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Introduction

Education: 

• Mechanical Engineering in Moscow, Freiberg (Sa.) 
and Berlin

• Research and teaching assistant at the Institute of
Mechanics at the TU Berlin

Professional experience:

• Structural analysis at CargoLifter

• Metal forming simulation at INPRO Berlin

• Non-destructive testing and process monitoring

p = 0

p = 530 Pa
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Introduction

Teaching at THB:

• Engineering Mechanics

• Materials science (postgrad)

• Finite element analysis (3rd year and postgrad)

• Product development (3rd year)

Research at THB:

• Mechanics of materials and structures

• Application and extension of free math software
and e-learning tools (SMath Studio, CalculiX, 
STACK)
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Introduction

SMath Studio:

• Free math software similar to MathCAD

• Contributions

• German handbook

• Advanced usage examples

• Multilingual Interactive Getting Started

• Plugin for access to Maxima for extended
CAS features

• Active user support in the forum

https://en.smath.com/view/SMathStudio/summary
https://en.smath.com/view/handbuch/summary
https://en.smath.com/view/BeamFEA/summary
https://en.smath.com/view/tutorial/summary
https://en.smath.com/view/Maxima/summary
https://en.smath.com/forum/
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Introduction

CalculiX:

• Free nonlinear FEA software

• Contributions

• Public example collection on Github

• Sponsoring of development of pre/post
features (relevant for teaching purposes)

http://calculix.de/
https://github.com/calculix/CalculiX-Examples
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STACK in Teaching Mechanics

Engineering Mechanics

• Heterogeneous students – need for
asynchroneous e-learning materials
with instant feedback 24/7

• Most questions involve sketches

• High importance of model building
skills (sketching) 

• High importance of unit handling

STACK has all we need

• Power of CAS

• Units

• Grapics via JSXGraph

• Powerful feedback concept

Moodle Quizzes of a typical week
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STACK in Teaching Mechanics

Challenges

• Efficient implementation of standard formative feedback

• Missing or unexpected variables

• Wrong coefficients at certain variables

• Numeric values off by a power of 10

• Numeric values off by x%

Dedicated feedback functions/answer tests instead of PRTs

• Efficient production of interactive graphics

• Consistent appeareance

• Reduced complexity of authoring

 Library of JSXGraph based objects controlled by Maxima 
variables (Meclib)
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Meclib in Action

Engineering Mechanics (Statics)

• 66 static or randomized meclib questions
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Meclib in Action

Strength of Materials

• 35 static or randomized meclib questions

• 3 interactive meclib questions

• 2 interactive direct JSXGraph questions
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Meclib in Action

Dynamics

• 32 static or randomized meclib questions

• 1 interactive meclib question
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Meclib in STACK

(Randomized) question
variables
List of model objects
Feedback functions

[[JSXGraph, entirely
problem-independent JS 
code, just copy paste]] 
Ordinary question text
follows here

Question variables

Question text

M
e
cL

ib
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Meclib on Github

https://github.com/mkraska/meclib

https://github.com/mkraska/meclib
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Meclib on JSfiddle

jsfiddle tryout, JSXGraph 1.2.1 STACK 4.3
jsfiddle tryout, JSXGraph 1.4.3 STACK 4.4 

List of objects as in 
question variables

Meclib, 1600 lines
of JavaScript Contents preview of

STACK input fields

Interactive graphics

https://jsfiddle.net/z3u8fq6d/1/
https://jsfiddle.net/c6gn9xjw/2/
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Meclib on ABACUS

https://abacus.aalto.fi/course/view.php?id=100

Work in 
progress!

https://abacus.aalto.fi/course/view.php?id=100
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Meclib

• Slim construction set for high quality parametric
sketches of mechanical models

• Meclib is pasted/included as a problem-independent
[[JSXGraph]] block to the question text

• Sketches entirely defined by a simple data structure
in the question variables

• Authors of questions don‘t need any knowledge
about JavaScript or JSXGraph

• Suited for bulk production of visually consistent
sketches in your tests (strong Corporate Identity)

• No copyright issues with images when distributing
questions as OER
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E-Assessment of Graphical Input

• Model sketches

• Grapho-analytical methods

• Visualization of quantities

Input by
modification of
existing objects

Input by
modification of
existing objects
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E-Assessment with STACK

Levels of Technoloqy

1. No randomisation, static images

2. Randomization, static images

3. Randomized images

4. Interactive graphical input

1. Modification of existing objects

2. Generation and annotation
of new objects

Entry level

Advanced

State of the art

Work in progress

moodle.itemspro.eu
STACK documentation
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Free Body Diagrams

• Modelling technique in engineering mechanics

• Isolate the system and replace environment by
forces and moments
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Free Body Diagrams

E-Assessment - easy way:

Problem: To select is not the same as to create.

(similar problem with function graphs)
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Free Body Diagrams: Editor
Edit label of
new objects

Drag to create
new objects

Double-click to activate/de-
activate supports or
distributed loads

Drag to move
control points

Double-click
to delete
forces or
moments
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Free Body Diagrams: Editor
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Free Body Diagrams: Feedback

Nothing done. Feedback:

• Deactivate the supports

• Add 3 reactions!
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Free Body Diagrams: Feedback

Supports deactivated. Feedback:

• Complaint: no reaction found
at either support

• Add 3 reactions!
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Free Body Diagrams: Feedback

Three forces added. Feedback:

• Complaint: no reaction found at 
either support

• Number of forces OK
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Free Body Diagrams: Feedback

Forces moved to the supports. 
Feedback:

• Incorrect direction at A

• Name of reaction not matching
name of support point at B
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Free Body Diagrams: Feedback

Force vectors correct, names not good:

• Reaction at A should not need a 
subscript in the name

• Index y should indicate a force in y 
direction, similarly with x
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Free Body Diagrams: Feedback
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Free Body Diagrams: Feedback

2 nodes

2 nodes

1 node
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Free Body Diagrams: Feedback
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Free Body Diagrams: Feedback
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Special Purpose Answer Tests

ATvariables(sans, tans, opts)

• Identifies spurious variables (found in sans but 
not in tans: „Unexpected variable: 𝑎“

• Identifies missing variables (found in tans but not 
in sans: „Expect variable: 𝑏“

• Optionally compares the derivatives of sans and
tans with respect to a given set of variables

• „Check the term with 𝐹1“
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Special Purpose Answer Tests
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Benefits of STACK 4.4

Inclusion of external material

[[include src=… /]] 

• For CAS text fields (e.g. question text)

• Can replace copy/paste of Meclib

• Access to particular or to most recent version

stack_include(...);

• For CAS fields (e.g. question variables)

• Good for libraries of standard feedback functions

[[include src="https://raw.githubusercontent.com/mkraska/meclib/main/meclib.js" /]]
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Benefits of STACK 4.4

castext() for providing full feedback (text and

math) in a single variable

4.4

4.3
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Benefits of STACK 4.4

Localization

[[lang /]] 

• Enables language-sensitive custom feedback
functions
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Summary

• Meclib is a set of JavaScript objects for embedded
interactive graphics in STACK questions

• Authoring such graphics doesn‘t require Javascript
knowledge

• Complex feedback is efficiently provided by
feedback functions

• Everything is on github

• Introductory workshops upon request

• STACK 4.4 will be even more fun!
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