiastic about getting up close
and personal with the dolphins. However, as
these tourists are not trained to interact with
dolphins properly, the dolphins can sometimes
get stressed and exhibit aggressive behavior
when they are forced to interact with these
new faces. The solution is to have an expert
dolphin trainer whom the dolphins are familiar
with to assist by changing the requests of
tourists into a series of commands that the
dolphin can understand.

Stakeholder car and truck drivers Stakeholder enthusiastic marine tourists
Context during a long drive on the road Context in an open sea aquarium

Goal help drivers swerve between lanes safely Goal get up close and personal with dolphins

Obstacle
fatigue, inattention and driving in low visibility
conditions can cause lane drifting

Obstacle
tourists are not trained to interact with
dolphins, and dolphins can exhibit aggressive
behavior on forced interaction

Solution
Lane assist technologies that alert the drivers
and help them keep and center within the lane

Solution

expert dolphin trainer whom the dolphins are
familiar with to assist by changing the requests
of tourists into a series of commands that the
dolphin can understand

Negative Room Pressure Analogy Deep Sea Submersible Analogy

Description

Hospitalized patients who are ill are at risk of
cross-contamination from other patients.
Airborne transmission of disease is a major
reason for this. Ventilation that generates
negative room pressure can help to prevent
the spread of disease. This solution allows air
to enter a room but not escape, thus reducing
the risk of cross-contamination. By keeping the
air pressure in the room negative, it creates a
barrier against air and contaminants �owing
from areas of higher pressure, such as a
hallway, into the room.

Description

Deep sea researchers and soldiers in the navy
need to conduct exploration and surveillance
in the depths of an ocean, but the deeper the
depth, the greater the pressure. One solution
is deep sea submersibles known as
bathyscapes, which are designed to withstand
high pressures and allow humans to explore
depths that would otherwise be inaccessible
using tethering as an apparatus for deep
exploration.

Stakeholder ill patients Stakeholder deep sea researchers and soldiers in the navy
Context quarantined in hospitals Context in the depths of an ocean

Goal prevent cross-contamination across rooms Goal conduct exploration and surveillance
Obstacle disease spreads by airborne transmission Obstacle deeper the depth, greater the pressure
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Table 7 continued from previous page

Near Analogies Far Analogies

Solution

ventilation that generates negative room
pressure, so that air can enter a room but not
escape. this creates a barrier against air and
contaminants �owing from areas of higher
pressure, such as a hallway, into the room

Solution

deep sea submersibles known as
bathyscapes, which are are designed to
withstand high pressures and allow humans to
explore depths that would otherwise be
inaccessible using a tethering apparatus

Table 8: Analogies for the "Weight Training" design problem

Near Analogies Far Analogies

Sandbag Analogy Popup House Analogy

Description

Professional boxers in a gym often want to
practice moves to improve punching power,
but cannot always �nd a sparring partner. One
solution is to use a sandbag, which can be
�lled with sand or water to mimic real
resistance.

Description

Cost-conscious people in suburbs who want to
build their dream home often �nd that the initial
capital required and recurring maintenance
costs can be too high. Passively designed
popup houses can be a great solution for this:
they are energy e�cient, environmentally
friendly, and built using recyclable materials.

Stakeholder professional boxers Stakeholder cost-conscious people
Context in a gym Context in suburbs

Goal practice moves to improve punching power Goal want to build a dream home

Obstacle cannot always �nd a sparring partner Obstacle
initial capital required and recurring
maintenance costs can be too high

Solution
a sandbag: can be �lled with sand or water to
mimic real resistance

Solution
passively designed popup houses: energy
e�cient, environmentally friendly, and built
using recyclable materials

Desk Cycle Analogy Protein Biosythesis Analogy

Description

Some hobbyist cyclists who work at sedentary
day jobs struggle to build up mileage and leg
strength for a marathon because they don't
have the space for a full bike or the time to
move around during working hours. The desk
cycle can be a great solution for this because
they take up very little space and can be used
during the workday without leaving the desk.

Description

As the cells within an organism age, they begin
to lose cellular proteins that perform many
critical functions as enzymes, structural
proteins, or hormones due to constant
degradation or export, leading to an overall
decline that, if uncontrolled, can lead to a fatal
loss of function. To prevent this, cells use a
core biological process called protein
biosynthesis, which balances the loss of
cellular proteins by producing new proteins.

Stakeholder a hobbyist cyclist Stakeholder cells
Context working in a sedentary day job Context inside an organism

Goal
need to build up mileage and leg strength for a
marathon

Goal
maintain the equilibrium of core biological
processes

Obstacle
doesn't have the space for a full bike or the
time to move around during working hours

Obstacle
loss of cellular proteins due to degradation and
export

Solution
a desk cycle: takes up very little space and can
be used during the workday without leaving
the desk

Solution
make new proteins using protein biosynthesis
to o�set the deterioration of function in cells

Resistance Band Analogy Air Mattress Analogy
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Table 8 continued from previous page

Near Analogies Far Analogies

Description

Amateur bodybuilders who are on the road for
competitions often want to keep their muscles
toned and in shape while on the road, but have
limited access to gym equipment. Resistance
bands or straps are a great solution: by
attaching the bands to a door or other sturdy
object, a bodybuilder can do a wide range of
exercises to work every muscle group. The
bands are also lightweight and portable,
making them easy to take on the road.

Description

For elderly tourists, it is important to get a good
night's sleep when away from home. This can
help prevent bedsores and back injuries from
occurring. However, many elderly couples
cannot a�ord to customize a bed to their
needs. A solution to this problem is a portable
in�atable air mattress. This type of mattress
can be adjusted to the desired level of
�rmness and �exibility by pumping air into it.

Stakeholder amateur bodybuilders Stakeholder elderly tourists
Context on the road for competitions Context need good sleep when away from home

Goal keep their muscles toned and in shape Goal
prevent bedsores and back injuries from
occurring

Obstacle limited access to gym equipment Obstacle cannot a�ord to customise a bed to their needs

Solution

resistance bands or straps: by attaching the
bands to a door or other sturdy object,
bodybuilder can do a wide range of exercises
to work every muscle group. The bands are
also lightweight and portable, making them
easy to take on the road.

Solution
portable in�atable air mattresses: �rmness and
�exibility can be controlled by pumping air

B BASELINE AND INTERVENTION IDEATION
TASK INTERFACES

Figures 7 and 8 show the baseline and intervention ideation inter-
faces used for the study.

C GLM MODELS PREDICTING IGNORE
DECISIONS ON ANALOGIES

In this section, we report the GLM analyses for the predicting
whether an individual Analogy is Ignored (Table 9), the results
of this sequence of models, which are very similar to the GLMM
analyses, are shown in Table 3.

Table 9: GLM models predicting whether an individual analogy received an "ignore" decision

Null model Near Analogy as Predictor Full Model: Near Analogy and Intervention as Predictors

Fixed E�ects
Intercept -2.05***(-2.43, -1.67) -1.56***(-2.01, -1.11) -1.02***(-1.55, -0.49)
Near Analogy - -1.32***(-2.20, -0.43) -1.36***(-2.26, -0.46)
Intervention - - -1.38***(-2.28, -0.48)

Model Fit Statistics
Log Likelihood -93.35 -88.37 -83.11
AIC 188.70 180.74 172.21
BIC 192.27 187.89 182.93

*p<0.1; **p<0.05; ***p<0.01; Con�dence intervals for �xed e�ects are 95% con�dence intervals; AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion

395



Improving Selection of Analogical Inspirations through Chunking and Recombination C&C ’24, June 23–26, 2024, Chicago, IL, USA

Figure 7: Design of Ideation Task Interface for Baseline . As discussed in Section 4.4, the interface is very similar to the intervention
ideation interface (Fig. 8), with the key di�erences that selected analogies are presented as text descriptions, and there is no
mechanism for revisiting the screening interface: instead, participants can revise their screening decisions in this interface, if
desired, while generating ideas for the problem.
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Figure 8: Design of Ideation Task Interface for Intervention . As discussed in Section 4.4, the interface enables users to scroll and
search through the analogical leads they selected in the screening phase (left panel), while writing ideas for the design problem
in the right panel. Each selected analogical lead is shown with its functional components and bookmarked recombinations, as
well as the screening decision and rationale. Users can click on a button for each analogy to return to the screening interface to
revisit their exploration of its potential value for the problem.
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