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SOME EXAMPLES OF SC PLANNING DECISIONS

„Which quantity will be sold 
of each product in each 

store each day?“

Supermarket replenishment Truck routing

„Which routing do  
I suggest to my
truck drivers?“

„How much to order today 
to ensure we can build the 

vehicles next week?“

Component sourcing
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”We have found that around 15 percent of the global workforce, or about 400 
million workers, could be displaced by automation in the period 2016–2030” 

From: “AI, automation, and the future of work: Ten things to solve for”, McKinsey, June 2018

AI TO THE RESCUE

“With sufficient memory and computation, AI-based solutions can easily look 
across millions of parts and projects and billions of relationships to identify 
opportunities […]“

From: „The future is now: Unlocking the promise of AI in industrials”, McKinsey December 2022
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AI HAS A LOT OF POTENTIAL, BUT…

From: Constantaras et al. (2023) Inside the Suspicion Machine, WIRED
Source unknown (reddit), not replicable with the current version of 
https://chat.openai.com/chat as of March, 16th 2023

Predicting risk of welfare fraud

https://chat.openai.com/chat
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WHY MACHINES? WHY HUMANS?

5

 Computing power
 Cost
 Rational behavior
 …

 Human judgment
 Improvisation
 Tacit knowledge
 …
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HUMAN AND MACHINE INVOLVEMENT IN DECISION 
MAKING

Human Involvement in decision

Machine involvement in decision

Human only Full human 
to AI delegation
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MACHINE, HUMANS, AND HUMAN-MACHINE
INTERACTION

Recommendation Decision Analysis of Deviations

 Improve recommendation 
 Ethical/fairness aspects
 Confidence level
 …

 Presentation of the 
recommendation

 Understanding of the 
recommendation

 …

 Understanding of 
adjustments 

 Efficiency of Process
 Improvement of Algorithm
 Quality of deviation
 …

Best-Performing Algorithm Best-Performing Humans Performance-Based 
Improvement of the Process

Give Guidance
Example 1: 

Master Thesis
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ENHANCE FORECASTERS DECISION-MAKING 
Example 1: 

Improve Human

Suggestive Guidance

Informative Guidance

Guidance to Avoid Adjustments

Experiment Guidance

Based on: Geurts, J., The effects of decisional guidance on the forecast performance in judgmentally adjusting forecasts, Master Thesis.00
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ENHANCE FORECASTERS DECISION-MAKING 

Guidance Results

Suggestive Guidance

Informative Guidance

Guidance to Avoid Adjustments

Decision
Quality
Decision
Quality

Easy
Tasks

Difficult
Tasks

Based on: Geurts, J., The effects of decisional guidance on the forecast performance in judgmentally adjusting forecasts, Master Thesis.00

Example 1: 
Improve Human
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MACHINE, HUMANS, AND HUMAN-MACHINE
INTERACTION

Recommendation Decision Analysis of Deviations

 Improve recommendation 
 Ethical/fairness aspects
 Confidence level
 …

 Presentation of the 
recommendation

 Understanding of the 
recommendation

 …

 Understanding of 
adjustments 

 Efficiency of Process
 Improvement of Algorithm
 Quality of deviation
 …

Best-Performing Algorithm Best-Performing Humans Performance-Based 
Improvement of the Process

Adapt algorithm to mimic humansExample 2: 
PhD Work
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PREDICTING HUMAN DISCRETION TO ADVICE

Based on: Sun, J., Zhang, D. J., Hu, H., & Van Mieghem, J. A. (2022). Predicting human discretion to adjust algorithmic prescription: A large-scale field experiment in 
warehouse operations. Management Science, 68(2), 846-865.

Example 2: 
Improve AI
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PREDICTING HUMAN DISCRETION TO ADVICE

Recommendation Decision

Small box Large box

 Human switch prescribed box size 
in 5.8% of all decisions

 In roughly 75% switching is to 
larger box sizes. 

 Resulting in increased packing 
time (+50%) and reduced 
efficiency

Observations

Based on: Sun, J., Zhang, D. J., Hu, H., & Van Mieghem, J. A. (2022). Predicting human discretion to adjust algorithmic prescription: A large-scale field experiment in 
warehouse operations. Management Science, 68(2), 846-865.

Example 2: 
Improve AI
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PREDICTING HUMAN DISCRETION TO ADVICE

Recommendation Decision

Small box

Large box

Human-Centered 
Recommendation

Will the human
switch to a larger

box?

Small box

No Yes  Large decrease in switching under 
the human-centered algorithm

 Estimated savings of 2.6 million 
USD 

Based on: Sun, J., Zhang, D. J., Hu, H., & Van Mieghem, J. A. (2022). Predicting human discretion to adjust algorithmic prescription: A large-scale field experiment in 
warehouse operations. Management Science, 68(2), 846-865.

Example 2: 
Improve AI
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MACHINE, HUMANS, AND HUMAN-MACHINE
INTERACTION

Recommendation Decision Analysis of Deviations

 Improve recommendation 
 Ethical/fairness aspects
 Confidence level
 …

 Presentation of the 
recommendation

 Understanding of the 
recommendation

 …

 Understanding of 
adjustments 

 Efficiency of Process
 Improvement of Algorithm
 Quality of deviation
 …

Best-Performing Algorithm Best-Performing Humans Performance-Based 
Improvement of the Process

Automate “Good enough” - Decisions
Example 3: 
PhD Work



SLIDE 15

WHICH DECISION SHOULD BE AUTOMATED? 
Example 3: 
Automate

Recommendation Adjustments

Performance

Adjustment Decision
(3.5%)

Decision Evaluation
(40%) 

Based on: Imdahl, C., Schmidt, W., & Hoberg, K. (2022). Sustained Learning Under Algorithm-Driven Automation. Available at SSRN 4292438.

Motivation / Setting 
1. In many settings, decision makers 

rarely adjust system 
recommendations

2. Decision makers may still be 
required to manually review every 
recommendation

3. Some adjustments worsen 
performance outcomes
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TARGETED AUTOMATION IMPACTS WORKLOAD AND 
PERFORMANCE

Objectives

Performance

Automate

Can automation reduce the workload
without impacting planner’s decision?

Can automation improve the 
planner’s decision?

Await planner’s decision

AutomateAwait planner’s decision

Adjustment

Objectives
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STEPS

Step 1: Prediction

Step 2: Automation / Optimization

 Identify orders for which an 
adjustment is likely to add value

 Automate the orders, for which an 
adjustment is not likely to add value

Adjustment Performance

Adjustment Performance

Example 3: 
Automate

Based on: Imdahl, C., Schmidt, W., & Hoberg, K. (2022). Sustained Learning Under Algorithm-Driven Automation. Available at SSRN 4292438.
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WHICH DECISION SHOULD BE AUTOMATED? 

Recommendation
Human-Centered 

Automation

Will the human improve 
the recommendation?

What are costs associated
to different level of automation?

Predicted 
Improvement Prob.

Θ

Non-improvements

Improvements

No AutomationAutomation

#O
rd

er
s 

in
 T

ra
in

se
t

Value of  an Improvement

𝑝𝑝 ⋅ 𝑇𝑇𝑃𝑃𝜃𝜃

Costs of  a Non-Improvement

𝑠𝑠 ⋅ 𝐹𝐹𝑃𝑃𝜃𝜃

Costs of  a Planner’s Time

𝑐𝑐 ⋅ (𝐹𝐹𝑃𝑃𝜃𝜃 + 𝑇𝑇𝑃𝑃𝜃𝜃)

Example 3: 
Automate

Based on: Imdahl, C., Schmidt, W., & Hoberg, K. (2022). Sustained Learning Under Algorithm-Driven Automation. Available at SSRN 4292438.

�𝑛𝑛𝐼𝐼𝑔𝑔 𝜃𝜃∗

𝑛𝑛𝐼𝐼𝑓𝑓 𝜃𝜃∗ =
𝑝𝑝 − 𝑐𝑐
𝑠𝑠 + 𝑐𝑐



SLIDE 19

WHICH DECISION SHOULD BE AUTOMATED? 

Recommendation Human-Centered Automation

Will the human improve 
the recommendation?

Yes:Above cost-efficient 
threshold? 

No: Below cost-
efficient threshold

 More than 70% of the 
orders are automated

Of non-automated orders:

 5.9% are adjusted 
 47% are improvements

Results

Example 3: 
Automate

Based on: Imdahl, C., Schmidt, W., & Hoberg, K. (2022). Sustained Learning Under Algorithm-Driven Automation. Available at SSRN 4292438.
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Human-AI interaction can be used to improve:

The human‘s adjustments (e.g. by personalized feedback).

The AI‘s performance (e.g. by augmenting with human knowledge).

The whole process (e.g. by automating).

Data on human decisions and interactions with the AI are rich sources for
improvement

SUMMARY

1

2

3
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Feel free to contact me for
discussions/ideas:

dr. Christina Imdahl
Ass. Professor Machine Learning in OM
c.imdahl@tue.nl

TIME FOR  Q&A 

mailto:c.imdahl@tue.nl
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