Design Cognition

CS 34/
Michael Bernstein



Announcements

Quiz after lecture today — pencils!
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Design is not a static
process.

It can be studied,
supported, and improved.



Design

Evaluate Implement

How might we facilitate and empower
this process!?



esign

Brainstorming slgelechs
-arly-stage design tools

Evaluate Implement
Study strategies Programming tools
Cognitive modeling WYSIWYG design tools

Rapid prototyping tools



Goal of the design unit

Refocus from the process of design to the principles that guide
that process

Shift from obsequious adherence to a single prescriptive design
process to an understanding of what each part of the process Is
trying to achieve

Result: apply the right processes at the right time, and develop
entirely new process innovations



Today

Design cognition: how our thinking shapes our design process,
and how our thinking shapes others' reactions to our designs

Four major themes of design cognition:

Design Fixation

Analogical transfer

Gulfs of execution anc

Demand characteristics

evaluation }

Processes directly
impacting the designer

Processes Indirectly impacting
the designer through their
effect on the user




Why You Might Not Get
What You Want

Part |



Design Fixation



ldeal: open-minded ideation

In theory, the ideation process identifies many ideas, both proximal

and distal
Concept Concept
Concept
Concept Concent
Concept
Problem Concept Concept
Concept
Concept Concept
Concept

Concept




Reality: not enough breadth

In practice, we often myopically stay near proximal concepts that
we've used before or that are surface-level similar

Why?
Concept Concept Concept
Problem Concept Concept
Concept Concept Concept

| always likec
this one anyway"



Design fixation

In cognitive psychology, fixation is when we
barriers to problem solving

iNntroduce self-imposead

Design fixation is when we limit the bread

h of our design process

through adherence to a small set of concepts

Design fixation takes hold both (1) unconsci

ously, when we're not

aware, and also (2) consciously, even when we're aware that we're

doing It.



Classic example of fixation

'Duncker and Lees 1945]

Goal: attach a candle to a wall so that the candle
won't drip on the floor.You can only use () a book
of matches, (2) a box of thumbtacks.

Designers are trained to question assumptions, and
to creatively recombine the tools at their disposal.

However, we are blased toward using objects only
N the ways we've seen them used before.




Fixation + Al brainstorming

Designers who used an Al image generator while sketching fixated
more on the example they started from, and produced fewer, less

varied, less original 1deas than those sketching without 1t
'VWadinambiarachchi et al. 2024]




Fixation + Al brainstorming

| his Is accentuated
when the Al's 1deas
themselves are
‘average’

~ Andy Allen &
@asallen

Figma Al loaks rather heavily trained on existing apps.

This is a "weather app" using the new Make Designs feature and the
results are basically Apple's Weather app (left). Tried three times, same
results.

@asallen 2024
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https://x.com/asallen/status/1807675146020454808

Even worse, we fall in love
with our own ideas

The IKEA Effect - we place high value on
things that we helped create

-xperiment: One group of people build a piece of IKEA furniture, the control
oroup get It pre-assembled. Both are asked how much they'd pay for the furniture.

Those who assembled their own box were willing to pay a 63% premium over
those who received the same furniture pre-assembled

This backfires too: we tend to ignore others’ ideas, and an idea an Al writes
for us feels less like ours, even when 1t's better




The harms of design fixation

Fixation anchors us in a small subset of the design space,
preventing us from identifying the best solution

Knowing that it's happening doesn't help us escape It

20



The harms of Al design fixation

[ here Is accumulating evidence that this Is even worse with Al:

|[deas brainstormed with Al are more novel and useful, but less
diverse [Doshi and Hauser 2024

Meta-analysis of |9 studies: narrowing effect 1s about one third of a
standard deviation [de Rool| and Biskjaer 2026

There appears to be a fundamental tension:

Al+human performs better at brainstorming, e.g,, In a field experiment at
Procter & Gamble [Dell Acqua et al. 2026

...but, at the cost of idea diversity |[Vleincke, Nave, lerwiesch 2025;
Dong and Yakura 2026] d




Cognitive forcing functions
'Bucinca, Malaya, Gajos 2021 ]

S0 what does help! Brainstorm solo before you reach out:

Design process suggests brainstorm lots of ideas (quantity) to push
through inrtial fixations

Writers who ideate alone betore turning to an LLM have more original
ideas than those who started with it [Qin et al. 2025]

An Al that asks questions of your ideas keeps ideas diverse; an Al that
rewrites your ideas narrows them |[Maler, Schneider, Feuerriegel 2026

These are called cognitive forcing functions: prevent yourself
from turning to the Al until after the difficult thinking is done .,



Analogical transfer



Where do good ideas come
from!?

t's often easy to translate a solution from one problem to another
problem If the surface features of the problems are similar;

| Test problem following

the exact same format

| I— — — =

But, major Innovations are not such simple copy-pastes. [ hey require
mapping deep features between problems.

| Frtting a solar array In Origami ' How do bacteria ,
1/10th the size for takeoff i hal o “mutate! L MUy D0 14T 24

L




Analogical transfer

Transfer across these deep structures Is referred to as analogical
transfer, as In transfer via analogy

How?! We abstract problems and solutions we've encountered into
schemas that drop out surface features and facilitate comparison

25



Example

Problem: In embodied VR 1t Is difficult to work with objects that
are far away from the user’s avatar

Surface feature transfer (boo): adapt laser pointer metaphor to VR

Deep feature, schema-based transfer (yay):

Social computing article: "Beyond Being There”
says to create collaborative experiences better than “being there”

Schema:

“roble

Solution = stop -

Result: "Beyond Being Rea

M = adherence to reality Is unsatistying

rying to be realistic

, create VR experiences

that break from realistic self-representation 26



Reality-Based Beyond-Real
Interactions Interactions

(a)
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D Real arm
|:| Virtual arm
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High rue to life)

"Beyond Being Real”
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Barriers to analogical transfer

~or analogical structure mapping to work, it requires that we create
the “"correct” schemas and retrieve based on those schemas

Unfortunately, we are biased against deep structural
comparisons due to fixation: we tend to focus on surface
features

Study: When learning probabllity, participants were asked to recall earlier
problems that were relevant. 80% of the recalled problems were

based on surface similarities (e.g., both about shopping lists) rather
than the probability theory principles.

28



Without scaffolding, people
don’t identify deep features

Study: participants learning negotiation strategies

"Read examples one at a time BN “Compare these examples”

Measure: 7% of participants who correctly transfer the negotiation
principle In the examples to a test case

0% | 0% 20% 30% 407 50%
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Implications for design

Bad ideas are often a result of poor analogical transfer:

applying surface features rather than deep features in
retrieving relevant ideas

Movoblc- Spill-proofcups Egg-shaped

sn't tip Weeble wobble chair that
ovel

toy - rights itself

Individual: Problem ~=* Abstract Find Generate
\ Schema Analogie Solutions

On the other hand, this raises
opportunities: we can develop
techniques to extract schemas at
scale from existing ideas and aid
application to new problems

ributed:

stribu 'r ng pr across
ultiple indiv d | arch
with or*ly problem s hema
(Yu et al. 20143, 20140)

st
Dis
mu

Search a s large ide
repos itor esN et al. 2 16a|

arge idea reposi to es(Hope
et al. 2017, Chan et al. 2018

Mu'tiple constraints and
aostraction Ie els (Yu et al,
2016b)

Al support for constraints
and abst acton (Gilon et al.
2017)
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How to Argue Why
A Design Is (Or Is Not)
Better

Part ||



Gulfs of Evaluation and
Execution



Goal: a cognitive account of
why a design is poor

When people “don't get it", what's actually happening?

When people do get it can we say more than : "It just feels natural”



https://www.youtube.com/watch?v=x8oTvk5DbVY

Gulfs between the person
and the system

How many cognitive resources do | need to devote In order to
translate from my goals to instructing the system and how do |
interpret it's output!

Gulf of evaluation

Person System
Gulf of execution

34



User’s Goals

X
Execution Evaluation
A
\ 4
System

35



K

Execution

ntention to act

-xecution of actions

User’s Goals

N

Evaluation

°lan sequence of actions

A

~valuation of interpretations

nterpreting the perception

Percelving the state of the world

36



User’s Goals

AN

Execution Evaluation
A
Semantic distance Semantic distance
Articulatory distance Articulatory distance
4

37



Semantic and Articulatory
Distances

Semantic distance is a distance of meaning: bridging the
system’s meaning and your meaning

s It possible to express what I'm trying to express?

What Is this system trying to tell me!?

Articulatory distance is a distance of effort. the action required
to control or parse the system.

How much work Is It for me to express my input using the system?

s 1t straightforward for me to interpret the system’s response symbols! .



User

O

=

-

©

&

$ What does this mean? How do | make it do that?

Gulf of Evaluation Gulf of Execution

Why is it so difficult to Why is this hard to execute?
parse¢

System




Execution: acting Articulatory: effort
Evaluation: interpreting Semantic: meaning

Jo a trained performance engineer, tracing a flame graph |Grego

gulf of evaluation
(an articulatory distance)

Jo someone who doesn't know what a flame graph’s widths mean:
also a gulf of evaluation
(but this time a semantic distance)
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Execution: acting Articulatory: effort
Evaluation: interpreting Semantic: meaning

T a user 1s newly exposed to the command line and doesn't know
how to convert a video file to another format

gulf of execution (a semantic distance)

T that user knows that they should be converting the video using
the ffmpeg command on their terminal, but Is frustrated typing out

all the

Darameters

also a gulf of execution (but this time
an articulatory distance) .



Which gulf and distance is
each design trying to address!?

Google autocomplete Gulf of Gulf of
Fvaluation Execution
Semantic
distance
Articulatory
distance




Which gulf and distance is
each design trying to address!?

Google autocomplete Gulf of Gulf of

Evaluation Execution

distance

Articulatory
distance




Which gulf and distance is
each design trying to address!?

Google autocomplete Gulf of Gulf of
= t| Execution
At-a-glance data . Vaitation xecut
summaries Semantic
distance
Articulatory
distance




Which gulf and distance is
each design trying to address!?

Google autocomplete Gulf of Gulf of

cvaluation Execution
At-a-glance data Vet ~

summaries Selmantm
distance
Articulatory

distance




Which gulf and distance is
each design trying to address!?

Google autocomplete Gulf of Gulf of
At-a-glance data -valuation cxecution
summaries Semantic
P distance
London lube map ?ﬁf l%ﬁ&ﬂj
Vb gy N ;
e Articulatory

distance



Which gulf and distance is
each design trying to address!?

Google autocomplete Gulf of Gulf of
At-a-glance data -valuation cxecution
summaries Semantic

S C T
_ondon Tube Mmap_jemeezes

e Amcg\atory
distance




Which gulf and distance is

each design trying to address!?

Google autocomplete

At-a-glance data

summaries Selmantm
distance

| ondon Tube map

EI S

IS
DSLs (e.g., Python pandas

df.groupby(‘column’).mean())

Qx

». Articulatory
distance

(S
Fva

ulf of

uation

Gulf of
Execution

48



Which gulf and distance is

each design trying to address!?

Google autocomplete Gulf of
= .
At-a-glance data | vaiuation
summaries Semantic
distance

Gulf of
Execution

| ondon Tube map

EI S

IS
DSLs (e.g., Python pandas

df.groupby(‘column’).mean())

Qx

». Articulator
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Gulfs in practice

|. Gestural interaction; the gulf of execution
may remain wide, because erther the semantic
distance s large (VWhich gesture am | supposed
to use again?), or the articulatory distance Is Y )
arge (It's hard to get the gesture recognized.) AN

2. Al+HCI tools: even If end-user tools reduce the gulf of execution,
they may not reduce the gulf of evaluation (How do | interpret the Al
errors?!) or the next gulf of execution (How do | tweak the prev. result?)

50



Direct manipulation

Modern GUIs often adopt a metaphor of acting
directly on the object of interest: direct
manipulation. [ his reduces the gulfs.

Rat

ner

S0, rather than aiming for "natural” interfaces, we should ask: which

Rat

Ner

than scripts a

-
=
o :

. )
- . .
- . -

|8

nd code Input, we act directly on the object

than Iinterpre

gulf is this interface closing, and how!

iIng code output, the object itself

nas changed.

o)



Demand characteristics



Why do bad interface ideas
get launched?

OK, sometimes we got the user feedback but just weren't listening.

But sometimes, the way we tried to gather the feedback triggers
pDsychological processes that skew what we learn.
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Demand characteristics

Dell et al. 2012]

Response bias due to signals In a study that indicate what the
researcher Is hoping to see: activating status differences

Participant Researcher Participant Researcher
2.5x more preferred overall
| want to get your

l I feedback on this
. . design that | made.

Participant  Foreign  Translator

researcher researcher
5x more preferred amongst low-status participants

| want to get your

| want to get your

feedback on this
design that | made.

feedback on this

| want to get your
feedback on this
design that | made.

Participant



Demand characteristics

Dell et al. 2012]

The effect was so strong that with a foreign researcher and low-
status participants, half of them preferred the researcher’s lower
quality video over the alternative higher-quality video




as he
Pr oble €Ip us fi
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Cess,

Cognitive accounts can explain many challenges we face in design:

Design fixation: unnecessarily focusing on a subset of the
design space

Demand characteristics: influences that drive study
participants to behave In ways that make our system look good

[hey can also help us be precise about how to Improve design:

Gulfs of execution & evaluation: what needs to be reduced!?

Analogical transfer: what do we see as related inspiration?
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