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Summary

| have been teaching “Programming 1” to large
cohorts of first year undergraduates for six years.

The content is fairly trivial, but the teaching is
highly challenging:

m Vast differences in prior programming.

m Vast differences in motivation and study skills.
Managing a team of tutors.

Providing Authentic Assessment.
Providing Regular Meaningful Feedback.
2020: Doing it all online!
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Section 1

MY LOCAL CONTEXT



" Jd
My Local Context

m A majority of the students | teach do not have
(significant) prior programming experience.
We do not require CS A-Level for any of our courses.

m But a significant minority of my students have a
LOT of prior programming experience.

m The (vast) majority of my students do NOT have
A-Level Maths. A lot come through BTEC.

m Many students lack good study skills at the start
of their degree.
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Combined Modules

| teach in a combined School of Computing,
Electronics & Mathematics.

At various times | have had students of the following
courses on my module: Computer Science,
Computing, Information Technology for Business,
Games Development, Ethical Hacking, Multimedia
Computing, Data Science, Mathematics, Artificial
Intelligence. These students are motivated by very
different things and used to studying in very different
ways. Our CS course is larger that the rest put
together so | have focussed on developing for them.
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Views on Combined Modules

m Shared teaching material is sensible.

m But it's good if students have labs with teachers
specialised in their course to put things in context.

m The biggest issue is assessment: ITB students
don’t want exam questions on Big-O and Games
Development students want their CW to be
developing a game!

m Current Approach: Some courses have forked my
module and developed it for their field.

m All those who still take my class also take a course
specific programming project module.
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" _
First Year Programming on
BSc Computer Science

Semester 1:

4000CEM - Programming and Algorithms
(with Python 3).

4006CEM — Activity Led Learning Project 1
Semester 2:

4003CEM - Object Oriented Programming
(with C++14).

4007CEM — Activity Led Learning Project 2
In 2019/20: 280 Sep Starters and 70 Jan Starters.
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m Dr David Croft who teaches “Programming 2”.
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Section 2

OUR JOURNEY
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What we inherited in 2015

Myself and David Croft took over First Year

Programming when we joined Coventry in 2015.
Inherited:

m Slides for lectures; exercises for labs.

m Assessment via:
Final written exam.
Mid term multiple choice quiz.
Group programming project.

m Student satisfaction was very low (~60%).
m Pass rates were low (despite exam being easy).
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Challenges ldentified

Issues we identified:

m Students not attempting lab exercises: not
graded, so focussed instead on CW project.

m Formative feedback on lab exercises via model
solutions (not timely) and 1-on-1 class
discussion (underused). Not Enough Feedback.

m Hard to check on student progress.
m Students not engaging in sufficient self study.
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Growing Student Numbers

My university has pursued large scale growt
many years. With the general national trenc

N over
of

Increased interest in CS amongst undergrac
led to huge growth for our degrees.

s this

In my first three years teaching the number of

students on my module doubled every year!
most | ever had was 450 students.

The

| now have 250 (as some of the specialist courses
have moved to their own programming modules).
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N e
Innovations we tried 1:

1.

Split out group projects into separate
Integrated course assessment modules.

Aim: teach study skills and project skills
without distracting from core module content.
Group Project — viva to assess individual
contributions. Weekly continuous assessment.
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" A
Innovations we tried 1: w4

1. Split out group projects into separate
Integrated course assessment modules.
Aim: teach study skills and project skills
without distracting from core module content.
Group Project — viva to assess individual
contributions. Weekly continuous assessment.

S. Billings and M. England. First Year Computer Science Projects at
Coventry University: Activity-led integrative team projects with
continuous assessment. Proc. 4th Conference on Computing Education
Practice (CEP '20), Article Num 2, ACM, 2020.
https://doi.org/10.1145/3372356.3372358
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Innovations we tried 2:

2. Get Rid of Lectures.
Moved from 2 hour lecture and 2 hour lab to 4
hours of labs with "micro lectures" inside.
Aim: More time programming. More
engaging. Satisfy university flipped agenda.

M. England - Teaching Programming
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Innovations we tried 2:

2. Get Rid of Lectures.
Moved from 2 hour lecture and 2 hour lab to 4
hours of labs with "micro lectures" inside.
Aim: More time programming. More
engaging. Satisfy university flipped agenda.
14 lab groups — ML cannot be in every room.
Micro lecture delivery differed greatly. Students
lacked consistent and standardised messaging.
Radically different student satisfaction scores.

Now moved back to 1 hour lecture + 3 hours lab.
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“Innovations” we tried 3:

3.

Far more structured labs.

l.e. lesson plan with particular exercises to be
tried and discussed as a class.

Aim: Set expectations. Ensure all students
get through the basics.

Replaced typed model solutions by solution
videos where ML discusses how he derives
solution. Still released a week later.

Aim: Have a record of common errors, how to
debug, how to derive algorithm.
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“Innovations” we tried 3:

3. Far more structured labs. \)<
l.e. lesson plan with particular exercises to be
tried and discussed as a class.

Aim: Set expectations. Ensure all students
get through the basics.

v

4. Replaced typed model solutions by solution
videos where ML discusses how he derives
solution. Still released a week later.

Aim: Have a record of common errors, how to
debug, how to derive algorithm.
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Innovations we tried 4

m Formative assessment with automated
feedback delivered weekly via the Codio system.
Aim: Increase number of students who receive
feedback on lab exercises.

Formative: assessment doesn’t contribute to grade.

m Authentic summative assessment via the
CodeRunner tool iIn Moodle.
Aim: Better grading of student skills.

Summative: assessment does contribute to grade.

M. England - Teaching Programming 13



" A
Innovations we tried 4

m Formative assessment with automated \/
feedback delivered weekly via the Codio system.
Aim: Increase number of students who receive

feedback on lab exercises.

D. Croft and M. England. Computing with Codio at Coventry University.
Proc. 3rd Conference on Computing Education Practice (CEP '19),
Article Num 16, ACM, 2019. DOI: 10.1145/3294016.3294018

m Authentic summative assessment via the /
CodeRunner tool in Moodle.

Aim: Better grading of student skills.

D. Croft and M. England. Computing with CodeRunner at Coventry
University. Proc. 4th Conference on Computing Education Practice
(CEP '20), Article Num 1, ACM, 2020. DOI: 10.1145/3372356.3372357



https://dl.acm.org/doi/10.1145/3294016.3294018
https://dl.acm.org/doi/10.1145/3372356.3372357

Section 3

DID ANY OF THIS WORK?



"
Student Satisfaction

Steady growth in satisfaction as innovations brought in.

Satisfaction with
feedback is
dramatically higher
that course / school
/ university average.

% SATISFIED OVERALL % SATISFIED FEEDBACK

® 2015/16 (121COM) m 2016/17 (121COM) = 2017/18
2018/19 (4000CEM) = 2019/20 (4000CEM)

2p416/17: Started using Codio for formative assessment
2018/19: Started using CodeRunner for summative assessment.
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Student Satisfaction

Steady growth in satisfaction as innovations brought in.

Satisfaction with
feedback is
dramatically higher
that course / school
/ university average.

% SATISFIED OVERALL % SATISFIED FEEDBACK

m 2015/16 (121COM) m 2016/17 (121COM) = 2017/18

2018/19 (4000CEM) ® 2019/20 (4000CEM)

2p416/17: Started using Codio for formative assessment
2018/19: Started using CodeRunner for summative assessment.
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Hot Off The Press
2020/21: 85%
satisfied overall:
84% with feedback.

Online only module.
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"
Satisfied, but learning?

Students like what we’ve done — especially around
feedback.
But did they actually learn any more?
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Satisfied, but learning?

Students like what we’ve done — especially around
feedback.

But did they actually learn any more?

m Our Mid Term Test now has much lower marks
than when it was just multiple choice questions.
But this doesn’'t mean the students know less — it
IS a completely different assessment.

Luckily — we kept the final exam fairly standard

throughout. So we can use that to judge progress
In learning.
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"
Exam Results

Big improvements

directly follow the
iIntroduction of
feedback changes. -

EXAM PASS RATE EXAM AVERAGE MARK

m 2015/16 (121COM) m 2016/17 (121COM) = 2017/18
2018/19 (4000CEM) m 2019/20 (4000CEM)

2016/17: Started using Codio
2018/19: Started using CodeRunner
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"
Exam Results

Big improvements

directly follow the
iIntroduction of
feedback changes.

EXAM PASS RATE EXAM AVERAGE MARK

Hot Off The Press -
] i m 2015/16 (121COM) = 2016/17 (121COM) m 2017/18
We are getting rid of

the exam starting

2021/22. 2016/47: Started using Codio
2018/19: Started using CodeRunner

2018/19 (4000CEM) ®m 2019/20 (4000CEM)
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Section 4

CODIO AND AUTOMATED
FORMATIVE ASSESSMENT



Platform (paid service):.

N codio
m Cloud based environment:

Students can now continue at home where
they left off in class with ease.

Staff can view student projects remotely.

m Virtual Linux Machine and basic IDE
environment (similar to Cloud9).

Students have sudo rights. They can install
libraries and software as they wish.

m New VM for each student in each unit. Teacher
can populate with files, guide, and tasks.
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W
This 1s not an advert for Codio

m | have no affiliation with Codio.

m Codio costs money (I don't know how
much — it will vary and be negotiable).

m There are now many competitors.
have not done a recent comparison.

m | am very happy with the service they
provide and feel no desire to change.
But if | wanted | could export my files,
tests, and guide text in markdown.

M. England - Teaching Programming
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" A
Be Aware

Codio provides the environment and the hardware.
They do have some content also (e.g. units on

basic Linux bash commands, basic Python syntax)
but this is unlikely to map directly to your modules.

m YOU need to produce the content!

m Writing Codio guides takes less time that writing
a Latex worksheet.

m But writing (good) code tests can be very time
consuming (with or without Codio).

m But you can reuse it year after year!
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What do you test?

For my module (Python) | mostly unit test output of
student’s functions. But | can also:

Test what their code prints.

Test whether than ran the right Linux command.
Test files their code edits / creates.

Test databases their code edits / creates.

Test the variables their code defines.

Test the classes they create.

At the start | make interactive fine grained
feedback based on common mistakes.
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Codio Benefits

Introduced Codio as a platform for automated
feedback. Butthere have been other benefits:

m No more "how do | install Python" questions.
m No more “| lost my files" excuses.

m Teacher can access a student’s VM to see code.
Teacher and student can work on file together
(like e.g. Google docs).

m Gamification: Some student motivated by Codio
“score” even though it doesn’t count.

m Engagement Data - identify problems early.
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=
Any problems with Codio?

m The students who have the most prior
orogramming experience dislike Codio

pecause they prefer to program in their
DE of choice.

m Codio’s support for GUIs Is clunky.

m Need to warn students to download code
nefore their Codio licence expires.

m [ntegration with university software
nossible — but my university is not keen.
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W
What we learnt

m Students like Codio overall.

m Students appreciate the automated feedback
(seem more willing to view that as feedback than
Informal human conversations in lab?!?)

m It has ailded engagement — students more likely
to engage with Codio than with other formative
tasks (Gamification? Formalisation?)

m But it is challenging to write good tests. With
450 students someone will find the edge case
you missed!

m Much harder in C++ than Python!
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JE——
Codio for Summative Assessment?

m Recall that we inherited summative mid term
assessment as multiple choice Moodle quiz.

m \We wanted to replace with Codio tasks.
m Our university said No in 2018 (security issues).

m Codio have since extended their platform to a
more secure lower feature option for summative
assessment. University would now allow.

m \We may well move to Codio in the future.

m But at the moment we use CodeRunner In
Moodle for our summative mid term quiz.
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Section 5

CODERUNNER AND
AUTOMATED SUMMATIVE
ASSESSMENT
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CodeRunner

m Moodle Plug-in that provides an additional
Question Type for a Moodle quiz.

m Developed at University of Canterbury, NZ.
R. Lobb and J. Harlow. 2016. CodeRunner. ACM Inroads 7, 1 (Feb
2016), 47-51. https://doi.org/10.1145/2810041

m Fully Moodle approved (so was not too hard to
convince our ITS team to install it). Requires an
additional Linux server where the code Is sent to
for testing. Need to test this at scale.

m Can use CodeRunner with any programming
language you can install on that server.
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Features of CodeRunner

m Free syntax checks.
m Basic syntax highlighting.

m Teacher can apply their own rules and penalty
regime for how many tries a student gets at a
qguestion. | allow unlimited (in the time limit) with
5% penalty to a maximum penalty of 30%.

m Can give access to pop-ups (e.g. language
documentation).

m Can be just one question type in a wider Moodle
quiz.
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What we learnt

CodeRunner allows for an assessment that Is

m Authentic: access to tests, error messages,
documentation and many tries); but still

m Secure: can use in exam conditions, with the

safe exam browser, password protection, IP
lockdown etc.

And like a multiple choice quiz it is marked
Instantly, and consistently.

Students view It as a fair assessment of their
programming skills.

M. England - Teaching Programming
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Any problems with
CodeRunner?

m CodeRunner only works with Moodle. If your

university uses a different VLE (e.g. Blackboard)
then it is not an option.

That used to be someone else’s problem until...
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Any problems with
CodeRunner?

m CodeRunner only works with Moodle. If your
university uses a different VLE (e.g. Blackboard)
then it is not an option.

That used to be someone else’s problem until...

Summer 2020: Coventry University announces it
Is ditching Moodle to use Aula.

This Year: We still have Moodle for the quiz
(linked from Aula).

Next Year: Probably move to Codio.
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Section 6

REQUEST TO DISCUSS
PLAGIARISM



o
Q) How do we detect plagiarism

INn code?

Pre-COVID:

m Our programming modules assessed under
exam conditions so plagiarism not possible.

m Our group project programming modules
assessed by weekly presentations of progress
(makes contract cheating hard) and individual
vivas at the end which include guestions where
they explain the code they claimed to write.

| was very confident in the integrity of assessment.
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Q) How do we detect plagiarism
In code?

During-COVID:

m In group projects the weekly presentations are
asynchronous. Submitted as social media post.
Feedback in the comments. Works well.

m The final viva was replaced by critical reflection
writing piece.

m The tests were now open book but still time
limited. Completely rewritten so harder to
Google for answer. Emphasis on explaining
answer.
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Other Options?

m Some of the more advanced coding modules at
Coventry require students to use version control
(GitHub) for their code.

Students who make a single large commit
flagged for viva to investigate contract cheating.

m There are a variety of tools you can buy which
are “like Turnltin but for code”. But | do not have
experience with them.

m Appropriate training on academic integrity
should be provided near the first assessments.
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Section 7

FINAL THOUGHTS



Summary

Automated assessment and feedback is not only
necessary to deal with large student numbers but:

m Seems to promote better learning (because
students can access more feedback and at
times / locations to suit them).

m Seems to be well accepted by students as a fair
assessment tool for programming.

But it is a tool we use to improve our teaching —
not a replacement for teaching. Our success also
follows carefully designed lectures and heavily
structured lab sessions.
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Nowhere near perfect

There Is always the need to improve:

m Before COVID we never got anywhere near
full attendance at sessions.

m Students still do not put in enough self study
time (at least we now have data).

m Students still get distracted by coursework in
other modules.

m Online labs due to COVID were not engaging
enough and no replacement for real thing.
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What works for you

| have just shared my journey — teaching is heavily
rooted Iin the local context so it may not work
exactly the same for you. Tips:

m Experiment with at most one major change a
year (so you know what works).

m Think of how to measure the effect.

m Don’t underestimate university regulations and
bureaucracy. Take these into account early.
Work with others to change them if needed.

m If your experiments work share with others!
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Any Questions?

CONTACT:
Matthew.England@coventry.ac.uk
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