Domestic Student Relocation
Emissions Calculator

Ivan Ivanov

A dissertation submitted in partial fulfilment
of the requirements for the degree of
Bachelor of Science
of the

University of Aberdeen.

Department of Computing Science

2024



Declaration

No portion of the work contained in this document has been submitted in support of an application
for a degree or qualification of this or any other university or other institution of learning. All
verbatim extracts have been distinguished by quotation marks, and all sources of information have

been specifically acknowledged.

Signed: c\/m C\/Wu—

Date: April 2024



Abstract

The growing urgency of addressing climate change necessitates that organizations, including uni-
versities, address their environmental impact. However, existing emissions measurement tools
often fail to capture the unique needs of universities, especially regarding student relocation travel
emissions.

This dissertation presents the development, testing, and evaluation of the innovative Student-
GreenTravel software, designed to be used by the University of Aberdeen to accurately calculate its
CO2 emissions resulting from student relocation. The tool employs groundbreaking methodology
for calculating carbon dioxide emissions based on anonymized data (postcodes), chosen methods
of transport, and travelled distance, while offering a convenient user interface and features such as
customization of emission factors and invalid data handling.

Beyond its technical contributions, this endeavor fosters a deeper understanding of the im-

portance of achieving Net Zero and mitigating environmental impact.
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Chapter 1

Introduction

1.1 Overview

The current project focused on both measuring and substantially improving the precision of the
emissions gauged from domestic student travel at the University of Aberdeen. This initiative
stands as a pivotal endeavour in the context of global climate change. In recent years, climate
change has emerged as a central focus of many nations and organizations around the world. This
greater attention stems from the frequent incidence of different natural disasters such as severe
storms, heatwaves, droughts, and rising sea levels. These phenomena are widely believed to be

related to the ongoing processes of urbanization and industrialization in modern society (Sekoai

and Yoro, 2016). Greenhouse gases, particularly [Carbon Dioxide (CO,)| are foremost among the

factors driving climate change. This gas is primarily emitted through the combustion of fossil

fuels, which is mainly interconnected with human activities (Thiruvenkatachari et al., 2009).

Many papers on this topic have been published that talk about the different impacts which
businesses and organizations have on the environment through their activities. However, only
recently the question of the impact on the environment of universities and their activities has been
raised. First,[Shields|(2019)) demonstrated that the movement of international students contributes
to greenhouse gas emissions, with globally mobile students emitting above the average traveler.
Furthermore, he pointed that the combined carbon footprint of internationally mobile students
from air travel alone rivals the total emissions of a small nation.

Universities, operating as institutions dedicated to education, research, and community out-
reach, hold a significant responsibility in generating knowledge, embedding sustainability into
educational and research initiatives, and advocating for environmental concerns within society
(Gtiereca et al., [2013}; |Valls-Val and Bovea, [2021). Furthermore, their activities generate direct

(Scope 1) and indirect (Scope 2 & 3) emissions as per the [Greenhouse Gas (GHG)| protocol
(Ranganathan and Corbier, 2011). These three scopes help delineate direct and indirect emission

sources of an organization, as shown in Figure 1.1.

Scope 1 or direct emissions occur from sources that are owned or controlled by the organiza-
tion. For example, emissions from chemical production in owned or controlled process equipment.
Scope 2 emissions are from the generation of purchased electricity which is consumed by the in-
stitution. Scope 3, which is considered optional in regards to measuring and reporting, is related to
indirect emissions that occur as a consequence of the organization’s activities, but the sources of

these emissions are not owned or controlled by the organization itself (Ranganathan and Corbier,
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2011).
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Figure 1.1: Scopes of Emissions (WRI and WBCSD|(2013))

In the university context, Scope 3 is related to construction, transport, consumption of ma-
terials (water, paper, electrical and electronic devices, laboratory chemicals, etc.) and waste gen-
eration (non-hazardous, hazardous, and electrical and electronic equipment, etc.)
2015). Transport emissions are considered a significant portion of total Scope 3 emissions
across numerous studies. For instance, in De Montfort University these emissions account for
29% of the total carbon footprint (Ozawa-Meida et all, 2013). However, because travel-related

emissions have been considered optional and, until recently, solely comprised student and staff

commuting between their term-time address and the [Higher Education Institution (HEI)| (Davies|
2015)), this omission highlights a substantial gap in the literature regarding the sustain-

ability and environmental impact of higher education.

Research on higher education and sustainable development has extensively explored the ad-
vantages and value of international student mobility and education like cultural, personal, and
career outcomes but has often neglected to consider their environmental impact
2003). Furthermore, the oversight of the broader social and economic contexts within
which universities operate often results in a failure to recognize the limitations in addressing sus-
tainability issues, thereby aggravating the critical gap related to understanding the link between
international student mobility and its contribution to global climate change 2019).

The recent surge in awareness of this void can be attributed primarily to various interna-
tional agreements and contracts that aim to significantly reduce carbon emissions by mid-century.
Such agreements are the 2015 Agenda 2030 for Sustainable Development (Hanemann), 2015)) that
outlined 17 [Sustainable Development Goals (SDGs)|to be achieved by 2030, and the 2019 Euro-
pean Green Deal (Commission et al., 2019), which included 50 specific actions to combat climate

change. They in turn prompted the development of different guidelines and recommendations

oriented towards calculating [Carbon Footprint (CF)|in universities.
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The American College and University Presidents’ Climate Commitment (ACUPCC)) (Dautremont-
Smith et al., 2009) provides institutions with recommendations for reporting, planing for climate

neutrality and creating programs for sustainability on campus. Cool Campus 2009)
offers guide in action planning and tips for calculating the [CF as well as mitigating measures.

The Second Nature Platform (Nature, 2020) presents a series of recommendations for selecting
the emission sources, calculating[GHG|emissions and analysing their evolution or identifying mit-

igation strategies. These are just a few examples of the current guidance documents available.
As a consequence of these developments, tracking and measuring different emissions related to
various activities and productions became a standardized approach that facilitates planning and
decision-making (Valls-Val and Boveal, 2021).

1.2 Problem Identification and Motivation

In order to effectively measure and mitigate their carbon footprint, universities rely on emission
calculators or trackers (Figure 1.2), sophisticated tools designed to capture various inputs such as
electricity consumption, water usage, staff and student travel distances via diverse transportation

modes, waste management data, and more. These calculators serve as invaluable instruments for
quantifying emissions and informing sustainability strategies 2013).
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Figure 1.2: UK Government — My 2050 Carbon Calculator (2020)

However, existing emission calculators often fall short in accounting for emission sources
within institutional settings such as Scope 3 emissions (Valls-Val and Bovea, 2021). This defi-

ciency has spurred some universities to take proactive steps by developing their own calculators
to better align with their specific operational contexts. Notable examples of such initiatives in-
clude the CO2UNYV, SIMAP 2020, and the Domestic and International Student Relocation Travel
Emissions Calculator Tool. While these tools provide better flexibility and suitability, they often
require further refinement to accurately capture all emission sources, particularly those associated
with student travel (Schaltegger and Csutora), 2012} Williams et al., 2012).
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Additionally, universities face two major persistent obstacles in accurately quantifying stu-

dent travel emissions:

1. Confidentiality constraints: Information such as students’ home addresses and transporta-
tion methods can be considered personally identifiable information, while information on
frequency and means of travel can reveal personal habits or financial situations. Universi-
ties have a responsibility to protect student privacy, and collecting detailed data might raise

concerns about potential misuse (Earp and Payton, 2001).

2. Data availability and reliability constraints: An uncertainty assessment of input data for
such a measurement, performed at the De Montfort University, showed 75% uncertainty
for international students air travel data (Ozawa-Meida et al., 2013). As a result, it was
concluded that this type of emissions is frequently underestimated or overlooked in sustain-

ability assessments.

Addressing these challenges and enhancing the accuracy of emission calculations for student travel
is crucial for universities to develop effective strategies for reducing their carbon footprint and
advancing sustainability goals (Koester et al., [2006)).

Such challenges and limitations are present in the current emissions calculator tool utilized
at the University of Aberdeen as well. Specifically, the tool calculates travel distance of a student
from their home country’s capital to the university without considering additional factors such as
home address and layover locations. While this can be considered somewhat acceptable for inter-
national students, this approach greatly affects the accuracy of calculations for domestic students.
Consequently, the tool produces highly inaccurate and possibly overshooting or underestimating
data, undermining the reliability of emission assessments and the development of targeted mitiga-
tion strategies.

An illustration of the effect of such constraints are the findings from the 2013/2014
[Management Record (EMR)|return (HESA| 2014), where only 27 reported on all available
Scope 3 sources. There, emissions reported by two appeared flawed, while the emissions

from the remaining 25 institutions accounted for 71% of the total reported emissions. This dispar-
ity clearly illustrates the significance of Scope 3 sources, emphasizing how narrowly set bound-
aries can substantially underestimate emissions, ultimately providing a misleading picture of an

organization’s carbon footprint (Matthews et al., 2008).

1.3 Objectives

To target the above-described limitations of the Domestic and International Student Relocation
Travel Emissions Calculator Tool (DISRTECT]), a new travel emissions calculator software will
be developed that will include:

¢ More accurate travel distance and emission calculations

— The main goal of the project is to improve travel distance measurements and emission
calculations for domestic students by considering students’ home addresses, mode of
transport, distances to closest transport hub, distances to Aberdeen transport hubs and

layover location.
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* Options for modifying travel methodology assumptions

— This is a key goal as it allows accounting for different travel assumptions, such as the
proportion of students travelling by various means of transport to Aberdeen and the

number of trips they perform on a yearly basis.
» User-friendly interface

— Another major goal of the project is to transfer the current and new functionality of the

tool into a new |Graphical User Interface (GUI)|that will enhance user experience.

* Visualizations - interactive graphs and travel routes

— A secondary goal which will further enhance user experience and make the acquired

data easier to read and analyze.

1.4 Contributions

This dissertation greatly extends the groundwork laid by two key contributors at the University
of Aberdeen: Estrid Jonsson, a former travel emissions intern, and Roederer Rose Lyne, the Net
Zero and Emissions Manager. While Estrid Jonsson is not directly involved in the current project,
Roederer Rose Lyne serves as the project’s client.

Estrid Jonsson played a key role in developing the initial methodology for calculating stu-
dent travel emissions, while Roederer Rose Lyne supervised the implementation of the
[and International Student Relocation Travel Emissions Calculator Tool (DISRTECT)l These de-

velopments form the foundation of the current project. Additionally, their tool includes various
calculation methodologies for both national and international students, emission factors for dif-
ferent modes of transport, and statistics for emissions per country. This functionality enabled the
university to gain a deeper understanding of its Scope 3 emissions and this way assess its perfor-
mance in comparison to other institutions.

The current project enhances previous calculation methods by providing more detailed in-
sights into the travel patterns of home students, including factors such as home addresses, travel
routes, and modes of transport. Additionally, the project offers greater data granularity by pro-
viding council-level data on travel distances and emissions, and introduces a new

nterface (GUD)|to improve user experience.



Chapter 2

Background and Related Work

This chapter discuses previous work in the field, including established standards and methodolo-
gies for carbon footprint measurement in universities. It explores the challenges which are often
encountered, along with recurring patterns and trends in the obtained results. Additionally, the
chapter provides an in-depth examination of existing solutions, highlighting their strengths and
shortcomings. It concludes with an overview of the increasing international student mobility and

its environmental impacts.

2.1 Carbon Footprint Measurement in Universities

This section delves into established methodologies for measuring carbon footprints in universities,
along with the challenges encountered. Additionally, it explores the recurring patterns and trends

observed in the results obtained from previous studies.

2.1.1 Standards and Methodologies
Higher Education Institutions (HEIs) play an important role in promoting sustainability and should

be an example of a sustainable organization (Klein-Banai and Theis| [2013). According to |Valls-

Val and Bovea| (2021)), calculating, tracking, and reporting the [Carbon Footprint (CF)|is often

considered a fundamental step for HEIs aiming to transition towards sustainability. The CF, as de-
fined by ISO 140641 (2018), represents the total amount of greenhouse gases produced
by the activities of an organization, measured in units of carbon dioxide equivalent (COZ2¢]). This
measurement encompasses various pollutants and is typically quantified using the GHG emis-
sions formula. With this formula, the emissions from a specific source (E;) are obtained from the

product of activity data (AD;) and the respective GHG emission factor (EF;):
E; =AD; X EF;

Once the emissions from all specific sources are obtained, they are added up to quantify the
total carbon footprint in CO2e of the organization.

Numerous international standards and frameworks have been developed to calculate the [CH
of organizations, including Notable examples are the GHG Protocol (2011), ISO 14064-1
(2018), and PAS 2050 (2008)), with the most renowned being the GHG Protocol. In their litera-
ture review of 35 studies, |Valls-Val and Boveal (2021) found that 54% of the reviewed institutions
utilize this protocol, which further cements its reputation as the de facto standard for carbon ac-

counting (Ascui and Lovell, 2012).
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The purpose of such frameworks is to provide guidelines for identifying emission sources,
collecting activity data, and calculating emissions. However, despite their availability, there is a
lack of standardization in@measurement methodologies (Durojaye et al.,2020) as many of them
consider different emission sources and emission factors. Additionally, emission factors applied
for each source are quite variable and country-dependent in respect to a given university.

Furthermore, a preliminary step for calculating the of an organization, is the prepara-
tion of a greenhouse gas emissions inventory. A [GHG|emissions inventory is similar to a life cycle
assessment that illustrates the environmental impact of activities that generate greenhouse gasses
(Eggleston and Tanabel |2006). These activities can span from resource extraction to waste man-
agement and are commonly targeted in sustainability initiatives (Klein-Banai and Theis} 2013).
Essentially, these inventories serve as reference points (Bailey and LaPoint, [2016). Nonetheless,
there is lack of standardization in this matter as well (Arioli et al.,|2020). This is due to the fact that
universities are located in different areas, vary in size, number of buildings, number of students,
some of them have their own power plants, while others do not, and these are just some of the

factors that must be considered when creating an emissions inventory.

2.1.2 Challenges in Measuring Emissions

Due to this lack of uniformity in methodologies, many universities partly deviate from the es-
tablished schemes and apply individual allocations which better suit their needs and contexts
(Helmers et al., [2021). These adjustments present a difficulty in obtaining comparable results
and lead to differences in scope, boundaries, emission sources, emission factors used, which are
often study-specific. For instance, [Dias and Arrojal (2012) outline the differences in estimations
for office paper between ISO14040, PAS 2050 and [Confederation of European Paper Industries|
frameworks at 4.64g, 4.74g and 4.29g[COZ2¢| per A4 sheet respectively.

A significant challenge related to emission measurements is the accurate quantification of

Scope 3. |Ozawa-Meida et al.| (2013) found that despite a compelling case for quantifying these
emissions, up to 80% of a carbon footprint can be attributed to unreported indirect emissions.
This gap is further supported by the findings of [Vasquez et al. (2015), who evaluated Scope 3
emissions to be around 68% of total at the Curicé Campus of Talca University, and |Gomez
et al.[(2016) stating that these emissions comprise up to 80% in Castilla-La Mancha University.
One reason behind this exclusion is that guidance and organizations themselves often favour the
emission sources for which data is readily available through documents and bills (Scope 1 and
Scope 2) (Robinson et al., 2018)). This is especially helpful in reducing the difficulty and costs of
these calculations for universities (Valls-Val and Bovea, 2021)).

On the other hand, indirect emissions, specifically from commuting and international travel,
are considered challenging to acquire. As the travel data is often collected from surveys and ques-
tionnaires, it inevitably involves a degree of uncertainty due to its dependence on the credibility of
the answers and the level of involvement in participants. That is why different assumptions need
to be made (Letete et al., 2011). Most often metrics such as the number of trips students make per
year, number of students on exchange programmes and shares of method of transport are assumed
(Gaffron and Niemeier, |2015). These assumptions introduce even more disparities and thus lead
to either overestimating or underestimating [CF| calculations and highlight the need for a common

framework. This necessity is further supported by the growing student mobility, a topic elaborated
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upon in section
2.1.3 Result Regularities and Patterns

Examining the [CF measurements across various reveals intriguing patterns and regularities
among the challenges of achieving consistency and comparability. Strikingly, studies consistently
demonstrate significant disparities in carbon footprint results, emphasizing the inherent difficulty
in carbon footprint analysis. While attempts to normalize results offer different perspective, dis-
parities persist, highlighting the earlier-mentioned methodological challenges. Scope 3 emissions,
related to student and staff travel, are the main focus as they represent a substantial source of
greenhouse gas emissions in (Townsend and Barrett, 2015)). Despite the increased awareness,
studies such as those by [Bailey and LaPoint| (2016)) and [Townsend and Barrett (2015) emphasize
incomplete data regarding this type of emissions, particularly related to commuting, study abroad,
and air travel.

On the other hand, certain papers indicate that even though results are not as accurate as some
may desire, they have a positive impact on the general awareness of emission sources and promote
the idea that increased awareness can lead to better management of these emissions (Whitmarsh
et al.l 2011). Furthermore, some argue that the clear increase in total emissions may be a results
of the recently started measurement of Scope 3 emissions (Brand and Preston, [2010).

Overall, these patterns underscore the necessity for ongoing research and collaboration to ad-
dress methodological challenges and enhance the reliability and comparability of carbon footprint
assessments in the higher education sector, especially in anticipation of the projected increase in

international student enrollment (Davies and Dunk! [2015}).

2.2 Existing Emission Calculators and Tools

This section delves into a detailed discussion of existing emission calculators, highlighting their

respective advantages and disadvantages.

2.2.1 CO2UNV
CO2UNV (2022) is a tool specifically designed to calculate the carbon footprint of universities,

which was developed by the Department of Mechanical Engineering and Construction at the Uni-
versitat Jaume I. It is based on the [GHG| Protocol (2011) and allows selection of emission sources
in universities for all three scopes that are considered in the protocol. More specifically, the tool in-
corporates all Scope 1 and Scope 2 sources identified in a comprehensive analysis of 33 academic
papers from various international universities, each detailing their methodologies for calculating
carbon footprints. However, only the Scope 3 sources, which were considered in more than 40%
of the studies, are covered by the tool. CO2UNYV incorporates default emission factors that are
sourced from official or governmental Spanish origins, but allows for user modifications and inclu-
sions of new emission sources. An important aspect is the capability to compare carbon footprints
from various years, particularly valuable for monitoring progress in reducing carbon footprint
over time. Moreover, the results are presented both in table and graphical format which facilitates
analysis and improves user experience.

Despite all of these advantages, the tool cannot serve a good purpose for measuring student
travel emissions due to the fact that it only can calculate from commuting and business

travel, as shown in Figure 2.1. Additionally, authors do not specify if the presented categories
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can be extended and if the tool is capable of creating whole new categories of emission sources.
Another disadvantage, is the fact that the tool is currently a prototype in the form of an Excel file
which does not enhance the user experience as required by the current project, so it cannot be

considered as a viable option for addressing the specific problem described in this paper.

" TRANSPORT
- - Means of } . Emission factor (kg C0,e/u) Partial emissions TOTAL EMISSIONS
Building/Unit (e Sub-type Community Quantity (u) Known EF? Defauit — (ke COze) (kg COze)
0,00
o ~ Means of 2 Emission factor (kg COze/u) Partial emissions TOTAL EMISSIONS
2
D/ transport SR Ll R Default Known (kg COze) (kg COze)

Figure 2.1: Transport Emissions included in CO2UNYV tool (]Valls—Val and Bovea|, |2022|)

2.2.2 SIMAP 2020

SIMAP is a carbon and nitrogen-accounting platform that can track, analyze, and improve campus-
wide sustainability (Andrews and Leach| [2024). It was officially launched in 2017 but started as
a master’s thesis at the University of New Hampshire, USA in 2001. It collects, analyzes, and

presents data on the emissions of greenhouse gases and losses of reactive nitrogen, attributed
to institutional activities. Comparable to its Spanish counterpart CO2UNYV, it utilizes the [GHG|
Protocol (2011). However, unlike the CO2UNV it considers almost all known Scope 3 pollutants
such as emissions from commuting of staff, faculty and students, business travel, study abroad
air travel, student travel to/from permanent residence, etc. In addition, customization options for
emission factors are available for all sources, albeit accessible only through payment for one of
the higher tiers offered by the platform.

To calculate the carbon footprint of an educational institution, SIMAP requires descriptive
information about the university’s campus and data on what resources are consumed from the
outlined scopes of the [GHG] protocol. The emission and loss factors are built into the system, but
can be customized to suit the specific factors of the campus in question. The results can be filtered
and presented as total footprint, or by scope, category, source, etc. There are numerous graph

options and selection of year range, as shown in Figure 2.2. Notably, there is an option to export

the greenhouse gas emissions inventory, the emission factors and the results (UNH Sustainabilityl|

Institute, 2018).
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Figure 2.2: SIMAP Graphs (2024)
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On the other hand, a disadvantage is that in order to utilize the complete Scope 3 emissions
reporting functionality, the university must be subscribed to the Tier 2 plan of the system. Addi-
tionally, while the system provides customization of emission factors, it does not specify whether
these factors can be tailored to align with European metrics, given that they are currently derived
from [US] governmental sources. These drawbacks determine this tool as unsuitable for addressing

the specific problem outlined in this paper.

2.2.3 Domestic and International Student Relocation Travel Emissions Calculator
Tool

Following the introduction of its Aberdeen 2040 commitment to achieve net-zero carbon emis-

sions by 2040, the Estates Department at the University of Aberdeen proceeded to develop its

proprietary emissions calculation tool. The [Domestic and International Student Relocation Travel|

[Emissions Calculator Tool (DISRTECT)| which is the currently available tool at the university, is

solely concentrated on Scope 3 emissions from student travel between their home address and the
university. This is attributed to the significant absence of these emissions from the institution’s

emission profile.

Currently, the tool relies on domicile and postcode data of students, collected by the Estates
Department, to conduct the calculations. Regarding international students, it includes a list of
[United Nations (UN)| member states along with countries provided by students from Registry. For
[UK]students, Scotland is considered as one region, while the rest of the[UK]as another due to their

separate tuition categories and the different travel methods that students from these regions utilize.
The calculation methodology bases its computations on two trips per academic year, when the
year starts and ends, and any potential travel by students outside of these journeys are considered
the responsibility of the student. The instrument uses the capital city of the student’s country
of residence as the starting point location for each student trip. This choice is made for accuracy
purposes, aiming to prevent over-counting of emissions. However, although this method is applied
to both domestic and international students, it fails to depict the actual travel patterns, distances

and means of transport of the domestic students (Jonsson, 2023)).

The above-described limitations infer that the calculation of total emissions each year re-
quires a level of assumptions and has some degree of errors. This is present in the two previously
reviewed tools, but here, the reliability of the data is significantly affected compared to them.
Moreover, the current state of the instrument does not allow for any assumptions in regards to
the final leg of the journey - the trip between Aberdeen’s bus/rail station or airport and the uni-
versity. This is a key gap as these trips are also contributing to the overall carbon footprint (CE)
of the students. In addition to these limitations, the calculator is currently housed within an Ex-
cel spreadsheet rather than having its own graphical user interface. This hinders its potential to
become a nationally or internationally recognized standard in travel emissions calculation and to
provide a more user-friendly experience. These are the main limitations of the tool that require
addressing, as described earlier. Overcoming these limitations would present improved opportu-
nities for identifying travel patterns and devising measures to reduce the carbon footprint of the

university.
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2.3 Rising Student Mobility and Its Environmental Implications

The mobility of international students has experienced significant growth over the past few
decades, as highlighted by [Kim and Zhang| (2022)). According to UNESCOQO| data, the global stu-
dent mobility rose from 2 to 6.36 million from 2000 to 2020. This surge in international travel
among students coincides with a broader concern regarding transportation emissions, which ac-
count for approximately one-fifth of global carbon dioxide emissions (World Resource
Institute, 2016). Anticipating the transport demand to escalate due to factors such as population
growth, rising incomes, and increased accessibility to transportation modes like cars, trains, and
flights, it becomes imperative to monitor and measure travel emissions (Ritchiel 2020).

The International Energy Agency forecasts that the global transport (measured in
passenger-kilometers) is expected to double, car ownership to increase by 60%, and demand for
passenger aviation to triple by 2070 (IEAL 2020, p. 153-154). Combined, these factors would
result in a large increase in transport emissions, considerable part of which could be attributed to
domestic and international travel by students.

In the context of Scottish universities like the University of Aberdeen, there exists a legal

obligation under the|Universities and Colleges Climate Commitment for Scotland (UCCC1S)|and

the [Public Bodies Climate Change Duties (PBCCD)|to report annually on emissions through the

platform in November. However, emission tracking serves purposes beyond legal com-
pliance. In the second chapter of their book "Carbon Footprint Analysis" [Franchetti and Apul
(2012)) delineate four main categories of benefits an organization can derive from [GHG| minimiza-
tion efforts: environmental, economic, corporate image and personal and social benefits. All of
these benefits could be traced back to the [Sustainable Development Goals (SDGs)| which most

universities use as a framework to achieve sustainability (Serafini et al., [2022).

English-speaking countries, particularly the [US] the Australia, and Canada, are of par-
ticular interest due to their status as leading destinations for international student recruitment
(Choudaha and Chang| 2012). The United Kingdom is considered second to the [US| with an
international student share of 11% of the global cohort of academically mobile students (Walker,
2014). Universities such as the University of Aberdeen, falling within this category, indirectly
contribute to Scotland’s overall emissions through student travel. To mitigate potential emissions
growth with relation to increased student numbers and travel, universities must spread awareness
among their communities, plan strategically, and promote sustainable methods of transport. How-
ever, achieving these objectives necessitates an accurate assessment of the current situation, which

is done through gathering precise data.


http://data.uis.unesco.org/

Chapter 3

Design and System Architecture

This chapter provides and in-depth exploration of the requirements, design decisions, and system
architecture of the StudentGreenTravel software. It offers insight into the design process, explain-
ing the methods, considerations, challenges and limitations that shaped this process. Additionally,

it provides an extensive description of the key methods and components of the system architecture.

3.1 Requirements

This section outlines the scenarios that illustrate potential user interactions with the software,

followed by the functional and non-functional requirements derived from these scenarios.

3.1.1 Scenarios

The following scenarios are used to decide the functionality of the system:

1. A university staff member enters student data and travel assumptions to calculate travel

distances and accumulated emissions.
2. A university staff member enters custom emission factors to be used in calculations.
3. A university staff member enters student data to find invalid data points.

3.1.2 Functional Requirements

These requirements are intended for both the user interface and the backend functions:
1. Ability to input student postcodes dataset.

* The system should allow users to input a dataset with student postcodes in an Excel
spreadsheets format (.xIsx).

* The system should restrict input to this specific format to prevent from errors or incor-
rect values.

2. Ability to input custom emission factors dataset.

* The system should allow users to input a custom dataset with emission factors for
different methods of transport in an Excel spreadsheets format (.xlIsx).

* The system should have built-in (default) emission factors which the user could use in

case there are no custom ones to input.

3. Option for modifying number of trips that students make per year.
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* The system should have a pre-defined value for the number of study-related trips a

student makes per year (e.g., 1).
* The user should be able to modify this value through an interface component.
4. Options for modifying travel assumptions for the middle leg of the journey.
* The user should be able to modify the percentages related to the proportion of students
travelling by each method of transport in relation to Scotland and Rest of the UK.
* The system should implement validation rules and limitations to restrict invalid inputs
(e.g., values exceeding or not reaching a certain limit).

5. Options for modifying travel assumptions for the final leg of the journey.

* The user should be able to modify the percentages related to the proportion of stu-
dents travelling by each method of transport in relation to all countries within the [UK]

separately.

* The user should be able to modify the percentages related to the proportion of students
travelling by each method of transport in relation to the students residing in the same

city as the university.
* The system should implement validation rules and limitations to restrict invalid inputs

(e.g., values exceeding or not reaching a certain limit).

6. Calculation of travel distances and emissions based on postcodes (home addresses),
mode of transport, number of trips per year, etc.

* The system should be able to calculate the travelled distance via each transport method.

* The system should be able to calculate the corresponding emissions from these travels.

* The system should be able to calculate the emissions per student in each country (the

total emissions for the country divided by the number of students from the same coun-
try).
* The software should be able to calculate these values both on country and council level
using the travel assumptions and datasets.
7. Generation of visualizations such as heatmaps, tables, etc. and travel routes.
* The software should display the results of the calculations in a structured and coherent
manner, utilizing graphical representations such as heatmaps, tables, and charts.

* The software should visualize possible travel routes.
8. Identification of invalid data

* The software should be able to identify invalid data (e.g., a postcode missing a sym-
bol).

* The system should provide a list with the location of the invalid data points in the input

dataset and the data point itself to the user.
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9. User-friendly interface for easy interaction.

* The system should provide a multitude of guides and tips to the user.

* The software interface should be intuitive, meaning, it should be easy to understand
and navigate, even for users with limited prior experience and technical expertise.
This includes consistent layout, simple components, meaningful labels and predictable

behaviour.

3.1.3 Non-Functional Requirements

The scenarios also lead to the introduction of the following non-functional requirements for the

system:

* Performance: The software should be able to handle calculations efficiently, even with a
large amount of data.

» Usability: The interface should be intuitive and easy to navigate for users with varying level

of technical knowledge.
* Reliability: The software should produce consistent and accurate results.

* Security: The software should not store any sensitive data before, during or after the calcu-

lations are performed and should use anonymised data.

* Scalability: The performance of the software should not degrade significantly with a large

amount of data.

* Maintainability: The software codebase should be well-structured, and documented to fa-

cilitate future updates and maintenance.

3.2 Design Methodology

The current section describes the strategies, methodologies, and tools employed in designing the

application, including any associated challenges and limitations.
3.2.1 Planning

To plan and monitor the design process, a combination of Notion and Microsoft Excel was uti-
lized. These tools offer a plethora of useful functions such as various templates and organizational
methods, which proved crucial for synthesizing information. Additionally, they provide cloud
storage which was vital for safeguarding against unexpected technical issues or data loss. With
these tools, the initial schedule depicted in Figure 3.1 was devised. While this schedule was later
adjusted to accommodate new additions, the general structure and major tasks remained the same.

Each task outlined in the Gantt chart was transferred to a list format in Notion, allowing for
easy tracking as "To Do" or "Done" via check boxes. Moreover, a Notion diary, documenting
daily tasks and progress, consisting of detailed descriptions of what and how was achieved, was
produced. Furthermore, a dedicated notebook, with the information discussed with both my su-
pervisor and the client, was maintained. This systematic approach allowed for better organization

and seamless monitoring of progress, even in situations requiring alternation between tasks.
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Weeks
Task 22-1an [ 29-Jan | 5-Feb | 12-Feb | 19-Feb | 26-Feb [4-Mar | 11-Mar | 18-Mar| 25-Mar| 1-Apr | 8-Apr | 15-Apr | 22-Apr
Net Zero & Student Travel Emissions.
Current Net Zero software
Different technologies
Specification
Determe functional requirements
Determine non-functional requirements
System architecture
User interface

Backend - core functionality
Frontend - GUI

Testing the backend
Testing the frontend

Report Writing

Poster & Presentation
Evaluation

Present & Submit

Figure 3.1: Gantt Chart of Project Plan

3.2.2 Process

Each of the eight major tasks, outlined in the project plan, excluding submission, were strategi-
cally combined with one or more other tasks to optimize time management and productivity. The
rationale behind this strategy involved writing a part of the report after completing each task and

thus minimizing the need for significant shifts of focus.

The initial phase of the project (late January - mid February) involved the researching, spec-
ifying and designing of the system along with regular report writing. A combination of scenario-
based and user-centered methodology was chosen, emphasizing frequent interaction and feedback
from the client (Abras et al.,2004). This methodology extended to the back end functionality as

well. The way the distances and emissions were calculated, the emission factors, the preprocessing

of the data, all of them were aligned with the intended user’s preferences and desires.

Initially, the design process began with the gathering of user requirements (listed in sections
B.1.2) and B.1.3) and later wireframes and prototypes were utilized to alter and further improve
the software. The user requirements were compiled in Notion, while the wireframes were crafted
using Miro. The prototypes were developed using PyQt6 and Python and they enabled the client
to test them and provide immediate feedback, which facilitated refinement of the system. This
iterative process allowed for increased usability, user satisfaction and engagement, and most im-

portantly identifying and mitigating issues early in the development process.
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Figure 3.2: Menu Page Wireframe and Final Design
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Through the system design phase, I accumulated experience in working with the PyQt6 ap-
plication framework to create functional and visually-appealing interfaces. Its layouts and com-
ponents turned out to be core elements of the user interface. My prior knowledge in CSS proved
beneficial when styling the different components. Notably, I learnt that designing a complex and
useful software requires time, effort and dedication, which became evident even at the beginning

when the wireframes were designed.

These wireframes (shown in Figure 3.2 and 3.3 together with final design) were the result
from the meetings with the intended user and the gathered intel from them. They represent the
initial design choices and page layouts in the StudentGreenTravel software. The subsequent itera-
tions incorporated client feedback and maintained the general design principles, while introducing
further enhancements such as the tailored travel assumptions for Aberdeen and the addition of

helpful tips and guides on every step of the calculation process.

3.2.3 Challenges

Throughout the various stages of the project, several challenges emerged, which significantly in-
fluenced the design decisions. For instance, acquiring and adapting certain datasets proved to be
time-consuming, primarily due to the initial plan for an entirely offline system, as per the client’s
request. As a result, extensive filtering of large datasets was necessary to extract only relevant
information (e.g., public airports only). While using offline datasets would have allowed users
to operate the software in any circumstances, the challenge of obtaining some data as an offline

resource led to the requirement for Internet access for certain functionalities.

Balancing research, design, and development with report writing required careful time man-
agement, especially managing the initial urge to prioritize development over foundational research

and design.

Finally, adhering to the initial schedule was a challenge, due to the fact that throughout the
design and implementation process, new functionalities and requirements were introduced which
required more design and development time than initially anticipated. Such additions were the

invalid data handling, and the display of distances and emissions by council area.

Nonetheless, with experimentation and testing of different approaches, libraries, and princi-

ples, these challenges were overcome, and a final design process procedure was established.
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Figure 3.3: Final Leg Assumptions Page Wireframe and Final Design
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3.2.4 Limitations

As with every task, there were some limitations. To ensure completion of the project within
the set timeframe, the interface design focused on utilizing well-established PyQt components
and layouts. However, this allowed for easier implementation and future improvements while
maintaining intended functionality. Another limitation is related to the scalability of the project.
This initial design focused on calculations related to [UK] students and if other student bases are
requested, the system would need further development. User testing was also limited due to the

busy schedules of the client and the limited number of users involved.

3.3 Design Decisions

This section explores the design choices made for the StudentGreenTravel application. These
choices were guided by the goal of creating a user-friendly and effective tool for calculating travel

emissions associated with student travel.

3.3.1 Student Groups

The StudentGreenTravel software is intended to calculate the travel emissions for students from
the United Kingdom. These emissions are dependent on a number of factors. Starting location of
the trip from home to Aberdeen and the methods of transport used are among the main factors.
Moreover, all students, attending the considered university, contribute to its environmental impact.
That is why the decision to handle Aberdeen, Scottish and non-Scottish students separately was
made. The rationale behind this decision involved the fact that Aberdeen-based students are a great
portion of the students enrolled in the University of Aberdeen. However, they do not travel from
outside of the city as the rest of the students, but from their home address to university. Therefore,
it was decided that they would be considered as a separate group.

The Scottish, or home students, were observed that they typically choose to travel from home
to Aberdeen via bus, car, or train, while the non-Scottish students typically prefer plane, car, or
train. These observations were made with the help of the data that the Domestic and International
Student Relocation Emissions Calculator Tool utilized, which serves as a basis for this project.
Thus, it was reached the conclusion that these would be the other student groups to consider. It is
important to note that the non-Scottish students are considered all English, Welsh, and Northern

Irish nationals.

3.3.2 Journeys

A journey is the travel from the student’s home address to the University of Aberdeen and is the
key element that emission calculations would be based on. To calculate emissions accurately,
there would need to be an accurate measurement of the distance travelled through the journey and
the methods of transport would need to be known. This stems from the fact that in the different
stages of each travel, people utilize different transport modes. For instance, people might use a
taxi to get to the airport, then board a plane, and finally get to their final destination by bus. These
different vehicles produce different amounts of emissions. Thus, it was reached the conclusion
that the different student groups might chose different modes of transport, which best suit their
context and needs. Therefore, it was decided that the travel assumptions for these groups would be

entered by the user. Additionally, each journey would be divided into three distinct stages, called
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legs, and there would be different methods of transport available for each leg. The three stages of
each journey are:

Initial Leg

This refers to the trip from the student’s residence to the nearest transportation hub. This trans-
portation hub could be an airport or a bus/railway station, depending on the method of transport
that the student would use in the next leg of the journey. Usually, for each part of the journey,
travel assumptions, related to the proportion of students travelling by different modes of transport,
would have to be entered but here due to the client’s request, it was decided that the following

assumptions would be incorporated as default:
* 40% of students travel by car.
* 40% of students travel by taxi.
* 20% of students travel by bus.

Middle Leg

This segment of the journey would incorporate several considerations. First is the limited avail-
ability of direct flights from most[UK|cities to Aberdeen, which prompted the decision to introduce
a layover location for non-Scottish students travelling by air. London Gatwick airport was cho-
sen as layover location, which was also used in the previous tool and proved sufficient due to it
offering direct flights to Aberdeen. After arriving at this location, the group of students in ques-
tion would fly to Aberdeen and thus their middle leg would be from the local airport through the
layover airport to Aberdeen airport.

For the rest of the students, who would choose other transportation options, it was decided
that the middle leg would be a trip from the local station to Aberdeen station, regardless of them

choosing to travel by bus or train, as illustrated in Figure 3.4.

Initial Leg of Journey Middle Leg of Journey
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Hub Hub

Figure 3.4: Visualization of the Middle Leg of the Journey

It is important to note that in the student data that the university utilized in the previous tool,
and which is the base for the current decisions, there is an observed difference in preferences
for transport methods between Scottish and non-Scottish students. Therefore, it was decided that

transport methods available for the two student groups would be as follows:
* For Scottish students: bus, car, and train.
* For non-Scottish students: plane, car, and train.

The assumptions on number of students using each of the vehicles would be entered manually by
the user.

It is worth mentioning that students who choose to travel by car were decided to be handled
separately as their journey would not consist of legs. They are assumed to travel directly from

their home address to the university.
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Final Leg

This is the final stage of the journey which consists of travelling from the Aberdeen transport hub
to the University of Aberdeen, as shown in Figure 3.5. Considering the available transport methods
within Aberdeen, it was decided that during this stage the students would have car, taxi, bus or
walking as transport options, regardless of them starting from the station or the airport. However,
due to the previously described design decisions, Scottish students would start the final leg from
the bus/railway station, while non-Scottish students would be divided into ones that travelled by air
and ones that travelled by land in the previous leg. This stems from the fact that they are starting
from the airport and station accordingly and the distances between these two locations and the
university are different.

Importantly, the students residing in Aberdeen would also be considered as part of this leg.
The only difference being that their final leg would be their only one and would be starting from
their home address instead of a transport hub.

Again, the assumptions on number of students using each of the vehicles would be entered

manually by the user.

m Final Leg of Journey o
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Aberdeen Transport Car/Taxi/Bus/Walk l' University of
Hub Aberdeen

Figure 3.5: Visualization of the Finale Leg of the Journey

3.3.3 Distances

As mentioned previously, the calculation of emissions requires the accurate measurement of the
travelled distance via the designated vehicle. To achieve this, I decided that the distances traveled
by students in each group using various modes of transportation on different legs of the journey
would be added together to calculate the total distance traveled by that vehicle for the group. To be
able to do this, I would need to capture the distance that each student travelled in each of the legs.
For this, I would need to know the start and final location for each leg and be able to compute the
distance between them. After a detailed research, I reached the conclusion that the easiest and most
accurate way to do this is through the geographical coordinates of these locations, which would be
an input to a Python library that would calculate the distance between the locations through their
coordinates. Following this line of thought, I obtained data on UK postcodes, airports, railway
stations and bus stations all along with their geographical coordinates. These datasets would allow

me to perform the described computations for all legs of the journey.

3.3.4 Number of Journeys

As the design process of the system progressed, it became clear that the amount of travel that
students perform is also a key factor. Due to the fact that students often travel back home or to
other locations throughout the academic year, it was important to distinguish the study-related
trips to the other trips. The study-related trips are the ones that students perform so that they
can access the and then leave at the end of the academic year. This led to the decision that

as a minimum 2 trips are performed by each group for education purposes. Furthermore, it was
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observed the number of trips that the system would consider, would in turn affect the total distances

and emissions as well. Therefore, this would be an essential component to incorporate.

3.3.5 Emissions

Once the total distances, vehicle types, and number of journeys were clear, the mechanism and
tools for calculating the emissions would have to be devised. To achieve this, the methodology
outlined in section [2.1.T| was employed. It consisted of multiplying the total distances for each
vehicle and student group by the corresponding emission factor. Thus, the decision to obtain and

incorporate emission factors into the system was made.

3.3.6 Invalid Data

From my experience working with human-gathered data in other courses, I knew that there is
always room for error. Whether it is misspelling, wrong input, capitalization of symbols or some-
thing else, there is always something imperfect present. With this in mind, I concluded that the
software would need to incorporate mechanisms for discovering and handling such invalid data

points and inform the user about them.

3.3.7 Data Security

The student data collected and used by the University of Aberdeen for the journeys and emission

calculations, as involved in the previous tool, is completely anonymized. This is due to

[Data Protection Regulation (GDPR)| policies being in place at the university. As a result, I would

not need to implement mechanisms for encrypting or hashing the data when utilizing it as a foun-
dation for this application. For this reason, the application would be tailored to operate exclusively

with postcodes, complying with this established methodology.

3.3.8 User-Friendly Interface

Considering one of the main objectives of this project is to make the new emissions calculator more
user-friendly, understanding user behaviour is essential, as highlighted by Kusano et al.| (2013)).
To achieve this, several meetings with the client were conducted and the previously outlined sce-
narios, which describe how a user accomplishes tasks (Rosson and Carroll, 2000), were devised.
With their help it was easier to identify the core functions of the Then, it was proceeded to
developing wireframes based on these initial user needs. They are used to capture the type and
layout information of visual components but ignore their high-fidelity visual details (Chen et al.,
2020).

The user interface design process was iterative and followed a combination of scenario-based
and user-centered approach. Throughout this process, I had to come up with a way to distinguish
the different functionalities of the system and incorporate useful guides through every step of the
process. This was also requested by the intended user, so it was decided that the system would
consist of different “pages”, each of which would be responsible for a different functionality.
Furthermore, to prevent the user from inputting invalid values or such exceeding certain threshold,
I decided that it would be best to make these pages dependent on one another and incorporate
mechanisms for informing the user whether the input is correct or not. What this means is that
each page would be accessible only if the input in the previous one is correct. This would further

enhance the user experience and comply with the client’s requirements.
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Drawing inspiration from online tools such as the "Carbon Footprint Calculator for Travel"
of Sustainable Travel Internationall and carbonfootprint.com’s calculator, along with SIMAP tool,

the software’s design aims to align with industry standards and fulfill client expectations.

3.4 System Architecture

The system architecture follows the three-layered application architecture and consists of a Data,
Back End and Front End layers. This approach separates the concerns of presentation, processing,
and data storage, which makes the system more maintainable. Each of these layers interacts with

and relies on the others, as depicted in Figure 3.6.
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Figure 3.6: UML Diagram of System Architecture

3.4.1 Data

The Data layer consists of several data components, each of which is responsible for different
data that the system utilizes. The uk_postcodes holds postcodes along with their longitude
and latitude. The airports, scotland_bus_stations and rail_stations components hold the names
of these transport hubs along with their geographical coordinates. These four components are
essential for the distance calculations as described previously. Additionally, the Data module
holds the emission_factors component where these values for different vehicles reside. These are
used in the calculation of emissions and are built into the system instead of residing in a separate
file.

3.4.2 Back End

The Back End of the system is related to the background functionality of the system. It consists
of four distinct components:

Address Handling

This component deals with the described separation of student addresses. It is linked with the

uk_postcodes Data element and performs checks on each user-entered postcode to find its country


https://sustainabletravel.org/our-work/carbon-offsets/calculate-footprint/
https://calculator.carbonfootprint.com/calculator.aspx
https://unhsimap.org/home
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of origin.

Travel Handling

Travel handling is the calculation of distances between the start and final locations of each leg of
the journey. It employs the uk_postcodes, airports, scotland_bus_stations and rail_stations Data
components and the user-entered assumptions to find the corresponding distances.

Result Handling

This element of the Back End handles the computed distances from the previous component. It de-
rives the total distances for each vehicle utilized by students from different countries. Furthermore,
it computes the emissions associated with these vehicles and formats all of this data in preparation
for visualising it.

Invalid Data Handling

The current component collects invalid data points from the user-entered dataset. It achieves this

through the utilization of the uk_postcodes data and an online [Application Programming Interface]

The output of this component is a list with data points that are either invalid or erroneous.
3.4.3 Front End

The Front End consists of six distinct components (pages), each incorporating its own set of el-
ements adapted for various user inputs and interactions. The menu page is related to the address
handling and invalid data handling and employs the mechanisms that these Back End components
contain. The middle leg page holds the [User Interface (UT) components responsible for gathering
the user input for this stage of the journey, while the final leg page holds the ones for the last

stage of the journey. The two result pages are responsible for presenting the obtained results in an
appropriate format and with visualizations to the user. Finally, the invalid page presents the invalid

data points to the user.



Chapter 4

Implementation

This chapter describes the development process of the software, outlining the utilized tools and
technologies. Furthermore, it provides a comprehensive overview of the core functionalities in-

herent in each of the system components.

4.1 Development Process

The StudentGreenTravel project involved developing a software tool that calculates student travel
emissions based on their home addresses. It followed a sequential workflow, with each of the
stages - data gathering, software backend development and software frontend development, build-
ing upon the previous one.

During the implementation phase of the project, the well-known methodology of Agile de-
velopment approach was followed. It relies on continuous and iterative development with constant
feedback from the stakeholders (Nerur and Balijepally,2007). This methodology was aligned with
the user-centered design approach.

To manage the development process, the Notion application was utilized to track the two-
week sprints, tasks scheduled within the sprints and tasks completed during the sprints. At the end
of each period, the progress of the project, measured in completed tasks and implemented features,
was reported to the client and immediate feedback was gathered. This feedback helped meeting

all of the requirements.

StudentGreenTravel
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Figure 4.1: System Layers

Throughout the development process, the system evolved from a basic Python program uti-

lizing simple data files in CSV format and printing resutls in the terminal, through an application
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with basic interface containing only base functionalities and having no styling, to finally reach-
ing to a sophisticated software with three distinct layers: Storage layer (Data), Application layer
(Back End) and Presentation layer or Front End), as illustrated in Figure 4.1. This division
was designed to shield the user from the technicalities that the underlying layers (Storage and Ap-
plication) present. Users interact solely with the Presentation layer, which as described earlier is

connected to the other two.

4.2 Version Control and IDE

For the implementation of the system an |[[ntegrated Development Environment (IDE)|and a Ver-
sion Control system were used. The chosen[IDE was Microsoft VS Code and the Version Control

System was Git through GitHub Desktop application. These ensured the seamless development
and safeguard against unexpected technical issues. Furthermore, a branching workflow was im-
plemented. This means that each new feature of the software was developed in a new branch,
while the main codebase of the product was kept on a separate one. This ensured code organiza-
tion, facilitated experimentation, and mitigated the risk of losing progress or getting crucial files

or components corrupted.

4.3 Development Technologies
4.3.1 Programming Languages

Python served as the main programming language for the project, with version 3.10.6 being uti-
lized. The choice of Python stemmed from its flexibility and various libraries which ease develop-
ment and data management (Saabith et al.l 2019). This programming language was employed for
developing all of the back end and front end functionalities.

Apart from base functionalities, the software incorporates styled components and
database queries. For styling, CSS was utilized in combination with PyQt components. The
database queries were executed via[SQL]

4.3.2 Libraries

The project utilized various libraries for different purposes. Beginning with the data components of
the application, the Numpy and Pandas libraries were instrumental in reading and manipulating
datasets, providing numerical calculation functionalities and dataframe creations. Additionally,
the itertools library proved invaluable in dividing and arranging different data structures such
as lists and dictionaries.

Two crucial libraries for the system proved to be GeoPy and PyQt6. GeoPy provided the
opportunity to calculate distances for the various legs of journeys. It utilizes the WGS-84 ellipsoid
model to calculate geodesic distance, which represents the shortest distance on the surface of an
ellipsoidal model of the Earth (Karneyl 2013). This model is globally recognized as the most
accurate (Boucher and Altamimil, [2001)).

PyQt6, was used to create the user interface. The reason to chose PyQt6 instead of alternatives
like Tkinter is related to the fact that PyQt6 is more suitable and has more opportunities for data
display, which is crucial for the project. Furthermore, the standard layouts and components eased
development and allowed the integration of the SVG Repo[s icons that enhanced the aesthetic

appeal of the system.


https://www.svgrepo.com/
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Another crucial library is plotly in conjunction with PyQt6’s QWebEnginevView com-
ponent, which enabled the production of interactive and publication-quality graphs depicting the

resutls.

4.3.3 APIs
The "Postcodes.io" played a vital role in the backup validation of user-provided postcodes

and the extraction of necessary data such as the geographical coordinates and council area of
every postcode. Python’s request s library was employed to obtain responses from the and

use them accordingly.

4.3.4 Packaging Tool

The pyinstaller tool was utilized to bundle all the necessary modules and files into a stan-
dalone executable, which ensured that the software can be distributed and run on other computers
without requiring a Python interpreter or any other dependencies. The reason to chose this tool

stemmed from my previous experience with packaging code and applications with it.

4.4 Data and Database

This layer of the application consists of a database, holding more than 1.7 million UK postcodes
along with their coordinates, sourced from the National Statistics Postcode Lookup (NSPL) which
relies on Ordnance Survey data (2024). The [NSPL]dataset encompasses various statistics for [UK]
postcodes but has been filtered down to the essential columns, namely postcode, longitude, and
latitude.

The database utilizes the well-known and lightweight SQLite system. It is organized in a
single table with designated columns for the postcodes, longitudes and latitudes. Each postcode,
serving as the primary key, is stored as a string with all whitespace characters removed, while

the longitude and latitude are real numbers. Additionally, the database was "vacuumed" with the

corresponding [Structured Query Language (SQL)| query. This process streamlined the database

structure, resulting in a more compact size.

The reasons to chose SQLite as a main database are several. Namely, it does not require
a separate server process, which not only aligned with the initial requirement of making a fully-
offline system, but it also translated to lower resource usage. Next, its simpler architecture allowed
for easy creation of a database and faster data access and manipulation. These factors make it very
suitable for local storage on devices as is the case with this application.

Apart from the database, there are three separate CSV files with transportation hubs and their
coordinates. There is one with the bus stations in Scotland, containing data collected from Google
Maps. A railway stations set with data from the Trainline EU’s repository and an airports set,
generated using the Python airportsdata library, which was filtered to contain UK’s public airports
only.

The reason to leave this data in CSV files is that these sets do not contain that many data
points and creating a dedicated database would not introduce any performance or resource benefits.
Moreover, this way, the data related to transportation hubs (airports, bus and train stations) is more
accessible and easily modifiable, which is crucial for the project’s future development. The data
within these files was accessed through the Pandas’ read_csv () method and then transformed

into a dataframe.


https://opendata.camden.gov.uk/Maps/National-Statistics-Postcode-Lookup-UK-Coordinates/77ra-mbbn/about_data
https://github.com/trainline-eu/stations
https://pypi.org/project/airportsdata/
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Finally, the system incorporates default emission factors directly instead of relying on a sep-
arate data file. They contain values for each method of transport used in the calculations and can
be overwritten with custom ones, if the user decides. These emission factors were derived from

the Greenhouse Gas Reporting: Conversion Factors 2023 published on gov.uk.

4.5 Back End
The Back End is based on Python and all of the external libraries, methods and [APIk are Python-

based or Python-compatible. Sources for them are provided within the code. The different func-
tionalities and classes are accommodated in separate files to facilitate code granularity and main-

tainability. These are described in detail in the next sections.

4.5.1 Address Handling

The address handling part is contained within the preprocess_data.py file and relies on
math, pandas and itertools libraries. First, the data files related to the transportation
hubs are read and a dictionary for each hub, containing its name as key and a tuple with the
corresponding coordinates as value, is created. Additionally, the user input is cleared of white

spaces. Then, the determine_postcode () method determines the country of each user-

entered postcode as it checks it against lists containing the first two letters of each|United Kingdom|

[([TK)| country postcode, as shown in Figure 4.2.

Figure 4.2: Code Snippet of determine_postcode ()

There is also an additional check performed in the find_countzry () method through the
"Postcodes.io" [API} This interface provides detailed data on a single or a bulk of 100 postcodes.
Its purpose is to identify the countries of the postcodes that could not be identified during the first
check.

List of student
postcodes for a
country

Alist of lists with
postcodes for
each transport
mode

Calculate number Split list of
of student o postcodes into
postcodes for each "] sublists according
transport to the numbers

% students
using each
mode of

transport

Figure 4.3: Flowchart of divide_scotland () and divide_uk () operation

Finally, the divide_scotland () and divide_uk () functions were developed, which


https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2023
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handle Scottish and non-Scottish postcodes separately as of Chapter 1 section [I.3] and Chap-
ter 3 section [3.3.1 These methods operate similarly by taking the output of the de-
termine_postcode () method. For each postcode in the user-entered dataset, deter—
mine_postcode () rules out the country associated with this postcode and places it in the
corresponding country list. Then, the divide methods use these lists together with the travel as-
sumptions made for Scotland and the rest of the UK (relevant to Chapter 3 section [3.3.2)). Thus,
the number of students for each available transport method is calculated. Finally, these functions
produce a list of lists containing the postcodes for each transport method and return them, as shown

in Figure 4.3.
4.5.2 Travel Handling

A crucial component of the system is the Travel class, which accommodates all methods for
distance calculations for the initial and middle leg of each student’s journey. It stores student

postcodes and receives the following parameters:
* bus stops in Scotland along with their coordinates.
* railway stations in the UK with their coordinates.
* airports in the UK with their coordinates.

» UK postcodes along with their coordinates.

Figure 4.4: Code Snippet of air_travel () function

There is a calculate_distance () function responsible for calculating the distance

between a single point and a set of other points using GeoPy library. This distance is calculated
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in kilometers and considers the shortest distance on the surface of the Earth, similar to real-world
travel routes.

A closest_hub () function considers a set of postcodes along with their coordinates
and a set of transport hubs and their coordinates. By relying on the calculate_distance (),
it finds the distance between the given postcode and all the transport hubs, corresponding to the
selected transport. Then, it selects the closest transport hub and returns its name along with the
distance to it.

The find_coordinates () method relies on the requests library and the "Post-
codes.io"[AP]]to obtain the geographical coordinates of a postcode that is not found in the database.

The air_travel () function utilizes the airports data and the user-entered student ad-
dresses, as shown in Figure 4.4. It begins with initializing the result dictionary and the list of
invalid data points. Subsequently, it connects to the postcodes database to obtain the geo-
graphical coordinates of each student postcode.

The main for loop goes through these postcodes. Within this loop, conditional statements
handle the calculations of appropriate middle leg distances. The first conditional handles the stu-
dents travelling from outside of London. For these students, the middle leg involves two stages:
travel from the local airport to the layover (London Gatwick), and then from the layover to Ab-
erdeen airport.

Conversely, the other conditional is related to the London-based students. For them, the
function calculates the distance between the local airport and Aberdeen airport directly.

Finally, the postcode is set as the key of the result dictionary and the name of the closest
airport, the distance to it and the travel distance for the middle leg are set as the values. If none of

these conditions are satisfied, the postcode is added to the list of invalid data points.

Figure 4.5: Code Snippet of 1and_travel () main loop

Operating similarly to the previous method, 1and_travel () is used for both bus and train
travel. This is due to the fact that the bus and railway station in Aberdeen are situated in the same

location, and unfortunately, a method for considering train routes could not be identified. Hence,
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this function calculates both bus and train travel distances through the established method with the
only difference being the conditional which checks if the closest station is Aberdeen, as shown in
Figure 4.5.

Distinct from the other travel methods, car_travel () computes distances by utilizing
student addresses and the postcodes database. Instead of looking for closest transport hubs and
the distances to them, it directly finds the distance between the student’s home address (postcode)

and the University of Aberdeen, simulating a real-world car journey, as depicted in Figure 4.6.

Figure 4.6: Code Snippet of car_travel () function

Notably, all of these functions, take into account invalid postcodes, which are stored in a
separate list and later used for the invalid data page. They utilize the find_coordinates ()
method to capture as many postcodes as possible during the calculations.

In terms of calculating travel distances for the final leg of students’ journeys, there are two
distinct functions: assign_scotland () and assign_uk ().

The assign_scotland () function handles Scottish students. It assigns them to the mode
of transport they use to travel from Aberdeen station to the University of Aberdeen. As previously
stated, Scottish students typically use buses and trains for their middle leg transportation. Conse-
quently, their final leg distance is the distance between the Union Square Station and the University
of Aberdeen (around 3 km).

On the other hand, the assign_uk () function handles students from England, Wales and
Northern Ireland. Similarly, it assigns them to the modes of transport and calculates their final leg
distance according to their starting position for this leg - Aberdeen airport or station.

Both of these functions rely on the fleg_assumptions () method to calculate the total
distances travelled by students for each mode of transport. These distances depend on the starting
point for the final leg and the user-entered percentages for the amount of students travelling by
each method. The flow of operation of this function is illustrated in Figure 4.7.

Additionally, the aberdeen.py file handles the Aberdeen-based students separately, as
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Figure 4.7: assign_scotland () and assign_uk () operation

outlined in the design decisions. Within this file reside the methods that are responsible for calcu-

lating the distance from each postcode to the university through the GeoPy library.
4.5.3 Result Handling

The resutls of the distance calculations are managed by the main. py file, along with some of the
methods within the ut i1s . py file. They obtain the corresponding emissions for these distances

and format the travelled distances and emissions appropriately for display to the user.

4.5.4 Invalid Data Handling

The invalid data points are collected throughout the execution of the address and travel methods.
These methods have incorporated invalid data collection lists, which are used to cross-reference
such data points with the input dataset and present them to the user. The presentation, performed
by the Front End, includes displaying the location of each invalid data point within the dataset.
This approach enables users to easily identify and address any erroneous or incomplete data en-

tries.

4.6 Front End

The Front End consists of six distinct QWidget s, each incorporating its own set of components,
adapted for various user inputs and interactions. Each of them is accommodated in a separate class
and file. The Calculator class assigns the other classes to a QStackedLayout to achieve
the effect of pagination. Furthermore, this class holds the common for all pages variables and
methods. From now the QWidget s would be referred as pages.

The user journey begins with the initial menu page, where they input a student dataset, con-
sisting of postcodes, and have the option to upload custom emission factors. Although the [Graph-

fical User Interface (GUI)|is based on PyQt6, for these purposes Tkinter’s file dialog functionality

was utilized due to easier implementation. Subsequently, the initial address handling is performed
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Figure 4.8: Middle Leg page Figure 4.9: Final Leg page

Total Emissions by Country (in kgcO2e)

Figure 4.10: Results page

by the Back End functions. Upon completion of address handling, the user is informed that the
data is ready for calculations. Thus, the next page becomes accessible, and the user can proceed
with entering the number of trips that students perform per year and the travel assumptions for the
middle leg of the journey. These inputs are entered through QComboBox components.

Upon accurate input of the travel assumptions, the user can proceed to the next page and input
the assumptions for the final leg of the journey. Here, the data provided from the university allowed
me to implement the option for the user to enter travel assumptions for each of the countries within
the [UK]and Aberdeen, instead of only for Scotland and the rest of the United Kingdom.

Once these assumptions are submitted to the system, the user can view the results. They
are accommodated in two separate pages which display base data, such as total distances and
emissions for countries, and council area data for distances and emissions. The council data
details distances and emissions accumulated by students in various councils of the countries in the
United Kingdom. This functionality is achieved through the utilization of QWebEngineView
component in combination with the plot 1y graphs library. The layouts of the above-described
pages are shown in Figures 4.8, 4.9 and 4.10.

Finally, the user can access the invalid data page, which shows the list of data points and their
location in the initial dataset, as depicted in Figure 4.11. This page contains a simple QList -

Widget along with QButtons for showing and clearing the invalid list.

4.6.1 Styling of Components

The PyQt6 library components utilize the so-called "style sheets" to customize their appearance.
These sheets hold CSS code, which enables the setting of different attributes such as color, font,
size, padding, and more. In the current project, this approach has been adopted, with most of

the style sheets for the components housed within the separate style_sheets.py file. This
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approach was implemented to enhance code readability and separation of concerns.
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Figure 4.11: Invalid Data page

4.6.2 Calculation Results Display

To facilitate data analysis and enhance user experience, the results of the calculations are displayed
in graphical formats. Initially, the plan was to present the base data via heatmaps and pie charts,
while more detailed council data was to be presented using bar charts. However, due to England’s
numerous council areas, the results were almost unreadable this way, so it was decided to display
this country’s findings in a table format.

Additionally, the distances and emissions related to Scotland include those for Aberdeen,
aligning with the client’s request and considering Aberdeen as a city in Scotland where student
emissions contribute to Scotland’s overall data. However, separate distances and emissions spe-
cific to Aberdeen can be seen as a distinct bar within the Scottish bar charts related to council

arcas.

4.7 Packaging

Due to the nature of the project, packaging the application was required. This was achieved with
the pyinstaller tool, as mentioned earlier.

First, I ran the command shown in Figure 4.12 in my terminal, which generated both a stan-
dalone executable and a .spec file. This file contains configurations for the packaging process,

including instructions on what components such as data files, icons and pictures to include.

D:\CS4529>pyinstaller --onefile calculator.py D:\CS4529>pyinstaller calculator.spec

Figure 4.12: Command for Packing Figure 4.13: Command for Packag-
as "onefile" ing through .spec file

Later, whenever a new feature was added or changes were made to the application, the .spec
file was utilized to re-package the application. The terminal command is shown in Figure 4.13.
This approach ensured that the standalone executable remained up-to-date with the latest changes

and included all necessary components for proper operation.
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4.8 Summary

In summary, considering all of the described implementations, the application fulfills the scenarios
and meets most of the requirements that were identified, apart from the visualization of travel
routes due to time limitations. However, in order to meet the requirements related to the accuracy
and performance of the system, testing and evaluation had to be performed. These are discussed

in the following chapter.



Chapter 5

Testing and Evaluation

This chapter delves into the comprehensive testing of the software, including the Back End,
system-wide, and comparative testing. It outlines the methodologies employed and discusses en-
countered issues and limitations. Additionally, it goes into detail about the evaluation process, its

resutls and limitations.

5.1 Testing
5.1.1 Back End Testing
Methodology and Results

This phase of testing included assessing the functionality of the Back End to ensure it operates as
intended. To accomplish this, the Python unittest framework was employed, facilitating the
testing of individual units of code, specifically, separate functions, to verify their expected output.

The unit tests are accommodated in a separate Python file called test_code . py. It consists
of four classes that test the methods of other files. Each class consists of a setUp () method, as
per the unittest principles, along with methods for assessing the Back End functions. These
methods utilize test inputs, composed of random postcodes and values, to cover various scenarios
both with valid and invalid data.

def test_land_travel_train(self):
train_postcode = ['642 98']
aberdeen_rail_station = (57.14372498503623,
rail_stations, invalid = self.travel.land_travel(stations_dict, train_postcode, aberdeen_rail_station)

rail_result = [value for key, values in rail_stations.items() for value in values]

self.assertEqual(rail_result[0], 'Mount Flor

self.assertTrue(math.isclose(rail_result[ -
self.assertTrue(math.isclose(rail_result[2], 197, rel_tol=1))
self.assertEqual(invalid, [])

Figure 5.1: Code Snippet of testing the Land_travel () method

In total, 13 tests were executed and all of them confirmed that the Back End functions as
expected. Notably, the only file related to the background operations that has not been tested is
final_leg.py. This stems from the fact that the methods within this file are almost identical
to the ones in preprocess_data.py and testing them was considered a redundancy. Addi-

tionally, testing on emission calculation was not performed, due to its dependency on distances.
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The rationale behind this decision was that correct distances, when multiplied by emission factors,
would yield accurate emission results.

Testing procedures employed the assertEqual (), assertTrue (), and assertAl-
mostEqual () methods from the unittest framework in combination with some functional-
ities from Python’s math module, as shown in Figure 5.1.

To run the tests, the unittest.main () command was utilized at the end of the file. This
command automatically executes the tests and provides either ' FAILED (failures = num-
ber) ', along with information on which test failed or ' OK’ if all tests are passed. In the current
case, after careful preparation of tests and extraction of information on expected distances and
postcodes from different sources (listed in source code), I obtained the ' OK’ response for all of
my tests, as depicted in Figure 5.2. Therefore, it can be concluded that the Back End of the system

works as expected.

D:\CS4529>D:/CS4529/test_code. py

Ran 13 tests in 2.733s

0K

Figure 5.2: Results from unit tests

Known Issues

Although the system functions as expected, there are some known issues. One of them involves oc-
casional discrepancies between the distances measured by StudentGreenTravel and those obtained
from Google Maps, for example. However, these discrepancies are not deemed too significant
during Back End testing and play testing.

Additionally, there is an identified issue with the bus stations dataset, specifically concerning
the absence of primary bus stations in certain Scottish cities. This flaw occasionally impacts

distance calculations for this mode of transport.
5.1.2 System Testing
Methodology and Results

The comprehensive testing of the entire system followed a play testing methodology, carried out
across various development stages and utilizing different tools. This approach aimed to assess the
functionality of the Data, Back End and Front End components in scenarios with valid and invalid
data or inputs. By employing this method, early detection and resolution of usability issues and
edge cases were facilitated.

First, the system was rigorously tested on my laptop, operating on Windows 11. Testing
included running the application both from VS Code and as a packaged application, checking
every PyQt6 component, along with its underlying logic. The output of the calculations and error
or success messages were verified as well. Subsequently, I decided to test the packaged application
on my Windows 10 which lacks Python dependencies. These tests yielded successful results
and did not show any unexpected behaviour or issues, both with small (400 addresses) and large
(13 000 addresses) datasets.
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Further testing involved distributing the application to 10 evaluation participants and a test
on a virtual machine environment. For this purpose, I utilized the VMware Workstation Pro 17
software with a virtual machine based on Windows 10, as illustrated in Figure 5.3. Once again,

the system exhibited expected behaviour, receiving positive feedback from the participants.

StudentGreenTravel

& Galaulate Emissions

Figure 5.3: System Testing with VMware Workstation Pro

Limitations

The primary limitation identified in the system is related to the packaged version’s compatibility,
which is limited to Windows operating systems only. This arises from the packaging process,
which was based on pyinstaller and executed on Windows. However, this constraint can be
addressed in future versions of the system.

Known Issues

Although the system performed as expected during testing, there is an issue which was discovered
by some of the evaluation participants. This prompted the further testing on a virtual machine
without any of the Python or other dependencies that my personal machine has. The issue is related

to packaging and the fact that I did not sign the application, neither the application was signed by

a|Certification Authority (CA)|due to time and cost constraints. Consequently, Windows Defender

sometimes detects StudentGreenTravel as potentially malicious software, which is not the case,
due to it being created by an *Unknown Publisher’, as shown in Figures 5.4 and 5.5. However, this

issue does not affect any of the software’s functionalities.

Windows protected your PC Windows protected your PC

ised app from ised app from
p might p

oo |

Figure 5.4: Unknown Figure 5.5: Unknown
Publisher Warning Publisher Warning
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5.1.3 Comparative Testing
Methodology

Following the testing of both the Back End and the entire system, a comparative analysis was
conducted between the old calculation tool and the new software to assess which one is more

accurate. To facilitate this assessment, the following hypothesis was formulated:

* Comparative Null Hypothesis: There is no significant difference in the distance measure-

ment accuracies of both systems.

* Comparative Alternative Hypothesis: There is a significant difference in the distance

measurement accuracy of one of the systems.

To test this hypothesis, test data samples were generated, using the |[doogal.co.uk website,
to be utilized in StudentGreenTravel. These samples comprised 10 files, each containing single
postcodes for Aberdeen, Scotland, England, Wales, and Northern Ireland, totaling 50 postcodes.
Then, the software was run using each of these test samples, and the total travel distances, en-
compassing all journey legs, were recorded for each postcode. Consistent travel assumptions were
applied throughout the tests: Scottish students travel only by bus, while non-Scottish students split
their travel equally between plane and train for the middle leg. The initial and final legs followed
similar assumptions, with Scottish students using cars and others using taxis. This ensured that
distances would be measured similarly for all postcodes.

Next, travel distances for the same postcodes were obtained from the previous tool. However,
due to the way the functions and calculates distances, all distances were identical for
all postcodes within a given country. This limitation is a result of the tool’s reliance on distances
solely from the capital of the country, irrespective of the student’s actual location (postcode).
Additionally, the tool lacks data on Aberdeen-based students, so the data for them was equivalent
to that of Scotland.

Finally, the data from both tools underwent a paired samples T-tests with Equal Variances for
each pair of data within each country, and resutls were derived.

Results

All resulting p-values were found to be lower than the set threshold of 0.05, as shown in Table
5.1, leading to the rejection of the Null Hypothesis. Consequently, the alternative hypothesis,
indicating a significant difference in the distance measurement accuracy of one of the systems, was
accepted. This conclusion was further supported by comparisons to Google Maps measurements,
affirming that StudentGreenTravel performs more accurate distance calculations and consequently

more precise emission calculations.


https://www.doogal.co.uk/PostcodeGenerator
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Location Postcode SGT | DISRTECT P(T <?t) two-tail
EH48 2HD | 183.7 156.02
G31 4RU 334.8 156.02
FK12 5JN 177.3 156.02
DD9 6RE 135.5 156.02
Scotland HS2 OQF 400.9 156.02 0.000321639262577676
KW1 5BS 322.1 156.02
PA23 8HH | 267.5 156.02
ML5 2HJ 275.1 156.02
ZE1 0XU 347.5 156.02
TD1 3SG 351.9 156.02
CF64 4JL 926 641.24
LL21 OTE | 1033.7 641.24
NP25 5RN | 893.1 641.24
SY2 6GL 1046.1 641.24
Wales SA11 4AU 996 641.24 1.25828E-12
CF5 1BG 928.8 641.24
SY22 6TE | 1037.5 641.24
NP152HP | 898.6 641.24
LL16 5UF | 1019.3 641.24
CF39 8JG 937.9 641.24
EC1V 3PT | 669.5 648.11
ALS5 4TD 780.9 648.11
BS39 4L.D 886.8 648.11
YO23 7EA | 1044.7 648.11
England CV312BN | 866.7 648.11 6.22156E-05
DHI1 5AF | 1165.6 648.11
GUS51 5RX | 769.5 648.11
BB7 9NL 1084 648.11
IP3 9ER 833.1 648.11
LE3 9BS 919.5 648.11
BT61 8BR | 1302.6 377.58
BT23 8XQ | 1250.1 377.58
BT324QN | 1291.1 377.58
BT60 1EP | 1292.8 377.58
Northern Ireland | BT36 5LN | 1306.1 377.58 4.88999E-26
BT92 7BZ | 1335.5 377.58
BT19 1JY | 1246.4 377.58
BT63 5WQ | 1282.3 377.58
BT10 0ER | 1246.5 377.58
BT62 3SR | 1292.5 377.58
AB21 9RJ 5.3 156.02
ABS55 5DS 66.4 156.02
AB16 7XX 2.3 156.02
AB16 5UF 2.9 156.02
Aberdeen AB44 INX 60.4 156.02 3.12322E-10
AB55 4ES 69.2 156.02
AB41 8RD 22 156.02
AB31 6LU 339 156.02
AB10 1JG 2.2 156.02
AB56 1FA 76.6 156.02

Table 5.1: Comparative Testing Results
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5.2 Evaluation
5.2.1 Methodology

The evaluation employed the A/B testing methodology, where participants were presented with the
two versions of the software and tasked with completing identical activities in both to determine
which one performs better (Quin et al., [2024). These tasks were related to the scenarios outlined
in section [3.1.1] The rationale behind utilizing this method is related to a core objective of this
project - developing a more user-friendly system than the available one. To be able to determine
if the new system is better, there had to be a baseline for comparison. This is the main purpose
of A/B testing, which is why it was selected as a main evaluation methodology among others. It
was complemented with two questionnaires that participants, included in the evaluation, had to
answer.

The core aim of this evaluation was to determine whether the StudentGreenTravel software

is more user-friendly than the [Domestic and International Student Relocation Travel Emissions|
Calculator Tool (DISRTECT)| Consequently, two hypotheses were developed:

* Null Hypothesis 1: There is no significant difference in the usability of both systems.

* Alternative Hypothesis 1: There is a significant difference in the usability of one of the

systems.

This hypothesis is going to be tested through the [System Usability Scale (SUS)| scores, while the

following ones - through the |[Additional Question (AQ)|Scores, described later:

* Null Hypothesis 2: There is no significant difference in the specific functionalities of both

systems.

» Alternative Hypothesis 2: There is a significant difference in the specific functionalities of

one of the systems.

Ten students from different disciplines and universities volunteered for the evaluation. The
sample consisted of six females and four males with diverse level of technical competence. The
reason to chose students for the evaluation is that they provided a neutral starting point as they are
unlikely to have used such software, allowing for more objective assessment of usability. Select-
ing participants with more work and life experience, especially ones working in the
[Technology (TT) or Net Zero field, might have resulted in somewhat biased results.

In terms of instruments, the evaluation utilized the StudentGreenTravel software, the demo

version of the Domestic and International Student Relocation Emissions Calculator Tool, and

questionnaires, based on the [System Usability Scale (SUS)| Additionally, the surveys contained

eight additional questions, designed to enhance usability assessment. Notably, the demo version
of the second application does not limit any of its functionalities, but it utilizes non-confidential
data for its calculations, unlike the full version, which utilizes actual student addresses.

The renowned for its simplicity and flexibility, provided a standardized procedure for
determining the usability of a system. Additionally, its resultant single score on a scale is easily
understood by a wide range of people (Bangor et al.,2008). Due to these factors, this strategy was

chosen for the current evaluation.



5.2. EVALUATION 49

The consists of ten standardized statements (or questions), each of which had to be
rated with a number between 1 (strongly disagree) to 5 (strongly agree) in the current evaluation.
Once the results from all participants were obtained, the score from each participant was
calculated, according to a standard procedure: for odd-numbered questions (1, 3, 5, 7, 9), 1 was
subtracted from the user’s rating and for even-numbered questions (2, 4, 6, 8, 10), the user’s rating
was subtracted from 5. Then, the values for all questions for each participant were summed and
multiplied by 2.5 to obtain the final score. This score was then compared against the score
table, shown in Table 5.2, to determine the system’s performance. Finally, both systems, examined

in the A/B testing, were compared to derive conclusions.

SUS Score | Grade | Adjective Rating
80.4 - 100 A Excellent
68.1-80.3 B Good
68 C Okay
51-67.9 D Poor
0-50.9 F Awful

Table 5.2: SUS Score Table

The previously-mentioned additional questions were designed to measure the usability of
some of the specific features of both systems. These features included providing clear guidance,
showing error messages and good formatting of calculation results. The questions had to be an-

swered according to the [SUS| guidance with numbers from 1 to 5 and were as follows:
¢ I think the system displays the results in a nice format.

* [ think it would be easy to analyze the results that the system displays.

I think the application provided clear and useful guidance.

I feel the application would be easy to remember how to use after a period of time.

I think the application provided clear error messages.
* I found the application pleasant to use.

Additionally, at the end of the second survey, the participants were asked which of the two systems
they generally found more user-friendly and effective for calculating emissions.
5.2.2 Results
SUS Scores
The results of the evaluation showed a clear difference in the usability of the systems with Stu-
dentGreenTravel (SUS-B) achieving an average[SUS|score of 90.5, while the DISRTECT|(SUS-A)
only reaching 54.75. These scores indicate grade A, or Excellent, performance for StudentGreen-
Travel, while the latter system received a D, or Poor, as per the [SUS|score table.

The resutls of SUS-B showed a very well-distributed values with the lowest score being 72.5
and the highest being 100 as illustrated in Figure 5.6.

Interestingly, it was observed that participants with lower technical proficiency tended to

measure the usability of the system slightly lower in comparison with their moderate and highly
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Distribution of SUS Score among Participants
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Figure 5.7: Table of SUS results for SUS-B
Figure 5.6: Distribution of

SUS score for SUS-B

skilled peers, as shown in Figure 5.7. Additionally, the female students tended to rate the usability
of the system higher than their male counterparts.

On the other hand, scores for DISRTECT] did not show such a good distribution, as depicted
in Figure 5.8. The highest score achieved for this system was 97.5, while the lowest was 17.5.

In this system, it was observed that participants with lower and moderate technical skill
tended to assess it lower than their colleagues with higher skill. Notably, there are high-skilled
participants which also assess the system lower. An example of this being the lowest score pro-
duced by a participant with a high technical expertise. Moreover, the female participants tended
to measure the system usability lower than their male peers. These results are depicted in Figure
5.9.

Distribution of SUS Score among Participants
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Figure 5.9: Table of SUS results for SUS-A
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Additional Questions (AQs)

Before discussing the results from these questions, it is important to outline how they were ob-
tained. The procedure followed was straightforward and SUS-inspired: scores from all partici-
pants were averaged for each question to yield final scores. Then, they were compared against
a scale where 5 represented "Excellent” performance and 1 represented "Awful" performance, as
depicted in Table 5.3.

The additional questions showed a better results than the [SUS| for the Domestic and Interna-|

[tional Student Relocation Travel Emissions Calculator Tool (DISRTECT))] especially in the result

formatting (score: 3.4) and analysis department (score: 3.9). Notably, these aspects are also strong
points for StudentGreenTravel with scores of 4.7 and 4.5 respectively. However, participants noted
shortcomings in the application, reporting a lack of clear and useful guidance, as well
as not encountering error messages, with scores of 2 and 1.3 respectively. Furthermore, this system

was not found very pleasant for the users with the average score for the corresponding question
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being 2.8. In these departments StudentGreenTravel excelled with scores of 4.6 and 4.7.

AQ Score | Grade | Adjective Rating
4-5 A Excellent
3-3.99 B Good
2-2.99 C Okay
1-1.99 D Poor
0-0.99 F Awful

Table 5.3: AQ Score Table

5.2.3 Hypothesis Testing

Although the results of the A/B testing showed very convincing results, in order to be able to
accept or reject the Null Hypotheses and thus conclude which is the more user-friendly system, a
hypothesis testing had to be performed. This testing consisted of performing a paired samples T-
tests with the[SUS|scores and [AQ|scores of both systems, utilizing the Data Analysis functionality
of Microsoft Excel. As a threshold a p-value of 0.05, which is standard, was chosen. This meant
that if the p-value of a test is lower than this threshold, there is a significant difference in usability
and the Null Hypothesis is rejected.

The SUS T-test showed a p-value of 0.003716 Therefore, the Null Hypothesis 1, stating that
there is no significant difference in the usability of both systems was rejected. The Alternative
Hypothesis 1 stating that there is a significant difference in the usability of one of the systems was
accepted. Therefore, it can be concluded that StudentGreenTravel is the more user-friendly system
due to its overall better results.

The [AQ| T-test achieved a p-value of 0.000602 and thus rejected Null Hypothesis 2 and ac-
cepted Alternative Hypothesis 2. Therefore, it can be concluded that there is a significant differ-
ence in the specific functionalities of one of the systems, namely StudentGreenTravel.

Additionally, ANOVA tests were performed for both systems to examine the findings from
section [5.2.2] that the technical skills of participants influenced their usability assessments. For
both systems, the F scores were higher than the F critical scores, which meant that the technical

skills of the participants influenced the way they assessed the usability of both systems.
5.2.4 Limitations

Due to the limited timeframe, there are some limitations to this evaluation. First, was the lim-
ited sample size of 10 participants, which although produced valuable results, could be expanded
to produce more concrete results. Additionally, while students provided a valuable perspective
for initial evaluation, future studies could involve more diverse participants to gain insights into

usability for more experienced users.

5.3 Interpretation of Results

To summarize, the findings indicate that StudentGreenTravel operates as expected, and provide
convincing proof that it is more usable and more accurate than its predecessor, as substantiated
by the ANOVA and T-tests, and the comparative analysis results. Additionally, the system-wide

testing shows that the packaged software is compatible with different Windows operating systems.
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Discussion

This chapter outlines the positive outcomes of the current project, along with the mistakes made

and lessons learned that have enriched the project and the development process.

6.1 Positive Outcomes

Overall, the development process went well, and the software incorporates the objectives outlined
earlier, albeit with the exception of the visualization of travel routes for students. Despite this
limitation, the software remains fully operational, fulfilling the client’s requests and expectations.

With features such as uploading custom emission factors and the ability to make assumptions

separately for countries within [United Kingdom (UK)| the software has the potential to expand

beyond the University of Aberdeen’s use. It contains all crucial components and functionalities,
achieving its goals of enhanced usability and accuracy in comparison with its predecessor. This
success is attributed to the Agile development approach and the workflow I followed, which proved
crucial in the communication with the client and distribution of workload.

Taking detailed notes and sticking to a strict schedule were instrumental in producing this ap-
plication and writing the report. Additionally, the availability of detailed descriptions of every step
of the research and development, facilitated switching between tasks when necessary and being
able to find the needed information when writing. Starting the report early allowed me to orga-
nize accumulated information without rushing, ensuring a high-quality outcome. Moreover, early
planning enabled better reflection on existing chapters and improved preparation for upcoming
sections.

Furthermore, testing and evaluation confirmed the good performance of StudentGreenTravel,
providing valuable user feedback that praised its intuitive design and user-friendliness. This was
possible owing to the PyQt6 library, which in my mind turned out to be a key component and a very
good implementation decision. This stems from its various components and wealth of resources

available for developing the user interface.

6.2 Learning from Experience

Despite the positive outcomes of the project, I encountered several obstacles and learned valuable
lessons along the way.

My initial mistake was developing a rudimentary version of the software which operated on
the terminal and utilized CSV files. In my mind, this was a good decision because I wanted to

ensure accurate distance calculations first and worry about the rest of the project’s components
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later. This approach proved time-consuming as I had to rewrite key portions of the code later on
when I already had a designated postcodes database and had to make queries to it. Additionally, I
realized the importance of validating queries to ensure correct data output. If I were to start over, I
would design a database and make sure that I make the right queries to it first, and then create the
methods for calculating distances.

Another mistake was focusing on the Back End functionality without writing a single line of
code for the Again, this cost me time and made me rewrite whole methods and sections of
code to make them compatible with the PyQt6 library. Now, I believe that a better approach would
be to develop them simultaneously to achieve a more integrated and efficient workflow.

Although the following mistake has not caused me much trouble, I believe it is important to
mention it. Occasionally, I caught myself committing substantial changes to my repositories due
to getting carried away in coding. I acknowledge that this is not a good practice, especially when
needing to revert to an older commit or do a reset. Although I made this mistake a few times, [ am
committed to avoiding it in future projects.

Finally, I realized that I should have tested the Back End during the development process
instead of at the end. This would have saved me a lot of time and would have allowed me to
identify the small errors I came across during testing a lot earlier and solve them.

To summarize, although my project managed to meet its goals, the mistakes I made could
have cost me a lot. Small setbacks such as not being able to revert to an older commit or having to
redo some coding could have easily affected the functionality or accuracy of the system. Moreover,
they could have resulted in not completing the software in time. Therefore, I believe these are very

important lessons that will undoubtedly benefit my career moving forward.



Chapter 7

Conclusion and Future Work

This chapter summarizes the project’s accomplishments and limitations, detailing their personal
impact and broader implications. It also proposes areas for potential improvements in the future

and brings closure to the project’s journey as a whole.

7.1 Project Summary

This project’s objective was to develop a student travel emissions calculation software with a user-
friendly interface and more accurate calculation methods in comparison with its predecessor, the
Domestic and International Student Relocation Travel Emissions Calculator Tool. Additionally,
the new software aimed to incorporate better customizability and flexibility. All of these aspects
were captured by the project requirements, and almost all of them were addressed by the Student-
GreenTravel software.

The customizability aspect, represented by functional requirements 1 and 2, was fulfilled
through features such as student data and emission factors input capabilities.

Flexibility, as outlined in functional requirements 3, 4 and 5, was achieved primarily through
the integration of PyQt6 components with travel handling Back End functions. These develop-
ments also contributed to enhancing the system’s accuracy (functional requirement 6) through
comprehensive methods of the Back End linked with various Data components. These features
also ensured the compliance with the non-functional requirements related to performance, relia-
bility, and scalability.

The user-friendliness of StudentGreenTravel was outlined by functional requirements 7, 8
and 9 and they were mostly met by the utilization of plotly, implementing invalid data handling
capabilities of the Back End and designing intuitive components using PyQt6, along with detailed
tips and guides within the software. These aspects also addressed the usability non-functional
requirement.

Maintainability was ensured by the separation of concerns approach, related to implement-
ing different features in separate files with well-documented code managed by a version control
system.

Regarding security, while the collected data for this software is anonymized, the system was
developed to only consider postcodes, without storing or utilizing any other sensitive or confiden-
tial data. This was achieved by the utilization of the GeoPy library, and handling addresses and
travel data securely in the Back End. This way the non-functional requirement of security was

met.
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The only unmet requirement was the one related to the visualization of the travel routes of
students from different countries due to time constraints. This feature could be considered for
future iterations of StudentGreenTravel. However, given that it is a single sub-requirement, the
project can be deemed an overall success, especially considering the client’s satisfaction with the

delivered product.

7.2 Personal Reflection

The StudentGreenTravel project put me in a position that I have dreamt about since the start of my
degree - to step into the role of a software engineer. I can confidently say that it has been a pleasure
and an incredibly enriching experience from start to finish. Despite encountering obstacles and
having to handle all of them on my own, I firmly believe that such challenges are always beneficial
in the long term. They serve as valuable experiences that can future-proof my career. However,
these developments also instilled in me a newfound appreciation for teamwork. Throughout my
degree, I had many opportunities to work in teams on different projects and always thought that
if given enough time, I will be able to excel individually and produce superior results. This is not
the case anymore. I have gained a deeper appreciation for teamwork and realize the importance
of having reliable teammates, especially during challenging situations. While my supervisor was
always supportive during the project, having a diverse team around opens up the potential for more
innovative solutions to complex problems.

This is just one of the lessons I learned during this journey. I have come to understand that
careful preparation, thoughtful consideration, unwavering dedication, and motivation are crucial
keys to success in any endeavor. Although these principles may sound straightforward, this project
underscored their importance in achieving meaningful results.

Furthermore, this venture has enabled me to acquire new skills and further develop the ones
I already possessed. I am now somewhat proficient in working with PyQt6 and plotly, along with
calculating distances between points based only on their coordinates. Additionally, I have devel-
oped my Python and databases knowledge even further. Invaluable skills which extend beyond the
bounds of this project.

What fills me with pride is that I worked on a project which is more than a dissertation. I
am glad I had the opportunity to work with a real client to build a tool that is going to ease their
work. This is precisely the type of impactful work that motivates me to pursue a career as a
software engineer. Additionally, the realization that I am leaving a lasting trace at the University
of Aberdeen and the project holds potential for broader utilization beyond the university setting is

one of my greatest achievements to date.

7.3 Future Work

While the StudentGreenTravel project met almost all of its requirements, there are areas where
the application can be further enhanced and expanded. Here are some potential improvements and

additions:

* The addition of visualizations of the routes chosen by students for their journeys. This
could be implemented as a generalization for students from a certain country, or individual

visualizations for each student. However, this may require additional data collection on
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student travel patterns.

* The software could be made cross{OS|compatible. Currently, it does not function on Mac or
Linux and the application could benefit from having dedicated versions for these operating
systems. This could involve developing dedicated versions for these operating systems using

new packaging methods, potentially opening doors for commercial use.

* Despite the tool providing detailed results on both country and council level, it might be a
good addition to produce even more results. For instance, displaying council data on flights
or offering even more graphical visualizations. This may require creating a new result page

designs and developing new Back End methods.

* The software may benefit from larger datasets on transportation hubs and methods to im-
prove the accuracy of distance calculations. For instance, there is a lack of data on Scottish
bus stations, which could be addressed by utilizing an|[APIl

* To prepare the product for a broader use beyond the University of Aberdeen, methods for
calculating international travel distance could be implemented. However, this may require
a major re-design and the utilization of an for data retrieval.

* To achieve the last two suggestions for future work, the Google Maps API could be imple-
mented to provide the needed data and distance measures. However, this requires additional
funding as the involves a fee for usage.

In addition to these software-based enhancements, there is potential for the project to delve
into a more research-oriented direction, providing a solid foundation for data analysis and re-
search on sustainable student travel practices. This could involve collaboration with researchers
and institutions interested in this area, leveraging the software’s capabilities for broader research

purposes.

7.4 Conclusion

In conclusion, the project achieved the objectives of usability and accuracy, meeting the client’s
needs and expectations effectively. Personally, it has been a significant learning experience that
has enhanced my Python and database management skills while introducing new ones - distances
and emissions calculation, utilization of plotly and PyQt6.

Moreover, the project deepened my understanding of the critical importance of achieving Net
Zero and the broader impact of emissions on our planet. It highlighted the necessity of mitigating
these emissions and the role of technology in addressing environmental challenges.

The lessons that this endeavour provided me with through challenges and mistakes are the
added value to the overall experience, which I was hoping for at the start. Therefore, I can con-
clude that this project has not only enriched my personal growth but also has the potential for
a broader impact, contributing positively to environmental awareness and sustainable practices.
Furthermore, it can serve as a foundation for addressing the well-known challenges of achieving

reliable and comparable emissions calculations within the higher education sector.
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User Manual

A.1 Student Journeys

A journey represents a student’s travel from their home address to the University of Aberdeen.

Emissions are calculated based on travel distance and chosen transportation methods.

A.1.1 Journey Stages (Legs)

Each journey consists of three stages called "legs":

1. Initial Leg: Travel from home to the nearest transportation hub (airport or station). The

built-in assumptions for transport mode are:

* 40% of students travel by car.
* 40% of students travel by taxi.

* 20% of students travel by bus.
2. Middle Leg: Travel between transportation hubs:

* Non-Scottish and Non-London Students (Air Travel): Local airport —Layover airport
(London Gatwick) —Aberdeen airport.

Other Students (Bus/Train): Local station —Aberdeen station.
¢ Scottish students can choose Bus, Car, or Train.
¢ Non-Scottish students can choose Plane, Car, or Train.

» User inputs assumptions for the percentage of students using each option.
3. Final Leg: Travel from the Aberdeen transport hub to the university:

* Transport options: Car, Taxi, Bus, Walking.
« Starting location depends on previous leg:

— Scottish Students: Start from bus/railway station.

— Non-Scottish Students: Start from airport (air travel) or station (land travel).

* Aberdeen residents start from their home address (no initial and middle leg).

A.1.2 Important Note

Students choosing car travel have a single leg directly from home to the university.
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A.2 Input Data Format

StudentGreenTravel operates with .xIsx files for student data. Additionally, users have the option
to upload custom emission factors .xIsx files, although they are not mandatory for the system to
function properly as there are built-in ones. These files should be formatted in the specified manner

to ensure proper functioning of the system.

A.2.1 Student Data

The student data must be in .xIsx format and include at least one column with student postcodes,
positioned in column B of the spreadsheet as depicted in Figure A.1. It is not necessary to name

these columns or adhere to any specific naming conventions.

Figure A.1: Student Data Format

A.2.2 Emission Factors

If you choose to upload custom emission factors to the system, they should follow the format
shown in Figure A.2. The transport method names should be in the A column of the spreadsheet
and must use non-capital letters. The numerical values of the emission factors must be placed in
the B column of the spreadsheet. The first row should have "Method" in cell Al and "Factor" in

cell B1 to designate the column headings.

Method Factor
car 0.18264
rail 0.035463

[SERE R

LA bhus 0.118363
S coach 0.027181
[l taxi 0.148615
VA ferry 0.02555

co

plane 0.03350

Figure A.2: Emission Factors Format

Emission Calculation
The emission factors, whether built-in or custom, are the values multiplied by the distance travelled
using a specific mode of transport. This multiplication yields the corresponding emissions amount,

measured in kg CO2e (carbon dioxide equivalent).
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A.3 Performing Calculations

To perform travel distance and emission calculations, open the StudentGreenTravel application by
double clicking on the icon depicted in Figure A.3 and follow the steps below.

StudentGreenTra
vel

Figure A.3: StudentGreenTravel Icon

A.3.1 Uploading Student Data (Mandatory)

Once the application is running, you will be greeted with the initial menu. Click the “Select
Student Data” button, depicted in Figure A.4, to open a file dialog and select your .xIsx student
data file.

StudentGreenTravel

# Calculate Emissions

= Prepare Data

[3 Select Student Data

i Add Emission Factors

No file was selected.

Default Emmission Factors - Custom Emmission Factors

Figure A.4: “Select Student Data” button

Once, you have selected a student data file, you should see the confirmation stating "Dataset:
Name_of _file.xlsx" and the ‘“Prepare Data” button should become accessible, as shown in figure
AS.

StudentGreenTravel

# Calculate Emissions

¢ Prepare Data

Ls Select Student Data

i Add Emission Factors

I Dataset: Student Data.xlsx I

Default Emmission Factors ' Custom Emmission Factors

Figure A.5: Dataset Confirmation



A.3. PERFORMING CALCULATIONS 60

A.3.2 [Initial Data Processing

Once you have uploaded a data file successfully, you should prepare the data for calculations.
This is done by clicking the “Prepare Data” button from Figure A.5. Once the data is ready for
calculation, you will get the "The data is ready for calculations!" confirmation and the "Calculate

Emissions" button will become accessible, as shown in Figure A.6.

StudentGreenTravel

@ Calculate Emissions

=< Prepare Data

[4 Select Student Data

i Add Emission Factors

I The data is ready for calculations! I

Default Emmission Factors (' Custom Emmission Factors

Figure A.6: Ready Data Confirmation

If you do not want to upload custom emission factors, press the "Calculate Emissions" button
to proceed and go to section A.3.4. Otherwise, follow the instructions in the following section to
upload custom emission factors.

A.3.3 Uploading Custom Emission Factors (Optional)

If you would like to upload custom emission factors, press the "Add Emission Factors" button,
depicted in Figure A.7, and select an .xIsx file with emission factors from your computer. Once,
you complete this, you should see the indicator for emission factors switched to "Custom Emission

Factors", as shown in Figure A.8.

StudentGreenTravel

& Calculate Emissions

=& Prepare Data C Default Emmission Factorsl Custom Emmission Factorsl

W 2z S i e Figure A.8: Emission Factors Format

if Add Emission Factors

The data is ready for calculations!

Default Emmission Factors | Custom Emmission Factors

Figure A.7: Student Data For-
mat

If you would like to go back to using the built-in emission factors, simply press the "Default
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Emission Factors" option. To upload new custom emission factors, start the procedure again.

A.3.4 Entering Number of Trips and Middle Leg Assumptions

NOTE: The assumptions for the Initial Leg of the journey are pre-set in the system, so you only
have to enter the ones for the Middle and Final legs.

After clicking the "Calculate Emissions" button, you will be greeted by the next page of the ap-
plication, related to the middle leg of the journey. First, please enter the number of study-related
trips students make per year in the designated place, as depicted in Figure A.9. Then, proceed to
entering the travel assumptions for "Scotland" and "Rest of UK". These assumptions apply for

students from Scotland and England, Wales and Northern Ireland respectively.

NOTE: Please, check the ''Tip'"' sections in the application for further information, if neces-

sary.

Assumptions for Middle Leg of the Journey

Tip: Select or enter the number of study-related trips a student makes on average per year.
Please, select at least 2 trips (one at the start of the academic year and one at the end) and at most 10 trips.

Number of trips

S

Tip: The initial leg of the journey (from home address to local transportation hub) is already pre-defined:
40% of students travel by car, 40% by tax, and 20% by bus.

Select or enter the percentage of students traveling by each transport method for the middle leg of their journey, from the transportation hub in their city to Aberdeen.
The percentages selected under the ‘Scotland section will be used for the Scottish students,

and the percentages selected under the 'Rest of UK' section will be used for the students from England, Wales, and Northern Ireland.
Once you have selected the percentages for the middle leg of the journey, click ‘Submit' to confirm your choices.

Scotland Rest of UK

Bus% 0 v Plane% 0

care 0 v Car% 0

Train% 0 v Tain% 0

Selected: 0% Selected: 0%
Initial Leg of Journey Middle Leg of Journey
B iy ~ EZod ele o st 88 |gog
Student Home Car/TaxisBus Local Transport Car/Plane/Train/Bus Aberdeen Transport
Hub Hub

Figure A.9: Middle Leg Page

Submitting Assumptions

To submit the entered assumptions, click the “Submit” button. If percentages for both groups sum
up to 100%, you should get the confirmation depicted in Figure A.10 and the “Next" button should
became accessible, as shown in Figure A.11. Please, note that there are "Selected: number%"
indicators below the "Scotland" and "Rest of UK" boxes that indicate what percentages you have

selected. They become green when the percentages sum up to 100 and red when they exceed this

value.
f o Success ¥ )
| o The data has been submitted! T & [ T—
i h °| &y s~ GH ] ee o O =
¢ i Student Home. CarrTaxi/Bus Local Transport Car/Plane/Train/Bus Aberdeen Transport
] Hub Hub
| OK ] ack @ Submit | > Next
Figure A.10: Sub- Figure A.11: Next Button Accessible

mit Success
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Wrong Assumption Percentages

If the percentages do not add up to 100, either one or both of the "Selected: number%" indicators
will become red, and if you try to submit the assumptions this way, you will get the warning in
Figure A.12.

M 4 Error x 1

| | The sum of the percentages for each country must be 100!
¢ S Please try again.

h )

o)

Figure A.12: Wrong Percentages Warning

If you get the confirmation in Figure A.10, please click the "Next" button to proceed to the
next page.
A.3.5 Entering Final Leg Assumptions
Upon entering the middle leg assumptions successfully, you will be greeted with the Final Leg As-

sumptions page. To the left of the page, there is a list with the countries within UK and Aberdeen,
as depicted in Figure A.13.

Assumptions for Final Leg of the Journey

< Back @ submit Calculate

Figure A.13: List of Countries

From this list you can select the countries one by one and enter the final leg assumptions for
each country and Aberdeen respectively. Note, that Aberdeen and Scotland have only input boxes
for assumptions for the journey from home to university and from station to university respectively.
On the other hand, the rest of the countries have input boxes for assumptions for both the journey

from airport to university and from station to university, as shown in Figure A.14.

Assumptions for Final Leg of the Journey.

ted the percentages forthe final leg of the jouney, click ‘Submit' o conlinm your choices.

feen City
e England

Ti% 0 -
Bk 0

Walkt 0

Selected: 0% Selected: 0%

< Back © Submit Caleulate

Figure A.14: Input Boxes for Final Leg Assumptions
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Submitting Assumptions

Once you have entered final leg assumptions for all countries and Aberdeen, and all of them add
up to 100%, follow the procedure similar to the previous page to submit the data to the system.
If all assumptions are correct, you will get the familiar confirmation, but this time the "Calculate"
button, shown in Figure A.15, will become accessible.

Calculate

Figure A.15: Calculate Button

NOTE: Please, check the "'Tip'" sections in the application for further information, if necessary.

Calculation of Distances and Emissions
To start the calculation process, please click the "Calculate" button. Thus, you will start the calcu-

lation procedure and the following window with a loading bar will appear:

PO L L LY LD CBRSAREREEL L8 LU R WL LR

& Calculating X

Please wait while distances and emissions are processed...

A
Cancel |

n

Figure A.16: Calculation Loading Bar

Once the calculations are done, you will automatically be taken to the results page, depicted
in Figure A.17.

. Basic Data
Tip: Select from the options on the right to view the data.

O Emissions by Country

O Distance by Country

O Total Emissions by Country
O Emissions per Student

Scotland Data

O Car Distance (Council)
O Bus Distance (Council)
O Train Distance (Council)
O Taxi Distance (Council)

England Data

O Car Distance (Counci)
O Bus Distance (Council)
O Train Distance (Council)
O Taxi Distance (Council)

Wales Data

O Car Distance (Council)
O Bus Distance (Council)
O Train Distance (Council)
O Taxi Distance (Council)

Northern Ireland Data

O Car Distance (Council)
O Bus Distance (Council)
O Train Distance (Council)
O Taxi Distance (Council)

< Back = Menu @ show Invalid Data B Show Council Emissions

Figure A.17: Results Page
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A.3.6 Checking Results

To check the "Base Data" results or the country-specific ones, select any of the options from the
boxes to the right, shown in Figure A.18.

Tip: Select from the options on the right to view the data. Sichatz

O Emissions by Country

O Distance by Country

O Total Emissions by Country
O Emissions per Student

Scotland Data

O Car Distance (Council)
O Bus Distance (Council)
O Train Distance (Coundil
O Taxi Distance (Council)

England Data

O Car Distance (Counci)
O Bus Distance (Coundil)
O Train Distance (Council)
O Taxi Distance (Council)

Wales Data

O Car Distance (Council)
O Bus Distance (Coundil)
O Train Distance (Council)
O Taxi Distance (Council)

Northern Ireland Data

O Car Distance (Counci)
O Bus Distance (Coundil)
O Train Distance (Council)
O Taxi Distance (Council)

< Back = Menu @ show Invalid Data B show Council Emissions

Figure A.18: Result Boxes

Once you click an option from any of the boxes, you will be greeted with the corresponding
graphical representation of results, as depicted in Figure A.19.

Basic Data

O Emissions by Country

O Distance by Country.

® Total Emissions by Country
O emissions per Student

Total Emissions by Country (in kgCO2e)

B Norther Ireland

W England Scotland Data

W Wales O Car Distance (Counci)
B scotland

O Bus Distance (Council
O Train Distance (Council)
O Taxi Distance (Coundil)

England Data
Country=Northern Ireland O Car Distance (Council)
Emissions (kgCO20)=4,206.485156 O Bus Distance (Council)
O Train Distance (Counci)
O Taxi Distance (Coundil)

Wales Data
O Car Distance (Counci)
O Bus Distance (Coundil)

O Train Distance (Counci)
O Taxi Distance (Council)

Northern Ireland Data

O Car Distance (Council)
O Bus Distance (Council)
O Train Distance (Council)
O Taxi Distance (Council)

< Back = Menu @ Show Invalid Data B Show Council Emissions

Figure A.19: Graphical Representation of Results

Initially, the page shows the boxes for distance calculations for each country’s councils. To
see the emissions-specific resutls for the councils of each country, press the "Show Council Emis-
sions" button at the bottom of the page, shown in Figure A.20, and follow the familiar procedure

to view the visualizations.

< Back = Menu @ Show Invalid Data I B Show Council Emissions |

Figure A.20: "Show Council Emissions" button

If you desire, you can go back to the initial menu page and start new calculations by pressing
the "Menu" button at the bottom of either of the resutls pages.
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A.4 Checking Invalid Data

To check the invalid data points in the input dataset, you should follow the above-described proce-
dure for calculating distances and emissions. However, when the results page is displayed, instead
of clicking the options in the boxes to the right, click the "Show Invalid Data" button at the bottom
of the result page, depicted in Figure A.21. This button will take you to the invalid data page.

< Back = Menu @ Show Invalid Data | B Show Council Emissions

Figure A.21: "Show Invalid Data" button

In the invalid data page, click the "Show Invalid Postcodes" button at the bottom-center of
this page, to generate the list of invalid data points, along with their location in the input file. This

button is shown in Figure A.22.

Invalid Postcodes

Tip: Click the 'Show Invalid Postcodes' button to display the invalid postcodes.
The list below will display the row number in the used dataset and its contents;
Click the ‘Clear’ button to clear the st of invalid postcods.

< Back @ Show Invalid Postcodes & Clear

Figure A.22: "Show Invalid Postcodes" button

This action will generate a list with invalid data points, similar to the one shown in Figure

A.23.
Invalid Postcodes

Tip: Click the 'Show Invalid Postcodes' button to display the invalid postcodes.
The list below will display the row number in the used dataset and its contents.
Click the "Clear' button to clear the list of invalid postcodes.

346: ['Wales', 'AB24AUY']

Figure A.23: List with Invalid Data Points

To clear the list, press the "Clear" button and to go back to the results page, click the "Back"

button.
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Maintenance Manual

This maintenance manual serves as a guide to understanding, installing, and modifying Student-

GreenTravel. It provides information for both developers using the unpackaged (code) version and

users choosing the convenient packaged version of the software.

B.1

Installation and Execution

B.1.1 Packaged Version

1.

2.

Unzip the "StudentGreenTravel.zip" file in a directory of your choice.

Start the StudentGreenTravel application.

B.1.2 Code Version

[S—

B.2

Install Python.

. Install Pip.

Start Command Line Prompt.

Navigate to the directory where you have stored the application folder.

. Runthe "pip install -r requirements.txt"command to install the system de-

pendencies.

. Run the "calculator.py" command to execute the application .

System Description

B.2.1 Hardware and Software Dependencies

The operation of each version of the application is dependent upon meeting the following require-

ments:

Packaged Version

* Operating System: Windows 10 or Windows 11

* File compression software: 7-Zip or WinRAR

* Internet connection
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Code Version

* Python 3.10 or newer

* geopy 2.4.1

* numpy 1.26.4

e pandas 2.1.4

* plotly 5.19.0

* PyQt6 6.6.1 and PyQt6_sip 13.6.0
* requests 2.31.0

* openpyxl 3.1.2

* Internet connection

B.2.2 Organization of System Files and Directories
Packaged Version
e _internal directory: Within this directory lie the data, pictures, and icons, hous-
ing their respective files that can be edited as needed, alongside all the application’s compo-

nents and packages.
» StudentGreenTravel.exe: the application .exe file

Code Version

System Files

L cs4529/
data/

airports.csv
postcodes.db
rail_stations.csv

Scotland_Bus_Stations.csv
icons/
L— all .svg files
pictures/

fin.png

mid.png
aberdeen. py
calculator.py
council_areas.py
final_leg.py
generate_atirports.py
invalid_page.py
main.py
pagel.py
page2.py
page3.py
preprocess_data.py
results_distance.py
results_emissions.py
style_sheets.py
travel_class.py
utis.py
requirements. txt
calculator. spec

Figure B.1: System Files in Code Version of StudentGreenTravel
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B.2.3 Space and Memory Requirements

* Required Space: 1GB

B.3

Required Memory (RAM): 700MB

Source Code Files
File Functionality
aberdeen.py Contains methods that calculate distances from a home post-
code to the university, and divide students according to travel
assumptions for transport methods.
calculator.py Brings together all the features and initiates the program’s op-

eration through a class called Calculator.

council_areas.py

Deals with getting the admin district for a list of postcodes and
then grouping them by the admin district. Also finds the per-
centage of postcodes in each admin district with respect to all
postcodes for the country.

final_leg.py

Contains the functions to calculate the travel distance for the
final leg of the journey of each mode of transport for the students
from Scotland and the rest of the UK.

generate_airports.py

Used to generate the "airports.csv" file which contains only the
public UK airports and their longitude and latitude.

main.py

Combines the functionality of the other Back End files and pro-
duces the final results.

preprocess_data.py

Contains the functions used to read and prepare the postcodes
of students for calculations.

style_sheets.py

Contains the style sheets for the application and its widgets.

test_code.py

Tests the main functions of the project with the unittest frame-
work.

travel_class.py

Holds the Travel class methods used to perform initial and mid-
dle leg travel distances calculations.

utils.py Accommodates functions which are used in multiple other files.

pagel.py Holds the MainPage class which contains the initial menu page
components.

page2.py Holds the Page?2 class which contains the middle leg page com-
ponents.

page3.py Holds the Page3 class which contains the final leg page compo-

nents.

results_distance.py

The first final page which contains the webview for the plotly
heatmaps and the other widgets for the results.

results_emissions.py

The second final page which contains the webview for the plotly
heatmaps and the other widgets for the results.

invalid_page.py

Holds the invalid data page class along with the methods for
identifying invalid data points.

Table B.1: File Functionalities
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B.4 Future Improvements

There are areas where the application can be further enhanced and expanded:

* The addition of visualizations of the routes chosen by students for their journeys. This
could be implemented as a generalization for students from a certain country, or individual
visualizations for each student. However, this may require additional data collection on

student travel patterns.

* The software could be made cross-OS compatible. Currently, it does not function on Mac or
Linux and the application could benefit from having dedicated versions for these operating
systems. This could involve developing dedicated versions for these operating systems using

new packaging methods, potentially opening doors for commercial use.

* Despite the tool providing detailed results on both country and council level, it might be a
good addition to produce even more results. For instance, displaying council data on flights
or offering even more graphical visualizations. This may require creating a new result page

designs and developing new Back End methods.

* The software may benefit from larger data sets on transportation hubs and methods to im-
prove the accuracy of distance calculations. For instance, there is a lack of data on Scottish

bus stations, which could be addressed by utilizing an API.

* To prepare the product for a broader use beyond the University of Aberdeen, methods for
calculating international travel distance could be implemented. However, this may require

a major re-design and the utilization of an API for data retrieval.

* To achieve the last two suggestions for future work, the Google Maps API could be imple-
mented to provide the needed data and distance measures. However, this requires additional

funding as the API involves a fee for usage.

B.5 Bug Reports

There are three known bugs to the system:

1. Occasionally, during the initial data processing after clicking the "Prepare Data" button on
the initial menu, the system may be labeled as "Not Responding." Despite this, the system

continues to function properly, and upon completion, it displays a confirmation message.

2. Similarly, when calculating distances and emissions after clicking the "Calculate" button
on the final leg assumptions page, the system may also be marked as "Not Responding."

However, this issue does not impact any of its core functionalities.

3. Due to time and resource limitations, StudentGreenTravel is currently not signed by a cer-
tificate authority (CA). Consequently, Windows Defender may identify it as "potentially
unwanted software" because the publisher is "Unknown". This is a security measure and
doesn’t indicate any malicious code within StudentGreenTravel. You can safely use the

application.
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Supplementary Materials

C.1 Wireframes

Menu Page

Title

Mid Leg Assumptions Page

[\nslruc(ions

Methods of
transport

Back Button

Scotland Assumptions

Input
percentages/
assumptions

Rest of UK Assumptions

Input
percentages/
assumptions

Methods of
transport

(" submitButton ) (

Next Button

Figure C.1: Wireframes of Menu and Middle Leg page

Final Leg Assumptions Page

[\nstruct\ons

[Country Name

Selectable list
of countries

Methods of transport Input percentages/assumptions

(_BackButton ]

(_SubmitButton ]

(Ccalculate Button )

Results Page

] 2

Graphs/Tables with results

SR

Selectable list
with results
for
distances/emis
sions for
country

\ J

(_BackButton )

(C_Menu Button

)

(Invalid Data Button ]

Figure C.2: Wireframes of Final Leg and Results page

Invalid Data Page

[Instruct\ons

List with invalid data points
along with their location in input dataset

Back Button

Show Invalid Button

Clear List Button

Figure C.3: Wireframe of Invalid Data page

5




C.2. EVALUATION TABLES AND RESULTS 71

C.2 Evaluation Tables and Results
C.2.1 SUS Scores

SUS Scores
Consent Gender TC SUS1-A SUS2-A SUS3-A SUS4-A SUS5-A SUSE-A SUS7-A SUSB-A SUS9-A SUS10-A TOT-A SUS-A
1 | Consent | Female| High 0 0 0 3 1 2 0 0 0 1 7 17,5
2 |Consent| Male High 1 4 4 4 4 4 3 4 4 4 36 90
3 | Consent | Female | High 3 2 3 3 4 4 4 2 4 3 32 80
4 | Consent|Female | High 4 4 4 4 4 4 4 3 4 4 39 97,5
5 | Consent|Female | Low 4 4 4 4 4 4 4 4 3 4 39 97,5
6 | Consent|Female| High 1 1 0 3 1 1 1 0 1 3 12 30
7 |Consent| Male |Medium 0 0 0 1 1 1 2 2 1 2 10 25
8 | Consent | Female | Medium 1 3 2 3 2 2 1 2 1 2 19 47,5
9 | Consent| Male High 2 1 1 3 2! 2 1 2! 1 1 16 40
10| Consent| Male Low 0 0 0 1 1 2 1 2 1 1 9 22,5
Figure C.4: SUS-A Scores
Distribution of SUS Score among Participants
120
100 97,5 57,5
90
80
80
(]
L
2
» 60
g 47,5
) 40
40
30
23 22,5
17,5
20 I
D I
1 2 3 4 5 6 7 8 9 10
Participant
Figure C.5: SUS-A Scores Distribution
SUS Scores
ID Consent Gender TC SUS1-B SUS2-B SUS3-B SUS4-B SUS5-B SUS6-B SUS7-B SUS8-B SUSS-B SUS10-B TOT-B = SUS-B
1 | Consent | Female | High 3 4 a4 4 4 4 4 a4 4 a4 97,5
2 |Consent| Male High 1 4 3 4 4 4 3 4 4 4 87,5
3 | Consent | Female | High 4 4 4 3 4 4 4 4 4 4 97,5
4 | Consent | Female| High 4 4 4 3 4 0 4 3 4 4 85
5 |Consent |Female| High 4 4 4 4 4 4 4 4 4 4 100
6 | Consent | Female Low 3 4 3 3 4 4 3 4 3 3 85
7 | Consent| Male |[Medium 4 4 a4 3 4 4 3 2 4 a4 90
8 | Consent | Female | Medium 4 4 4 4 4 4 4 4 4 3
9 | Consent| Male High 3 3 4 4 3 4 4 4 4 4
10| Consent| Male Low 2 3 3 4 3 2 3 3 3 3

Figure C.6: SUS-B Scores
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120

100

8

SUS Score
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[==] o

i
=

2

[=]

=]

97,5 97,5 100 97,5
50 92,5
87,3 85 85
‘ | | | | ?2'5
1 2 3 a4 5 & 7 g 9 10

Participant

Distribution of SUS Score among Participants

C.2.2 AQ Scores

Figure C.7: SUS-B Scores Distribution

Participant Consent

Additional Questions (AQs)

Gender Technical Competence AQl-A AQ2-A AQ3-A AQ4-A AQ5-A AQG6-A

1 Consent | Female High 1 4 1 2 1 2
2 Consent | Male High 2 3 2 4 1 3
3 Consent | Female High 4 4 2 4 1 3
4 Consent | Female High 5 5 4 5 1 5
5 Consent | Female Low 5 5 5 4 3 5
6 Consent | Female High 1 3 2 2 2 2
7 Consent | Male Medium 4 4 1 3 1 1
8 Consent | Female Medium 4 3 1 3 1 3
9 Consent | Male High 4 4 1 3 1 3
10 Consent| Male Low 4 a4 1 2 1 1

3,4 3,9 2 3,2 1,3 2,8

Figure C.8: AQ-A Scores

Additional Questions (AQs)

Participant Consent Gender Technical Competence AQl-B AQ2-B AQ3-B AQ4-B AQ5-B AQ6-B Final Question
1 Consent | Female High 5 4 5 5 5 5 | StudentGreenTravel
2 Consent | Male High 4 4 3 5 4 5 StudentGreenTravel
3 Consent | Female High 5 4 5 5 5 5 StudentGreenTravel
4 Consent | Female High 4 4 4 5 5 5 StudentGreenTravel
5 Consent | Female High 5 5 5 5 5 5 | StudentGreenTravel
6 Consent | Female Low 5 5 5 5 4 5 StudentGreenTravel
7 Consent | Male Medium 5 5 5 5 5 5 |StudentGreenTravel
8 Consent | Female Medium 5 5 5 5 5 5 StudentGreenTravel
9 Consent | Male High 5 5 5 5 5 5 StudentGreenTravel
10 Consent | Male Low 4 4 4 4 4 5 StudentGreenTravel
Average for AQs
4,7 45 | 46 | 49 | 47 5

Figure C.9: AQ-B Scores
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C.2.3 T-tests

SUS T-test
SUS-A SUS-B t-Test: Two-Sample Assuming Equal Variances|
17,5 97,5
a0 87,5 5U5-A S5US-B
80 97,5 Mean 90,5 54,75
97,5 85 Variance 70,55556( 1081,181
97,5 100 Observations 10 10
30 85 Pooled Variance 575,8681
25 a0 Hypothesized Mean Difference 0
475 97,5 df 18
40 92,5 t Stat 3,331191
22,5 72,5 P(T<=t) one-tail 0,001858
t Critical one-tail 1,734064
P(T<=t) two-tail 0,003716
t Critical two-tail 2,100922
Figure C.10: SUS T-test
AQ T-test
AQA AQB t-Test: Two-Sample Assuming Equal Variances|
3,4 4,7
3,9 45 AQ-A AQ-B
2 46 Mean 2,766667| 4,733333
3,2 49 Variance 0,922667| 0,034667
1,3 4,7 Observations 6 6
2,8 5 Pooled Variance 0,478667
Hypothesized Mean Difference 0
df 10
t Stat -4,92351
P(T<=t) one-tail 0,000301
t Critical one-tail 1,812461
P(T<=t) two-tail 0,000602
t Critical two-tail 2,228139

Figure C.11: AQ T-test
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C.2.4 ANOVA Tests

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Technical Competence 10 24 2,4 0,711111
SUS-A 10 5,475 0,5475 0,108118
ANOVA
Source of Variation 55 df Ms F P-value F crit
Between Groups 17,15878 1 17,15878125 41,89006 4,35E-06 4,413873
Within Groups 7,373063 18 0,409614583
Total 2453184 19

Figure C.12: ANOVA test between SUS-A scores and Participants’ Technical Competence

Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance
Technical Competence 10 24 2,4 0,711111
SUS-B 10 9,05 0,905 0,007056
AMNOVA

Source of Variation SS df MS F P-value F crit

Between Groups 11,175125 1 11,17513 31,12126 2,7E-05 4,413873
Within Groups 6,4635 18 0,359083
Total 17,638625 19

Figure C.13: ANOVA test SUS-B scores and Participants” Technical Competence
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