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LASCAPS314 Modelling in Science 

 

Spring, 2019 

 

Classroom no:                  

Class times:                     Tuesday 08:45-10:45 & Friday 13:45-15:45 

 

Instructor(s):                   Dr Andrew Brooks 

Email:                               a.brooks@ucr.nl 

Tel:                                   0118-655534 

Office no. & location:      Eleanor 1.09 

Office hours:                    appointments - see Moodle scheduler activity or walk-in 

 

I. Track information 

a) A student can only register for a capstone in their final year. Additional prerequisites for 

this capstone are: SCI 111 Mathematics, A 200-level course in one of the tracks in the 
Department of Science. Prerequisites may be waived by permission of the instructor. 

b) This capstone can serve as a 300-level course for the following departments: SCI. 

 

II. Capstone description 

 

In this capstone, students will learn how to work with existing scientific models whose code is 

open source. Students will be exposed to a range of languages, platforms and tools. The first 

half of the course, involving several computer-based laboratory exercises, will guide students on 

how to replicate a model-based scientific experiment, how to attempt verification and validation 

of model code in the absence of a known solution against which computed results can be 

compared, how to assess the precision and accuracy of a model, how to perform sensitivity 

analyses of a model, how to conduct software maintenance on model code, how best to 

visualize model output, and how to approach making changes to a particular code component. 

Students will also learn about ways of generating scientific models from curated databases in the 

public domain (the inverse modelling problem). 

 

In the second half of the capstone, students will identify an existing scientific model (or curated 

database) to work with. The capstone experience will involve applying one or more of the 

techniques learned about in the first half of the course. For example, a recipe-improving 

experimental replication might be attempted. Or, data generated from an existing model could 

be used in inverse modelling and the models compared. Models may address problems in a 

variety of disciplines including astronomy, biomedical science, biology (ecology), cognitive 

science, neuroscience, computer science, physics, chemistry, mathematics, earth science, life 

science and economics. The capstone experience constitutes undergraduate research. Working 

with external organizations will be restricted to the making use of languages, platforms and 

tools that are made available by them. A particular capstone experience could involve two or 

more scientific disciplines. 

Having your own laptop will greatly facilitate the laboratory and project work required on this 

course. 
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III.  Study Load  

This capstone earns students four credits (equivalent to 7.5 ECTS). Students are expected to 

spend a total of 14 hours per week on the capstone, including class time.   

 

IV. Capstone materials 

 
a) Required books and literature: 

No for-purchase books and for-purchase literature are required. 

b) Recommended books and literature: 

Links to free-to-use books and free-to-use literature will be made available in Moodle. 

For example: An Introduction to Computer Simulation Methods, Third Edition (revised), 

by Harvey Gould, Jan Tobochnik, and Wolfgang Christian (ICSM) 

https://www.compadre.org/osp/items/detail.cfm?ID=7375    

Students are expected to make use of the Utrecht University Library to consult pay-to-

use books and pay-to-use literature. 

c) Other materials: 
Other free-to-use materials (or links to them) will be made available in Moodle. 

 

V. Capstone organization and requirements 

 
a) The first half of the course will involve a mix of lecturing, discussion, and various in-class 

activities (e.g. one-to-one or group face-offs), homework (various formats), and several 

computer-based laboratory exercises (as case studies). The second half of the course 

will be devoted to project work where class sessions will be devoted mainly to 

providing advice and consultation from the instructor and other faculty when possible. 

Ideas for project work are listed in Appendix A. 

 

b) Students are expected to: 

(i) bring their own fully-charged laptops to class sessions if they have them 

(ii) read materials placed or linked to in Moodle 

(iii) participate actively in class sessions 

(iv) monitor Moodle, the official mode of communication, on a daily basis 

(v) attend class sessions and inform the instructor beforehand if they cannot attend 

because of illness or some other urgent reason 

(vi) work consistently on the laboratory exercises, outside of class sessions if necessary 

(vii) tackle the work of the class individually unless the task is explicitly described as 

group-based or the instructor gives explicit guidance on acceptable collaborations 

(viii) be able to explain any programming code they have written or made use of 

(ix) not use mobile devices in class other than their own laptops for class exercises 

(x) not redistribute materials made available in Moodle to third parties 

(xi) do a poster presentation on capstone day 

(xii) write a project report and give a presentation and demonstration in the final week 

of the course 

(xiii) to make use of Latex to write the project proposal and the project report 

(xiv) attend office hours for help and guidance on any aspect of the course when 

https://www.compadre.org/osp/items/detail.cfm?ID=7375
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required 

 

c) Homework deadlines are firm. Homework should be completed one week from the 

date of issue. Laboratories have full value for one week from the date of issue. After one 

week, their value is halved. After two weeks, they no longer have value. Other deadlines 

are firm. 

 

This course is subject to UCR academic rules and procedures. Both students and 

instructors are required to know and follow these rules and procedures. Students 

should not commit acts of plagiarism or collusion. Students are advised that if they miss 

more than 6 class sessions they will receive an automatic F (i.e. 6 absences only are 

permissible). Two hours of lateness in attending class meetings will count as one 

absence. 

 

Some specific requirements, which are mandatory, pertaining to this capstone include: 

(i)  Each student needs to present his/her individual final work on capstone day. 
(ii) Each student needs to complete a capstone portfolio and reflection. 
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VI. Assessment 

 

assessed component value  

laboratories (5 each at 3%) 15% instructions will be provided 

homework (5 each at 2%) 10% instructions will be provided 

 written midterm exam  20% sample questions will be provided 

project proposal 5% template and instructions will be provided 

project diary 5% template and instructions will be provided 

   project report 35% template and instructions will be provided 

presentation and demonstration 10% template and instructions will be provided 

5% will be peer assessment 

 

IMPORTANT: A passing grade must be obtained for the project report to obtain an 

overall passing grade for the course. A student must be able to demonstrate a model 

running and be able to explain how the model works. 

 

Midterm, homework, and laboratories are assessed on correctness of answers. Partial credit 

will be awarded for partial correctness. 

 

The assessment of a project report is broken down as follows: 

 

Abstract nominally worth 2% 

1. Introduction nominally worth 2% 

2. Related work nominally worth 2% 

3. Model(s) and Data nominally worth 8% 

4. Verification and Validation nominally worth 16% 

5. Deliverables and Reproducibility nominally worth 2% 

6. Discussion and Conclusions nominally worth 2% 

7. Future Work nominally worth 1% 

 

 

Full project proposal, diary, report, presentation and demonstration specifications are available 

in Moodle. 

 

All results will be recorded on the student’s individual Capstone Evaluation Form. The student 

can pick up this form at the Registrar’s Office. Capstone credits and grade will only be awarded 

after the student has handed in his/her complete Capstone Evaluation Form to the registrar. 

Note that mandatory elements of this capstone include a presentation of the final work on 

capstone day, and completing the capstone portfolio and reflection. Students only receive 

capstone credits after they have completed the capstone portfolio and reflection, but (other 

than that) they don’t contribute to the overall grade for the course.  
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VII. Capstone schedule  

 

The course schedule may be subject to change. For example, if things are progressing very well, 

it might be possible to occasionally tackle more material in a week. National holidays may result 

in some content being covered in less depth. Key dates within any week will be posted in 

Moodle. 

 

Time Topics to be discussed Course material 

used 

Assignments and 

assessment 

Week 1 

[28th Jan] 

introduction to modelling in 

science 

see Moodle & 

Appendix B 

homework (2%) 

Week 2 

[4th Feb] 

case study 1 see Moodle & 

Appendix B 

homework (2%) &  

laboratory (3%) 

Week 3 

[11th Feb] 

case study 2 see Moodle & 

Appendix B 

homework (2%) &  

laboratory (3%) 

Week 4 

[18th Feb] 

case study 3 see Moodle & 

Appendix B 

homework (2%) &  

laboratory (3%) 

Week 5 

[25th Feb] 

case study 4 see Moodle & 

Appendix B 

homework (2%) &  

laboratory (3%) 

Week 6 

[4th Mar] 

case study 5 see Moodle & 

Appendix B 

 

laboratory (3%) 

Week 7 

[11th Mar] 

advice & consultation from 

instructor and other faculty 

see Moodle preparation of project 

proposal 

Week 8 

[18th Mar] 

 see Moodle project proposal (5%) 

midterm exam (20%) 

BREAK  

[ ] 

Week 9 

[1st Apr] 

advice & consultation from 

instructor and other faculty 

see Moodle project work & 

upkeep of project diary 

Week 10 

[8th Apr] 

advice & consultation from 

instructor and other faculty 

see Moodle 

 

project work & 

upkeep of project diary 

Week 11 

[15th Apr] 

advice & consultation from 

instructor and other faculty 

see Moodle project work & 

upkeep of project diary 

Week 12 

[22nd Apr] 

advice & consultation from 

instructor and other faculty 

see Moodle project work & 

upkeep of project diary 

Week 13 

[29th April] 

advice & consultation from 

instructor and other faculty 

see Moodle 

 

project work 

project diary submission (5%) 

Week 14 

[6th May] 

advice & consultation from 

instructor and other faculty 

see Moodle project work & preparation 

of project report 

Week 15 

[13th May] 

 see Moodle project report (35%) 

presentation & 
demonstration (10%) 

Monday 20th May                      Project Day (Capstone Day)                         poster presentation 

 

 



7 

 

During Weeks 9-13, students are expected to record outcomes from consultations with the 

instructor or other faculty in their project diaries. 

 

Laboratories will be based on case studies and involve replicating in part or in whole previous 

experiments with scientific models.  

 

Any individual case study may be used to promote an understanding of:  

 
software validation and verification,  

the measurement of precision and accuracy,  

sensitivity analysis,  

software maintenance issues,  

how best to visualize model output,  

or the inverse modelling problem. 

 

Case study material will be drawn from the following subjects:  

   
agent based modelling,  

C/C++ for scientific computing,  

cellular  automata,  

discovery/data mining for scientific model building,  

deal.II for scientific computing,  

FeniCS Project,  

Fortran for scientific computing,  

Java for Scientific computing,  

Mathematica for scientific computing,  

Matlab for scientific computing,  

Octave for scientific computing,  

PETsc for scientific computing,  

Petri Nets for scientific computing,  

Python for scientific computing,  

R for scientific computing,  

Sage/SageMath for scientific computing,  

Scilab for scientific computing,  

sensitivity analysis,  

SU2 for scientific computing,  

and systems dynamics modelling. 
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VIII. Student learning outcomes 

 

Upon successfully completing this course, a student should be able to: 

 

SLO 1 demonstrate an understanding of several approaches to scientific modelling (for example, 

agent-based modelling, cellular automata, linear or nonlinear ODEs, systems dynamics 

modelling) 

 

SLO 2 demonstrate an understanding of the issues impacting the replicability of the results of 

scientific modelling (for example, code and project documentation, code quality assessed 

through software metrics or refactoring opportunities, versioning of hardware & software 

platforms) 

 

SLO 3 demonstrate an understanding of several approaches to the verification and validation of 

a scientific model (for example, dynamic testing, metamorphic testing, mutation testing, static 

analysis, assertions) 
 

SLO 4 formulate a research question and research plan related to scientific modelling 

 

SLO 5 investigate in a planned way a research question related to scientific modelling 

 

SLO 6 communicate the results of a research investigation related to scientific modelling 

 

Period Teaching activities Student is able to do 

 

Weeks 1-8 homework & laboratories & 

written midterm examination 

SLO 1 

SLO 2 

SLO 3 

Weeks 7-8 preparation and submission of 

project proposal 

 

SLO 4 

 

Weeks 9-13 project work and upkeep of 

project diary 

 

SLO 5 

Weeks 14-15  preparation and submission of 

project report  

presentation & demonstration 

SLO 6 
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IX. Appendices  

 

Appendix A Ideas for Project Work 

Ideas for project work include the following: 

 

i. a recipe-improving experimental replication 

ii. re-implementation of a model using a different language, platform, and tool 

iii. dynamic, static, and stress testing of model code 

iv. metamorphic testing of model code 

v. sensitivity analysis of model code 

vi. refactoring some or all model code and re-testing 

vii. comparisons of different solvers across different languages, platforms, and tools 

viii. comparisons of visualizations of model output 

ix. implementation and testing of a model adapted from an existing model 

x. implementation and testing of a new model 

xi. creating a model by data mining of a curated database 
xii. creating a model by data mining output generated from running an existing model 

 

Appendix B Course Materials 

Course materials are provided in Moodle. 

 

For example, below is a copy of part of the section on Agent Based Modelling. 

 

AnyLogic 

https://www.anylogic.com/use-of-simulation/agent-based-modeling/    

https://www.anylogic.com/resources/books/   

https://www.anylogic.com/downloads/   

https://cloud.anylogic.com/models   

Windows Mac Linux    

 

The Repast Suite: Repast Simphony   

https://repast.github.io/index.html   

https://repast.github.io/docs.html       

https://repast.github.io/repast_simphony.html    

https://repast.github.io/papers.html       

Windows Mac Linux 

 

NetLogo 

http://ccl.northwestern.edu/netlogo/index.shtml       

http://ccl.northwestern.edu/netlogo/docs/    

http://ccl.northwestern.edu/netlogo/resources.shtml     

http://ccl.northwestern.edu/netlogo/models/    

Windows Mac Linux  

https://www.anylogic.com/use-of-simulation/agent-based-modeling/
https://www.anylogic.com/resources/books/
https://www.anylogic.com/downloads/
https://cloud.anylogic.com/models
https://repast.github.io/index.html
https://repast.github.io/docs.html
https://repast.github.io/repast_simphony.html
https://repast.github.io/papers.html
http://ccl.northwestern.edu/netlogo/index.shtml
http://ccl.northwestern.edu/netlogo/docs/
http://ccl.northwestern.edu/netlogo/resources.shtml
http://ccl.northwestern.edu/netlogo/models/

