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Welcome and Framing

Opportunities and Challenges of the Innovation Process
and the potential of Al



Innovation:
The Basics and
The Challenges



Innovation is critical in the 21st Century

EXHIBIT 1| Innovation Remains at the Top of Most Companies’ Agendas

WHERE DOES INNOVATION/PRODUCT DEVELOPMENT RANK AMONG YOUR
COMPANY’S TOP STRATEGIC PRIORITIES?
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Source: BCG Global Innovation Survey, 2005-2015.
Note: BCG did not conduct a survey in 2011. Because of rounding, not all numbers add up to the totals shown.



But few executives are satisfied with their
organizations’ innovation performance

Executives agree on the importance of innovation but are
often dissatisfied and lack clarity on what the problem is
and how to improve.

Although most executives agree

that innovation is critical for ... only very few are satisfied

their business ... with the outcome
8 4 % 8 0 % 6 % Very few know what

exactly the problem is,

Innovation is Business Satisfied gnd "°t‘f" 0 lrr;pquoa\llg L
important to models are with ALl S
growth at risk innovation
strategy performance

Source: McKinsey Global Innovation Survey, McKinsey analysis

Accessed, Dec. 20, 2016
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The Risk

* Many firms struggle with an effective approach...
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Issue: Response to disruptive innovation



NOKIA The Risk

B Nokia Corporation (OMX Helsinki) View Compareto  Settings | _

otorola Razr Thu 30/06/2011 EUR
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Photo courtesy of www.finance.yahoo.com.
Issue: Poor Anticipation and Response to New Competition



=" Microsoft ~ The Risk

Photo courtesy of www.engadget.com.
Issue: Not taking a risk, tied to legacy platforms

© Tucker J. Marion and Sebastian K. Fixson 201



=" Microsoft
Innovation Risk and Rewards

Lessons
Learned

Defunct Courier Surface series and
Tablet Office 365

Valuable corporate learning and strategic changes to innovation



Innovation Successes and Failures

Good idea: Continuous improvement and scalable platforms

© Tucker J. Marion 2014



Bad Idea: Poor range and expensive development

© Tucker J. Marion 2014
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Good Idea: Fast, secure texting
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Bad idea: articulating touchscreen

© Tucker J. Marion 2014



40% failure rate in New
Products and Services

© Tucker J. Marion 2024



The Actual Problem is Much Worse

Every year 60 to 70% of new apparel
products fail to gain traction with
consumers.

60 to 80% of all new footwear products fail
resulting in $274 to $361B in losses

In the auto parts industry $750 to $800B is
lost due to margin erosion, write-offs and
lost sales.
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Taking a Step Back to Basics...

Innovation:

:a new idea, device, or method

. the act or process of introducing new
ideas, devices, or methods

http://www.merriam-webster.com/dictionary/innovation



To achieve

Innovation as a result,
requires understanding of
Innovation as a process.

© Marion and Fixson 2026
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The innovation process is
stochastic™ in nature.

Innovation management is not
about guaranteeing success,
but about improving the

odds.

*Random properties



To improve the odds of
harvesting a high-value idea,
requires creating an idea
pool with appropriate
characteristics.

© Marion and Fixson 2026



Let’s try an experiment...

In 60 seconds, write down as many uses for this as you can!

© Marion 2024



Al’s Current Impact

Examples of generative Al benefits across functions

——

/)
' 2

Customer service
and contact centers

20%-35%

time reduction
for manual
responses

Sales and
marketing

30%-30«

less time spent
on content
creation

Source: Bain & Company
© Marion 2024
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Back office and
other productivity

20%-50

task automation
for document
comparison

Software product
development

15«

time reduction
in coding-related
activities



Example in Action: Merck and Nvidia

Merck and Nvidia team up on new drug discovery
model

It's one of a growing number of pharma-tech partnerships.

© Marion 2024



How Al Changes the
Innovation Landscape

© Marion 2025



The Goal: High Quality Ideas

A
Quality

high value options

threshold ~ 7T

average

>
Quantity

© Marion and Fixson 2026



Innovation Distribution
Intervention 1: Increase idea volume

Quality

high value options

threshold ~ 7T

average

A

(€GO,

Increase n

>
Quantity



Innovation Distribution
Intervention 2: Increase idea diversity

WQzoku CROWD

Formerly InnoCentive

Quality

high value options

threshold ~°J~°

average __|___________

Increase o

I >

Quantity
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Innovation Distribution
Intervention 3: Increase average idea quality

A

Quality I D E o

high value options

- ELLLS L
threshold Increase u

average __

Quantity

© Marion and Fixson 2026
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Al Can Radically Alter the Innovation
Distribution for All 3

Quality
high value options SIS0,
L

— VAL S AL S PS Increase o

threshold
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average _ _b__ - |l N )

Increase n

>
Quantity
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How Will Al Influence the Innovation Process?

GDPval: Speed and Cost Improvements from

noure 1° Tre. > > foe o i ’ L
Figure 1: Treatment Effects on Productivity Al AScictaron 1o Hurmsn Exoerts
(a) Time Taken Decreases (b) Average Grades Increase o
1 { $.29 - |
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Mollick, 2026.

Noy and Zhang, 2023, Experimental Evidence on the Productivity Effects of
Generative Attificial Intelligence, MIT Working Paper (not peer reviewed), March
10, 2023
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But... how good is the underlying data?

SHARE OF TOP 10 W
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And... A.L Can Write Poetry, but It Struggles
With Math

A.l’s math problem reflects how much the new technology is a
break with computing’s past.

https://www.nytimes.com/2024/07/23/technology/ai-chatbots-chatgpt-math.html

p  Listen to this article - 7:22 min Learn more % Share full article ~ m Q 256

= o FORTUNE sonn

Home News Tech Finance Leadership \Well Recommends Fortune 500

TECH- AL

The cost of training Al
could soon become too
much to bear

ET DATIS MLYLR
horl 4 20M 5 w <
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https://fortune.com/2024/04/04/ai-training-costs-how-much-is-too-much-openai-gpt-anthropic-microsoft/



LLMs are great at ideation...But....

ChatGPT 40 L, Share

Design Education, 29(2),173-183.

2. Schenk, M., & Lamersdorf, A. (2015). Virtual studio-based design education: Models and
examples. Design Journal, 18(4), 517-531.

3. Cross, N. (2006). Designerly ways of knowing. Springer.

4. Dym,C.L., Agogino, A. M., Eris, O., Frey, D. D., & Leifer, L. J. (2005). Engineering design thinking,
teaching, and learning. Journal of Engineering Education, 94(1), 103-120.

5. Brown, T. (2009). Change by design: How design thinking creates new alternatives for business

and society. HarperCollins.

6. Lasserre, J., Hicheur, M., & Tarpin-Bernard, F. (2017). Improving knowledge sharing in distributed
design education through collaborative digital platforms. Design Education Journal, 23(4), 254-
267.
ﬁ 7. Marion, T., Fixson, S., & Olechowski, A. (2023). Reimagining design education through global
collaboration. Design Studies, 65, 45-59.
8. Goel, A., & Joyner, D. (2016). An experiment in scaling experiential learning to a large online

community. Design Science Journal,1,e..

The highlighted paper does not exist! But we can mitigate the risk!

© Marion 2024



And ‘slop’ remains a serious issue for business...

Al And Machine Learning

Researchers Asked LLMs
for Strategic Advice. They
Got “Trendslop” in Return.

by Angelo Romasanta, Llewellyn D.W. Thomas and Natalia Levina
March 16, 2026
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What is the best way to integrate Al into the
innovation process?

Problem Space Solution Space
©
c
©
§
Conventional Process &
r-]
=
o
o
Problem Problem Concept Concept Selection
Articulation Selection Generation & Development
c
Al-Augmented Ea h‘\
g 3 eaad 7
i3 5>,
: <3 ‘ \
Rapid : :
expansion of

service > @ OpenAl Amperity & VIZCOM o ..........
providers Expansion of the double diamond

Piller, 2023; Marion, T. J., Moghaddam, M., Ciuccarelli, P., & Wang, L. (2023). Al for User-Centered New Product Development: From Large-Scale Need Elicitation to Generative
Design. The PDMA Handbook on Innovation and New Product Development. [Double diamond: Marion and Fixson, 2018. The Innovation Navigator; British Design Society]



But we need to understand the Al landscape...

Quadrant 3:
Ouadrant 2:
- Expert models with
i Expert models with
= distinct capabilities
E. domain-specific daia
= for enginecring & technical
= for concept refinement
prcihlrm—ﬁnh'ing
Ouadrant 1: Quadrant 4:
e
E:' General models with General models with
E public dara proprictary data
&
=
o for ideation & discovery for evaluation and planning
Low Trust High Trust

] Piller, F. T., Srour, M., & Marion, T. J. (2024). Generative Al,
© Marion 2024 Innovation, and Trust. The Journal of Applied Behavioral Science.



Tasks within the Fuzzy Front-End: Quadrant 1

EPAM Continuum

0
CONTEXT

Design criteria
definition

Use context
understanding

User needs
understanding

Experience mapping

Concept
development

Identify technology
path

System architecture

Component
configuration

1
CONCEPT

Explore design
language

Define enabling
technologies

Concept integration
Concept prototyping
Consumer testing

Define component
configuration

Define subsystems

Develop full design
concepts

2

DEVELOPMEN
T

Refine design &
integrate all sub-
systems

Breadboard/Test
Detailed engineering

Detailed eng. design
database creation

Vendor identification

Prototyping

3
PRE-PRODUCTION

Production refinement
Tooled prototyping

Eng. database
refinement

Vendor Selection &
Transition

Design Release

4
ROLL-OUT

Tooling liaison
Production support

First article
assessment

Testing/Evaluation
Product refinement

Launch support

|_'_1 — Critical to Innovation Success



Design Thinking: Translating Observations Into
Insights and Concepts

| ! ;/i

Discover and interpret the reason behind the behavior... ask ‘why’ for understanding latent needs
Inspire




The LUCID Project: Developing Al for the FFE

Opportunity Opportunity Concept Concept Concept
Identification Analysis Development Evaluation Selection

J \
)

* Collect and analyze user data (e.g., ¢ Use outputs from » Complete predictive scoring of
online reviews, social media) using Opportunity customer sentiment on specific
NLP and LLMs Identification and product attributes using text

» Score customer sentiment on specific Analysis, LLM and images, via neural
product attributes development of new networks and LLMs

« Analyze positive and negative concept descriptions
opinions on product attributes using + Develop 2D concepts
NLP and LLMs using product-specific

» Assess latent needs using NLP and trained GANs
LLMs

* |dentify product gaps and
opportunities for improvement using
LLMs

Marion, T., Yuan, C., & Moghaddam, M. (2025). Integrating Al into the
Front End of New Product Development: A Case Comparison of

et eata o, ooesSes: Researeh-Technolegy Can we use Al to automate Design Thinking?



Bespoke Al Models for Specific Tasks
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Marion, T., Yuan, C., & Moghaddam, M. (2025). Integrating Al into the
Front End of New Product Development: A Case Comparison of
Traditional and Augmented Processes. Research-Technology
Management, 68(2), 10-22.



PDD step
Opportunty investigation

Develcpment time:
Opporturety analysis

Development time:
Concept develocpment

Dewvelopment timae:
Concept evaluation

Development tima:
Concept selection

Develcpment time:
Tozal:

Conventional development

* Discussion with channel partners

* Internal research on market and style trends
*  Multple in-person store visits

Imonths

Input from channel partners

Internal designer ideation of new features
Internal designer ranking of attnbutes
Product manager writes product bref

- & & =

Imaonths

* Designer ideation and sketching of several
concepts

* Collaborative software assists designer interaction
and output

3manths

* Discussions with channel partners

* Limited focus groups with users

* Scoalzation with praduct influencers

* After human review and internal sales pitch, a
prototype is constructed

4 months

* Design team ranking

Contains uncertainty factors

* Subjective decision-making with some use of focus
groups, channel feedback, and “merchandizng
n-

Imonths
14 months

Al-augmented development

+ Fast natural language processing [NLP) analysis of
1M+ customer reviews

*  Systerm retrieves a large smount of new customer
information

*  Data-driven trend forecasting

3seconds

* Attribute-level sentiment analysis

* Automated analysis and categorization using
machine learning (ML)

¢ Lst of top needs compiled and synthesized into a
large language mode! (LLM)-derived concept
description

Instantanecous

* Al simulates concept development with thousands
of generated images

* Connects multiple features based on user
satisfaction and sentment analysis

2seconds

¢ Al prediction of customer sentiment
¢ Specific feature and attribute prediction of new
concept potential using text and images

2seconds

* Automated design ranking with user-oriented
evaluation based on concept scores

Instantaneous
< iminute

_




LUCID vs Traditional Workflows

10M Data Point Legend

=
[ |
Firm A Al
Amount of
Data Points
Used in
Process (&,
log)
Development Time

= 9 = 13 = 16 Maonths
0 A ] 2 . ( )
[V Concept i
Conventional Development (Firm Al “""“"““’*“ '““‘”““‘“ it Hrmnind et Firm A: 16 months
Al-augmented Development [Al) ] Al: < E minutes

Marion, T., Yuan, C., & Moghaddam, M. (2025). Integrating Al into the

Front End of New Product Development: A Case Comparison of > 1 , OOOX effi c i e n cy g a i n

Traditional and Augmented Processes. Research-Technology
Management, 68(2), 10-22.
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6.00
5.00
4.00
3.00
2.00

1.00

ChatGPT-4o
DeepSeek
Gemini

AVE Human

The LUCID Project

[] Al Average of Novelty |

NOVELTY

Human Average of Novelty

KN I

© &

i ¥

8 o

b 8

b

¢ ¥

_.0_ 1

o
Novelty Quality Desirability Viability Feasibility

5.50 5.63 5.80 5.67 5.50
547 5.50 5.50 5.37 5.03
5.55 5.38 5.59 493 5.03
4.93 4.72 4.73 4.98 5.25

Marion, T., Bruggeman, R., Ciuccarelli, P. 2025 Working paper.

Ideation: Al is Better than Humans




Al: The Current State

© Marion 2025



The Al Landscape and Innovation Phases

Expert
Application
Concept Engineering Very limited
8 Development & Design current
'? capability!
z <>
(]
2
©
()
c
m -
O Marketing
& Planning
Chat
General GPT-5
Model
Low High

Trust

] Piller, F. T., Srour, M., & Marion, T. J. (2024). Generative Al,
© Marion 2024 Innovation, and Trust. The Journal of Applied Behavioral Science.



Quadrant 1: Ideation and Discovery

OpenAl ChatGPT Answer DALL-E Concept

"A futuristic running shoe is an advanced sports footwear design
that revolutionizes the running experience for athletes. It
incorporates state-of-the-art materials like lightweight and
breathable fabrics, advanced cushioning technology for energy return
and reduced fatigue, and smart technology with embedded sensors
to track varions running metrics in real time. Some models explore
energy-harvesting technologies to power smart features or other
devices. The shoes feature adaptive fit and lacing systems for a
secure and personalized fit, along with visually striking aesthetics.
Customization options, sustainability initiatives, and enhanced
traction and durability complete the innovative package. Overall,
Sfuturistic running shoes offer a high-performance, comfortable, and
stylish solution for athletes and fitness enthusiasts.”

Marion, T. J., Srour, M., & Piller, F. (2024). When Generative Al meets product

development. MIT Sloan Management Review, 66(1), 14-15. LOW trUSt genera| mOdels
© Marion 2024 ’



Current State-of-the-Art: Loft Design

www.loft.deisgn

Use of Al has improved efficiency by 50%



Current State-of-the-Art: GM and Design

News

I GM Uses Al to Turn Hand Sketches Into Car
; Designs in Minutes Instead of Months

GM'’s car designers are using Al to help them accelerate new car
designs and visions.

—
- /‘ Apr 18, 2026 6:15 PM EDT

¢+ By Pablo Salapanta

https://www.autoblog.com/news/gm-uses-ai-to-turn-hand-sketches-into-car-designs-in-minutes-instead-of-months

Full concepts generated in minutes



Quadrant 2: Concept Development

https://www.reddit.com/media?url=https%3A%2F %2F preview.redd.it%2Fthe-evolution-of-midjourney-via-capn-jack-sparrow-in-just-v0-

Xj196mxto1ab1.png%3Fwidth%3D3044%26format%3Dpng%26auto%3Dwebp%26s%3D1536e1575c8cfbale269e3215c621ee7d23b3415 H i g h e r eX p e rti S e g e n e ra | m O d e | S
)

Marion, T. J., Srour, M., & Piller, F. (2024). When Generative Al meets product

development. MIT Sloan Management Review, 66(1), 14-15. M idj 0 U rn ey, S EVOI uti O n 48

© Marion 2024



Current State-of-the-Art: Vizcom and Ford

Al and visual product design




Lowering the Barriers to Entry

¥ Workbench

9 100%

4 | am creating

) E IMG_0924 jog

Change

Layer 1
Add

We are seeing increased latency for Modify Pro
9 ’ =L View Status

Remove

Standard




Quadrant 4: Marketing and Planning

@ freshworks

Refreshing business software that your teams will love

‘;;,_. ' J
e

LT —- < s | A
o B |

.

Marion, T. J., Srour, M., & Piller, F. (2024). When Generative Al meets product . . .
development. MIT Sloan Management Review, 66(1), 14-15. H|gh trust, general models with spec|f|c data
© Marion 2024



Current State-of-the-Art

Vimiq About Solutions v Products v

Bring the right
products to

market, faster—
with VibelQ.

VibelQ is the first and only assortment lifecycle platform where

merchandising, design, and B2B sales teams collaborate to create
and launch high-performing assortments.

www.vibeig.com

Workflow Management



Quadrant 4: Engineering and Design

Siemen’s Simcenter
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Marion, T. J., Srour, M., & Piller, F. (2024). When Generative Al meets product
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Current State-of-the-Art: SimScale

él s I " s c n l[ Product ~ Solutions * Resources * Public Projects  Case Studies Pricing d Log In

Physics & Al
engineering simulation
in the cloud

SimScale empowers over 600k engineers
globally to innovate faster, with fluid dynamics,
structural mechanics, thermodynamics,
electromagnetics and multiphysics simulation.

Start Simulating Now

c koo < Capterra
N 195 Reviews |44 LA 2 & & SEN

[ooo() ( ) + 0

www.simscale.com Simulation



Current State-of-the-Art: Leo

isiativ

www.getleo.ai

Engineering-Grade
Al Built For Leading

EHOIHCCI mg Firms

Tf f t Al bu lt,f fo! chanical engineers
Un k\, r PLM kn Jf!p to sta '.‘:d

Start with Leo

intel @ @®BoscH Yscana ()

What Is Leo™

Vs

Mif = PHILIPS oo @ TOYOTA @

Al-powered engineering resources



Current State-of-the-Art: Results

Loft Design cut its product development time by 50%

CreativeDock 30% increase in
technical development efficiency, a
40% efficiency gain in graphic
design, and tripled content creation

speed.

Source: https://sloanreview.mit.edu/article/when-generative-ai-meets-product-development/

50% increase in
modeling
etficiency

Circuit board design
reduced by an average
of more than 80%



Al: The Future State

© Marion 2025



Understand the Current Limitations

= MIEEE SECURITY POLITICS THE BIG STORY BUSINESS SCIENCE CULTURE  REVIEWS A NEWSLETTERS SUBSCRIBE

FEATURED SMART HOME ECOSYSTEM BEST LAPTOP POWER BANKS SMART GLASSES BEST IPHONE CHARGERS THE BEST LAPTOPS DEALS DELIVERED

AARIAN MARSHALL GEAR APR 23, 2826 4:45 PM

Emergency First Responders
Say Waymos Are Getting
Worse

“I believe the technology was deployed too quickly in
too vast amounts, with hundreds of vehicles, when it
wasn’t really ready,” one police official told federal
regulators last month.

April 29, 2026

Bleeding-edge models and applications are still flawed...



The Overarching Challenge

Black Ant

# of neurons: # of neural nodes:
250,000 500,000,000+

Power to complete: Power to complete:

~80 mW ~0.001 Wh

Cost ($ of power usage): ‘ Cost ($ of power usage):
$0.0000012 Delta = 8,333x $0.01

Difficulty with unstructured problems and high processing needs...



The Processor: Affine Theory of Design Reasoning

The goal is to provide reasoning with human-inspired cognition.

Convex combination Affine combination

Key Formalism
All coefficients nonnegative

At least one coefficient negative
Wy, W2, W3, W =0

Jj: wj<0

States - points in A
Operations - vectors in V
Synthesis - affine combination

Psynth=zwjpj

2w;=1
J
The sign of the coefficients
Interpolation Extrapolation .
Stays within the hull Can move beyond the hull determines whether the system
Current knowledge hull

Current knowledge hull interpolates or extrapolates.

Bruggeman, 2026 New architectures will reduce training $ and increase efficiency



QCQ

18-24 months

Manual Workflow

Design
Idea & Tech Dev

Generation Sourcing

Prototyping
&

Production

Selling
&

\

Post-sales

Consumer
Engagement

Shipping

&
Distribution

Current Footwear Product Development

dLm? Sales
Adoption Meetings

10-18 months design to prototyping

Design & Tech Dev Prototyping & Sourcing

Idea Generation

(8-12 weeks) (20-34 weeks) (14-28 weeks)
- Compile trend & social

data.

Creation of multiple 3d
renderings

“Bringing apparel/footwear to market is a highly Material availability
complex process overseen by multiple
departments, who often struggle with inefficient
handoffs between teams, poor integration
between tools and a lack of accurate real-time

data.” E

Material testing

- Create concept designs
(50-100 concepts)

Manual colorway
selection - Sustainability &

traceability

Initial non-functional
proto development

- Draft initial business

cases Bill of Materials

5-7 cross-functional
review rounds

6-8 cross-functional
review rounds

- 4-6 cross-functional
review rounds

Bracken Darrell, CEO, VF Corp

- Output: 10-15 concepts
lacking market
validation and approval

Output: Sourcing
reports, functional
prototypes, TECHPAKS \
and product plans.

Output: 3-5 designs with
no market validation
and approval

o
N
|

© Ada 1Q 2026



m Current Data Systems of a $150M Sporting Goods
company
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m ADAIQ Signal-Led Product Development

Al Augmented Workflows
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h\’) ADAIQ Real-Time Agentic Workflows
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Multi-modal, RAG 2.0, new architectures and ‘SLMs’

© Ada 1Q 2026



The Future State: Tandem

£ Tandem Aboutus  Research/Thoughts

www.tandemai.io

Al-powered engineering workflows



Revisiting the Traditional Double Diamond

Problem Problem Concept Concept Selection
Articulation Selection Generation & Development

Expanded
capabilities

Problem Problem Concept Concept Selection
Articulation Selection Generation & Development

Piller, 2023; Marion, T. J., Moghaddam, M., Ciuccarelli, P., & Wang, L. (2023). Al for User-Centered New Product Development: From Large-Scale Need Elicitation to Generative
Design. The PDMA Handbook on Innovation and New Product Development. [Double diamond: Marion and Fixson, 2018. The Innovation Navigator; British Design Society]



Near Future Double Diamond

Humans still have
Developing ideas and . . .
concepts becomes a role in decisions
rc)sst?ntaneous and low i and selection
Problem  Problem Concept Concept Selection
Articulation Selection Generation & Development

Al's Ultimate Potential State?

What role with humans
have if all phases

Problem Concept
Avrticulation Generation & collapse? What are the
& Selection Selection appropriate innovation

measures if cost and
timing are near zero?
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Consider the Complexity-Risk Landscape
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Al Strategy: Top-Down or Bottom-Up?

A

. 1
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They are not mutually exclusive!




Final Thoughts

Al Boosts Innovation:
Al can supercharge idea generation and design.
* It increases the volume, variety, and quality of ideas.

From Today to Tomorrow:

» Al's impact is real - expect even more powerful tools across the innovation landscape
continuously.

« It will help make smarter, quicker product, design, and commercialization decisions.

* Al tools for high-trust, high-risk engineering tasks will take time to develop due to the
requirement of certainty in outputs.

What You Can Do Now:

 Start using and creating Al tools and agents in your projects.

Allow Bottom-up experimentation!

« Understand it’s strengths and limitations.

* Try, test, and measure Al’s impact on your workflows with new ventures.
Take risks with new ventures and a multi-prong Top-down approach!
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https://tinyurl.com/2vyws3r6
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Q oyh Tucker Marion
B o t.marion@neu.edu

Associate Professor
D’Amore-McKim School of Business
College of Engineering
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