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WELCOME 
FEBRUARY 5, 2016   

Welcome to our blog. 

We are a team at the University of Western Australia who are working on a project 
over 2016 to embed the teaching and learning of computer programming into 
the Physics Major at Level 1.  This project has received funding under the Education 
Futures Scholarship scheme. 
ln this blog you will read our on-going reports, reflections and thoughts about the 
project and its wider application and implications. 

HOW AND WHEN SHOULD PHYSICISTS 
LEARN TO CODE? 
FEBRUARY 5, 2016   

Coding, or computer programming, has for several decades been a central skill 
required by modern physicists.  But how have physicists traditionally learnt to 
code?  In other words, how have they become literate in coding? 

Based on a recent survey of astro-physicists, it appears that most are largely self-
taught, and that is certainly our personal experience.  Astrophysics in particular is a 
computer-intensive endeavour, with huge libraries of code being developed.  Hence 
we can conclude that this self-taught pathway to coding has not been too 
unsuccessful! However, the downside is that it can result in the production of rather 
poorly-written code that is difficult for others to read and/or integrate with other code. 
Mathematical literacy is another central skill required by physicists.  Part of a 
traditional physics education requires students to take advanced units in 
mathematics throughout their physics education.  However, the mathematical skills 
are often required in physics classes before students have learnt them formally in a 
mathematics unit.  And historically, some of the mathematics that students need to 
learn was first invented (or discovered) by theoretical physicists who required the 
new maths to develop their theory (e.g. Isaac Newton and Calculus).  Hence it is not 
uncommon for certain mathematical techniques to first be introduced to students as 
part of their physics education, with a more formal and detailed treatment being 
given later in separate Mathematics units.  That is, the teaching of mathematics is 
embedded into the physics major. 

http://blogs.uwa.edu.au/emcoding/2016/02/05/hello-world/
http://www.uwa.edu.au/
http://handbooks.uwa.edu.au/majors/majordetails?vdir=mjdphysc
http://www.news.uwa.edu.au/201509087952/september-2015/education-futures-scholarship-program
http://www.news.uwa.edu.au/201509087952/september-2015/education-futures-scholarship-program
http://blogs.uwa.edu.au/emcoding/2016/02/05/should-we-all-be-able-to-code/
http://arxiv.org/abs/1507.03989
http://links.ealert.nature.com/ctt?kn=88&ms=NTA2MTc1NzYS1&r=MjA1NjAyMTQyOQS2&b=0&j=ODYwMzczMzgxS0&mt=1&rt=0


Given that coding, like mathematics, is a central skill required by physicists, shouldn’t 
it also be taught and used  throughout the undergraduate physics major?   We 
believe the answer is emphatically a “yes”.  The question then is how are we to 
achieve this? 

Until now, we have addressed this problem by making one Computer Science unit a 
complementary unit to the physics major, that students are required to take.  Some 
students also choose to take additional units in Computer Science (or do a double 
major), and some teach themselves at some point in their career.  The problem with 
this approach is that it is difficult to utilise the learnt skills as part of their 
undergraduate course, because different students learn the skills at different rates 
and times, or not at all.  In particular: 

1. not all students have taken the complementary unit at the same point in their 
studies; 

2. not all students take additional Computer Science units, let alone a major in 
Computer Science; 

3. some students will teach themselves, but this might occur before, during or after 
their undergraduate studies. 

 
Based on our personal experience, we also believe that students will learn 
coding more successfully and with more engagement and motivation if it 
is embedded into their main areas of study interest (e.g. physics), rather than as a 
“bolt-on” undertaking. 
Hence, we have commenced a project over 2016 to embed the teaching of some 
computer programming into our Physics Major from Level 1. It is our hope that the 
resources we develop will then be transferrable to some other majors at UWA. 

SHOULD WE ALL BE ABLE TO CODE? 
FEBRUARY 5, 2016   

 

Kids learning to code with Code Club Australia 

http://blogs.uwa.edu.au/emcoding/2016/02/05/should-we-all-be-able-to-code-2/


With the development of modern computer languages and the centrality that 
computers and mobile devices play in our modern digital world, being literate in 
computer programming is becoming an essential skill for many of us.  Indeed, 
the current prime minister of Australia, Malcolm Turnbull, has previously stated 
that coding is “as important as reading and writing “, and in November 2015 
he stated his strong support for Code Club Australia, the Australian division of the 
worldwide children’s coding network.  There is now a developing government policy 
for coding to be taught from the primary-school level. 
 
Hence in the future we may be able to rely on first-year undergraduates 
already being literate in some form of computer programming when they enter 
university, just as we expect them to be able to read and write.  But until that time, 
we must take matters into our own hands and ensure that as many students as 
possible gain some level of coding literacy during their undergraduate studies at 
UWA.  We start that journey with the students in the Physics Major. 
 

WHY WE HAVE CHOSEN THE WOLFRAM 
LANGUAGE 
JUNE 30, 2016   

Having decided that we wanted to embed the teaching of computer programming 
(coding) into the Physics major, we faced two pivotal questions 

Question 1: What methodology and resources would be used to embed 
programming into the course?  For instance 

1. Starting with large level-1 classes, how  would we teach students the rudimentary 
skills that would allow them to start to code? 

2. How often would we expose them to new material? 
3. What form should the learning resources take? 
4. How would they receive feedback on their progress? 
5. How could we motivate them to start learning to code and to use it to assist them 

in their day-to-day learning. 
Question 2:  What programming language(s) would we use? 

To some people question 2 would seem to be overwhelmingly important.  After all, 
the students are going to be investing time into learning the language and 
different languages have various strengths and weaknesses.  The choice of 
language may seem to be almost irrevocable and of vital importance; to some it 
would seem to be a case of “Sliding Doors”. 

https://www.youtube.com/watch?v=4u7akRLnGyk 

Perhaps because of the investment of time that one puts into learning a language 
and writing code in it, it is not uncommon to encounter people with very strong views 
on what language should be chosen.   Some would argue strongly that we should 

http://www.businessspectator.com.au/news/2015/6/17/technology/coding-important-reading-and-writing-turnbull
http://www.businessspectator.com.au/news/2015/6/17/technology/coding-important-reading-and-writing-turnbull
http://www.afr.com/technology/malcolm-turnbull-backs-code-club-australia-20151106-gksfux#ixzz3zGmCGDWi
http://www.codeclubau.org/
http://blogs.uwa.edu.au/emcoding/2016/06/30/why-we-have-chosen-the-wolfram-language/
https://www.youtube.com/watch?v=4u7akRLnGyk


only teach an open-source language that is freely available to all (e.g. Ruby), while 
others would argue that we should consider proprietary  software systems if they are 
well suited to our purpose and/or the standard in the field (e.g. MatLab in 
engineering).  Some would argue that we should teach a  high-level language 
language such as C or FORTRAN, while others argue that we should teach a very 
high-level language such as Python.  Some would argue that we should teach a 
data-analysis-focussed language suited to the age of statistics and Big Data (e.g. R), 
while others would argue that the language system should have symbolic capabilities 
suited to the work of a mathematician or physicist (e.g. Sage or the Wolfram 
Language). 
 
In my experience, having taught third-year astrophysics units for several years that 
have had programming embedded into the coursework, I firmly see this question of 
language choice as a second-tier question compared to Question 1 above regarding 
methodology and resources.  This view is based on two personal experience. 
Firstly, it is my experience, and undoubtably the experience of many others, that 
once you have learnt one programming language, it does not take a great deal of 
time to learn to use another.  Hence, WHICH language you first learn  is not in any 
way crucial to your future as a programmer.  But starting out and learning to program 
in SOME language sooner rather than later is crucial. 

Secondly, in my teaching of the astrophysics units, I chose to teach the same unit in 
different years using different programming languages, in an attempt to optimise the 
learning experience and transferability of skills that the students obtained.  This 
decision of mine required me to re-write significant portions of the coursework and 
assignments to accommodate the language change.  However, I did not find 
the demand on my time, to re-write material, to be particularly significant when 
compared to the initial and on-going time that I put into planning, researching and 
creating engaging material and resources in the first place.  And somewhat to my 
surprise at the time, the language choice did not seem particularly important to the 
students.  They either went with the language I suggested, or chose their own. 

So no matter what language or languages we choose for this project of Embedding 
Computer Programming in the Physics Major, I am confident that the students will 
benefit from the skills they learn, and that the learning will be transferable to other 
areas and programming languages. 

Nevertheless, I do not see the choice of language as completely unimportant to the 
learning experience of the students.  Hence we were careful to canvas our peers, 
and to give a great deal of  thought to this matter.  Unlike the movie, Sliding Doors, 
we did not want our choice to be based on chance or a whim. 
Our final decision was to use the proprietary language Wolfram Language.  This 
decision was based on many factors, some of which I will now outline. 
1. The language is a very high-level language that can do a great deal with just a 

small amount of code.  Hence students will  immediately start producing powerful 
programs, without having to deal with fine intricacies and knowledge of 
programming and algorithms.  Some examples of Wolfram Language programs 
can be viewed at this code gallery. 

https://www.ruby-lang.org/en/
http://au.mathworks.com/products/matlab/
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/Fortran
https://www.python.org/
https://www.r-project.org/
http://www.sagemath.org/
https://www.wolfram.com/language/
https://www.wolfram.com/language/


2. The language comes with a document-creation system known as the 
notebook.  Notebooks are similar to word processing documents, expect that they 
contain live Wolfram Language code, mathematical equations, graphics and 
visualisations, along with explanatory text.  The notebooks are of publishable 
quality, and given the ease with which mathematical equations can be entered 
and manipulated in the notebook, are ideally suited to someone working in the 
area of physics.  Recently, open-source notebook-type interfaces have been 
created for other languages such as Python (e.g. Sage and Jupyter), but we are 
of the opinion that these are still in the development phase and that the existing 
Wolfram notebook system is currently superior. 

3. During a Black Swan conference earlier this year we were given the chance to 
hear from a panel of students about their hopes for the future.  One student hoped 
that a documentation system would be developed that would allow one to type 
mathematical equations into a document at a speed close to the speed that it can 
be written with pen and paper.  In fact, such as system has existed for many years 
– namely the Wolfram notebook.  Users will find that as they gain experience with 
it they will be able to generate mathematical content quickly.  We believe that this 
feature of the Wolfram Language and notebook will be very attractive to students 
in the physics major.  Notebooks such as Sage and Jupyter allow users to enter 
mathematical equations using LaTeX-like source code.  LaTeX  is widely used in 
physics and mathematics for mathematical type-setting, but the source code 
requires processing before you can see the result.  That is,  the source code is 
entered and then the output is generated and viewed, and this can not be done 
until the equation source code is complete in some sense.  And the resulting 
equations are just images; they can not be used as parts of computer 
code.   But in the Wolfram notebook, you see the equations building up as you 
type them, and they can be directly evaluated by the Wolfram Language and 
incorporated into computer code (e.g. see me entering an equation at 1:04 in this 
video).  This is a beautiful and powerful feature of the language. 

4. The Wolfram Language has been widely used and taught in the School of Physics 
for around 20 years, and so there is a depth of experience and knowledge to draw 
upon. 

5. The Wolfram Language comes with thousands of functions built-in and 
integrated.  Other languages, such as Python, also have a large library of 
functions, but these require special libraries to be loaded and the functions will not 
necessarily be compatible.  For instance, in one session of Python, you could 
have three different forms of the cosine function; one for doing 
numerical calculations, one for working with very large data sets, and one for 
symbolic manipulation.  These three would then need to be referred to separately 
as, for instance, sp.cos, np.cos, and sy.cos, and one must be careful to use the 
correct form of the cos function for each different task.  But in the Wolfram 
Language there is just one Cos function, that can do all of the above and more, 
and that automatically determines what context it is being used in.  This is clearly 
less confusing for students new to computing, because this one Cos function 
matches with their understanding of there being just one cosine function, and it is 
clearly simpler to use. 

6. The Wolfram Language has powerful visualisation and graphics features, and 
allows for graphs to be easily manipulated or animated in real time.  We believe 
this feature will also be very appealing to novices, as it is very simple to 
implement. 

http://www.sagemath.org/
http://jupyter.org/
http://jupyter-notebook.readthedocs.io/en/latest/examples/Notebook/Typesetting%20Equations.html
https://youtu.be/wwANWDvwqSg
https://youtu.be/wwANWDvwqSg
https://reference.wolfram.com/language/ref/Cos.html


7. The language can perform very powerful mathematical tasks, from simple 
arithmetic, to symbolic integration and much much more. 

8. The language can perform powerful data analysis and statistics tasks, and is a 
powerful image processor. 

9. UWA has a site licence for the Wolfram Language. 
10. At the start of this year the Wolfram Language was made freely available in the 

Cloud.  Anyone can utilise it in the Cloud-based Wolfram Programming Lab.  It is 
also now also included free of charge on Raspberry Pi computers. Hence the cost 
barrier of it being proprietary software has been largely removed. 

11. The Wolfram Programming Lab has a wealth of educational resources built into it, 
aimed at beginners – including children. 

12. Having been deployed to the Cloud, the Wolfram Language is now essentially 
platform-independent, so students will be able to access it and use it, no matter 
what device they are using, mobile or laptop. 

These are some of the factors that have influenced our choice.  We will continue to 
review our decision in years to come.  For instance, the development of Jupyter may 
make an open-source language more appealing to us at some point in the 
future.  But for now we have made our decision, the path has been chosen and we 
wait with anticipation to see how the students will react. 

FOCUS GROUP 
JULY 30, 2016   

To assist us plan the roll-out of the material to the first-year students we enlisted the 
help of a small focus group of 8 students who would be taking the unit to give us 
some initial and on-going feedback.  We started meeting with this group of students 
in July prior to the commencement of Semester 2, to get feedback on the resources 
we had developed to date, and our plans for the upcoming semester.  Our team 
leader, Matthew, met the students individually or in pairs for interviews lasting about 
one hour.  These proved to be incredibly useful in helping us refine our plan for the 
semester and we are confident that our final plan is significantly improved as a result 
of these interviews, and that it will be well received by the students. 

 

 

 

https://www.wolfram.com/programming-lab/
http://blogs.uwa.edu.au/emcoding/2016/07/30/focus-group/

