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Analogies	as	the	Workhorse	
	of	Mul3disciplinary	Crea3vity	

and	Problem	Solving	



The	challenges	of	doing		
interdisciplinary	teamwork

• How	will	we	figure	out	
which	one	is	best?				
(confirma)on	bias)
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DIVERGENT 
PROCESS

CONVERGENT 
PROCESS

• How	will	we	uncover	
be6er	ideas?					
(group	think)



My thesis:
Analogies provide support for divergence & convergence 



What	is	analogy?
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Analogy	=	accessing	and	transferring	elements	from	
familiar	categories	
1.	Can	be	within	or	outside	domain	of	problem	
2.	Factor	in	success	of	mul@disciplinary	teams	(Dunbar,	1993)	
3.	Cogni@ve	process	(not	just	the	source)	
4.	Creates	inferences

Example	in	the	context	of	engineering:	
Analogy	raised	in	designing	an	unsupported	tube	to	
transport	liquid:		
“the	stuff	you	make	Vene@an	blinds	of	for	example…	they	
can	be	bent.”



The	Cogni3ve	Science	In	Vivo	approach	
to	studying	team	problem	solving
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Science + Engineering Team video

Sampled, Transcribed, 
Coded line-by-line

Qualitative

use was associated with a lower probability of concept generation relative to baseline lev-
els. To address this question, a time-lagged logistic regression was employed; time
lagged, because this analysis would estimate the change in concept generation probability
at time t and t + 1 based on patterns of FAR ANALOGY use at time t, and logistic because
the outcome variable was binary (i.e., did a designer generate a concept or not). This
analysis assumed that (a) there was some baseline probability of a concept being gener-
ated in a given time slice and (b) a decrease in this probability as a function of the pres-
ence of a FAR ANALOGY in the current or previous time slice would suggest that the far
analogies were reducing fluency of concept generation.

3.2. Methods

3.2.1. Creating blocks
The first step in the analysis was to segment the transcript into blocks for the time-

lagged analysis. As similar trends were seen with block sizes of 10 and 5 lines in Study
1, and concepts were less rare than analogies, we selected a block size of five lines for
this analysis to achieve a more favorable tradeoff between time window precision (esti-
mating more immediate effects of FAR ANALOGY) and noise due to attrition (smaller time
window leads to more attrition of measured phenomena).

Sets of five consecutive lines were chunked to create separate blocks. When a coherent
cluster of analogy utterances occurred that contained at least one far concept-generating
analogy (here, as with Study 1, this included both concept generation and function-finding
analogies), it was marked as its own block, beginning from the start to the end of the
analogy cluster. Subsequent sets of five consecutive lines continued to be clustered into
separate blocks, until the next cluster of FAR ANALOGY utterances began (see Fig. 2 for a
visual summary of the block creation strategy). Analogy onsets and offsets were used as
boundary markers for blocks because the focus is on estimating the effects of analogy,
which should be most directly shown when closely time locked to analogies. Because of

Fig. 2. Analogy-centered block creation strategy and time lags.

J. Chan, C. Schunn / Cognitive Science (2014) 15

Time-lagged, Hierarchical, 
(Poisson) statistical models

Quantitative



Part	1:	Analogies	in		
Divergent	Processes
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DIVERGENT 
PROCESS

Knowledge IdeasAnalogies



Analogies	in	Brainstorming
• Examined	analogies	&	ideas	produced	during	an	
engineering	team’s	brainstorming	sessions	(DTRS7)	

• Analogies	served	many	purposes:	
–solu@on	genera@ng	
–problem	iden@fying	
–func@on	finding	
–explana@on

7
Ball, L. J., & Christensen, B. T. (2009). Analogical reasoning and mental simulation in design: Two strategies linked to uncertainty resolution. 
Design Studies, 30(2), 169–186.



Analogies	produce	more	ideas
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Chan, J., & Schunn, C. D. (2015).The impact of analogies on creative concept generation: 
Lessons from an in vivo study in engineering design. Cognitive Science, 39(1), 126-155.



Analogies	produce	more	of	
similar	ideas
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Running head: IMPACT OF ANALOGIES ON CREATIVE CONCEPT GENERATION 61 

 

Figure 1. Percentage of concepts at 5 distance from just prior cut-off points, presented for 

baseline and far analogy concepts, defined at the 5-line window. 
Chan, J., & Schunn, C. D. (2015).The impact of analogies on creative concept generation: 
Lessons from an in vivo study in engineering design. Cognitive Science, 39(1), 126-155.

Analogies



The	powerful	effects	of	fixa3on
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Correction to Rothermund et al. (2005)

In the article “Retrieval of Incidental Stimulus–Response Associations as a Source of Negative
Priming,” by Klaus Rothermund, Dirk Wentura, and Jane De Houwer (Journal of Experimental
Psychology: Learning, Memory, and Cognition, 2005, Vol. 31, No. 3, pp. 482–495), Table 1
(p. 484) was incorrectly typeset. The correct layout appears below.

Table 1
Sample Stimuli of Prime–Probe Sequences in Experiment 1

Priming condition

Response relation between prime and probe

Same response Different response

Prime Probe Prime Probe

Same word SHORT SHORT SHORT SHORT
TABLE TABLE TABLE TABLE

Same category–different word DRY SHORT DRY SHORT
WATER TABLE WATER TABLE

Different category TABLE SHORT TABLE SHORT
SHORT TABLE SHORT TABLE

Note. Prime words in boldface were shown to participants in green; prime words in italics were shown
to participants in yellow. Examples refer to a response assignment in which green and adjective were assigned
the same response key.

Figure A2. Example design for the coffee cup problem. Reprinted from Design Studies, 12, D. G. Jansson and
S. M. Smith, “Design Fixation,” p. 8, Copyright 1991, with permission from Elsevier.
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Jansson	&	Smith	(1991)

Task:	Design	a	spill-proof	coffee	mug
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Even	expert	designers	fixate

• Task:	design	low	cost	peanut	sheller	for	Africa	
that	uses	no	electricity	

• Subjects:	PhD	engineers	
• Condi@ons:	

–Control	(just	problem)	
–Fixa@on	(mediocre	gas-powered	example)
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Linsey, J., Tseng, I., Fu, K., Cagan, J., Wood, K., & Schunn, C. D. 
(2010). A study of design fixation, its mitigation and perception in 
engineering design faculty. Journal of Mechanical Design, 132(4), 
041003-1-12



Even	expert	designers	fixate
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Solu@ons	from	fixated	person

Linsey, J., Tseng, I., Fu, K., Cagan, J., Wood, K., & Schunn, C. D. (2010). A study of design fixation, its mitigation and perception in 
engineering design faculty. Journal of Mechanical Design, 132(4), 041003-1-12



Even	expert	designers	fixate
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Linsey, J., Tseng, I., Fu, K., Cagan, J., Wood, K., & Schunn, C. D. (2010). A study of design fixation, its mitigation and perception in 
engineering design faculty. Journal of Mechanical Design, 132(4), 041003-1-12



But	analogies	can	de-fixate!
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De-fixation condition: Same example + Analogies
Hull, shuck, husk, clean a deer, clean a fish, soak, heat, roast,  

dissolve, pod, pitt, burr, ream, bark, skin, pare apples, deplume, peel

Condition
Linsey, J., Tseng, I., Fu, K., Cagan, J., Wood, K., & Schunn, C. D. (2010). A study of design fixation, its mitigation and perception in 
engineering design faculty. Journal of Mechanical Design, 132(4), 041003-1-12



Part	2:	Analogies	in		
Convergent	Processes
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CONVERGENT 
PROCESS

Uncertainty ConflictAnalogies



Mars	Explora3on	Rovers

• Highly	novel	and	very	
successful	science	mission	

• 2	solar	powered	rovers	

• Daily	commanding	on	Mars	
@me		

– Mars	day	=	Sol	=	24hrs	39min	

• Mission	life@me:	
– Nominal	mission	=	90	sols

16

Artist Depiction of Rover



The	Mars	Explora3on	Rover	Case

• Large	mul@disciplinary	science	team:	>	100	
scien@sts,	professors,	graduate	students	

• Five	“theme”	groups:	
–Geology	
–Geochemistry	
–Soils	
–Atmospheres	
–Long	Term	Planning

17

Captured ~800 hours of video;  
sampled and coded ~10 hrs



Coding	Analogy
• Within-domain	
–“That	looks	like	everything	we’ve	been	seeing	so	far	in	transi@on.”	
–“Yeah,	it’s	probably	not	going	to	look	like	these	li6le	spheroids,	it’s	
going	to	look	different.”	

• Within-discipline	
–“You	see	now	how	they	jump	here	across	the	rock,	and	all	these,	I	
don’t	know	if		you’ve	ever	seen,	like	in	caves	or	places	where	you	get	
scalloping	by	water	or	something.”	

• Outside	discipline	
–“[brushing	two	spots]	shouldn’t	be	a	problem.	Well,	it’s	just	a	
ques@on	of	it’s	a	chess	game.	What	order	do	you	do	your	move.”

18



Coding	Uncertainty
–Search	for	hedge	words	(e.g.,	“I	guess”	“I	think”	“possibly”	“maybe”	
“I	believe”)	

–Verify	that	meant	as	uncertainty	using	context	
–exhaus@vely	double-coded	(Kappa=.75)	

–“Yea,	well	I	mean,	I	don’t	think	that	we	can	rule	out	that	this	isn’t	
some	kind	of	desert	varnish,	although	I	don’t	understand	how	desert	
varnish	forms”

19



Analogies	as	a	tool	for	resolving	
uncertainty	in	teams

20instead, a “good enough” effect (i.e., returning to nonzero
baseline levels of uncertainty). This more nuanced effect of
analogy on uncertainty is explored further in Study 3.

Study 3

Having demonstrated that situations involving uncertainty
tended to predict the onset of analogies and provided evi-
dence that analogies are directly associated with a return of
uncertainty to baseline levels, we now turn to our final step
in investigating whether and how analogy may actually
alleviate elevated uncertainty. Understanding more about
the details of the connection provides more insight into the
nature of the mechanism and also reduces concerns about
the relationship being a spurious statistical relationship.

Specifically, Study 3 had two objectives. First, recall that
analogies classified as problem related in our coding scheme
included a range of functions supporting problem solving,
including explaining solutions to problems to other team
members and generating solutions or predictions for prob-
lems. In this study, we sought to determine the degree to
which analogy was being used in situations of uncertainty
involving communicative misalignments (e.g., “I don’t un-
derstand what you are saying”) versus generative problem
solving per se (e.g., “what are we looking at,” “what is the
value of this potential solution,” etc.). The second objective
was to formulate and explore hypotheses about the precise
ways in which analogy use might function to alleviate
elevated uncertainty.

Qualitative coding and analyses were conducted to ad-
dress these research objectives. Similar to Study 2, analyses
focused on near problem-related analogies, since the link
between uncertainty and analogy was clearest for those
analogy subtypes.

Method

Communicative misalignments

Qualitative judgments To explore the extent to which anal-
ogies were brought in to deal with miscommunication-
related uncertainty (vs. generative problem solving), the first
and second authors independently coded the pre-A utter-
ances in each analogy episode using a binary classification
scheme. A code of “1” indicated that at least one uncertain
utterance expressed uncertainty about what another speaker
was saying (e.g., “I don’t understand what you are saying,”
“I think I know what you are suggesting”), and “0” indicat-
ed that none of the uncertainty utterances had this feature
(i.e., reflected uncertainty in the problem-solving task).
Interrater agreement for this coding was perfect with a
Cohen’s kappa of 1.

Exploring how analogy might alleviate uncertainty

Uncertainty topics To explore the range of sources of un-
certainty associated with analogy use, the first and second
authors together, as an expert panel, coded the pre-A and
post-A uncertain utterances for topic, using a classification
scheme describing the major categories of problem solving
that are typically seen in such contexts: science content-
related issues (e.g., data analysis, theorizing), science
planning-related issues (instrumentation troubleshooting, ro-
ver experiment planning), and work/team process issues
(Paletz, Schunn, & Kim, 2011). The distinction between
content- and planning-related issues is analogous to the dis-
tinction between problem solving in the space of hypotheses
and in the space of experiments in multiple-space search
theories of science (Klahr & Dunbar, 1988). From a psychol-
ogy of science perspective, it is important to know for which
of these types of uncertainties analogy was most helpful.
Furthermore, science is also inherently social, particularly so
in this large team context, which involves additional problem
solving related to social and work processes (e.g., assigning
people to specific tasks, negotiating team meetings and work
schedules, determining budgets and staffing). Work processes
may elicit different problem-solving strategies for resolving
uncertainty than are used in the core task itself, or analogy
may be a common strategy for solving any kind of uncertainty.
Examining the relationship of uncertainty to analogy across
these major topics allows for exploration of the generality of
the underlying mechanism.

These three major topics were captured in the following
topics coding scheme:

1. Task-science (1 0 yes, 0 0 no): Any of the uncertain utter-
ances have to do with interpreting data and discussing
hypotheses about the geology or atmosphere of Mars;

Fig. 3 Mean proportion uncertainty (±SE) in pre-A (n 0 32), during-A
(n 0 37), post-A (n 0 34), and post-A+1 (n 0 32) segments, as compared
with baseline segments (n 0 908). *p < .05; **p < .01. Baseline
uncertainty 0 .13 (SE 0 .00)

Mem Cogn (2012) 40:1352–1365 1359

Chan, J., Paletz, S., & Schunn, C. D. (2012). Analogy as a strategy for supporting complex problem solving under uncertainty. Memory & 
Cognition, 40, 1352-1365.

Temporal Flow

related analogies would likely result in underpowered statisti-
cal tests for follow-up analyses. Given these theoretical and
pragmatic motivations, we focus in Studies 2 and 3 on near,
problem-related analogies.

Study 2

While Study 1 showed that analogy use tended to follow rises
in uncertainty levels, additional evidence of a different kind is
needed before concluding that analogy might be a strategy for
dealing with uncertainty during problem solving. One natural
question is whether the use of analogy tends to alleviate
elevated uncertainty levels. To address this question, Study 2
explored how uncertainty levels changed before, during, and
after analogy in relation to baseline levels of uncertainty.

Method

The MER transcript was first segmented into one of five
segment types: (1) preanalogy (pre-A) segments, 10 utterances

just prior to an analogy episode; (2) during-analogy (during-A)
segments, utterances from the beginning to end of an analogy
episode; (3) postanalogy (post-A) segments, 10 utterances
immediately following an analogy episode; (4) post-
postanalogy (post-A+1) segments, 10 utterances immediately
following postanalogy utterances; and (5) baseline segments,
each segment of 10 utterances at least 25 utterances away from
the other segment types. The measure of uncertainty in each
segment was the proportion of uncertain statements.

The sampling strategy for the baseline segments was
designed to provide an estimate of uncertainty levels when
the scientists were not engaged in preanalogy, during-analogy,
or postanalogy conversation, with the logic being that a certain
amount of “lag” or spillover of uncertainty was assumed to
take place surrounding analogy episodes. During-A segments
varied by the length and number of analogies in the analogy
episode: The scientists tended to use both single analogies and
multiple analogies linked together in a coherent reasoning
chain, most often within 20 utterances of each other, and such
chains are analytically treated as one during-A segment. To
illustrate, Fig. 2 graphically represents an example pre-A to
post-A segment sequence surrounding a single-analogy epi-
sode, in contrast with an example segment sequence surround-
ing a multiple-analogy episode.

A total of 65 analogy episodes were identified. In keep-
ing with our focus on unpacking whether analogies sparked
by uncertainty might act to alleviate that uncertainty, we
focused our analysis on analogy episodes that included at
least one near problem-related analogy. This filter excluded
analogy episodes that consisted of only near non-problem-
related or far problem-related analogies and resulted in a
total of 37 analogy episodes. Additionally, some analogy
episodes occurred within less than 10 uterances of either the
beginning or the end of clips; to ensure stability of the
estimates of pre- and postanalogy uncertainty, these pre-
and postsegments were excluded from the analysis. Of the
37 analogy episodes that included near problem-related
analogies, 5 were missing a pre-A segment, and 3 were

Table 2 Logistic regressions of analogy at time t + 1 on uncertainty at time t by distance and purpose

95 % CI for Exp(B) N w/ analogya

B Exp(B) Lower Upper p

Distance
Analogy-near 0.26 1.30 1.09 1.55 .00 57
Analogy-far 0.20 1.22 0.91 1.63 .18 20
Purpose
Analogy-p+ 0.26 1.30 1.09 1.55 .00 57
Analogy-p−b 0.12 1.13 0.81 1.57 .46 18

a Ns do not sum to the same number across distance and purpose, because some blocks contained both distance and purpose subtypes
b p+ 0 problem-related; p− 0 non-problem-related
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Fig. 1 Proportion of blocks with analogy at time t + 1 by number of
uncertain statements (out of 10) at time t. Error bars are ± standard
error

Mem Cogn (2012) 40:1352–1365 1357
Dosage Effects

Ball, L. J., & Christensen, B. T. (2009). Analogical reasoning and mental simulation in design: Two 
strategies linked to uncertainty resolution. Design Studies, 30(2), 169–186.Also in design:



Coding	Conflict

–Task	
–Task	planning	conflict	

• “No,	no,	no,	no.	If	you	want	to	do	the	integra@on	on	the	RAT,	you’re	
going	to	do	some	addi@onal	brushing	because	you	don’t	want	crap	in	the	
brushing	in	the	gravel.”	

–Task	science	conflict	
• S2:	“That’s	the	deepest	granite.”	S1:	“no,	this	is	the	granite	right	there…”	

–Process	conflict	
• S2:	“…It’s	not	a	big	deal	to	have	some	overlap.”	S1:	“Well,	it	is	to	Science…
they	want	us	to	cite	each	others’	papers.”

21

–Rela@onship	conflict:	non-existent	(on	tape)



Analogy	as	a	way	of	producing	
conflict	in	teams

22

suasive analogies were positively correlated, v2

(1,N = 94) = 24.07, p < .001, / = .51, persuasive analogies
were not significantly followed by conflict (Table 2); thus
it was not the attempt to persuade others of a different
perspective per se within a problem-related analogy that
produced the conflict. Depth was positively associated

with problem relatedness (problem-related analogies
mean rank of depth = 55, descriptive analogies mean
rank = 30), Kruskal–Wallis v2 (1,N = 94) = 16.75, p < .001.
Depth was also positively related to persuasion (persua-
sion mean rank of depth = 55, non-persuasive mean
rank = 38), Kruskal–Wallis v2 (1,N = 94) = 9.54, p = .002.

Fig. 2. Odds ratios of conflict occurring in subsequent blocks by analogy distance types.

Table 3
Significant analogy types followed by different types of micro-conflict (separate analyses for each independent and outcome variablea).

Independent variableb B SE t Odds ratio (95% confidence interval) df p

Outcome: Science micro-conflicts
Within-domain analogies 1.19 0.43 2.79 3.28 (1.41, 7.62) 98 .007
Topic: rover planningc !2.86 0.69 !4.17 0.06 (0.02, 0.22) 542 <.001
Topic: Work process !2.54 0.76 !3.34 0.08 (0.02, 0.35) 542 .001

Outcome: Work process micro-conflicts
Within-domain analogies 1.19 0.60 1.99 3.30 (1.02, 10.71) 485 .047
Neutral analogies 1.09 0.62 1.77 2.98 (0.89, 10.04) 514 .078
Analogy depth 0.24 0.13 1.91 1.28 (0.99, 1.64) 541 .056
Topic: Rover planning 1.33 0.67 2.00 3.80 (1.03, 14.05) 542 .046
Topic: Work process 1.36 0.67 2.02 3.89 (1.04, 14.61) 542 .044

a Controlling for covariates of MER mission, early/late, topic of predictor block. When that covariate is significant, it is presented above from its separate
analysis.

b Compared to blocks without that type of analogy.
c Topic variables in this table are compared to blocks with science as the dominant topic.

Fig. 3. Odds ratios of different types of conflicts in subsequent blocks for within-domain analogy compared to blocks without within-domain analogies.

10 S.B.F. Paletz et al. / Cognition 126 (2013) 1–19

Type of Analogies that 
produced Conflict

Paletz, S. B. F., Schunn, C. D., & Kim, K. (2013). The interplay of conflict and analogy in multidisciplinary teams. Cognition, 126(1), 1-19



Analogy	as	a	way	of	producing	
conflict	in	teams
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Fig. 3. Odds ratios of different types of conflicts in subsequent blocks for within-domain analogy compared to blocks without within-domain analogies.

10 S.B.F. Paletz et al. / Cognition 126 (2013) 1–19

Type of Conflict produced by 
Within-Discipline Analogies

Paletz, S. B. F., Schunn, C. D., & Kim, K. (2013). The interplay of conflict and analogy in multidisciplinary teams. Cognition, 126(1), 1-19



Summary
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How	we	influence	analogizing	
(moderately	concrete	inputs)

25

• Studied award-winning product development team in medical plastics 
• Videotaped 7 product development meetings (conceptual design)
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Christensen, B. T., & Schunn, C. D. (2007). The relationship of analogical distance to analogical function and pre-inventive structure: 
The case of engineering design. Memory & Cognition, 35(1), 29-38.


