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Brief Background on Learning Curves

• Origins

– Wright (1936): Cumulative average learning curve

– Crawford (1947): Formalized unit (incremental) cost model

– Boston Consulting Group (1968): Broadened concept to experience curve

• Learning curves play a critical role in cost estimation

– Definition: mathematical relationship describing how cost (or labor hours) decline 
as cumulative production increases

– Key Mechanisms: repetition, process standardization, tooling/method 
improvements

– Role in cost estimation: forecasting production costs for budgeting, pricing
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Motivation for Exploring this Topic

• Research on learning curves now spans multiple domains (e.g.,
manufacturing, healthcare, education), and findings in different fields
tend to be siloed

• Classic learning curve models were developed decades ago

• Workplace tools and practices have changed, with increasing use of
– Robotics, artificial intelligence (AI), and other digital tools
– Collaboration platforms (e.g., Teams)
– Remote work

Need to begin integrating insights from different domains & 
considering potential impact of workplace changes
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Purpose and Approach

• Purpose: To provide an overview of key insights about learning curves 
from different domains and suggest future directions for research and 
practice

• Approach:
– Preliminary literature review

• To identify learning curve-related findings across domains
– RAND DelphiChat tool

• To explore implications of evolving workplace tools & practices
This presentation contains results of preliminary exploration by 
the team – not the results of a sponsored RAND study.
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Studies of Learning Curves in Manufacturing Show How Production Time 
and Costs Decrease with Repetition and Experience

• Predictable improvement: Production time or unit cost declines by a constant 
percentage (typically 10-25%) for each doubling of cumulative output, corresponding 
to a 75-90% learning curve slope (Wright, 1936; Crawford, 1947; Yelle, 1979)

• Learning is not fully transferable across shifts, and learning rates decline as 
organizations gain more experience (Epple, Argote, & Devadas, 1991)

• Forgetting & relearning:  interruptions, turnover, or product changes can erode 
learning (Jaber, 2006; 2016)

Photo source:
https://pixabay.com/images/search/industrial%20assembly%20line%2
0production%20workers/?pagi=2

• Useful for cost estimating, capacity planning, and 
benchmarking in production sectors such as aerospace, 
automotive, electronics 

• Typical measures: labor hours per unit, unit production 
cost
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Learning Rates Vary Across Manufacturing Sectors Due to 
Different Technologies, Production Structures, & Constraints

Source: Literature 
review by Toribio-
Ramirez, van der 
Zwaan, Detz, and 
Faaij (2025) 
https://www.science
direct.com/science/
article/pii/S1364032
124010360
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More Generally, Learning Rates Vary Across Organizations Due to 
Characteristics of Learning Process, Task, & Organization

Source: Lapré and Nembhard (2011) https://cdn.vanderbilt.edu/vu-
web/owen/files/publications/TOM%200401%20Organizational.pdf
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• Lapré and Nembhard (2011) note that learning rates depend on
– Learning process – e.g., learning “what” vs. “how”; conditions
– Task characteristics – e.g., observability, complexity
– Organizational characteristics – e.g., staffing, resources, 

incentives

https://pixabay.com/photos/industrial-security-
logistic-1636390/
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Studies of Learning Curves in Healthcare Suggest How Experience, 
Repetition, and Team Dynamics Influence Surgical Outcomes
• High volume of surgical procedures linked to lower patient mortality (Luft, Bunker, & 

Enthoven, 1979; Halm, Lee, & Chassin, 2002; Birkmeyer et al., 2002)
– Largest improvements occur during early cases

• Learning curve shapes vary across procedures (Kassite et al., 2019; Soomro et al., 2020)

– Some outcomes improve quickly then plateau; others improve more gradually; number of cases 
required to reach proficiency differs (Sclafani & Kim, 2014; Tapking et al., 2020)

• Team coordination and stability are associated with improved learning in 
medical teams performing complex procedures (Pisano, Bohmer, & Edmondson, 2001; 
Edmondson, 2004)

Photo source https://pixabay.com/images/search/hospital%20team/

• Procedural skills decay with time away from 
practice – and are better retained with spaced 
repetition (de Andrés Crespo et al., 2025)

• Common measures: complication rate, mortality rate, 
procedure time, readmission rate
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Studies of Learning Curves in Education Reveal How Practice and 
Experience Drive Student and Teacher Improvement Over Time

• Deliberate, targeted practice has stronger link to 
performance gains than simple repetition (Ericsson, 
Krampe, & Tesch-Römer, 1993)

• Spacing (distributed practice), vs. “cramming,” 
improves knowledge retention (Cepeda et al., 2006)

• Typical measures: accuracy, response time, error rate

• Two perspectives: student skill acquisition, teachers’ professional learning curves
• Practice improves performance rapidly at first, then more slowly over time, per 

studies of power law and exponential decay models (Newell & Rosenbloom, 1981; 
Heathcote, Brown, & Mewhort, 2000) 

• Teacher experience effects are strongest in early years (Rockoff, 2004; Rivkin, 
Hanushek, & Kain, 2005)
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We Used RAND’s DelphiChat Tool to Examine Implications of Several 
Modern Workplace Tools and Practices for Learning Curves

• DelphiChat – an AI-supported tool developed at RAND

• Based on the Delphi method, originally designed to facilitate:
– Structured expert elicitation
– Iterative feedback and consensus-building

• DelphiChat uses AI-generated expert personas based on past 
research

• Synthesizes diverse inputs from these simulated expert 
perspectives

Question asked:  What are three key impacts that each workplace 
tool/practice (AI, collaboration tools, remote work) could have on learning 
curve assumptions or calculations when estimating costs?
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AI-Generated Expert Personas Suggested Potential Effects of AI 
on Learning Curve Analyses
1. Redefining the Learner

– Traditional learning curves assume a human learner. With AI, the learner might 
be a machine-learning system, a human-AI team, or frequently updated 
software 

2. Potential Instant Knowledge Transfer
– When a human learns a skill at one factory, that knowledge resides with them. 

When an AI learns something, that improvement could be copied to every other 
AI system instantly.

3. Historical Data May be a Less Reliable Basis for Future Projections
– Learning curves traditionally use past performance to predict future 

improvement. AI can disrupt this by accelerating improvement or by introducing 
new types of costs (maintenance, updates, retraining)
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Illustrations of Some Potential Effects of AI on Learning Curves

Human–AI Team – Hybrid 
continuous + stepwise cost 
reduction

Frequently Updated Software – 
Stepwise cost reduction

Machine-Learning System – Steep 
early cost reduction then flattening
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AI-Generated Expert Personas Suggested Potential Effects of 
Collaboration Platforms on Learning Curve Analyses
1. Potential dual impact on learning curves

– Faster onboarding due to greater institutional memory and exchange of lessons 
learned

– New “coordination learning” – time spent mastering tools and processes

2. Benefit depends on maintenance of the platform
– A cluttered or outdated repository can increase learning difficulty and costs 

3. Potentially different effects on experienced vs. new employees
– Collaborative tools likely to accelerate productivity for less experienced workers, 

shortening training phases and timelines
– More experienced workers may face delays due to added review and 

communication demands
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AI-Generated Expert Personas Suggested Potential Effects of 
Remote and Hybrid Work on Learning Curve Analyses

• Could add technology onboarding time, which can increase costs and 
timelines in remote/hybrid projects

• Informal learning loss is a possible “hidden cost”
• Learning is more susceptible to variation in conditions (different work 

environments)

Key takeaway:  Traditional learning curves were developed for in-person 
manufacturing environments.  For remote and hybrid knowledge work, 
assumptions may need recalibration with flatter initial slopes – and longer 
timeframes to reach steady-state efficiency
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Preliminary Insights from Literature Review & Virtual Delphi 
Method

• Literature Review

– Learning improves predictably but is not fully transferable across lines, shifts, or teams

– Learning rates and curve shapes vary across sectors, tasks, procedures, and organizations

– Interruptions, turnover, and product changes erode learning gains

– Team coordination is likely to accelerate improvement

– Deliberate practice helps maintain skills

• DelphiChat

– AI, collaboration platforms, and remote/hybrid work may alter traditional learning-curve 
assumptions

– AI or digital tools may accelerate learning but also introduce new costs or training requirements

– Historical cost and time data may be less reliable when workplace changes affect learning 
processes
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Potential Future Directions

• Identify and assess tools that may improve knowledge transfer (across lines, shifts, 
and teams) and reduce learning decay from interruptions
– e.g., knowledge repositories, formal knowledge transfer process/succession planning, cross-

training, communities of practice (Pillai & Iyer, 2024; Argote, 2024)

• Apply education research principles to operator training
– e.g., structured practice, distributed practice, embedded feedback to improve skill retention

• Gather and analyze data on human-AI team learning curves
– e.g., Assess how AI affects learning curve shapes across industries

• Assess whether, and under what conditions, historical cost and schedule data 
remain valid under changing workplace tools and practices
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