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Sammanfattning 
Detta arbete syftar till att evaluera effekterna av visualisering av data över klimatpåverkan. Arbetet utfördes 
tillsammans med logistikavdelningen på Sandvik Materials Technology (SMT), Sverige. SMT har för avsikt att 
utveckla deras hållbarhetsstrategi och var därför passande som samarbetspartner. Utvecklingen av designen för 
visualiseringen utfördes genom konsultation med SMT för att uppfylla deras behov, exempelvis valdes data ut, samt 
förseddes, av SMT. Utöver detta gjordes undersökningar av effektiva metoder för designer för visualisering. Utifrån 
detta skapades en skissad prototyp som därefter utvecklades till en hemsida. Metoder inom människodatainteraktion 
(MDI), såsom think aloud-intervjuer, använder inom utvärderingsprocessen. Dessa intervjuer fokuserade på att förstå 
den nuvarande situationen för tankesättet kring hållbarhet. Efter två till tre veckor skickades en enkät ut, med 
liknande frågor som under intervjuerna. Syftet med denna enkät var att möjliggöra för jämförelse mellan resultaten 
från intervjuerna och svaren på enkäten, för att adressera eventuella skillnader i tankesätt. Resultaten från dessa 
jämförelser var att tankesättet inte hade förändrats signifikant. Resultaten visade dock att det finns en förändring i 
uppfattningen av det individuella ansvaret, både vad gäller avdelningen och individen. Det bör påpekas att tiden som 
fanns tillgänglig för utvärderingsprocessen var begränsad. För att stärka dessa resultat föreslås det att 
utvärderingstiden förlängs och att frekvensen för användandet av hemsidan är konsistent och på en hög nivå. 
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Abstract— 
This work aims to evaluate the effects of visualization of 
climate impact data. The study was performed together 
with the logistics department at Sandvik Materials 
Technology (SMT), Sweden. SMT has sought to develop 
their sustainability strategy and was therefore suitable as a 
collaboration partner. The development of the design was 
done in consultation with SMT to fulfil their needs, for 
example the data was chosen and provided by SMT. In 
addition to this, research was done on effective 
visualization designs. From this, a sketched prototype was 
created which furthermore developed into a website. 
Human Computer Interaction (HCI) methods, such as 
think aloud interviews, were used in the evaluation 
process. These interviews focused on understanding the 
current mindset towards sustainability. After two to three 
weeks, a survey was sent out with similar questions as 
during the first survey and interviews. The purpose of this 
survey was to be able to compare the results between the 
interviews and the answers on the survey, and recognize 
any changes in mindset. The results from these 
comparisons were that the mindsets did not seem to have 
changed significantly. However, the results show that there 
is a change in the perception of the individual 
responsibility, both as a department and person. It should 
be pointed out that the time provided for the evaluation 
process was limited. To strengthen these results, it is 
suggested that the evaluation time extends and that the 
frequency of usage is consistent and high level.  
 

I. INTRODUCTION 
Climate change is one of the world’s most important issues. 
Yet, it is rather limited integrated into many business areas. 
Because of old structures and patterns within these business 
areas, it takes a great effort to change priorities, mindsets and 
economic structures. These changes include several 
stakeholders who all have different interests. This gives 
strength to the fact that the solution to climate change within 
companies is a question of change management [1].  

The problem that this research will study is if an incentive 
can be created to reduce the current climate impact, among the 
employees at the company unit collaborated with during the 
research. This by illustrating the current climate impact in a 
pedagogical way on a website. 
 

A. Prerequisites and limitations 
The prerequisites for a successful project are based on an 
effective collaboration with the company and stakeholders. 
This mostly includes a close communication in the planning 
and design phases, access to data and contribution in the 
evaluation. The limitations are mainly regarding the time 
aspect of the project, since it is a large process during a limited 
time. Also, the knowledge concerning the technical parts is 
also restricted. 
 

II. BACKGROUND 

A. Description of research area 
The research area that is being examined has its base in 
change management and logistics. More specifically, change 
management applied within sustainability in transportation 
logistics. In partnership with Sandvik Materials Technology 
(SMT), the emissions that are caused by the transportations 
made globally will be visualized in a pedagogical way. 
Therefore, in addition to change management and logistics, 
this project extends to web development and Human 
Computer Interaction (HCI) methods and theory. The 
emissions caused by the mode of transport Truck, Air, Vessel 
and Rail will be presented graphically on a website as an aim 
to create incentive for the company to take sustainability in 
consideration when making logistical business decisions. 
There are several studies performed within the area of data 
visualization, as written below, which strengthens the idea that 
a visualization of data has desirable effects within an 
organization. The aim to create incentive to take sustainability 
in consideration in a different way than today requires a 
change in mindset and leadership structures. Change 
management makes up the humanistic as well as the 
management perspective on this work. In particular, this 
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means that the priorities should be different than today to 
achieve improvements in sustainability. 
 

B. The interest of client 
Climate change as a global issue is a fact and worldwide 
organizations have conducted sustainability policies and 
practices to achieve set goals. After the Paris Climate 
Conference in 2015, the first-ever legally binding global 
climate deal was adopted by 195 countries among the UN 
members. This led to the goal of limiting global warming to far 
below 2°C. The EU’s nationally determined contribution to 
this goal in the Paris Agreement is to reduce greenhouse gas 
emissions by 40% to 2030, compared to the levels of 1990. To 
achieve this, all stakeholders that are included in the EU have 
to contribute and show responsibility for these common 
goals.[2] 
 Another argument of the relevance of this research area, is 
that over 25 000 top students have signed a Student Manifest, 
placing higher demands on future employers in France. The 
consequences of companies not living up to these demands are 
that the students will not choose those companies as employers 
in the future. This manifest has been released in Sweden as 
well. Sustainability must lead and direct every decision, 
according to these students. This means radical changes in 
business models, production, processes, economy and market. 
All business decisions will need to build upon reduced 
emissions - marginal improvements are not enough. In total, 
over 30 000 students have signed this manifest [3]. The same 
trend is lightened by another article in Svenska Dagbladet 
where it is noticed that more and more Swedish employees are 
declining job offers because of the company’s lack of 
sustainability initiatives [4]. For companies, this means that an 
effort to integrate sustainability in the core business is needed - 
to be able to keep and employ company labor.  
 However, the costs of becoming fully sustainable are heavy. 
Arla, a Swedish dairy company, has changed all its transports 
to sustainable ones. This means that they have successively 
bought new trucks that drive on non-fossil fuel, which have 
costed Arla hundreds of millions of Swedish krona. Despite of 
these costs, the company chooses that it is worth to invest 
because of sustainability being highly ranked as a decision 
maker within the company. Also, Arla is experiencing higher 
demands from their customers for the company to work with 
sustainability.[5] In the long term, it can even be discussed if 
these big investments will be a cargo for the companies. This, 
because of future possible costs for not being sustainable. In 
the Swedish parliament’s spring budget, it is suggested that 
companies that, to a certain level, are sustainable should get a 
tax relief.[6] There are also recent research that show that 
companies that invest on the basis of environmental concerns 
often receive higher returns.[7] Therefore, much evidence 
points on sustainability within companies being an economical 
favorable investment.  
 

C. Goal of work and relevance  
The goal of this study is that a visualization of transports and 
caused emissions data will be an incentive and tool for SMT’s 
work towards becoming a more sustainable business unit. 

Overall, this will largely involve change management. As 
sustainability has a potential to be further integrated within the 
company division, it has to be incorporated in the strategic 
business decisions made. Changing the mindset of the 
employees in valuing sustainability higher is therefore a key 
aspect.  
 

D. Scientific question of research 
The question that the work is evaluating is: how can 
visualization of climate impact create incentive and 
momentum to become more sustainable within a company? 
 

E. Specified definition of problem 
The solution will be delivered in the form of a web app, where 
the data that is fetched from a database is presented and 
visualized. The effect of the visualization should be measured, 
for which techniques within Human Computer Interaction 
(HCI) will be applied. Firstly, before the development of the 
website, a survey will be sent out to capture the general 
conception about sustainability among the members of the 
department. Research about how to present the data in an 
optimal way will be made and different technical solutions 
assessed. After the website has been given to the logistics 
department at SMT, think aloud interviews will be held as 
well as sending out a survey for evaluation. It is a challenge to 
measure the actual impact since it is a subjective opinion that 
is being evaluated. It is essential that the evaluation process is 
well thought out, since the evaluation will be qualitative rather 
than quantitative. This is due to the limited number of 
participants taking part in the research work.  
 

F. Expected scientific result 
The hypothesis is that the visualization of the climate impact 
from the transportations will create an incentive to integrate 
sustainability in business decisions and projects at the 
company. This work is scientifically relevant for many 
reasons. One is that a change in priorities and a greater 
consideration of the environment is completely necessary in 
the nearest future. This, to be, not only environmentally, but 
also economically sustainable. In addition to this, the work is 
also scientifically relevant because studies show that 
visualization can affect decision making.  
 

III. THEORY 

A. Data visualization 
Visualizing data has become an increasingly applicable and 
effective tool to inform and engage users within foreign and 
compound subjects. Environmental science has been given as 
an example as difficult to communicate to people who are not 
familiar within the area. The availability of data has raised the 
discussion around how data visualization can help decision 
making in corporations. Analyzing data and convert it into 
comprehensible information can effectively increase relevant 
predictions for businesses. This is since information can 
diminish risk and uncertainty.[8] 
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 One of the main purposes of data visualization is to make it 
easier to understand the data and the different dimensions that 
the data consists of. The visualizations improves storytelling 
and the sharing of information, knowledge and insights.[9]  
 Data visualization can increase the chance that data driven 
decisions are made in competition with other suggestions. One 
considerable aspect is the wide reach that the visualization 
makes possible, in comparison to e.g. text. The aesthetics of 
the visualization is also vital to appeal the audience. However, 
there is often a tradeoff between aesthetic and functionality. 
Even though research suggests that the brain finds it easier to 
process patterns than numbers and raw data, there is a time 
and effort aspect that is important for the actual 
implementation. The data visualization should be customized 
to its audience’s interests and needs as this will increase the 
efficiency.[10] 
 To measure the effect of the aesthetics of a visualization, 
there are multiple HCI methods applicable. One of those is the 
think aloud method. The directness of the method is used for 
gaining insight in the knowledge and methods of human 
problem-solving. This gives an important use for the method 
as part of situations where the researcher wants to know more 
about cognitive processes. Knowledge engineers see this as an 
important method for building knowledge based computer 
systems on the basis of human expertise.[11] 
 

B. Change management 
In a business logistics system, such as the studied department 
at SMT, the main responsibilities cover mainly inventory 
management, order processing and freight transportation. It is 
a large system with both inbound and outbound activities and 
many stakeholders such as suppliers, manufacturers, 
distributors etc. A logistics system is dependent on its 
members to function efficiently.[12] 
 Time and cost are the two most important factors that act as 
decision basis for the freight transportation. As the customer 
often wants their goods at a fair price and fast, these are 
important to maintain to increase the market competitiveness. 
However, due to externalities and the influence of taking 
actions regarding climate change, including sustainability and 
caused emissions is growing as a requirement to keep 
competitiveness at the occurring markets. Even though the 
case today is that companies can evade without showing high 
priorities regarding sustainable actions, the years for when the 
international targets are set are approaching which indicates 
that the conditions could tighten soon.[2] 
 

C. Previous studies within the area 
There have been research done concerning how visualization 
of personal data, e.g. emissions, affects the user’s 
comprehension of its carbon footprint and the motivation that 
arises to use more sustainable transportation options. The 
study contained of three parts; a pre-study survey, a two-week 
long study and finally a post-study survey. In the two-week 
long study, the participants had their emissions visualized 
through a website. The conclusion from this research was that 
the visualization of individuals’ carbon footprint from 
transportation increased their understanding and reflection 

about their travel behavior. It was particularly effective to 
compare against benchmarks and the participants learned to 
compare the emissions from different transportations and the 
effect their choice had on the environment.[13] 
 According to a study by Davis, when taking part of a 
visualization readers interprets data according to what they are 
familiar with, or by what in the visualization that they interpret 
as most significant. Although, tables are effective for 
presenting data and giving the opportunity to compare data 
points. To be able to make more dramatic comparisons, bar 
charts, that are not as numerically specific, are more efficient. 
Pie charts are most efficient for showing percentage and how 
different parts matter compared to the whole. Line graphs are 
conducted for showing movement, changes and trends over 
time or concentrations.[14] 
 According to a study by May and Stahl, change 
management is conditional for creating competitive advantage 
through sustainability. Furthermore, it is said that it is complex 
to create competitive advantage through strategic actions 
based on sustainability. It is not only about adding up diverse 
strategic action programs. Rather, it should be customized to 
the company’s existing structure, production, product system 
and also its culture and vision [1]. Another aspect of this 
research is the pinpoint that scholars request a refocus from 
whether it is economically beneficial or not to be sustainable, 
to instead focus on how to actually become truly sustainable 
[1].   
 Other relevant research shows that sustainability reporting 
(SR) integrated into management control systems improves 
communication of sustainability measuring internally within a 
company and can be a key driver for organizational change. A 
case study examination was done to evaluate how three 
different organizations integrated sustainability reporting into 
management control systems (MCS). The findings from this 
study were that sustainability reporting integration into MCS 
holds advantages for organizations to operationalize 
sustainability objectives, broaden stakeholders, formalize 
organization beliefs and improve communication of 
sustainability measures internally.[15] 
 

IV. METHOD 
To implement and evaluate the solution, the process was 
divided into three phases; planning phase, building and 
development phase and evaluation phase. The purpose of the 
planning phase was to establish a well connection with the 
external stakeholder, SMT, and to do research regarding the 
scientific area. The scientific question was formulated after 
discussions with SMT. The combination of sustainability and 
a digital solution was agreed.  

A. Planning phase 

 
Figure 1. Summary of the planning phase 
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Firstly, any specifications and conditions from SMT were 
conducted. Secondly, data was provided from SMT. This data 
is the foundation of the website - for what is possible to 
illustrate and visualize. 

Further, a survey was sent to the logistics department. The 
survey was conducted as a Google Form in the format of an 
opinion survey, to examine the participants’ opinions 
regarding interface design and user preferences [16]. The 
participants could rate the first four questions from 1–5, where 
1 was ‘Not at all’ and 5 ‘Very much’ based on questions 
regarding their view on sustainability. See appendix for 
questionnaire. 

Based on the conditions and specifications from Sandvik, 
together with results from the survey, decisions were taken 
regarding what should be visualized on the website. The parts 
that were chosen to illustrate were written down and, from 
here, treated as subsections of the website. The design and 
presentation of the data had to be established within research 
and previous studies to increase the chances of creating the 
desired effect. Therefore, research was done on how to 
visualize data effectively. This research was based on earlier 
studies within this area.  

In alignment with the decided subsections and the computed 
research, a brainstorming session was held. Graphs were 
painted by hand - to personalize the illustrations in a way that 
corresponded to previous research and conditions. From this 
brainstorming session, a few options for each subsection’s 
design were conducted, as well as options for displaying more 
than one subsection at once.  

A second survey which covered more in depth questions 
regarding the visualization was made and sent out. This was 
meant to be a more quantitative form where the participants 
were comparing two graphs and answering why they preferred 
the one over the other. Also, reaction and conclusion of the 
presented graphs were being described. The participants of 
this survey did not work at Sandvik Materials Technology.  

Based on this earlier research and planning, a first prototype 
was made as a sketch by hand. This prototype was sent to SMT 
for feedback.  
 

B. Development phase 

 
Figure 2. Summary of development phase 
 
The feedback on the first prototype made way for the first 
website prototype. On top of this, research on what 
frameworks to use for backend and frontend respectively was 
made. One important condition was to be able to deliver the 
finished website in a smooth way, which is why this became 
part of the research. With the chosen frameworks, the website 
was created with basis on the first prototype and what was 
possible to create with the chosen framework. 
 To generate feedback that was aligned with the scientific 
question of research, think aloud interviews were held with 

employees at SMT during a visit. The purpose of this was to 
get a first impression on the website, as well as reactions - 
both on the actual data and how it was presented. The 
interviews held were semi structured, where some questions 
were decided beforehand. Mostly, however, the interviewee 
was able to speak freely about his or her thoughts about the 
website. The interviewee sat down with the website in front of 
him/her and thenceforth started to describe what he/she was 
feeling when looking at the data. See appendix for questions.  

The website was revised based on the think aloud interviews 
and any desired changes that the interviewees proposed. A 
second and final draft of the website was conducted from this. 
The revised website was next sent out again to the employees. 
A survey was formulated to again evaluate the website’s and 
the visualization impact. Some of the questions from the first 
survey were reused.  

 

C. Evaluation phase 

 
Figure 3. Summary of the evaluation phase 
 
To understand the current situation and get a foundation to be 
able to compare any results from this research, the think aloud 
interviews were used. The questions (see appendix) were 
created to get an understanding of the SMT employees’ 
current mindset and attitude towards sustainability. To help 
with this, a presentation was held. This presentation included 
the background of the research, a demonstration of the website 
as well as an open discussion about what was presented. 
 After the presentation and interviews, a survey was sent out 
to get quantitative answers to the website evaluation, in 
addition to the more qualitative interviews. This survey was 
composed by 1-5 rating questions as well as open ended 
questions with short answers. The survey was based on that the 
one who answered it was familiar with the website. Not only 
since it asked specific questions about the design but also since 
it asked questions concerning if the website made an impact on 
its user or not. Therefore, the answers were requested two to 
three weeks after the website was handed over. 

The results from the survey were compared to the results 
from the first survey and interviews to analyze any changes 
and affected thoughts and mindsets towards sustainability. 

 

V. RESULT 

A. Data available 
SMT provided a large Excel file, which contained information 
about all transportations made 2018. The file was provided by 
an external company, which had the responsibility to compile 
this information. To begin with, only the information about 
trucks were available. The file was structured as one row per 
transport and included start and end destination and emission 
data. To ease the compilation and structuring of the data, SMT 
imported the Excel file into a database. All the emission 
numbers were labeled with WTT (Well-to-Tank), TTW 
(Tank-to-Wheel) and WTW (Well-to-Wheel).  
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B. Results 
The logistics department within SMT consists of a smaller 
group and they answered the first survey together. The overall 
result from the survey implicated that sustainability is an area 
of improvement. According to the answers, the employees 
believe there can be done more when it comes to the 
department’s sustainability work. Furthermore, the employees 
confirm that awareness is a factor that they believe can have 
impact on their sustainability work. Additionally, the question 
on how high they value sustainability in business decisions did 
not get the highest point.  

The subsections that were decided on - based on the survey 
and the data provided - were volumes of emissions, mode of 
transport, destinations and the requirements of the website, 
based on the survey, were easy to comprehend, be able to see 
improvements over time, possible base for strategic decisions.  
The results from the brainstorming session were a collection 
of graphs, as well as a few drawings by hand that made the 
illustrations more personalized towards the preferences from 
SMT. These were deployed into a survey that was sent out to 
ten people not working at SMT. See appendix for result of the 
brainstorming session and survey.   
 With base in the results from the survey, the first prototype 
was made. It was made as a sketch by hand. The setup was to 
have one start page with an overview of the decided 
subsections. The second functionality would have been to 
have a slideshow that could have been used on a static screen. 
The results of the handmade sketches are shown in appendix.  

As the final solution was going to be delivered as a website 
with an URL address, several services and frameworks were 
considered. The data was migrated to a MySQL database to 
ease the calculations of the data. The backend of the website is 
based on Firebase, which is a development platform provided 
by Google. The frontend of the website is built with the 
JavaScript framework Vue. The frontend is supplemented with 
HTML and CSS for content and design. The CSS framework 
Bulma was used to support the overall design. For the graphs 
that are presented on the website, the open source JavaScript 
library Chart JS was used. The data was collected through 
SQL queries from the database.  

The first draft of the website consisted of four views, a 
login view, the Home view, the Destinations view and the 
Year in Numbers view. The views Home, Destinations and 
Year in Numbers laid under authentication protection, 
meaning as a user you need to be logged in successfully to be 
able to access these views. The Home view consisted of 
dashboards, created by tiles from the Bulma library. The total 
greenhouse gas emissions caused by all transportation modes 
were presented to give a clear overview. The consumption and 
emissions caused by CO2, CH4, Energy and Diesel B5 were 
calculated in a well-to-wheel perspective, meaning taking the 
whole lifecycle of the oil in consideration [17]. Side-by-side to 
these numbers, was a pie chart of the total amount of 
transports made from each mode.  

 

 
Figure 4. The Home page.  The data have been modified and is 
not SMT’s real data.  
 

From the data, the WTW CO2 emissions were calculated and 
grouped by month, shown in a line graph.  

 
Figure 5. The Home page. Month over month emissions 
graph. The data have been modified and is not SMT’s real 
data.  
 

Below, was a bar chart which had a calculated average CO2 
emission [g/km] per transport mode. This was roughly 
calculated as total tonneKM distance divided by total CO2 
emissions. TonneKM is a measure within freight 
transportation, which multiplies the vehicle’s weight in ton 
with the transport distance in kilometer. As the distance in 
kilometer were not available in the database, a decision was 
made to base these types of calculations on tonneKM.   
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Figure 6. The Home page. Bar chart to present average 
emission per transportation mode. The data have been 
modified and is not SMT’s real data.  
 

In the Destinations view, a table of the destinations, based 
on the sender and receiver country, was presented and 
contained distances and GHG emissions caused by the 
different transportation mode. The Year in Numbers view 
consisted of numbers that were considered most effectual.   

Three think aloud interviews were conducted with members 
of the logistics department that were aiming to use the final 
website. As the whole amount of data was not provided before 
this visit, only the data from trucks were shown. In summary, 
the responses were positive regarding the website. The 
interviewees all agreed on that the website had an impact and 
that it is a good tool to raise the awareness and spread 
information.  

Interviewee 1 (I1), focused on the numbers presented. I1 
perceived the pie chart as good to see the distribution of the 
transport modes, but were uncertain about the numbers 
presented in the bar chart about the average CO2 emissions. I1 
did not understand if the numbers represented a relation or if 
they were independent. It was not entirely clear what WTW 
stood for and after explaining I1 agreed on that it was accurate. 
I1 also wished that you should be able to switch between the 
destinations and have all the options (sender country, receiver 
country) to choose from. I1 also wished to see historical data to 
be able to compare recent results with over time data. Quote 
from I1:  
 
“Nice just to get the whole and the relation between different 
modes of transport, great to be able to get it even further back 
also to see a comparison.” 
 

Interviewee 2 (I2) talked about their previous work 
regarding sustainability and tried to connect preceding efforts 
to what was presented through the website. I2 specifically 
asked for a calculations functionality to be incorporated in the 
website. There are external websites, EcoTransIT.org were 
mentioned, to calculate the emissions caused by transportations 
but I2 would have liked to add this to the website so that 
everything is gathered in one place. This could subsequently be 
developed into a simulating function, quoting (I2): 
 

Such a function would make this more effective! So one can 
compare. Simulation system - what we are driving today by 
air, what effect will it be if we drive by boat? 
 

Interviewee I3 complemented the way the data was 
presented and mentioned that this is a good way to collect and 
assemble the data. I3 also mentioned complexity to 
understanding the numbers, what does the number say? I3 
wished to see comparisons with the figures.  

Overall, the evaluation confirmed that the visualization 
created an impact and that it might be used for decision 
making. The figures were compiled in an easy and 
comprehensible way. There were also requests for further 
development, summarized into three areas: 

• Historical data - to be able to see development over 
time. Good to see if investments and actions have 
effect. 

• Calculations - to be able to calculate emissions for 
future transportation based on the calculations of the 
provided data.  

• Comparable - what does a number mean? Add 
comparable to increase understanding of the impact.  

As of the question regarding how this connects to Sandvik’s 
businesses, one of the interviewees (I1) stated; After all, this is 
what we are responsible for procuring, what emissions it 
generates, it is very important. This emphasizes that the 
message with the website was clear, since it conveyed that it 
shows a visualization of the emissions the transportations are 
causing. However, the results from the interviews showed that 
when it comes to business decisions, sustainability is rather 
limited integrated due to many reasons. The participants 
seemed to have recognized sustainability as an important 
subject, but when following the company’s/department’s 
strategic parameters, time and cost seemed to be valued 
higher. This because customer experience is the most 
important aspect in a delivery. This concludes the interpreted 
current situation during the interviews. 

After the visit, the data for Air transportations were 
provided and added to the website. This created a first 
comparable between the two transportation modes. In the Year 
in Numbers, comparable figures were added to increase the 
understanding of the impact of the emissions. The figures 
chosen for this were some of the calculations that were 
general, such as Total CO2 WTW Emissions that were 
calculated overall and for truck and air each. Also, information 
about the top air destinations were added. Besides these 
numbers, comparisons were added under the title This is 
equivalent to… on the Year in Numbers page. These 
comparisons included To X laps around the world with a 
passenger car on gasoline, This is how much CO2 X m3 forest 
bind during one year and This would cost X kr to climate 
compensate according to klimatkompensera.se.   
 There were two results on the final survey. The participants 
estimated their own awareness regarding Sandvik’s, and SMT 
logistics’ sustainability policies to not fully aware. There were 
different suggestions in what SMT should do to become more 
sustainable, among these to clarify targets and to create a 
strategy against the agreements with forwarders. The 
participants saw their own responsibility as to understand 
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company targets and adapt them to their individual 
responsibility, as well as to set demands on the forwarders and 
to optimize transports. However, the biggest obstacle is agreed 
to be the economic aspect - both towards the management and 
the competitive advantage. Regarding the design and what in 
it that made the biggest impact on the participants, the figures 
are said to be hard to relate to - hard to say if what they are 
seeing is good or bad. Although, the Year in Numbers page is 
said to be interesting since it compares to what people could 
understand the extent of. Also, it is said to be a good way to 
present figures to the employees and customers. Furthermore, 
the participants estimate their future valuation of sustainability 
in business decision as average, after seeing the website. 
 

VI. DISCUSSION 
The difference between the results from the interviews and the 
final survey can be discussed. During the interviews, it was 
interpreted that sustainability is rather limited integrated in 
business decisions. The results from the survey showed the 
same tendencies. However, from the survey it was clear that 
there is an ambition to integrate sustainability in business 
decisions further. This can be interpreted as different from the 
interviews. From the interviews the conclusion of 
sustainability as an important subject among the employees 
can be drawn. Although, time and cost are valued higher since 
these are part of customer experience in the current situation, 
which is the most important aspect of deliveries. The 
difference between these answers and the survey is that in the 
survey, obstacles to reach a sustainable business are defined, 
as well as the individual responsibility to achieve 
sustainability. Therefore, the mindset can be interpreted as 
partially changed, since the mindset towards sustainability 
seemed to have become more actionable to a limited extent. It 
should be noted that this result is subjective. Partly because 
the answers to the interviews and the survey are subjective, 
and partly because the conclusions from these sessions also 
are subjective. However, since this project evaluated a 
question about mindset, these limitations were expected. The 
method for evaluating the mindset was chosen to be able to 
compare two results on similar forms, that were arisen with a 
time span in between. By doing this, the subjective assessment 
became a bit more objective - however, not fully objective. 
 There are several factors that influence the result and 
evaluation, hence should be discussed in this section. 
Modifications of these factors could yield a different outcome.  
 

A. Solution 
The choice of methods to visualize the data is of vital 
significance. As the visualization task is to deliver a 
comprehensible view of the data, it is of relevance to discuss 
these choices. On the website, several charts were used. The 
choices were based on the survey that was sent out and what 
was thought appropriate for the data set. The choices are as 
well aligned with the suggestions presented in literature [9]. 
Parts of the data was presented as stand-alone figures (text). 
Some of these figures might have been more suitable to also 

be presented in charts. There is a tradeoff, since too many 
charts might cause confusion and distraction.  
 Part of the feedback that was received during the second 
visit included comparisons for some of the figures. These were 
added as to make it more effortless to comprehend the actual 
impact. The challenge appeared to be to apply relatable 
comparisons. Changing these could as well increase the 
conception.   
 Another factor that extensively affected the result is the 
limited data that was provided. Since SMT uses truck, air, boat 
and rail for their transportations, excluding two of these (boat 
and rail) would lead to a slightly skewed distribution. As of 
1990, the emissions caused by air and boat in Sweden has 
increased with 194%. Recently, public attention has been paid 
to the fact that emissions cause by boat are bigger than what 
have been perceived [18]. Therefore, the effect of also 
including boat and rail could have created a more extensive 
impact. SMT did not have the possibility to transmit this data, 
hence it was omitted. During the interviews, the members of 
the logistics department conveyed that they wished to see 
historical and real time data alongside. The current technical 
solution does not support real time importing of data, but 
historical data could be added as static data points effortlessly. 
It would possibly increase the effect towards the viewer, if he 
or she could explore the emissions over time. Then, efforts 
linked to reducing the emissions can be identified in a time-
over-time perspective, confirming if efforts have had the 
desired effect or not.  
 One suggestion that was brought up during one of the think 
aloud interviews on the visit when handing over the website, 
was the method of using scare tactics. One of the interviewees 
mentioned this as a factor that would increase the impact for 
him. The comparisons could therefore be developed with even 
more powerful scenarios. However, there are few empirical 
evidence that persuasive tactic of arousing fear when it comes 
to communicating climate change in general [19], so this might 
not be suitable to be incorporated in the website.  
 The website was not designed to be used as a 
comprehensive decision basis tool, but more as an influential 
tool. In some of the interviews, the interviewee expressed the 
wish for the website to include a calculation tool. This tool 
would calculate the emissions caused by chosen transportation 
mode and distance based on the average emission per 
kilometer calculated from the existing data. This could then be 
used for when planning new transportations. This was 
however not included in the scope when developing the 
website but could be developed as an extension. The 
expressed need for this during the interviews was distinct, 
although this had not been incorporated in the design phase. A 
calculation tool could develop the value of the website and 
perhaps increase the usage. Regardless, there are several 
external websites offering this service and SMT has used these 
in the past.  
 

B. Evaluation 
A vital part of the method chosen for the scientific question 
was the evaluation. The chosen evaluation method was a way 
of being able to draw conclusions when comparing the results 
and differences between the surveys and interviews. The 
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method of evaluation was decided during the planning phase. 
There are mainly two components that have been identified to 
directly affect the result - the amount of time for the 
participants to use and evaluate the website and the choice of 
method to do the actual evaluation.  
 
1) Time 
Behavior and values change over time and can be affected by 
several factors and events. The time of the evaluation might 
not have been enough to properly evaluate the effect. The 
participants were given two to three weeks to use the website 
and then answer questions regarding their mindset and if the 
knowledge from the website would impact their business 
decisions. This period is most probably too short to change the 
mindset and for it to have a long-term effect on the business 
decisions. Since strategic decisions on suppliers might be 
taken on a yearly basis or with long intervals and it is not 
known if the employees at SMT will use the website in the 
future, it is difficult to tell if the business decisions will be 
impacted. Possibly, this project could have been conducted to 
align with the processes of signing forwarders. More extensive 
instructions on how to use the website and give examples on 
situations on when to use it might as well have increased the 
usage. The website was handed over with a review of the 
website during one of the visits, but was then meant to be used 
freely by the employees before the evaluation. The assumption 
is that if the evaluation time was longer, then the results might 
have been more precise and objective. The objective opinions 
could be because sustainability and GHG emissions were 
taken into consideration when taking business decisions. 
Actions and internal policies related to sustainability could be 
way to measure the objective and long term effect. 
 
2) Quantity vs. Quality 
The logistics department at SMT consists of few people and it 
was difficult to gather everyone during the visits. The HCI 
evaluation methods chosen focused on gathering responses of 
quality rather than quantity. It could have been relevant to 
spread the website to more people at SMT and conduct a 
quantity based evaluation, but due to the limitations of the 
project the evaluation methods chosen have been assessed as 
appropriate.  
 

C. Change management  
There is another aspect to the concluded result of the mindset 
interpreted as only partially changed towards being a bit more 
actionable by the end of the project. Limitations were not only 
time, quantity and subjective assessments, but also the aspect 
of change management. Organizational change can be a slow 
process, especially within large corporations and management 
is conditional for creating competitive advantage through 
sustainability. As stated in previous studies, the process of 
creating competitive advantage through strategic actions based 
on sustainability is complex. It is not enough to conduct 
diverse strategic actions programs. Beyond this, the action 
programs must be integrated and customized to the company's 
existing culture, production, product system, culture and 
vision. As understood by this, the process of developing a 
company’s sustainability work is extensive and requires not 

only time as resource, but also economical investments. These 
aspects are not covered in this study, which makes is delicate 
to draw conclusions of the actual development of the 
sustainability mindset and forward action-taking within the 
subject. However, the goal of this work was to create incentive 
to become more sustainable. Even though the assessment is 
subjective it is fair to interpret the result as if an incentive, 
even if it might be a small one, is created.  

In addition to this, the economic aspect of sustainability seen 
as the primary obstacle can be linked to the mentioned 
research. As stated above, scholars request a refocus from 
whether it is economically beneficial or not to be sustainable, 
to rather focus on how to become truly sustainable. It is fair to 
mention that it still requires a great investment in time and 
money, and to achieve sustainability within the corporation it 
is vital to realize that it is still necessary to integrate the subject 
in the core business. Since it is pointed out by the participants 
in the survey that the biggest obstacle is the cost, and that to 
become sustainable it is required from the individuals to 
convince the management that the work regarding 
sustainability needs to be done, SMT logistics have achieved 
an understanding of the problem. This can be seen as a first 
step of becoming a truly sustainable organization. 
 

D. Evaluating long term effect 
It is a challenge to measure the actual long term effect of this 
work. This, since the question about climate change is in the 
spotlight at the moment, which means that information about 
it reaches the target group for this work in other ways than 
through the conducted website. This implies that it is hard to 
isolate the effects to what originates from the website, and 
what originates from other information channels. Therefore, 
one way to measure the long term effect would be to find two 
similar group of people or departments, where one group 
would use the website and one would not. Furthermore, the 
changes in the effects within the two groups would be 
measured. However, this places high demands on the 
similarities of the two groups which would be hard to reach 
since this still is a subjective opinion. Therefore, as a 
complement to this, the people participating in the study 
would have to answer questions about their own exposure to 
news and information about the climate change question. 
Questions they would answer could be, for example, “How 
often do you watch the news? How often do you estimate the 
news to be about climate change?”. However, one 
disadvantage of this is that this would not lead to knowledge 
about the connection between the effects and the website. 
Rather, it would give information about how much else that 
have contributed to the effects. To conclude, the question of 
research is hard to evaluate in a completely objective way. 
However, as mentioned earlier, the question is about a change 
in mindset which definitely treats a subjective opinion. 

VII. CONCLUSION 
The conclusions from this work are that, by using 
visualization as method awareness can be raised to a specific 
topic. The results from the comparisons between the 
interviews and the survey were that the mindsets did not seem 
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to have changed significantly. However, the results show that 
there is a change in the perception of the individual 
responsibility, both as a business department and person. It 
should be pointed out that the time provided for the evaluation 
process was limited. But even though the assessment is 
subjective it is fair to interpret the result as if an incentive, 
even if it might be a small one, is created. 
 

A. Additional studies 
Additional studies can be done based on the research that 
shows that, to become truly sustainable, management is 
conditional for creating competitive advantage through 
sustainability. Additionally, the fact that the process of 
achieving sustainability implicates that sustainable action 
programs must be integrated as far as in vision and company 
culture. Therefore, additional studies that can be done, in 
alignment with this project, are to evaluate if incentive can be 
conducted among the management at Sandvik to change the 
company’s vision and additionally the company culture and 
core business. This can probably be closely linked to political 
aspects, since incentives like these could be created by 
political decisions and demands. However, research could be 
done on how to create incentive without great political impact 
- for example by developing a visualization, or perhaps a tool 
for decision basing, as done in this project. 
 Further research that could be done for SMT logistics 
specifically are based on the fact that some sustainable 
contracts are not possible to achieve due to the lack of 
sustainable options for forwarders. This lack of sustainable 
options may be due to lack of developed technology, which is 
why it would be an option for SMT logistics to invest in 
research in new technology. Therefore, a possible further 
study would be to make an investment analysis in what 
projects would be most beneficial for SMT logistics business 
to support. A research like this, to invest in, could be the 
research about platooning which is a technology to save fuel 
in truck transportation. The technology is already approved by 
nine US states and build upon automatically driven trucks that 
go behind one manually driven truck. The automated trucks 
follow the same traffic rhythm as the manually driven one and 
drive very close to the first truck. This saves fuel, for example, 
due to decreased air resistance [20]. There are possible 
advantages for SMT logistics to take part in a technology like 
this, which is an additional study to research. 
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IX. APPENDIX 
A. Questions for survey for evaluating the participants’ 
opinions regarding interface design and user preferences as 
well as overview of current situation of mindset towards 
sustainability 
A survey was sent to the logistics department within SMT. The 
survey was conducted as a Google Form in the format of an 
opinion survey, to examine the participants’ opinions regarding 
interface design and user preferences [19]. The participants 
were able to rate the first four questions from 1-5, where 1 was 
‘Not at all’ and 5 ‘Very much’ based on questions regarding 
their view on sustainability. These questions were of the type:  

• I am well aware of the sustainability policies that my 
department within Sandvik have and  

• How high do you value sustainability when taking a 
business decision?  

• I believe we can do more when it comes to our 
sustainability work. 

• How high do you value sustainability when taking a 
business decision?  

 
The following questions were open-ended where the 
participant could answer the question with longer text. This 
included questions such as: 

• In what kind of business decisions do you value 
sustainability the most? 

• I believe that if we were more aware of our climate 
impact then we would develop our policies and take 
more action. 

• What, design wise, do you think is important for a 
visualization to be effective? and  

• What type of data would you wish to see if there was a 
visualization of the emissions caused by SMT's and 
suppliers' transportation?  

 

B. Questions to think aloud interviews 
To generate feedback that was aligned with the scientific 
question of research, think aloud interviews were held with 
employees at Sandvik during a visit. The purpose of this was to 
get a first impression on the website, as well as reactions - both 
on the actual data and how it was presented. The interviews 
held were semi structured, where some questions were decided 
beforehand. Mostly, however, the interviewee were able to 
speak freely about his or hers thoughts about the website. The 
interviewee sat down with the website in front of him/her and 
thenceforth started to describe what he/she was feeling when 
looking at the data. The four areas of questions that was 
examined was: 

• What are your reactions on what you see? 
• How do you connect what you see to Sandvik’s 

business?  
• How do you connect what you see to your daily 

decision making? 
• Do you have any feedback on the design? How can it 

be even more effective?  
 

C. Questions and results from final survey 
After the presentation and interviews, a survey was sent out to 
get quantitative answers to the website evaluation, in addition 
to the more qualitative interviews. This survey was composed 
by 1-5 rating questions as well as open ended questions with 
short answers. The survey was based on that the one who 
answered it was familiar with the website. Not only since it 
asked specific questions about the design but also since it 
asked questions that answered if the website made an impact 
on its user or not. 
 
The questions for the final survey were: 

• I am well aware of Sandvik's sustainability policies. 
• I am well aware of the sustainability policies that my 

department within Sandvik have. 
• What do you think that SMT Logistics can do to 

become a more sustainable business unit?  
• What do you think is your individual responsibility to 

contribute to a more sustainable business unit? 
• What do you think is the biggest obstacle for you to 

become a more sustainable business unit?  
• After seeing this website, I believe that I will value 

sustainability more when taking a business decision.  
• Which part of the website made the biggest impact on 

you?  
• It was easy to comprehend the content on the website?  
• Home: When looking at the Home page, what do you 

feel and what conclusions do you make when seeing 
the data? 

• Destinations: When looking at the Destinations page, 
what do you feel and what conclusions do you make 
when seeing the data? 

• Year in numbers: When looking at the Year in 
numbers page, what do you feel and what conclusions 
do you make when seeing the data? 

• What else would you have liked to see on the website 
for it to make an even bigger impact on you?  

 

D. Result from brainstorming session 

 
Figure 7. Sketch by hand. 
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The figure above shows the first sketch of possible 
visualizations of the subsections. The drawings at the top 
show current (modified) data of emissions, compared to the 
target. The bottom drawing show total emissions of CO2 over 
each year since 2016. 
 

E. Content of design survey 
The results from the brainstorming session were deployed into 
a survey that was sent out to 10 people not working at SMT. 
The following pictures are the once that the people answering 
the survey got to choose between. 
 

 
Figure 8-9. Two different illustrations on current situation 
compared to target. 
 
The preferred one, based on the survey, out of these two 
options was the left one. Although, the right one got ⅓ of the 
votes. The reactions on both options were quite similar. The 
comments were about the current value being much larger 
than the target value. Also the red color signalizes a warning. 
The conclusions from these comments were that both options 
promote the message. However, the left option is a little more 
clear than the left one. 
 

 
Figure 10-12. Three different illustrations of emissions over 
time. 

 
Out of these three options, the first one was preferred. ⅓ voted 
for the last one and no one voted for the middle one. The 
comments on the left one, however, were that the graph was 
boring to watch - although it was informative. A few 
comments seemed to have misunderstood the graph. They said 
that the graph shows that we are on the right way, when it 
actually shows that we are on the wrong way compared to the 
target. 

 
Figure 12-13. Two different illustrations of mode of transport. 
Aim to illustrate how much, in correlation to the other 
transportation modes, the observed mode of transport 
contributes to the total emissions. 
 
The preferred one out of these two graphs was the first one. 
The comments on the first one were that it was clear and 
informative. It appeared that it was bad to travel by car since it 
contributes to the most emissions.  
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Figure 14-15. Two different illustrations of emissions sorted 
on the destinations for the transportations. 
 
Out of these two, the first one was the most preferred one. The 
comments said that the table was informative and the message 
seemed to get through. The second one was not as cleared. 
 

F. First prototype, sketch by hand  

 
Figure 16. The start page with an overview of the subsections. 
 

 

 
Figure 17-20. The pictures of the slideshow. Shows a closer 
view of the different subsections. 
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