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Abstract

This report showcases my development process for the Swap One app. Swap One is
a community initiative in Nelson, encouraging participants to reduce their carbon
emissions from commuting to work by using sustainable means like walking, biking,
or using an electric vehicle. The Swap One programme wanted an application to
encourage this, to allow users to log their sustainable trips, and to facilitate
communication from the programme to users, and | was asked to develop this. Using
an iterative Agile methodology, | created a magic-link style email-based application,
which met the needs of the programme and was deployed into production, after
being evaluated against the brief and found to be fit for purpose.

Declarations

No generative Al was used to program this application or write this report.

The Swap One application as a whole was my contribution to the wider Swap One
programme, and was my work, except when | explicitly state that | use libraries or
modules. The research and design process was also my work, apart from the initial
mock-up designs which were provided to me.

Part 1: Brief Development and Research

11. Problem Statement
The Problem

In the Nelson region, 61% of greenhouse gas emissions are from transportation. To
meet our 1.5°C Paris Agreement obligations (the most warming the earth can have to
avoid drastic consequences), the rate at which we decarbonise must proceed at
about 8% per year'. According to the Nelson-Tasman Climate Forum, if every person
in Nelson cut a fifth of their transport emissions, their household emissions would be
reduced by 9%, meaning they are doing their part to meet Nelson’s 8.3% emissions
reduction target.

Stakeholder Needs

My primary stakeholder for this project was the Nelson-Tasman Climate Forum. They
had recently received a small amount of funding from the Nelson City Council to run
a programme named Swap One, with the goal of encouraging people in Nelson to cut
their commuting emissions. The Forum, along with other organisations, planned to
encourage swapping a trip a week with two methods. Firstly, producing an
advertising campaign together with the local council, and then by getting an app set
up where users can log their sustainable trips — providing valuable statistics to
organisations and allowing a prize draw to be arranged to reward people who travel
sustainably. They were initially planning to become a member of an initiative called
the Wednesday Challenge, which provides similar software and resources.

'https://www.nelsontasmanclimateforum.nz/wp-content/uploads/sites/353/2024/08/Target-
Explainer_July-2024-w-2022-data. pdf






task they want. Wednesday has a modern-style interface, but it looks bland and
empty despite the clutter, with uneven spacing being the cause. Because of this, the
webpage seems uninviting and unprofessional.

On the other hand, the Bike Challenge has a more professional and well balanced
aesthetic, with less blank space, although it feels dated. The warmer colours also
contribute to a feeling of homeliness, which will make the Bike Challenge page much
more pleasant to use. The takeaway from these interfaces is that it's important for the
Swap One interface to look and feel welcoming, while getting out of the way so users
can complete their desired task.

Signh up must be as simple as possible

The Wednesday Challenge had a difficult sign-up process, unlike the Bike Challenge.
For Wednesday, the user has to go through pages of various questions, with loading
times between each, and annoying lists of massive icons to scroll through. The user
must find themselves on Google Maps, decide what motivates them to participate,
and provide various other information during the sign up process, all designed in a
spread out and thus slow manner. Whilst this system might look better than a simple
form, it is a usability nightmare and no doubt has dissuaded many potential users
from signing up.

In comparison, the Bike Challenge allows the user to do a single-click sign up with
Google, instantly creating their account. After sign up, the user can add other
information and engage with various mechanics only if they wish, unlike the forcible
system Wednesday uses. Sign up is one of the most common places to lose
interested people, so it is very clear that the sign up system must be as simple as
possible, with only the most needed questions. If there are lots of questions that must
be asked of the user, they should be enterable in the most generic way, so that users
can quickly get through the sign up.

Feature bloat will confuse and alienate users

Both the apps | studied seemed to be affected by feature bloat. There are many
features on the app, that while useful and engaging for some people, are almost
certainly ignored by most of the users. For example, both apps have a prominent
badge system. While these maybe great for some people, they clutter the app up and
detract from the main purpose. The Wednesday app has three separate systems to
incentivise — badges, points, and reminders, all of which feel incomplete and
unpolished. Users clearly will not bother with remembering all three, so one fully
functional system would boost engagement much more than the current setup.
Similarly, the Bike Challenge has four different incentive systems — personal goals,
workplace challenges, badges, and streaks — and all these motivators make it hard
for users to know which is important. | suspect in these apps stakeholders have
requested features to be added without understanding the concept of “less is more” —
something that has to be key to my app.

My app must be more usable, otherwise uptake will suffer

The two different design approaches seem to have made a tangible difference in user
retention. While the Bike Challenge does have flaws, it is easy enough to use and log
your trips, showing in the fact that there is a high amount of active users. Meanwhile,
Wednesday has high sign up rates but low trips logged, showing that people have
signed up, logged a couple of trips, and never touched the app again. A key part of
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this is potentially that the Wednesday Challenge uses calendar-based reminders,
which seem ineffective, probably because of the difficulty of getting from the reminder
to the webapp. A key takeaway is that to improve retention, we need a way to remind
people to take their trip while allowing them to easily take action from the reminder.

Both of these programmes, despite their flaws, are good inspiration for my app.
Neither app tells the users what to do, and expect the users to be willing to spend ten
minutes figuring it out. My app must be intuitive or explained. My biggest take away
from these platforms is that it must be as easy as possible to log your trips, or people
won't bother and the app will die.

1.3. User Research

To complement the market research, | also distributed a survey to members of the
public to help understand the project’s primary target audience — employed people in
Nelson-Tasman who care about the environment but feel like they're powerless to do
anything about it. The survey had the goal to test ideas and identify promising
features from the market research while understanding what potential users actually
want. | received 12 responses from varied demographics, which seemed to have no
correlation with the responses. The survey asked respondents about their commute
and what they thought would motivate them to use the app or commute sustainably.
If respondents indicated that they had participated in the Aotearoa Bike Challenge, |
followed up with questions asking what they thought worked well and what could
have been done better. | decided to leave out questions about the Wednesday
Challenge due to the low usage in Nelson.

I had three key findings from the survey which made a big impact on the design
direction of my app.

Users are primarily motivated by clear, simple statistics about their impact

When asked which features would motivate them, respondents were overwhelmingly
enthusiastic (10/12 respondents wanting the feature) about statistics explaining what
they've done. Gamification and prizes were also popular (7/12 respondents each),
but competitive features like leaderboards or competing against contacts seemed
only useful to a small minority of people (4/12 respondents, with 5 others saying it
would be actively unhelpful). This clearly shows that personal and intrinsic motivation
is a key motivator here. While | considered adding competitive features into the app,
and had them on my feature lists, | decided to tone the competitiveness down a lot
based on this, making these very much optional and not disturbing people who don't
want them.

A frictionless user experience is critical for success

Bike Challenge participants praised the easy to enter trips and the easy registering
system, but criticised it for being cluttered, busy looking, and the difficulty to reset a
password. Other features from the bike challenge that users enjoyed were linking to
Strava, which unfortunately is not feasible due to difficulties around the API, and the
ability to quickly see your group’s progress. Based on the feedback around this
platform, it seems clear that for users to enjoy their experience and thus stick around,
trip logging and registration should be as easy as the bike challenge, while the rest of
the app should be as simplified and user-friendly as possible.






2. App must collect data for stakeholders to use, both in- and out-
programme

This outcome meets one of the critical needs for my stakeholders, and is a key
reason that other off-the-shelf applications were not suitable. This data is
needed both for the prize strategy and for informing future initiatives.

3. App must ensure a frictionless and trustworthy user experience

Both market and user research indicated that user drop-off is caused by user
interface difficulties. For long term user retention, a great interface is required.

4. App must have a scalable and maintainable technical foundation

For the app to be suitable to be run by non-profit organisations with limited
budgets, the app must be able to be used and adapted by other individuals if |
am not available.

Non-Functional Requirements (NFRs)

NFRs are quality standards for an application that describe how well it must do
certain things. | derived these from the outcomes, the user and market research, and
discussions with the stakeholders. NFRs usually have target measures, but for this
project | am only using NFRs to guide my planning.

App must be easy to use and accessible for users with a range of technical
literacy and abilities (Usability & Accessibility)

This links to the outcome of a frictionless and trustworthy user experience, since,
based on my research, for a good experience the app must be easy to use.

App communications with users must be reliable and trustworthy (Reliability &
Security)

This links to the outcome of a frictionless and trustworthy user experience and the
outcome of collecting data for stakeholders, since trustworthy communications are
needed to build user trust so that they will feel confident in submitting their data.

App must utilise responsive design (Portability)

This links to a frictionless and trustworthy user experience, since users may find an
improperly responsive application doesn’t work on their device, adding friction.

App must handle concurrent user activity without crashing or lagging (Stability
& Performance)

This links to the outcomes of supporting a quality user experience, incentivising users
to commute sustainably, and a scalable and maintainable technical foundation, since
technical errors will make the user experience difficult and thus drive away users, as
well as causing maintainability issues in the future.

App must be built and operated with minimal ongoing costs (Cost
Effectiveness)

This links to the outcome of a scalable and maintainable technical foundation, since if
it is expensive to operate the stakeholders will be unable to afford running and
scaling the app.



User Stories

For the final layer of the brief, | used the Agile methodology’s user stories concept,
where every requirement is described in context, explaining what a user needs.
Based on the features requested by my stakeholders, | developed an initial list of 20
stories, which was then cut down to eight MVP (Minimum Viable Product) stories.
These are the features that the app cannot launch without, otherwise it will not meet
the outcomes. They are what formed the formal brief and final specifications. These
stories also have acceptance criteria, which are what must be done to implement the
request. In Part 4, | used these, along with outcomes and NFRs, to judge the
application’s fitness for purpose.

However, it's important to note that these stories were just the start of the process.
Throughout the development process, more stories were added, either as feature
requests from my stakeholders or things | realised where needed, since iteration is
an important part of the software development process and the Agile methodology.
To preserve the flow of the work, | have recorded those additional stories
chronologically in Section 3.2, when they actually came up during development.
As a prospective user | want to join Swap One so | can reduce my emissions
Acceptance criteria:

* Sign up system asks for user information

» Collected information stored so it is accessible to other system components

» System confirms sign up
As an app user | want to log my sustainable trips so | can participate in the
programme
Acceptance criteria:

» System records appropriate trip information

¢ User response saved to database
As a programme coordinator | need to be able to access commute data in
an Excel compatible format
Acceptance criteria:

* Database exported to user-readable Excel compatible file

s Spreadsheet uploaded to cloud storage daily
As an app user | want to be able to view emissions saved so | feel motivated
to keep commuting sustainably
Acceptance criteria:

* Emissions saved calculated based on data from databases

e Emissions saved visible in weekly email



e Emissions saved visible on logging webpage
As an app user | want to be reminded to do a sustainable trip so that | don’t
forget to commute sustainably
Acceptance criteria:

» User sent reminder notification weekly

e User able to access logging system from reminder
As an app user | want the design to be simple and intuitive so | don’t give
up on using the app
Acceptance criteria:

* Page has consistent user interface

= Page UX meets Nielsen’s heuristics

* Page UX meets WCAG accessibility guidelines

As an app user | want to be able to unsubscribe from the system so | can retain
control of my information and stop participating

Acceptance criteria:
¢ Unsubscribe subsystem easily accessible

« All identifiable user data removed from database when unsubscribed

Part 2: Planning and Design

2.1. Project Planning
Planning Approach

Before starting this project, | planned to use a traditional waterfall approach — do
thing one, then thing two, then thing three. | originally started making a Gantt Chart to
plan out when | would work on different parts of the project, leaving time for things to
go wrong and basing the rest off of my initial to-do list. However, a few weeks in |
realised that the Gantt Chart really was not a suitable planning methodology for my
project.

When | started this project, | had no idea how long things would take. | made
reasonable estimates, but obviously things took different amounts of time. For
example, | did not spend a whole week “finalising the concept”, but needed more
than a quarter of a week just to analyse and understand the survey results.
Additionally, my availability was different week-to-week, and | ended up just doing as
much as | could every week, instead of stopping when | had finished that week’s
goal.






Risk Management

At the beginning of the project, | recognised that there were inherent risks that could
stop me finishing the project on time. Due to this, | identified everything | could think
of and came up with strategies to avoid them.

Scope creep

| knew that | would either be tempted to add unnecessary features, or that my
stakeholders may want more things than could be delivered. This could have caused
me to run out of time, so | decided to identify the MVP features first, and complete
them to a satisfactory level before implementing anything else.

Programming difficulty

| was also worried that | would find the programming | had to do new and difficult,
and so | would run out of time to implement everything properly. So just like
professional developers, | decided to use off-the-shelf technologies and frameworks
that had “batteries included” whenever available. This meant | could focus on
programming features that were unique to my app, not stuff that had already been
done.

Getting burned out

| was also worried that | would take things too fast at the beginning and get "burned
out” — feeling tired and demotivated, meaning I'd struggle to complete the project. |
decided to pace myself and not spend all my free time on this project, instead doing
other relaxing things when | could.

Unpredictable stakeholder availability

My primary stakeholders were volunteers with their own commitments, so | was
concerned that they would sometimes be unavailable when | needed feedback. Due
to this, | planned ahead when | asked for feedback, making sure | had other work to
do whilst | waited.

2.2. Architecture and Technology
App Type and Authentication

The first and most fundamental decision was whether | should build a web app
(accessed through a browser) or a mobile app (downloaded from an app store).
Based on that, | then needed to decide how users would interface with the app
because users have to be able to identify themselves so that they can submit
information. When reviewing my user stories, | came up with three options for this,
centred around how to authenticate the user.

I knew that developing a mobile app is difficult, with technologies I've never used
before. Even if | could figure it out, it would take a long time, and it would be a
massive hassle to get onto app stores. | had read past Technology Scholarship
entries, and app submission always seems to be an issue, taking months to get
builds approved and being consistently rejected if you're under 18.

Because of this, | felt like the app had to be a web app, running entirely in a browser
and using technologies that | am familiar with.
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Option 1 — a traditional username/password model

The first option is a traditional model where users input a username and password.
Next, they get taken to some sort of home page, where they can choose to log a trip.
Every week, they can be sent reminders by email.

When thinking about this model, | found some inherent flaws. It seemed really difficult
to develop a good authentication method. The traditional username and password
system is really easy to mess up, and since | had no experience in this space, it
seemed possible that | could accidentally leak people's passwords. | could certainly
hack together a working system, but if a malicious actor tried to scrape people’s
information they would almost certainly be able to get passwords. Since people often
reuse passwords, this could be catastrophic. Additionally, having to remember and
enter passwords isn't a great user experience, and since | wanted to make the
logging as easy as possible, this system seemed to have some significant
downsides.

Option 2 — oAuth model

The alternative to a bespoke username/password method is using a third party
authentication provider like Google's oAuth, which lets users login with their Google
account and sends me a user token to use in lieu. While this is much more secure, it
will be far more difficult to integrate, and will cost the stakeholders every time a user
logs in, which seems unfeasible for this project. At this point | felt lost, but after
reviewing my user stories, requirements, and talking with people, | came up with a
third option.

Option 3 — email Magic Link system

Since web apps couldn’t send notifications to phones, if | wanted to prompt users to
log trips, I'd have to use a system like email, since users would never remember to
go to a specific website once a week. Setting up email would be a pain, but
completely doable compared to everything else. But if | was already setting up email,
why not use the email reminders as the way to authenticate users, and do away with
passwords and auth providers all together?

The “Magic Link” concept is already in use by many different organisations, and
everyone has been sent a link to reset their password. Why not take it a step further
and make email the way to access the system? In this model, users sign up simply
by inputting their email, and every week are sent an email asking if they had
swapped a trip, acting as a reminder. In this email, there are links or buttons they can
press that take them to a web app already logged in, allowing them to input their
swapped trip information.

This email system has incredible ease of use, which is a key design priority. Doing
something the users already do — checking their inbox — they see an email and can
log a trip in just a couple of clicks. Everyone knows how to use email, so users won't
just sign up and forget how to use the system. They'll be reminded naturally every
week as they check their emails, and since it's so easy users will actually do it.

Sending emails is also absurdly cheap, accessible, and reliable, so the email system
seems to meet all of my criteria. This is clearly the better option.
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This model is, however, less secure than the others. The only security in this system
revolves around the user's UUID (identification string). While this string will be
random and thus unguessable, if a person forwards their email or leaves the page in
their browser history, anyone accessing these resources will be able to view the
user's account.

| thought this was a worthwhile trade off, but we needed to make sure only to collect
non-sensitive information and warn users of the risks.

Technology Stack

Now that | knew what | was making, | had to figure out what technologies | would
build my app on.

Choosing an affordable and maintainable back-end architecture

My next choice was whether to use Back-end as a Service (BaaS) systems like
Google's Firebase or to script something myself. BaaS systems work as a series of
functions that the front-end application interfaces with, compared to the traditional
back-end components.

Although | knew that a BaaS approach would probably be easier, | decided not to use
one. The biggest advantage of using my own back-end is cost. BaaS costs are
incredibly variable depending on traffic, whereas renting a server from a cloud
provider like Azure costs only around $10 a month. The custom build is clearly more
inline with my Cost-Effectiveness NFR.

While getting the very basics of a web app working properly would be achievable with
Baa$S, the second | had to do something more complex, | would have to learn their
system in depth, along with probably a new programming language. By using my
own back-end, | would have access to modules that abstract complex elements
anyway, while retaining control of the parts | choose to keep. Having more control
would support the Maintainability NFR.

Another important point in favour of my own back-end is that | would learn a lot more.
Rather than having difficult elements like databases abstracted away, | would have to
learn to work with these directly, which are skills that | want to have and will be useful
in the future.

Additionally, most BaaS providers have servers in Australia, which use 74% fossil
fuels to generate their power. In New Zealand, only 16% of our power comes from
fossil fuels, so hosting my back-end here will reduce emissions. | recognised that the
total server emissions will be minimal, but it still felt against the ethos of Swap One.

A big flaw with not using a BaaS is the lack of security. A BaaS would have protected
user data better than any app | could program, so the Swap One team decided to
mitigate this by collecting as little user information as possible.

This means | can rent a low-powered server running Linux.

Using Python as a back-end language

| then had to decide which scripting language to use on the server. There were two
good options — Python and JavaScript.
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Python is a popular and modern programming language that, while not incredibly
performant, is flexible, incredibly modular, runs on a wide variety of devices, and has
wide community support with many usable modules that will make development a bit
easier. Python has many modules that support hosting a web page from a script.

The other possible option is JavaScript with a hosting framework called Node js. It
has pretty much all the same advantages as Python, is faster, as well as being more
of a web-oriented language, which is useful for this project.

However, my Python understanding and skill level was significantly better than my
JavaScript. | had written projects in both, but | had never used back-end JS, while |
had used Python as a back end for my projects many times. Even though the JS
system would’ve been slightly more efficient to run, the ease of programming in a
language | already knew seemed to be more inline with what | needed, since the app
had to be done quickly to be ready for launch.

So, | decided to write my back-end scripting in Python.

Django and SQLite / PostgreSQL

| also had to decide between using Flask or Django as the Python framework running
the website. The core difference between these two is that Django does a lot of
things automatically for you whereas Flask expects you to do things yourself. Flask’s
philosophy was certainly more lightweight, since only the needed features were
included, but | thought in this case, Django’s features were worth it. Django is overkill
for my purposes and has a lot of features | didn't use, but the templating engine for
HTML pages, the built in security features protecting against XSS and SQL
injections, and an admin control page seemed worth it. Since | wasn't experienced
with security at all, strong protections on the back end from Django were very much
worthwhile, supporting the Security NFR.

For most of the development | used Django’s development server since it was easy
and included. Once | was moving to production, | switched to Gunicorn, which is a
single liner install and is very fast.

For most of the process of development, | used the SQLite database built into
Django, which is notorious for being slow and locks the database when it is being
written to. As | was testing the production server, | was having read/write
concurrency issues, which | will go more in depth to later. Because of this, | made a
last-minute pivot to PostgreSQL, which is much much faster and supports read and
write concurrency, while being much harder to set up.

Programming the front-end without a styling framework

| decided to use HTML, CSS, and JS for my front-end programming. Web
framewaorks like React or Bootstrap look good for specific styles, but | wanted
maximum control over how the page looked, so | could style it how | wanted, instead
of how the React developers wanted it. Additionally, | wanted my page to be fast and
simple to support my Usability and Performance NFRs, and simple CSS is still the
fastest way to style a website. | also had less experience with other frameworks.
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system to look up the user and add the applicable information to each row, primarily
so that winners could be identified. The system also iterated through the deleted trips
table, showing ‘DELETED’ for any removed user information. | also implemented
error handling to this system, so that if for some reason something didn't work, rather
than crashing the whole spreadsheet it would just print the error message into the
current cell of the spreadsheet and move on.

Since | needed to automatically send this file to stakeholders, and the file could
become too large to be sent as an email attachment, | decided to upload it to a cloud
storage system. | initially picked AWS's S3 storage, although this was changed to
Azure when | later moved email providers.

By configuring my AWS account to allow uploads, | implemented the upload logic to
the end of my function. With this, | received a URL to access the data, which | had
configured to expire in 24 hours to prevent the data being leaked. This URL was then
set up to be emailed to the stakeholders who requested the data.

| then set up another APscheduler job to run this function once a day, making sure
that stakeholders always had an active link to access the spreadsheet database.

With that, | had met the acceptance criteria for the two relevant stories — the
database was exported to a user-readable Excel compatible file, the spreadsheet
was uploaded to cloud storage daily, and the exported Excel file was easily able to
pick a random user based on trip numbers.

Beta User Interface (UI)

By implementing the next iteration of my Ul, | would be completing the following
feature: As an app user, | want the design to be simple and intuitive so | don’t
give up on using the app.

The initial Ul was purely for testing (an alpha version), and was not suitable to be
shown to stakeholders and testers. Despite this, the scope of the app was not set, so
| didn’t want to implement the final Ul. As a result, | decided to clean up the interface
and markup to set a good foundation for the final Ul. This resulted in a beta version of
the interface that allowed stakeholders to use the app in a testing manner.

| decided to use CSS’s Flexbox system to build the Ul. Flexbox is a system that
makes it easy to build a responsive website, meaning it adapts to different screen
sizes. To improve maintainability, | decided to have all my CSS in one file, so one set
of styles are applied to the whole page.

While standardising my markup with CSS classes for consistent styling, | realised
that Django’s forms system didn’t natively give me a way to style the form elements.
When a form is defined in the Python file and then selected to be embedded, it does
not have the classes needed to appropriately style different inputs of the form. So, in
the forms file, | manually overrode the class system and applied three of my own
classes to each — the name of the input, the type of input, and just ‘input’. For
example, the email input had the classes email short-text input. This allowed me to
target any type of input element in the forms, while not requiring long chains of
different classes in the stylesheets.

Another issue | had to deal with was that every input was wrapped in a div element.
This was a problem, since | wanted to use the ‘width: 100% style’ to make the
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User Onboarding

As an app user, the system should ask me how far my commute is when | sign
up so that | don’t have to put it in every week.

| was asked if we could move the travel distance from the logging page to the sign
up. By moving this, users would have a much quicker logging experience, and since
their commuting distance would be the same every week, nothing would be lost. So, |
added a dropdown on the sign up page and removed the one on the logging page,
while keeping the same distance options, before storing the data in the user abject to
allow it to be accessible by other subsystems.

When trips were being logged, | then modified the system to look up the distance
value from the user object before storing it in the trip object. The advantage of storing
the distance each time is that if the user later changes their commute distance their
old trips will stay the same, improving accuracy of data. Additionally, when updating
the carbon saved value, | configured the system to use the new distance value.

We also discussed changing the dropdown with ranges of distance to a free-input
text box, so users could specify the exact distance. | decided that keeping ranges
would be better, since users often don’t know exactly how far away they live from
their workplace. While more accurate, the free input would induce decision anxiety in
some users, and this could cause them to skip signing up altogether. The collected
data does not need to be extremely accurate, so ranges work just fine.

The acceptance criteria for this story were the user being asked for their commute
length on sign up, that length was saved to the database, and that the length was
being used to calculate saved carbon, so this story was complete.

As an app user, | want the system to refer to me by name, not my email, so |
feel welcomed by the app.

It was pointed out that | was referring to users by their email addresses quite
frequently throughout the app. This could be unwelcoming, so | decided to ask users
what they would like to be called when they sigh up and display that wherever
possible, primarily in emails. This is also shown at the top of the logging page.

This has an additional deliverability benefit, since email inboxes are much more likely
to allow messages to pass spam filters if they use the user’s real name, as it shows
that they are trusted enough to have this information

The acceptance criteria for this story were the user being asked their name, the
name being saved to the database, and the user being referred to by that name
throughout the app, so this story was complete.

As an app user, | want my carbon savings to be calculated correctly so that |
am informed about my impact.

| was asked to collect information on what kind of car people used, so that | can
accurately calculate the carbon that they've saved. This makes sense, since diesel
cars emit far more than electric vehicles, so knowing this information would
drastically improve the accuracy. Because of this, | added this question to another
dropdown on the sign up page, through the views, and stored the data in the user
object.
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regions/workplaces being editable by programme coordinators, so these stories were
complete.

Logging
As an app user, I'd like to be able to log my trips in other sustainable forms of
transport, such as an EV or carpooling so | don’t miss out on the programme.

The stakeholders reminded me that EV travel and carpooling were now classified as
sustainable for the purposes of the programme. As a result of this, | now needed to
implement these as options for logging a sustainable trip.

However, since both of these modes emit carbon emissions, | needed to subtract
those from the savings that were being calculated. After adding the options to the
dropdown, | made a dictionary, allowing me to look up the emission factor of each
mode, adding EVs, carpooling, and also buses, since the emissions from those were
previously not counted. Since there is no way of getting enough information about
carpooling’s savings, | decided to cut the user's vehicle emissions in half, assuming
they were getting a ride from one person, thus splitting the total emissions between
the two.

Once | had an emission factor, | could then subtract that from the user’s car emission
factor, to get an emissions saved factor. This was then multiplied with the distance in
the same manner the original factor was, meaning these modes were taken into
consideration.

| then did some brief testing to check if my carpool calculations were correct. | logged
a carpool trip on a test account, with the distance at 50km and the car emission
factor for a hybrid: 98. 98*50=4900, but since this was a carpool, the value was
halved to 2450g of carbon saved, which is exactly what the system said!

The acceptance criteria for this story were carpooling and EVs added to the logging
options and the carbon emissions of the trip calculated and subtracted from the
regular trip savings, so this story is complete.

As an app user, | want to log multiple trips in a week at once so | don’t have to
go back to my emails and re-click on the link.

Another piece of feedback is that if a user was swapping trips multiple times a week,
it was a pain to go back to the yes link from the email and log trips all over.

| decided to add a number input asking the user how many trips they had completed,
with a 14 trip limit. This number was chosen, since with 7 days in a week, this was
the most that could be achieved. | also put an information box on top of this
explaining that a trip meant one way, to avoid any confusion.

This value submitted was then added to the trip object. With this change, a trip object
was no longer the same thing as a trip, but rather any number of trips between 0 and
14. This was unfortunate, but with the existing architecture of the system, there was
no easy way to add multiple trip objects in this situation. However, this did make the
trips export spreadsheet more compact and understandable, since identical trips
were now grouped together.

36



The trip quantity value was then multiplied by the trip emissions before being added
to the total emissions.

The acceptance criteria for this story were having a way to select the quantity of trips,
the user being informed that a trip means one way, the carbon saved value multiplied
by the nhumber of trips, and the quantity of trips saved in the database, so this story is
complete.

Dashboard

Creation of the dashboard

The stakeholders had asked for multiple new features where information is shown to
users. While | could have put this information at the bottom of the logging pages, this
page was already becoming cluttered.

So, | decided to make a new page, the dashboard. This page was set up to be a hub
for information. | set up a redirect, so users would be taken there automatically when
they completed their logging instead of the old confirmation page. By requiring the
user's UUID in the URL, the server could authenticate the user and send the client
relevant user information, such as statistics or their personal links to other pages.

As an app user I'd like to be able to see how much greenhouse gas emission
has been saved and what that means so | can understand my impact

In the dashboard, | wanted to show the user how much carbon they had saved, how
much their employer had saved, how much their region had saved, and how much
the whole programme had saved.

| decided to reuse the models | had made for employers and regions, and added a
carbon saved value to each object. | then modified the logging views so that each
time a user saved carbon, it was added to their region and their employer’s carbon
variable. | also made another model, ‘All, which was used to store the whole
programme’s emissions.

Since | wanted this to be flexible and easy to change later, and it was much easier to
have fine control through JavaScript compared to the Django Templating Engine, |
decided to display the statistics through client-side JS code. | firstly configured
Django to pass all the relevant variables into a script tag in the markup, including the
names of the user’s region and employer, as well as the carbon all four entities had
saved.

Next, the JS code filtered through these and displayed text for each, along with a
motivational message. If the user had selected other for either their region or their
employer, these would automatically not be shown.

For the whole programme message, | decided to use a tree analogy. Since a single
pine tree in New Zealand absorbs, on average, 54.3 kilograms of carbon per year, |
divided the emissions to show how many trees worth had been saved. While | did
consider showing this for the other entities as well, | felt like this would be
discouraging if a user had skipped a trip a few times, and only saw half a tree.

The acceptance criteria for this story were showing carbon statistics for user,
employer, region, and programme, and showing an analogy for carbon emissions, so
this story has been completed.
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main HTML template for the page, giving me coordinator-controllable blog post
functionality.

| also implemented image functionality. The markdown module had automatic drag-
and-drop image support, so | configured Django’s media directory to also be served
by the development server and passed the path through to the module configuration.
This meant that a coordinator could drop an image into the markdown box, which
gets uploaded to the media directory and is then automatically added to the HTML of
the dashboard.

The acceptance criteria for this story were coordinators being able to add formatted
text to a blog post and this post being shown to users when using the app, so this
story is complete.

Bug Fixes and Tweaks

While the additional user story features were now complete, | also encountered
various issues and things that needed to be changed throughout this process.

For example, the dividers | was using in my email apparently are commonly used by
spam emails, so | removed them to improve email deliverability. Another example is
that | changed the format of dates in the generated spreadsheets to YY-MM-DD
HH:MM, since I'd found that Excel could not interpret the existing format.

Mobile compatibility

While the app worked perfectly on my PC, | decided to take a look at how it worked
on mobile phones. On an Android device there were no issues, but when | used an
iPhone running iOS, the page was rendering incorrectly, with an unexpected zooming
effect when clicking on an input, as well as all input text being blue. Moreover, my
Altcha CAPTCHA was not working at all on iOS, with it refusing to pass.

| thought that this might be an issue with WebKit because this was occurring on all
browsers on my iPhone, and | knew that on iOS all browsers use the WebKit engine
under the hood, as opposed to Chromium or Gecko on Android and most desktop
browsers. However, when loading up the page on a desktop WebKit browser, neither
of these issues occurred.

After some research, | realised that the blue text and zoom were intentional features
on iOS input text defaults to the system accent colour and input fields smaller than
16px zoom in to improve readability. Since every other browser defaults to black input
text, | hadn’t assigned it with CSS, and doing this fixed the issue. Likewise,
increasing the input font size from 14px to 16px resolved the zooming issue.

No matter how much research | did, | couldn'’t identify the issue with the Altcha
CAPTCHA option, which seemingly had no mention on the internet but occurred on
every iPhone | tested. My conclusion was that it was an issue with the third-party
Django module | was using, and since | did not want to write a compatibility module
from scratch, | decided to switch to another CAPTCHA provider.

After researching, | decided to use Cloudflare’s Turnstile captcha system. The only
alternatives were click-based CAPTCHAs like ReCaptcha or hCaptcha, and
Cloudflare allows the usage of up to 20 CAPTCHAs on a website for free.
Additionally, Turnstile has a Django module written by a Cloudflare employee, so it
should be more reliable.
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neither. Since there were several situations where more clarity was needed, |
introduced infoboxes in multiple places — at the start of the page explaining about the
programme and how to sign up, above the name clarifying that they can say
whatever they want, and above the vehicle informing users that if they don't drive, the
programme is not for them.

Another point of confusion with phrasing was the screen after sign up, informing
users that they'll ‘receive an email within the next 5 minutes’. A significant minority of
testers believed that they had to click on a verification link in that email, as that is a
typical user pattern. Since users of my app did not have to do this, | corrected the
text to say ‘You'll receive an email within the next 5 minutes, but this is all you need
to do for now,’ which prevented user confusion in further testing.

Another issue that a tester ran into was being unsure about the distance input. Since
the distances are fixed values and not ranges, they were unsure what to do when
their exact commute distance was not on the list. | decided to use another infobox,
since users ended up only reading them if they were stuck, otherwise ignoring them.
The infobox informed them that they should just pick the closest value.

CAPTCHA Error

The testing also helped me find a major issue with my CAPTCHA implementation.
Since | had hidden the CAPTCHAs in an attempt to make the experience smoother, |
found that if a CAPTCHA failed, it would only provide a cryptic error message which
testers could not handle, meaning that they could not use the rest of the app.

After some research and testing, | found that there were two issues causing this to
occur. When the CAPTCHA failed the message was confusing, since the users did
not even know there was a CAPTCHA.

But additionally, | found that these failures were occurring when a user pressed the
register button twice while waiting. The root cause of this was that there was no
visual feedback that the button press had done anything, so in the second-long wait
time for the server to process, the user had pressed the button again.

To fix this, | made two changes. Firstly, | made the CAPTCHA visible by default. It
would still automatically solve, but now the users had the required context to solve
the problem themselves if an error was to happen. Secondly, | added some
JavaScript code to block the button from being pressed while the response was
loading, and made it change the text to ‘Processing...". Now that users knew that their
input had worked, the root cause had been addressed, and for any other errors the
visible CAPTCHA allowed users to try again.

Change Sign Up Information

Consistently, testers could not figure out how to change their sign up information. |
had a default link at the top of the dashboard, and a second link in the footer of the
email, but they could not find these without being guided. Despite this, with
unsubscribe links in the same positions, users always knew to look in the email footer
to unsubscribe.

This is no doubt due to usage patterns people are familiar with. Unsubscribe is
frequently a function that is accessible from links in the bottom of emails, but editing
your profile is done from the main app. Furthermore, on the web, users are not used
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allowing me to use HTTPS with a single line of code.

Email in Production
Rate limit handling

Azure had rate limits on emails, meaning | could only send a certain amount per
hour. That meant | had to implement code to store messages when the rate limit was
reached. When an email did not send because of a rate limit, | detected the error
message and stored the email information in a new Django model, Backed Emails,
along with a stored priority value. Since | wanted sign up confirmation emails to be
sent as soon as possible, | gave these a priority score of 1, with logging emails at
priority 2, and database dumps at 3. | then setup a scheduler that checked if there
were any backed up emails every minute, and if so, ran an exponential backoff
algorithm, waiting 2 seconds and trying again, then 4, then 8, and so on. This allowed
me to test if the rate limit had been lifted or not without unnecessarily spamming
Azure's servers. If it was detected that there was no rate limit, the emails would, in
order of priority, be run one by one through the original send email function. This
means that if the rate limit reappeared before all emails were cleared, the remaining
emails would be put onto the backed up list again.

List hygiene

For Azure to increase our email send limit above 100 per hour, | had to prove that we
had list hygiene measures in place. This means that if invalid email addresses signed
up or an inbox stopped working, known as a bounce, they are unsubscribed
automatically.

The first step towards this was detecting if emails had bounced. After research, |
found that | could configure Azure to send a message to the server if an email had
bounced. | set up a new view at the URL /wh/bounce and got the server to print out
the message sent, since there was no documentation about how this was formatted.
Since these messages were only sendable through HTTPS, | had to do this testing
on the actual development server, as obviously my desktop and home IP didn’t have
a domain nor HTTPS. This meant that every change had to be committed to Git and
viewed through the server command line.

Firstly, | had to return an authentication code to Azure to prove that | owned the
server. But after that, when | tried to bounce an email, there was no response from
Azure. After some research, | found that sending an email to a domain without email
set up didn’t count as a bounce so it was not logged.

Next, | tried with an invalid email on a domain with email, but it still didn’t work. After
hours and hours of testing and debugging, | finally figured out what had gone wrong.
The server had successfully returned the information, but unrelated messages had
overwritten this. The next time | attempted this, Azure automatically suppressed the
email since it had previously bounced, which meant there was no server response.
After hours of trial and error, | tried a different address, and it worked, helping me
figure out what was going on.

Now that Azure was sending parseable messages to the server, | realised that there
were two types of bounce — a 4xx error, meaning temporary issue, and 5xx, meaning
permanent issue. | decided to unsubscribe emails that bounced with a 5xx error
code, or ones that for whatever reason had not included a code, while keeping 4xx

45



email since they may work in the future. This was achieved with a simple email
lookup in the system, and transferring the user object to the deleted users model.

There was one last issue — | had no way of knowing that the bounce message came
from Azure and not some third party, meaning a bad actor could forcibly unsubscribe
users if their email address was known. Reading Microsoft documentation, there did
not seem to be a free way to authenticate this, and their key based solution was
expensive and difficult to implement. However, since | can choose the URL for Azure
to notify, | can add a parameter to the end. Since the message is sent through
HTTPS, this is encrypted, so | can add a secret token to the end and check against it
in the server. For example, the URL could be https:/app.swapone.nz/wh/bounce?
token=secretcode, and the message would only be listened to if the token was
correct.

Rate limit increase

Since hygiene was implemented, | could then request a rate limit increase. 100
emails/hour was not enough, since if more than 100 users were signed up, the
system would back up on the weekly send. Because of this, | requested an increase
to 1000 emails/hour, providing much more detail when compared to the SES request
that had previously been rejected, such as a detailed explanation of the hygiene
system, images of the emails sent, and the unsubscribing system, as well as linking
to the main initiative website.

Initially, the programme was rejected, due to a high bounce rate, which made me
think the whole initiative was over — there was no other provider who | could go to.
Thankfully, after a long and in depth discussion with multiple levels of service
representatives, | managed to explain that the bounces all happened on the same
day, and these were from the testing of our bounce rejection system. After a
terrifyingly long consideration on Azure's part, a rate limit increase to 1000
emails/hour was accepted under the condition that future bounce rates remain low.

Sendability

Whilst the messages could now be sent at a rapid rate, they were often being sent to
spam inboxes. To fix this, | used a mail tester, which ranked our deliverability score at
3/10 because of no proof-of-identity records such as DKIM and MX, broken links, no
alt text on images, and no one-click unsubscribe.

| used Cloudflare to add DKIM and MX records, meaning that inboxes know that the
server is authorised to send emails to prove they are legitimate. | also added missing
extensions to links such as https:// and www. when applicable to fix the links in the
eyes of the system, and added alt text to all images in the messages, which brought
the deliverability score to an 8.5/10.

To get to 10/10, one-click unsubscribe needed to be included in the email header, so
that inboxes can display a button. However, | wanted the unsubscribe experience
from the main link to display a message asking if the user was sure. Because of this,
| checked if the POST request from client had oneclick in the header. If it did, they
would be instantly unsubscribed, whereas if it didn’t, they would be taken through the
GUL.

These changes made the deliverability perfect, with no more emails going to spam
from my testing.
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Monitoring Systems
Sentry

Sentry is a web system that plugs into the app and records any errors, sending me
an emails. Since the app was moving to production, | needed to know whenever
anything went wrong, so that | could fix it. | plugged it into both the front-end
JavaScript and the back end Django system, by simply entering a boilerplate script
into the respective scripts, including the head of every HTML page. This meant that
when | disabled Django’s debug mode which provided error messages, | could still
see when anything went wrong with the system.

Analytics

| also wanted an analytics tool in my system, so | could see how many users had
accessed the page and from where. The two common services that | knew about
were Google Analytics or Simple Analytics. While Google allowed me more
information, including viewing users’ exact actions, it used tracking cookies, meaning
| would have to set up a disclaimer and disable it if users reject cookies. This seemed
like it would interrupt user flow and lose trust, as well as being technically
challenging, so | decided to go with Simple Analytics. By simply adding a snippet of
code to the head of HTML pages, | could track users through a friendly dashboard
while respecting their privacy.

Database Production

Crashes

A week before the app launch, | found that the task scheduler had crashed. Starting it
up again, | realised that on average it was crashing around once per day. Using
Sentry to view the tracebacks, | could decipher that the root cause was that both the
website and the scheduler were trying to read the database at the same time,
increased in occurrence by the bi-minutely check for backed up emails. Since Django
prioritised the website, the scheduler timed out and crashed. This was because
SQLite could only handle one read or write at a time. | changed some timeout
settings and changed the mode to Write-Ahead Logging (allowing reads to happen at
the same time as writes), hoping this would work as a quick fix. However, when
checking Sentry in the morning, | realised that it had crashed within hours of the fix.

After researching and asking people | knew, | came to the conclusion that while using
SQLite, | would have consistent stability issues. As this was a real application people
were going to use, | decided to bite the bullet and spend hours and hours porting my
entire system to PostgreSQL, which supported concurrent reads and writes, and
would fix the issue. Since | had used Django’s ORM to interface with the database,
this was possible without major code rewrites.

| had two options — either subscribe to an expensive Postgres host, or run Postgres
locally on the Azure server | was renting. Since | had only days before the launch,
and no time to get a budget increase approval, | decided to run it on the server. |
installed Postgres on the Azure server and added it to my startup and quit shell
script.

| then changed settings deep in the Django configuration system and spend hours
configuring permissions through the Linux command line, finally managing to connect
the new database system.
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sustainable commute strategies based how their employees are getting to work.

The app is ensuring a frictionless and trustworthy user experience. Since users
are willing to sign up and share their information, we are obviously a trusted platform.
Due to the high rates of logged trips, we also know the core user path of receiving an
email and logging a trip is frictionless, since otherwise users would not bother. The
biggest sign that this app is trusted is that the Swap One programme coordinators
are confident enough to promote it to all their users, risking their reputation on my
work and proving that it is fit for their long term purpose.

The app has a scalable and maintainable technical foundation. All the code is
openly licensed on GitHub to be adapted and changed by anyone who's doing
anything similar. A professional developer, JP, was asked to do a pre-launch
architectural review, verifying that the app will scale to the extent of the programme
and can be modified by other parties if needed. Since Django is so modular, it is
genuinely easy to adapt and add new features if required for the programme.

4.4. Reflection and End Note

Reflection on Process

Overall, the process | used for this application worked really well, as seen by the
quality of the outcome. In saying that, if starting this whole endeavour again, | would
absolutely make some changes.

| would start with a much greater focus on adaptability. My initial Waterfall
methodology failed almost immediately, and the core structuring of the application is
a remnant of this. Due to rigid and non-adaptable constraints like the way trips were
stored, making last-minute changes such as predefined options for ‘No’ logging were
very difficult without breaking the rest of the codebase. If I'd leaned into Agile from
the start and designed the database structure with the expectation these core things
could change, the app would have been more flexible and much easier to program.

Likewise, | would try to be more clear with my stakeholders about what they actually
wanted from the app. It all worked out in the end, but the final scope was much
bigger than we agreed at the beginning. Having a better idea of what to make from
the start would have helped me make better base architectural decisions. But
perhaps, this reflects the reality of working with stakeholders whose own ideas
change through a development experience.

| would also have used a different authentication system. While the pure magic-link
based system was entirely appropriate for the MVP, since the edit information feature
allows the user to view their information, there is now the possibility that a malicious
actor could gain access to a user’s UUID via, for example, browser history, and find
their information. While the stakeholders are comfortable with this approach for now,
if starting again, | would use Django’s password system to properly authenticate
users before allowing them to view their information, to prevent any data breaches.
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The technology choices | initially made worked out very well, especially the decision
to use Django. The ‘batteries included’ philosophy of this service as well as the
wealth of third party modules made so many additional changes, such as the admin
panel or the blog system super easy. If | had used Flask instead, | simply would not
have been able to implement these features, as they would have taken far more
development time than | had available. Choosing Django was the best decision of the
whole development process.

Learnings and Future Iterations

| learned so much from this development process. At the start, | had not ever built a
production application, nor done any server-side development work. What a first
proper programming project! | now understand so much more about how the web
works, and after this year’s work, | feel like I'm finally getting the hang of Django. The
documentation and forum posts from all the various communities whose work |
referred to was immensely helpful, and | really appreciate how simple everything
was. If a novice like me could build a reliable and powerful web application from
scratch, anyone could.

My most valuable lessons from this, however, were about how to work in a team.
Good communication between everyone working on a project is so important, and |
learned that | couldn’t just go build an app that worked for myself — | needed to work
with my team mates so that it would meet their needs and work with everything else
they had designed.

| will be maintaining the Swap One web app for the duration of the programme, until
the end of next year. I've already been asked to make some changes based on initial
user feedback, such as allowing these users to input a distance each trip if they want
instead of forcing all trips to be the same lengths. I'm definitely going to do this, but
sadly there’s no time to include it in this version.

End Note

The Swap One app is clearly still a work in progress, but it's a working work in
progress, in production and being actively used by my stakeholders.

This has by far been the most complex and difficult thing | have ever achieved, taking
up most of my free time for most of a year, far from the initial 50 hour programming
time estimate. In saying that, | am so proud to have completed this project. I've
learned how to program and work with people, but more importantly | have built
something that is helping to make the world a better place.

I'm excited to see Nelson swapping away from the car.
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Outstanding Scholarship

Subject: Technology
Standard: 93601
Total score: 22
Q Score Marker commentary
The candidate developed a sophisticated website to meet an authentic
issue, providing a means for Nelson residents to reduce their carbon
emissions from commuting to work.
The requirements and attributes are well researched to establish
comprehensive parameters of the brief in the broadest sense.
The project exhibits seamless progression, demonstrating excellent
design thinking throughout the technological process.
1 08 The final outcome reflects deep, complex knowledge and a high level of

refinement, achieved through highly competent technological practice.

The efficient testing and knowledge that has been integrated within the
project demonstrated the required elements of synthesis, polish, and
optimisation that led to an outcome that is seen as a viable solution to
the issue. The website is live and being used by many businesses in the
Nelson-Tasman region.

The development of the website is innovative and original, enabling the
candidate to demonstrate a very high level of skills and creativity.




07

The candidate has provided a well-structured and compelling
justification for their technological practice and outcome.

A combination of very well written evidence and imagery provides visual
connections to support the ongoing commentary. A short video clearly
demonstrates how the various aspects of the website work in practice.
Evidence throughout the report is consistently relevant, with minimal
repetition, ensuring clarity and precision.

A high level of technological modelling is evident, enabling the candidate
to respond effectively to challenges during the website’s development.

The candidate has been discerning with their work to ensure the
scholarship criteria has been met.

Communication is systematic and persuasive, supporting the
technological practice underpinning the outcome. This includes clear
explanations of how complexities and constraints were resolved and
reviewed throughout the iterative process.

The candidate convincingly justifies their decision-making, technological
practice, and the effectiveness of the final outcome. The narrative is
coherent and compelling, further enhancing the perception of the
product as an innovative and viable solution.

07

In this report, it is evident that the candidate has critically reflected on
their own technological practice.

The candidate selected and worked closely with members of the Nelson
Tasman Climate Forum, who were genuinely invested in the success of
the outcome. These stakeholders were consulted at key moments to
provide important feedback.

The candidate then critically reflected on the information gained to
inform and guide their practice, resulting in a high level of skilled
execution.

Evidence clearly shows how ideas were progressed and decisions made
independently, with a strong focus on ensuring the website was fit for
purpose.

This reflective approach underpinned a high level of skilled execution
and contributed to the overall quality and effectiveness of the final
outcome.






