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https://youtu.be/bGHIGBK-zjc

https://youtu.be/bGHIGBK-zjc


Agenda

The challenge

Simulations and education

Assessing understanding

Some examples

Impact on JMP education
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Analytics, 
Control and 
Data Science

Product 
Design and 
Technology

Sensors 
and Data 
Collectors

• Monitoring
• Diagnostics
• Prognostics

• Prescriptive

Deployment of analytics
1. Addressing a need
2. Using proper methods
3. Having adequate infrastructures
4. Providing the right skills to the 

right people



George Box (1997), Scientific Method: The Generation of Knowledge and Quality,  
Quality Progress, January, pp. 47-50.

The “Is” model of teaching
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All models 
are wrong,
but some 

are useful



The “Should” model of teaching

5
George Box (1997), Scientific Method: The Generation of Knowledge and Quality,  
Quality Progress, January, pp. 47-50.

All models 
are wrong,
but some 

are useful

Yes, but which ones?

Conceptual 
understanding



Teaching robotics with a digital twin
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A digital twin is a CAD model calibrated to accurately simulate the geometrical and 
physical properties of the robot. The twin learns to lift weights and shares the acquired 
knowledge with the robot through IoT.  

Teaching objectives are 
conceptual:

• Data fusion
• Online monitoring
• Diagnostics
• Predictive analytics
• Condition Based 

Maintenance

https://www.youtube.com/watch?v=qSMJgtkPL78
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https://intelitek.com/
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https://intelitek.com/
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Teaching and assessment
of conceptual understanding



Conceptual understanding in engineering: 
the snow machine
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“A concept is an abstraction or generalization from experience or 
the result of a transformation of existing concepts.”

Wikipedia

A concept can be represented in alternative forms

Tree
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Alternative 
representations
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Meaning equivalence reusable learning 
objects (MERLO)

Four types of 
alternative 

representations



13https://www.linkedin.com/pulse/little-sigma-big-sounds-same-has-totally-different-meaning-kenett/

Surface
similarity

Q3

https://www.linkedin.com/pulse/little-sigma-big-sounds-same-has-totally-different-meaning-kenett/
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Boundary of Meaning (BOM)
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Assessing Conceptual Understanding
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https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3862006



• A hierarchical classification scheme (HCS) for 
educational process simulators reflecting their inherent 
complexity.

• Describe training situations with integrated, 
comprehensive and coherent pedagogical solutions 
based on the use of simulators.
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Pedagogical
roadmap

Classification Scheme for Simulation 
Platforms used in Education

Simulations generate data
used in learning analytics

https://www.tandfonline.com/doi/abs/10.1080/08982112.2016.1272122
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https://www.tandfonline.com/doi/abs/10.1080/08982112.2016.1272122


Hierarchical Classification Scheme (HCS) 
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Non-linearity
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Complex 
systems

Presence of non-linear modelling 
elements in the simulated models 
[NL]

NL=1: Linear

NL=2: Non-Linear

Presence of time-dependent
behaviour (e.g., dynamics, 
autocorrelation, non-stationarity) 
[TD]

TD=1: Static

TD=2: Time-dependent

Size of the simulated

system [SI]
SI=1: Small-scale

SI=2: Large-scale 17



Class 1:
NL=1, TD=1, SI=1, 
• Rice Virtual Lab in Statistics, onlistatbook

• Many applets

• E.g. Central Limit Theorem

https://onlinestatbook.com/stat_sim/index.html
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Class 8:
NL=2, TD=2, SI=2

PENSIM
Tennessee 
Eastman 
simulatorhttp://www.industrialpenicillinsimulation.com/

https://depts.was
hington.edu/cont
rol/LARRY/TE/do
wnload.html
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https://ti.arc.nasa.g
ov/publications/154
/download/

http://www.industrialpenicillinsimulation.com/
https://depts.washington.edu/control/LARRY/TE/download.html
https://ti.arc.nasa.gov/publications/154/download/


Example of a Curriculum Roadmap with simulations
Modules HCS Class Examples of possible simulators

1-Basic Statistics 1
CAST (Textbooks for Learning Statistics - Public Cast E-Books), Rice 

Virtual Lab (Rice Virtual Lab in Statistics) 

2-Multivariate Statistics 2,3,5,6
Latent variable models (Burnham, et al. 1999, Reis and Saraiva 2008), 

Statlab (Boon, et al. 2008), Aluminium Wheels (Greenfield Research)

3-Process Control (Basic) 1,3,4 Aluminium Wheels (Greenfield Research)

3-Process Control (Intermediate) 3
CSTR [Appendix], Distillation columns (Wood and Berry 1973), Heat-

exchangers (Ingham, et al. 1994)

3-Process Control (Advanced) 2,3,4,7,8

Latent variable models (Burnham, et al. 1999, Reis and Saraiva 2006a, 

2008, Rato and Reis 2011), CSTR [Appendix], Tennessee Eastman 

(Downs and Vogel 1993)  

4-Design of Experiments (Classical) 5 Statlab (Boon, et al. 2008), env2exp (Env2exp)

4-Design of Experiments (Quality by Design) 5
Statlab (Boon, et al. 2008), Williams-Otto reacting system (Williams and 

Otto 1960)

4-Design of Experiments (Computer Experiments) 7,8 PENSIM (Birol, et al. 2001), Tennessee Eastman (Downs and Vogel 1993)
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Analytics roadmap



Thank you for your attention
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