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Sammanfattning
Allmänhetens intresse över hållbarhetsfrågor ökar samtidigt som tilliten för företag minskar.
Företagsledare ser numera hållbarhet som en viktig komponent i att bibehålla deras konkurrenskraft och
att återfå allmänhetens tillit. Det är således viktigt att finna nya sätt att förena samhällsnytta med
företagande, vilket kräver nya sorters kompetens inom hållbarhetsområdet. Denna studie har undersökt
vilka hållbarhetsämnen som är centrala för industriell ekonomistudenten, givet deras profil i näringslivet,
samt vad av detta som berörs i programmen.
Studien var indelad i två faser. Den första ämnade till att skapa en lista av de, för dessa ingenjörer,
centrala ämnen genom intervjuer med experter inom området. Den andra fasen kartlagde de ämnen som
berördes inom de fem största industriell ekonomiprogrammen (täckandes cirka 74% av studenterna) samt
vilka utmaningar som associerades till detta arbete. Den första fasen var till stora delar kvalitativ. Den
efterföljande fasen var en kvantitativ kartläggning där varje datapunkt representerade en kvalitativ
intervju.
Ur studien uppkom fem nyckelinsikter, som står sig oavsett normativ ståndpunkt. Dessa inkluderade: 1)
De hållbarhetsämnen som ansågs relevanta för denna målgrupp spänner en vid area av discipliner och
aspekter. 2) Fördelningen på ämnen som täcks inom programmen påvisar en preferens mot den
miljömässiga aspekten. 3) Det finns en brist på integrerande instanser i utbildningarna, där kunskap från
olika aspekter och källor sammankopplas. 4) Nyckelutmaningarna centreras runt definiering och
kommunikation. 5) Normativitet, sammankoppling och pedagogik bidrar alla till osäkerhet och
komplexitet i bedömning av hållbarhetsutbildningar.
Studien avslutas med en syntes av de olika insikterna för att komma till slutsatsen att hållbart företagande
som övergripande syfte för utbildningarna, en gemensam målbild för innehållet samt komplettering med
”active learning” metodiker skulle övervinna många av de uppfattade utmaningarna samtidigt som det
skulle uppfylla näringslivets kompetensbehov för framtida konkurrenskraft.
Denna studie bidrar till förståelsen över vilken hållbarhetsutbildning som bedrivs och vilken som anses
behövd av industriell ekonomistudenter i Sverige. Studien har därmed praktiska implikationer för de
program som studerades. Teoretiska bidrag inkluderas av den empiriska data som framtagits gällande
relevanta hållbarhetsämnen vilka uppvisar hög konvergens med litteraturen inom ämnen, samt de
upplevda utmaningar kring att inkludera detta ämne i befintliga program. Vidare bidrar studien med
empirisk data kring det som faktiskt berörs idag på de olika industriell ekonomiprogrammen.
Nyckelord Hållbarhetsämnen, kompetenser, utbildning, normativ, sammankopplat, pedagogic,
konkurrensfördel, utmaningar
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Abstract
The public concern for sustainability issues is ever increasing whilst the trust in corporations is
decreasing. CEOs now see sustainability concern and compliance as an important component in retaining
their competitive advantage and regaining the trust of their surrounding community. For these reasons it
is important to find new manners of uniting societal improvement with business, requiring new forms of
competencies. This study has investigated what sustainability education is actually central to the
industrial engineering profile, as well as what of this is then covered in the programs.
The study involved two phases. The first involved interviewing experts as to what was central for these
engineers to learn, resulting in a content list. The second phase involved mapping the instances of this
content in the five largest industrial engineering programs (covering circa 74% of these students) as well
as the associated challenges to broaching this content. The first phase was primarily qualitative whilst the
second phase was largely quantitative, though each data point consisted of a qualitative interview.
Five key insights can be drawn from the study regardless of normative stand-point. 1) The sustainability
topics that were deemed relevant cover a vast area of disciplines and aspects. 2) There is a skewedness in
the content covered, favouring the environmental aspects. 3) There is a lack of integrative instances where
the knowledge from different sources and perspectives is synthesized. 4) The key challenges revolve
around concept definition and communication. 5) The normativity, interconnectedness and pedagogics
contribute with uncertainty and complexity in the assessment of sustainability education.
The study is finalized with a synthesis of the various insights to arrive at the conclusion that having
sustainable business practice as the aim of the programs, establishing common content goals and
employing active learning approach would circumvent many of the perceived challenges as well as align
the programs with the need of the industry.
This study contributes with deeper understanding of the sustainability education required and provided to
industrial engineering students in Sweden. As such the study has practical applications for the programs
studied. The theoretical implications of this study lie in the empirical data achieved regarding the topics
of relevance to these engineers, showing high levels of agreement with current literature, as well as the
perceived challenges to broaching this content in the current curricula. Furthermore it provides empirical
data as to the sustainability education received at different programs.
Key-words Sustainability, competencies, education, normative, interconnected, pedagogics, competitive
advantage, challenges
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1 Introduction
Sustainability is one of the most, if not the most, important trends facing humanity. The nonlinear relationships and the severity of the consequences should an issue be left untreated
(Rockström, o.a., 2009) increases the need to educate and operate in a manner that empowers
individuals to collectively change the course of the current trends. Furthermore, the need for
behaviour and attitude changes, complementing technological advancement, is key to moving
in a sustainable direction (Leiserowitz, Kates, & Parris, 2006). The education provided at
universities is a unique tool for this transition. It is therefore of interest to study the amount of
sustainability discourse the students are exposed to.
The students of industrial engineering and management have a unique position in this
transition. They are in the crossing between typical engineering with economics and
management. The unique competence of the industrial engineer is that they are the bridge
between the disciplines of engineering with economics and management
(Universitetskanslerämbetet, 2013). Sverker Sörlin, at the Royal Institute of Technology
(KTH), is one of the many who believes the subject is in great need of cross-disciplinary
collaboration and that the issues cannot be solved from one field alone but requires the use of
several perspectives (Campi, 2015). The industrial engineers seem aptly placed to be key
drivers in this transition, particularly considering the breadth of industries they are present in.
In 2012-2013, a large national study was conducted, by Universitetskanslersämbetet (UKÄ),
assessing the quality of different technical programs at the Swedish universities. A broad span
of parameters were assessed, including depth of knowledge in their field, the critical scrutiny
of the subject and the ability to set the field in relation to societal issues, among others. The
study was aimed primarily at looking at results of the education. This entailed assessing the
final theses, written at the end of the 5-year program, based on the different goals they
stipulated. The final theses were complemented with an interview with students and an
interview with faculty as well as a self-assessment report handed in by the program
responsible for each program (Strömberg, 2015). Overall, the 5-year industrial engineering
and management programs (swe. civilingenjörsprogram) achieved a high standard
(Universitetskanslerämbetet, 2013). The criteria discussing sustainability was however not
easily assessed (Strömberg, 2015) and neither was the issue of ethics
(Universitetskanslerämbetet, 2013).
Are the universities communicating effectively that sustainability is an underlying trend to
everything? This idea is implied by the statements and mottos of several of the prominent
technical universities in Sweden (Universitetsförvaltning, 2013), (Chalmers, 2010), (Blekinge
Tekniska Högskola) (Linköpings universitet, 2014). It can be of interest to complement the
earlier analysis, done by the UKÄ, with an analysis of the sustainability efforts in the
programs focusing on the process rather than the result.
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1.1 Problem Formulation
The method used for the UKÄ study can and has been criticized (Jerbrant, 2015) (Strömberg,
2015). When related to the subject of sustainability and the emphasis on attitudes, it is
relevant to conduct a process-orientated study that investigates what is being taught in the
programs. Questions such as “What aspects of sustainability are being taught?”, “How often is
it being taught?” and “In what contexts is sustainability being brought up?” arise as
interesting to investigate in order to get a grip on how well the industrial engineers are being
educated for sustainable business practice.

1.2 Purpose and Aim
The purpose of the proposed thesis is to create a better understanding of the sustainability
education received by students of the different 5-year industrial engineering programs in
Sweden (LTU, KTH, LiTH, CTH, LTH).
The aim of this study is to map the frequency and nature of the contact points between
students and the topic of sustainable development, as well as their associated challenges, at
the different 5-year industrial engineering programs. This is to be able to empower the
program designers to evaluate their efforts and refine their curricula in the future, through
collaboration and more in-depth knowledge of what content is relevant.

1.3 Research Questions
Purpose:
“to create a better understanding of the sustainability education received by students of the
different 5-year industrial engineering programs in Sweden.”
To fulfill the purpose of the thesis, three research questions were developed that specify, more
precisely, the focus of the study.
Sub-Research Question 1:
What sustainability content is of high relevance to industrial engineers?
Sub-Research Question 2:
How does this content appear in the industrial engineering programs?
Sub-Research Question 3:
What are the potential reasons for why the sustainability content covered is laid out as it is in
the programs studied?
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1.4 Delimitations
Sweden has several industrial engineering and management programs on bachelor level,
masters level and a 5-year (swe. civilingenjörsprogram) program including both a master and
a bachelors. The names of these programs vary subtly (Universitetskanslerämbetet, 2013) in
order to make the distinctions. This study is limited to studying the 5-year programs and will
be referred to as simply industrial engineering programs, of which there are circa 10 in
Sweden. The five largest of these will be covered in this study. These collectively cover
around 74% of all such students and thus constitute a representative sample. This study, when
referring to industrial engineers, will only be referring to the students of these particular
programs, yet the conclusions and insights can potentially be extrapolated to the entire
population.
The interviews conducted with experts, to discern the key sub-topics central to the formation
of industrial engineers, was limited to academia. The justification was that these experts
would carry more in-depth knowledge on their respective issues as well as more broad visions
compared to people who are working professionals.
The mapping of the program content is based on the current state at the end of the Spring-term
in 2015.

1.5 Disposition
The study was conducted in two phases. The first
found the relevant theory for the industrial
engineering profile and the second conducted a
study of the prevalence of this theory in the
programs. This same format is used in the report.
This report gives an introduction to the subject
and purpose. This is followed by a literature
review describing concisely the subject as it is
currently understood. The literature review also
covers sustainability in education and goes on to
describe the industrial engineering profile as well
as the study performed on the programs by
Universitetskanslersämbetet.
The
method
description is divided into two phases, describing
each separately and discussing their validity and
reliability. Following the method, the results from
the first phase (the content list) is presented and
discussed. The results from the second phase of
the study (the mapping of content and challenges)
is then followed by an analysis of the results,
along with an overall discussion of the insights
from the study and from both phases including the
implications for industrial engineers and the
programs. A conclusion summarizes the insights
derived from the study and points to future studies
that appear as relevant in light of the findings.
Figure 1: Disposition of the report
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2 Literature Review
In this chapter the theoretical basis for the study is given in more detail. The current research
is presented, laying the foundation for the approach. The theory is truncated for the purpose of
avoiding repetition. Further theory is presented in the chapter “4 Content List”.

2.1 Sustainability
2.1.1 The importance of making a transition to a sustainable society
In January 2015 the Stockholm Resilience Centre published two articles with current updates
on the state of the planet. The article published in the Science journal states that four of the
nine planetary boundaries have now been transgressed. The planetary boundaries indicate the
dimensions of key importance for sustaining livable planetary conditions as well as ensuring
the resilience of these (Steffen, o.a., 2015). Two of these are further considered “core
boundaries”, the alteration of which lead to driving the planet into a new state (Resilience
Centre, 2015). There is a certain level of uncertainty related to the exact level of transgression
(Steffen, o.a., 2015) and the planetary boundaries could be dominated by threshold dynamics
with certain buffers rather than by linear dynamics (Rockström, o.a., 2009), still the situation
is dire.
It is now clear that after the first half of the 20th century a large increase is witnessed in
several indicators for the structure and functioning of the Earth System. These increases are
larger than what can be considered natural oscillations. Looking at the increase of several
socio-economic indicators the same trend is visible, indicating that human activity is the cause
of the divergent trend. Segmenting the data further one sees that the main increase
(throughout the same time period) in human activity has occurred in OECD countries, whilst
the main increase in population has occurred outside of OECD countries (Steffen, Broadgate,
Deutsch, Gaffney, & Ludwig, 2015). This data clearly shows an increased accentuation of the
economic inequality between people of different nations. Furthermore the increase of
inequality within OECD nations has increased over the past 30 years. In the USA, 47% of the
total income growth benefits the top 1% of the population. The corresponding number for
Canada was 37% and around 20% in both Australia and the UK (OECD, 2014). The OECD
report of 2014 named “All On Board – Making Inclusive Growth Happen”, outlines the
general trends and tendencies, related to inequality, over varying time periods. The report
covers correlations between economic inequality and other socio-economic indicators,
including poorer health, less mobility and worse education (OECD, 2014). Taken together,
these statistics prompts the conclusion that the increasing human activity is destabilizing the
planetary system and not for the benefit of the broader population, but of the top few.
More statistics and news can be given to lift the issue, yet with this data it is clear that this
society is not sustainable and threatens to become even less so if the current statistics were to
be extrapolated for the expected population increase, without altering the manner in which our
society works. Johan Rockström, the director of the Stockholm Resilience Centre, explains to
the World Economic Forum in January of 2015 that the data does not point to “limits to
growth” but rather “growth within limits”, requiring a fundamental shift in the way our
society operates. (Rockström, 2015).
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2.1.2 Definition
The most frequently quoted definition of sustainability is the one stipulated in the Brundtland
report in 1987. It introduces the idea of needs and intergenerational justice by taking future
generations into consideration and broaching the topic of a stable environment. Furthermore,
it frames the issue as an issue of optimization between the needs and the limitations that the
system contains (International Institute for Sustainable Development, 2013).
Since the release of the report in 1987 (United Nations, 2010) several models have evolved in
attempts to better illustrate the issue. Below are common models used to portray the different
aspects of sustainability as well as their interactions (many models do not have a known
author).

Figure 1: Sustainability Models
From left to right, top to bottom: Sustainability Triangle by William McDonough; Sustainability Venn Diagram (unknown author); Nested
dependency model based on Bob Doppelt & Peter Senge et al; Three legged stool of Sustainability (unknown author)

The aspects of sustainability are generally referred to as being the economic, social and
environmental (Littig & Griessler, 2005). There is however not a complete consensus with
regard to these aspects. UNESCO adds a cultural aspect to the sustainability issue (UNESCO,
2014) and other models reduce the aspects to merely encompass the social and the
environmental aspects, one of the most recent being the model by Kate Raworth, senior
researcher at Oxfam (Sayers, Trebeck, & Stuart, 2014).
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The model by Kate Raworth illustrates the
interaction between the social and ecological
dimensions expanding on the influential “Planetary
Boundaries” model by Johan Rockström et al
(Raworth, 2012). The safe and just operating space
for humanity is an expansion upon the Planetary
Boundaries model, which provides the critical
dimensions for the environment to remain in the
current steady-state condition (Rockström, o.a.,
2009). Raworth adds a social foundation to the
model thus creating the space to be maintained, lying
between the two sets of boundary conditions. The
specific dimensions of the model’s social
foundation are based on a Scottish context and are
open to be revised for other applications (Sayers,
Trebeck, & Stuart, 2014).

Source: Raworth, K. 2012. A safe and just space for humanity
Figure 3: Raworth’s Model of Sustainability

Another manner of conceptualizing sustainability is through defining key principles that, if
upheld, allow for sustainable existence. Renowned scientists behind “The Natural Step” have
performed one such effort. These principles include:
§ No systematic increase in concentrations of substances extracted from the Earth’s
crust, such as fossil carbons and metals.
§ No systematic increase in concentrations of man-made substances, such as CFCs or
plastics
§ No degradation by physical means, such as destruction of habitats through land-use
changes.
§ People are not subjected to conditions that systematically undermine their capacity to
meet their needs, such as abuse of power.
(Basile, Broman, & Robert, 2013)
There are several definitions and models of sustainability and sustainable development,
though many converge on the three aspects mentioned (United Nations, 2010). A uniting
notion concerning sustainability and sustainable development can be said to be the desire for
enduring “qualities of life” (de Vries & Petersen, 2009) for all (Mulder, 2010).
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2.1.3 Sustainability Education
2.1.3.1 The	
  Key	
  Competencies	
  Framework	
  
Despite the difficulties in defining the concept, there is a convergence as to how the subject
should be included in education. Key competencies and learning outcomes were deemed key
to designing and teaching academic programs related to sustainability (Wiek, Withycombe, &
Redman, 2011). Wiek et al define competencies as “a functionally linked complex of
knowledge, skills, and attitudes that enable successful task performance and problem
solving”. The five competencies that were identified in their study were systems-thinking
competence, anticipatory competence, normative competence, strategic competence and
interpersonal competence (Wiek, Withycombe, & Redman, 2011). Below a diagram shows
the interaction of these competencies in sustainability research and problemSustain
solving.
206
Sci (2011) 6:203–218
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and problem-solving framework (e.g., normative competence is
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Normative Competence:
Normative competence is used to refer to the ability to “map, specify, apply, reconcile, and
negotiate sustainability values, principles, goals and targets.” The competency describes the
need to be able to assess the sustainability or unsustainability of a current system. For this
purpose, normative knowledge of concepts such as justice and equity is needed, coupled with
knowledge of the criteria for sustainability (Wiek, Withycombe, & Redman, 2011).
Strategic Competence:
The skill of being able to collectively design and implement interventions and transitions is
encompassed within the “Strategic Competence”. This includes a deep understanding of
strategic concepts and the skill to realize the plans put in place. Concepts related to this
competence are feasibility assessments, effectiveness assessments, path dependencies and the
like. This competence includes a comfort with real-world situations and relationships. This
competency is intimately linked to the previous three, as they are included in the strategic
planning process (Wiek, Withycombe, & Redman, 2011).
Interpersonal Competence:
The interpersonal competency lifts the need for leadership skills, communication skills and
the skill to facilitate collaborative and participatory research and problem solving. Leadership,
communication, pluralistic and transcultural thinking as well as empathy are mentioned as key
to this competence (Wiek, Withycombe, & Redman, 2011).

The discussion concerning what can be considered sustainability competencies and what are
regular competencies was lifted, but not answered conclusively. The authors’ opinions were
expressed that many of the competencies should be deemed as central in any education as
they bring new insights and perspectives to other fields of study. The inclusion of these
competencies in ordinary education would be of benefit to the students and lecturers alike
(Wiek, Withycombe, & Redman, 2011).

2.1.3.2 The	
  Swedish	
  Government’s	
  Regulation	
  Document	
  for	
  Higher	
  Education	
  
The Swedish state has established two general learning outcomes for the five-year
engineering programs (swe. Civilingenjörsprogram). These are stated as follows:
§

To show the ability to develop and shape products, processes and systems that take
into consideration the human conditions and needs as well as the societal goals for
economic, social and ecological sustainable development.

§

To show insight into technology’s possibilities and limitations, their role in society
and human’s responsibility for how it is used; including social and economic aspects
as well as environmental and workplace aspects.

(Swedish Department of Education, 2014)
These have been clarified into eight more precise goals through a process led by KTHSustainability since October 2011. The list should be seen as a tool for program and course
development (KTH-Sustainability, 2013). According to this list the student should be able to:
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1. Reflect and discuss sustainable development as a concept with respect to motive,
history, definition and the main global challenges. The student should also be able to
give examples of the correlations between ecological, social and economic
sustainability
2. Critically discuss Sweden’s, EU’s and UN’s goals for sustainable development.
3. Describe what activities and technologies in society that affect the global and Swedish
sustainability aspects the most. The student should also be able to problematize and
evaluate describe different strategies to strengthen positive impact and combat
negative impact.
4. Explain economic and institutional factors that can impede sustainable development.
5. Describe, judge and apply generic, industry-specific and technology specific methods
and strategies that are used during the development and design of products, processes
and systems that contribute to sustainable development.
6. Identify and understand the link, that is relevant for the specific program, between
sustainability and innovation.
7. Discuss ethical aspects, particularly within the own future professional role, gender
perspectives and other justice aspects on sustainable development, such as the
distribution of resources within and between generations.
8. Tie the sustainable development (as described by the abovementioned goals) to
knowledge and competencies that are specific for the own program, through
suggesting and discussing technical solutions, innovations and ideas that contribute to
a more sustainable development.
(KTH-Sustainability, 2014)

2.1.4 Gaps and Weaknesses in the Sustainability Literature.
As was shown previously, there is no complete consensus concerning what aspects the
sustainability issue should be subdivided into. By the 1990s there existed and circulated more
than a hundred definitions, threatening to dilute the concept. This was to a large extent, a
consequence of the lack of clear global leadership, despite the political conferences, in
handling the issue (Marshall & Toffel, 2005). There is, however, a convergence upon a threeaspect model (Littig & Griessler, 2005).
The weaknesses and potential inconsistencies in the literature have their root in that
sustainability is a contested field (Becker & Jahn, 1999) (Mulder, 2010). A slight convergence
on the subject can be seen. A near-universal point upon which all cultures and researchers
seem to agree is that there is a particular responsibility towards future generations and the
underprivileged. Beyond these fundamental normative standpoints, a convergence is more
difficult to achieve (Mulder, 2010). Two recurring themes throughout the literature, and
thereby throughout this report, are the value-laden/normative and interconnected nature of the
subject.
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2.1.4.1 Value-‐Laden/normative	
  nature	
  of	
  Sustainability	
  
An initial question to answer is that of what is to be sustained for future generations to also
enjoy (as laid forth by the Brundtland Commission). Can other forms of capital, such as
economic, cultural or social capital, compensate for the deterioration of natural systems and
natural capital? Here different academic traditions tend to disagree (Toman, 1992). This
causes disunion in the debate as to how to treat the different aspects and how they relate to
each other. The Anthropocentric versus the Ecocentric view of sustainability is a common
dichotomy. The anthropocentric view suggests that sustainability should be defined with the
human as its focal point. In this view nature has no intrinsic value, irrespective of humans.
The ecocentric view takes the opposite stance and suggests that nature has value irrespective
of human perception. This has practical implications when trade-offs are handled (Dahlin,
2014).
The sustainability topic is, by its very nature, normative or value-laden (Wiek, Withycombe,
& Redman, 2011) (Lang, o.a., 2012) (Mulder, 2010) giving rise to normative
arguments/statements of what should be. This can be easily verified by recognizing that
intergenerational justice, emphasized in the Brundtland report, is inherently a normative,
value-laden, imperative. This could be a possible explanation for the difficulties in arriving at
a common definition, exacerbated by the subject spanning a vast collection of scientific fields.
There is therefore a growing agreement that new methods of creating knowledge are needed,
including processes involving transdisciplinary collaboration and greater involvement of
various stakeholders (Lang, o.a., 2012) to ensure convergence. This characteristic will be
henceforth referred to as the normative characteristic of sustainability.
2.1.4.2 Interconnected	
  nature	
  of	
  Sustainability	
  
Another point that has the possibility of explaining divergence is the interconnectedness of the
different topics that the subject spans (Wiek, Withycombe, & Redman, 2011) (Meadows,
2008). This allows for the same problem to be viewed from several perspectives and several
disciplines, with potentially distinct epistemologies and ontologies leading to slightly
different formulations of an issue, with varying degrees of congruence between them. The
problem has been compared to the parable of the blind men and the elephant in different
sustainability settings (Narula & Reddy, 2015) (Venters, o.a., 2014). The parable highlights
the individually limited perception that people can have of a vast concept or phenomenon.

Despite this, the literature does provide proof of progress. The study by Wiek et al
demonstrates a certain convergence on the necessary competencies for all students to possess
in order to become effective sustainability agents (Wiek, Withycombe, & Redman, 2011).
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2.2 The profile of the Industrial Engineer
This section revises what constitutes the profile of the Industrial Engineer, looking at their
intended purpose and the type of work they perform after the completion of their studies. The
alumni reports compiled by industrial engineering students lack the proper segmentation and,
as a consequence, statistic validity that allows for precise conclusions to be drawn. These
were used to the extent that they were useful to spot overall trends where the validity of the
study can be considered to not be an issue and only as a means of verifying the conclusions
drawn from other more reliable reports.
Furthermore, no reports were found from Luleå’s Technical University (LTU), relating to
these engineers in particular. This section combines the findings from the career reports from
Kungliga Tekniska Högskolan (KTH) (2007,2010,2011), the most recent alumni report from
Chalmers (CTH) (2010), a recent report on the industrial engineering alumni, the national
UKÄ-study, the alumni studies conducted by Linköping’s (LiTH) students (2011 & 2012)
and the alumni study conducted by Lund’s (LTH) students (2013). (Kungliga Tekniska
Högskolan, 2007) (Kungliga Tekniska Högskolan, 2010) (Kungliga Tekniska Högskolan,
2011) (Chalmers Tekniska Högskola, 2010) (I-sektionens Alumnutskott, 2011) (I-Sektionens
Alumnutskott, 2012) (I-sektionens Alumnutskott, 2013).

2.2.1 The expertise of the Industrial Engineer
According to the nation-wide UKÄstudy the particular role of the Industrial Engineer is to act
as a bridge between traditional engineering and the economics/management
(Universitetskanslerämbetet, 2013). This has been a source of an on-going debate between
departments of engineering as to the adequate balance between the engineering subjects and
the management subjects (Jerbrant, 2015). The employers tend to prefer that these engineers
have a broad knowledge base. The more in-depth knowledge, relevant to their industry, is
preferably given to them by the future employer (Universitetskanslerämbetet, 2013).
The employment statistics are also indicative of the attractiveness of these engineers on the
job market, and the majority of engineers find relevant employment after a short period of
only few months (I-sektionens Alumnutskott, 2011), (I-Sektionens Alumnutskott, 2012),
(Universitetskanslerämbetet, 2013).

2.2.2 The work of an industrial engineer
With respect to geographical distribution the image is quite clear. The great majority of
alumni remain in Sweden, with a smaller percentage (magnitude < 10%) finding early
employment in other countries. The reports also show that a large percentage of the alumni
work in Stockholm, particularly those who studied in Stockholm, Lund or Linköping. The
share that remain in Linköping or Lund is relatively small and of these students, those that
move to Gothenburg or Malmö for work (Swedens, other two big cities) is likewise relatively
small. The Lund and Linköping reports are based on their entire alumni base, not segmented
per graduation-date, therefore it is difficult to say anything relating to trends over the years in
the movement of these after graduation. The reports do however encourage the notion that a
large portion of the alumni move or remain in Stockholm for work. Given this data the
following statistics can be considered to be a quite homogenous image.
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The industrial engineer works within a wide range of industries. The most common first
employment is the consulting business, primarily focusing on management and strategy
consulting. The numbers vary slightly between the studied reports, at KTH the I-alumni
statistics show around 50% working within consulting. Other popular industries are
IT/Telecom, Banking/Finance, Manufacturing, Transportation, Energy/Utilities and Fast
Moving Consumer Goods, though the distributions shows a wide range.
The Industrial Engineer seems to be involved in business development, consulting, logistics
and project management to a large extent (business development & project management being
particularly common). After a period of 2-3 years around 10% of the alumni have some form
of managerial position. After the same time frame the amount of people who lead others in
their work is between 50-60%. This leadership data is taken primarily from the KTH reports,
though the image seems coherent with that which is presented in the reports from Linköping
and Lund. The image is further reinforced by the demographical distribution showing a large
fraction of the alumni staying in Sweden and working in the bigger cities of Stockholm,
Gothenburg and Malmö.

2.2.3 Weaknesses in the literature about the industrial engineer
The literature on the industrial engineering profile is sparse, with gaps in the statistics
concerning the profile. One can interpolate between gaps and thus a coherent picture of the
profile can be achieved, operating under the assumption that the industrial engineering profile
is relatively homogenous between the different universities and regions. This assumption can
be assumed to be generally quite acceptable as the majority of the industrial engineers operate
in the same larger cities.
Statistics have not been retrieved from LTU, due to the lack of such statistics. The
information from other universities have other difficulties. The KTH and CTH reports study
alumni 2-3 years and 3 years, respectively, after their graduation. The LTH and LiTH reports
were conducted by students. The target population for the first LiTH report contained three
years of graduates and the respondents amounted to 127 (I-sektionens Alumnutskott, 2011),
below the sample size for statistically valid conclusions (Collis & Hussey, 2009). The second
report studied all alumni in the alumni network, around 3000. The respondents amounted to
842 and relatively evenly distributed across the graduate-years of before 1975 to after 2010 (ISektionens Alumnutskott, 2012). This suggests a representative sample for the 3000 in the
network though not for the entire graduate population whose size is not mentioned (Collis &
Hussey, 2009). The report from LTH declares the graduation years (demonstrating a range of
12 years with the great majority within a span of 7 years) of the respondents and the gender
mix can be assumed representative of the population (I-sektionens Alumnutskott, 2013). The
first LiTH report and the LTH report both cover first employments ensuring that graduate
year diversity would not affect the outcome. In general, the KTH, CTH and UKÄ reports are
deemed reliable. The LiTH and LTH reports, though not fully reliable are deemed useful as
complements to the other, more reliable sources.
Due to the above-mentioned weaknesses in the reports, the profile was primarily built on the
information retrieved from the CTH, KTH and UKÄ reports. These were complemented with,
as well as mirrored in, the LiTH and LTH reports. The reports appear to converge on a
defined profile, which further increases the reliability of the LiTH and LTH reports as well as
the profile description. The profile description used in the study was scrutinized by the
program coordinators who seemed to agree with the profile, except for a slight alteration in
the preferred industries for the LTU students.
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2.3 Universitetskanslersämbetet’s Study
The aim of this particular section is to give a brief understanding of the study, conducted by
the government agency in-charged of supervision and evaluation of university level
education. This report served as a source of inspiration to this thesis study. This section will
therefore focus on the five-year programs relevant for this thesis. The reader is encouraged to
read the full report named “Utvärdering av utbildningar inom ingenjörs- och teknikvetenskap
2013”.

2.3.1 Background to Universitetskanslersämbetet
Universitetskanslersämbetet is a government agency born from the reorganization of
“Högskoleverket”, “Internationella programkontoret” and “Verket för högskoleservice” at the
end of 2012. The corresponding responsibilities of each agency were redistributed into two
new agencies, Universitetskanslersämbetet and Universitets- och Högskolerådet. The purpose
of the reorganization was to separate the scrutinizing and the supporting functions of the
agencies. Universitetskanslersämbetet’s (UKÄ) mandate includes quality evaluation,
supervision, statistical analysis and follow-up (Universitetskanslersämbetet, 2013).

2.3.2 Universitetskanslersämbetet’s
programs

study

of

the

industrial

engineering

In 2013 the UKÄ conducted a national evaluation of the technical programs (including all
engineering programs) in Sweden. A peer-review method with basis in the standard procedure
for quality results-oriented evaluation of universities was used. The study was conducted
through clustering of programs into six clusters, and evaluating each cluster separately.
Industrial engineering programs were in their own cluster and thus evaluated separately
(Universitetskanslerämbetet, 2013). This passage will henceforth only discuss the industrial
engineering cluster.
In total, 24 Swedish universities were studied. The programs studied included two-year
master programs, one-year master programs (swe. magisterprogram), bachelor programs and
the five-year programs (swe. civilingenjörsprogram). Evaluation parameters were developed
for each program type, and graded as Very high target achievement (VHTA), High target
achievement (HTA) or Lacking target achievement (LTA). High target achievement was
associated with meeting the targets established by the study. The evaluation process was
primarily based on judging the extent to which the final theses papers reached the targets for
each evaluation parameter. If a third or more of the theses were deemed lacking in a certain
parameter the program as a whole was given the grade LTA for that parameter. If half or more
of the theses attained a VHTA grade, then the program was given that grade for the specific
parameter (Universitetskanslerämbetet, 2013).
The grades were then compiled to give the program, as a whole, a grade on the same threepoint scale used for each parameter. If any of the parameters were labeled as LTA, the
program on a whole received an LTA grade. If no parameters were graded as lacking and half
of the parameters were deemed as attaining VHTA-grade, then the program was given an
overall grade of VHTA. In the case where the grading was deemed as challenging, based
solely on the theses, then self-gradation reports and interviews with faculty were used to settle
the final grade. No weighting of the different parameters was used
(Universitetskanslerämbetet, 2013).
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2.3.2.1 The	
  evaluation	
  parameters	
  for	
  the	
  five-‐year	
  engineering	
  programs:	
  
The study covered 7 five-year industrial engineering programs. The parameters used in the
evaluation of these were:
1. The student should have scientific base-knowledge of the chosen field as well as
current knowledge and experience of the field’s research and development.
2. The student should have broad knowledge within the chosen technical specialization,
including mathematics and natural sciences, as well as in-depth knowledge within
certain aspects of the specialization.
3. The student should have the ability to, with a holistic perspective, critically,
independently and creatively identify, formulate and handle complex questions as well
as contribute to research through participation in research and development work.
4. The student should show the ability to construct and develop products, processes and
systems taking human needs/conditions as well as societal goals for economic, social
and environmental sustainability into consideration.
5. The student should have the ability to, in writing as well as orally, present and discuss
their conclusions, including the knowledge and arguments supporting the conclusion,
in both international as well as national contexts.
6. The student should show insight into technologies’ possibilities and limitations, their
role in society and human’s responsibility for it’s use, within societal, economic and
environmental (including workplace) aspects.
(Universitetskanslerämbetet, 2013)

Only one of the programs were deemed as lacking in quality, and the others were generally
deemed to be of good quality. The assessment of the inclusion of ethical and societal
perspectives has been hard to conduct based on the theses and self-assessment reports. As
such interviews were deemed as very important in the assessment of these aspects. The study
concludes that aspects referring to ethics and societal perspectives were not, to any significant
degree, covered in the programs studied (Universitetskanslerämbetet, 2013).
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3 Methods
This section describes the procedure of the study divided into two phases. The first phase
describes the qualitative procedure of defining the relevant areas of knowledge for industrial
engineers. The second phase describes the quantitative study of the sustainability education in
the programs.

3.1 Choice of Methodological Approach
The chosen process-oriented focus for the study is derived from the perceived inadequacy of
the result-oriented focus as was used in the UKÄ-study, due in no doubt to time constraints. A
process-oriented focus is in this case, with fewer parameters and fewer samples than the
UKÄ-study, appropriate. This method allows for a closer look at what sustainability is
actually taught, how often and where in the program.
In this particular study the paradigm is not easily defined. The positivistic paradigm concedes
that reality consists of objective truths, independent of human perception. The interpretivistic
paradigm, in contrast to the positivistic, is built upon the belief that social reality is not
decoupled from human perception, and is subjective as a consequence (Collis & Hussey,
2009). These paradigms are built on basic assumptions concerning the nature of knowledge
and how it is accrued, thereby impacting what methods are deemed as adequate for
conducting research. They are crude and oversimplified extreme cases. Morgan and Smircich
propose these paradigms to be part of a continuum, with paradigms existing between them in
a smooth transition from one to the other (Morgan & Smircich, 1980). The chosen paradigm
for the study exists as a form of intermediary between these extremes as an objective
observation of the world can be achieved by quantitatively aggregating the subjective
experiences of many data points within a population. Each individual data point is, however, a
qualitative and subjective analysis inspired by an interpretivistic paradigm. The initial phase
inclines further towards the interpretivistic side of the scale as the sustainability issue cannot
be discussed without subjective judgment. The second phase of the study includes more traits
of the positivistic paradigm as it is primarily defined by a quantitative analysis of each
course’s content. The categorization of each individual data point is based on the qualitative
answer given by the interviewee, meaning that it retains some interpretivistic traits.
The approach to the study was inspired by Wiek et al’s literature research concerning the
adequate manner of teaching sustainability. The convergence on a key competency-focused
method of teaching justified the deeper investigation as to how these competencies can be
concretized for the specific target student, the industrial engineer.
Based on this research a two-phased (with somewhat distinct paradigms), key competenciesfocused and process-oriented study was designed.
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3.2 Research Design
The idea for the study was initially conceived from interviews with the program responsible at
KTH and the supervisors support. The idea was shaped further with an initial literature
review. The study was structured into two phases, the first being qualitative and the second
quantitative. FigureX represents the process of both phases in an overarching manner.

Figure 5: Study process description.
The diagram shows the flow of the process along with influence arrows showing what steps affected other steps and the interdependencies of
the different steps.

17

3.2.1 Phase1: Qualitative study of relevant sustainability education
This phase describes the process by which the content list of the relevant sustainability topics
used in phase 2 was derived.
Initial interviews & literature review
Through an initial interview & meetings at the institution for industrial engineering and
management the gap in the national UKÄ-study was realized. A results-based investigation
had been performed but no process-based investigation as to what sustainability was actually
being taught and what sustainability education was absent (Jerbrant, 2015). The UKÄ study
was read and analyzed in order to identify the process and the intention behind it.

Problem formulation
Based on the discussions at the institution and through encouragement by the project
supervisor the goal of conducting a mapping of the sustainability education received at the
industrial engineering programs was set. No process-based study had been conducted of these
programs previously, and the assessment of sustainability in the programs was based
primarily on the analysis of a small sample of theses.
The aim was thus to gain a better understanding of the sustainability education at the five
largest five-year industrial engineering programs (covering circa 74% of student body) by
mapping the frequency and nature of the contact-points between students and the topic of
sustainable development. The challenges associated with implementing the considered
content into the programs were also discussed in order to attain deeper insight into why the
programs are structured as they are.

Method selection
The three research questions require separate approaches. The first question requires a
qualitative identification process, the second and third lend themselves to quantitative
analysis. The structure of the work was therefore considered to be in two phases.
In order to answer the central research question for the first phase and generate a list of the
relevant topics and sub-topics within sustainability, a set of interviews with renowned experts
were conducted. The theoretical basis for the selection of the interviewees was a synthesis of
the models that promote the two-aspect approach and the three-aspect approach. The
economic aspect was included, though few specific experts were targeted for this purpose.

Interviewee selection
Sweden has a reputation for their sustainability and CSR (RobecoSAM, 2013). There are
several renowned researchers and research centers that relate to these aspects in Sweden, e.g.
Stockholm Resilience Centre, to which the planetary boundaries model can be attributed. The
primary experts were thereby Swedish. A total of 14 experts were contacted, whereof 10
agreed to be interviewed.
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Figure 6: Diagram of process for the first phase of the study

Interview process
Once the interviewees agreed to an interview they were quickly briefed as to the profile of the
industrial engineer, first through email contact in order to have time for reflection, and then
again during the beginning of the interview. The profile presented was verified with the
program coordinators. It was considered representative, the only divergence being that LTU’s
students worked slightly more with manufacturing and less with consultancy.
The profile was described as follows:

Figure 7: Industrial engineer profile description

The interviews were semi-structured with open questions, adequate for understanding the
interviewees understanding of a concept/phenomenon or the way they view the world (Collis
& Hussey, 2009). The asking of a single question followed by probing questions allowed the
interviewer to gain in-depth knowledge of the experts’ perception of the subject. The question
asked was “What topics/dynamics/trends/problems are central for these engineers to have
knowledge about concerning sustainability?”.
The key competencies framework was a key source of inspiration to the method. Four of the
five competencies can be deemed as more pertaining to skills, whilst the normative
competency is highly reliant (and can only be developed) with knowledge of the sustainability
concept. The main focus of the interviews was thus to further define this normative
competency for this particular profile, given their context. This can be seen in the phrasing of
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the question used in the interviews. This approach was not explicitly expressed to the
interviewees as the interviews’ purpose was to gain unconstrained access to the persons
conception of the subject and the place in the hierarchy of importance that each of the topics
they mentioned had. The resulting convergence between the content list and the framework is
the result of the interviewees feeling compelled to include these topics in their discussion in
order to ensure that their recommendation felt all encompassing.
From the interviews more literature arose and literature was read concurrently with the
interviews, due to the elongated process of booking interview dates.

Content Compilation
Based on the results from the interviews and the literature review conducted in parallel, the
topics and sub-topics were categorized into a list of content that is relevant to the industrial
engineer. The process of categorization followed a modified “repertory grid technique”
(Collis & Hussey, 2009) where the key elements of the interview are graphically mapped.
This modification entailed compiling the different worldviews of the experts rather than
creating separate repertory grids per interviewee. Using this technique, a structured
representation of the relevant knowledge was achieved. The draft was then sent back to the
interviewees for validation and completion leading to a final draft of the content list, thus also
increasing the validity of the study (Collis & Hussey, 2009). The aim was to create a just
illustration of the issue’s construction and complexity given the interviewees’ expertise.
The key competency framework did not constrain the formulation of this content list. The
structure was derived from the interviews themselves and the interviewees’ recurring
distinction between topics that were central to understanding an aspect of sustainability and
topics that were central to understanding how to approach the subject of sustainability in
general (this is shown by the creation of the “general” category in the content list). These
topics were later found, through a comparison to the key competencies, to be well aligned
with Wiek et al’s framework.
A list format is slightly less justified in the case of the sustainability subject as many of the
points are interconnected. However, for the sake of the mapping process the resulting content
was presented as a list.
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3.2.2 Phase2: Quantitative Mapping of Sustainability Education in Programs
The second phase involved mapping the instances in which the students had contact with the
subject and the perceived challenges associated to including the subject in the regular
curricula

General process
The process was divided into four steps:
§

The first involved interviewing the program coordinators to gain a basic understanding
of the composition of each program as well as an indication of the courses where
sustainability was broached.

§

The second step involved scanning the program curriculum and course descriptions to
locate the courses with a high probability of including some form of sustainability
content (SC).

§

The last step involved calling the course coordinators with high or medium probability
of broaching the subject.

§

Lastly the data from the different steps was compiled into an excel spreadsheet to
visualize the SC received in the programs.

Figure 8: Diagram of process for the second phase of the study.

Interviewing the program coordinators
The program coordinators for the five largest 5-year industrial engineering programs were
interviewed. The study was limited to Luleå Tekniska Universitet, Chalmers Tekniska
Högskola, Kungliga Tekniska Högskolan, Linköpings Tekniska Högskola and Lunds
Tekniska Högskola. Each university accepts between 60 and 250 students each year, and are
well established (Lovén, 2015) (Henningsson, 2015). Together these cover around 75% (74%
in 2015) of the total amount of students who attend this particular program (Antagning.se,
2015) (Henningsson, 2015), excluding the additional students who change to the program
after having gone an “open-year” (Lovén, 2015). The study was thereby limited to mapping
these programs as they give a good indication of the sustainability education given. 75% of
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the industrial engineers are educated at these universities, a large enough sample size in order
to be able to draw conclusions about the majority of the industrial engineers.
The purpose of the interviews were to:
§

Gain deeper understanding of each program structure.

§

Get an initial indication of what courses or programs could have a high concentration
of sustainability content.

§

Understand the major challenges perceived by program coordinators in including these
topics.

This was achieved through one-on-one semistructured interviews with primarily open
questions, an appropriate method for understanding the “world” of these program
coordinators (Collis & Hussey, 2009).
The interview commenced with a short introduction as to the purpose of the study in order to
inform the interviewee and to reassure them that they were not being criticised and that the
inclusion of sustainability in education is a struggle that their peers shared in. The interviewer
explained that the intention of the study was to bring to light that SC which is currently being
covered, to see what can be further elaborated on and to hopefully increase collaboration
between programs. The interview continued with the asking of the questions from figure 9.
The introduction was followed by the following questions:

Figure 9: Interview questions for program coordinators.

The course scanning & lecturer interview
With greater understanding of the course layouts an initial scan of the SC was performed. The
courses were recorded into an excel spreadsheet and categorized according to High, Medium
and Low probability of containing SC. Courses on mathematics or highly technical courses
were generally deemed as low probability.
In total, around 600 courses were included in the study, around 162 courses (some courses
were similar but with different course names) were analysed further and a total of 95
interviews were had with course coordinators (certain course coordinators had more than one
course).
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The high and medium probability courses were further scrutinized; The course coordinators
were contacted by email or phone (generally an introductory email preceded the phone call
interview) and after a brief introduction to the study were asked two questions:
§

What SC is covered (if any is covered) in your course/s?
The question was asked as it is and clarified if needed. No definition was given,
instead the interviewee was asked, if they seemed perplexed, to base their answer
on their own definition, the purpose of this was twofold. This approach ensured
that that which was said was actually taught and communicated as sustainability
(CSR or Responsible business practice were other names used by the interviewed
to refer to the same concept). The second benefit is that it reduced social
desirability bias by not providing a pre-defined range of answers that one could
seek to compile as many of as possible. Social desirability bias (henceforth SDB)
is the term used to refer to the bias in answers gained when the interviewee overreports socially desirable characteristics/behaviours (Lee R. , 1993)

§

What do you perceive to be the main challenges related to including SC in education?
This question is purely related to the perceived challenges and highly subjective
and dependent on the perspective had by the lecturer. The question was asked and
described further should the interviewee find the question confusing. Both a course
perspective and a program perspective were included as some of the interviewees
were engaged at both levels.

The interviews were generally short, ranging between 5 and 45 minutes, with average times at
around 10-15 minutes. The interview started with a presentation of the interviewer and the
project in order to establish a secure, non-threatening environment. Raymond Lee’s
recommendation concerning sensitive issues, the use of non-threatening language, was used
during the introduction and when asking questions concerning the SC in the course (Lee R. ,
1993). The reasoning behind the non-threatening language was that asking for the SC
included in their course, after having declared that the main purpose was to analyse the
sustainability education in the programs, could have caused feelings of being assessed and
lead to larger problems of SDB (Fisher, 1993).
The interviewer ensured the interviewed that:
§

The project was being conducted independent of any project sponsor or organisation.

§

The courses were not being evaluated on their own.

§

The aim of the study was to display the SC in the programs for informative purposes
and to encourage collaboration.

§

All the challenges mentioned would be compiled anonymously

§

The interviewer had genuinely good intentions in conducting the study (more implicit
than being stated explicitly).

In the large majority of instances, a good rapport was established and the SDB minimized.
The interviewer was aware of the possibility of skewed results from the SDB and interpreted
the results accordingly. Few methods have been universally effective to remove SDB
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(Nederhof, 1985). The interviewer employed probing questions concerning concrete events or
concrete texts and tools used to further reduce this issue. When possible the interviewer asked
indirect questions, employed to reduce the risk of it becoming an issue (Fisher, 1993).

Results compilation
The results of the interviews were recorded in excel spreadsheets into a “map” for each
program. The mapping was done visually by colour-coding and labelling the different topics
lifted in each course. If the material covered was clearly related to sustainability but not
categorizable (due to innovative pedagogies or varying specific content) then this was
recognized by a grey labelling named “NO-ID”. Faded colours were used if the content had
an elevated risk of not being perceived as SC. This was used if the lecturer clearly covered a
topic but in a manner that did not explicitly link it to sustainability.
The following indicators were calculated on a program-basis:
§

The percentage of courses that included some form of SC (Nr of SC-related courses /
Total amount of courses taken as a student). Top and bottom scenarios were created
for this indicator.

§

The percentage of topics covered per category (General, Environmental, Social,
Economic), (Nr of topics covered in category X / Total amount of topics in category
X). Top and bottom scenarios were created for this indicator.

The challenges mentioned by each lecturer were interpreted, clustered and compiled
anonymously via a frequency distribution, where interpretations can be made regardless of the
size of the data set (Collis & Hussey, 2009). The short interviews were also sources of a large
quantity of qualitative data that did not fit the categories studied but contributed with context.
This data was used in the interpretation of data and the drawing of conclusions.
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3.3 Validity and Reliability of Phase 1
Embedded into the systems perspective of the sustainability issue is that everything is
connected to everything else (Meadows, 2008). Given this the five key competencies by Wiek
et al and the content list refined from the interviews are necessarily interconnected in order to
successfully represent the complexity of the subject. In addition, the normative and vast
nature of the subject can further complicate the synthesizing of different views. These two
characteristics of the issue will affect the validity and reliability that can be had from this
form of study.
In this study validity is discussed as the overall trustworthiness and soundness of the
assumptions used and the lack of biases, which then impacts the trustworthiness of the results
as representing reality. This is impacted by the trustworthiness of the sources for the
assumptions and methods that in this study were derived from experts and the scientific
literature.
In this study reliability is discussed as the overall soundness of the methods and lack of
biases. As with the validity, the reliability impacts the trustworthiness of the results and was
derived primarily from scientific literature.
This study has the validity and reliability being strongly interacting as they both deal with
biases and the methods and assumptions are not surgically removed from one another, but
interact together in order to form the scientific approach used.

3.3.1 Validity of literature review
The text-based sources used in the study were primarily taken from respected peer-reviewed
journals of different fields related to the subject. Others included legitimate books and reports.
The later half of the literature review was conducted in parallel with the interviews. The
interviews provided further guidance as to relevant literature per research discipline.

3.3.2 Validity and reliability of interviewee-group composition
A statistically valid sample size of the opinions concerning important sustainability topics,
from all the world’s experts within sustainability was not possible, given the scope of the
study as well as the lack of clear convergence on a definition of sustainability. Instead the a
qualitative research method was designed and the interviewees were selected on basis of
varying academic backgrounds, seniority, disciplines, being renowned and respected research
institutions as well as international recognition. This provided a high richness of data that
contributes to the validity and reliability of the study.
Extended periods of time within a certain discipline, as well as their individual values sets
will undoubtedly shape the perceptions of the experts interviewed for this study. Phase one of
the study implied interviewing experts within sustainability from different fields and
positions. The original professions (as all were academics) represented were engineers,
economists, environmental economists, ecologists, psychologists and doctors. The level at
which these experts operated, within their respective organizations, varied from being a
researcher and lecturer to being vice-presidents of sustainability. This diversity in background
and profession was consciously chosen in order to achieve an extensive representation of
different perspectives.
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The emerging convergence on a three-aspect model of sustainability further guided the
selection of experts such that they would have knowledge and insight into each aspect. For
each aspect, several experts were interviewed, at different levels. The two vice-presidents of
sustainability were chosen as they have over-arching knowledge of the subject coupled with
knowledge of the engineering education, profession and purpose.
The institutions and universities selected were based on being renowned and respected in
Sweden and some of them in an international context (e.g. Stockholm Resilience Centre).
Several of the experts interviewed for the first phase of the study have been recognized as
thought leaders within their fields, have received prizes such as the prestigious Blue Planet
Prize, given by the Asahi Glass Foundation (International Institute for Environment and
Development, 2012) or been honored with Sweden’s first Chair in Education for Sustainable
Development.
All interviewed experts reside in Sweden. Whilst this could be viewed as a weakness in the
study, Sweden has a reputation for being prominent in the transition to a long-term enduring
society. Sweden was recognized as the most sustainable country in the world in 2013
(RobecoSAM, 2013). Given that the scope of the study is on a national scale it can be
assumed that this remains more or less stable over shorter periods of time. Whilst this does
not correlate directly to the quality of the academic knowledge of sustainability, it gives an
indication of the prioritizations of the government and the context with which all education
and research is placed. Furthermore, Sweden is the context within which a large percentage of
these industrial engineers operate. This would suggest that a Swedish perspective is more than
adequate for this particular industrial engineering segment.
There is a certain convergence on what sustainability encompasses, yet it remains a contested
field (Becker & Jahn, 1999) (Conelly, 2007). The definition of social sustainability is in that
sense the most contested (Littig & Griessler, 2005). This complicates the declaring of any
person as an expert on sustainability as the criteria for such a title cannot be definitively set.
This concerns the social aspect in particular. As such the validity of the Centre for Social
Sustainability at Karolinska Institutet cannot be ascertained, in a satisfactory way, by other
means than that they are published and respected in their respective fields and connected to
other reputable researchers in Sweden and at Stanford.
Taken together it is the author’s belief that the interviewees collectively provide a high
richness of data and a good indication of the relevant content of the issue, to the extent that
the concept is understood by humanity as a whole. This contributes with a positive increment
to the validity of the results.

3.3.3 Validity and Reliability of the method
Validity and reliability of interviews
With respect to the method for the interviews, it can be considered to contribute with a
positive increment to the validity of the overall phase. The interviews were conducted from a
paradigm closer to the interpretivistic. This is by necessity as the sustainability issue is
normative. As such the manner with which the issue is viewed, analyzed or discussed contains
subjectivity. In these studies, the results tend to have high validity through gaining an
understanding of the manner in which the interviewee views a certain situation or issue
(Collis & Hussey, 2009).
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The study was conducted with basis in semi-structured interviews with open-ended questions
in order to not limit the answers of the interviewee but to achieve an understanding of their
perception of the key knowledge required for industrial engineers. Probing questions, where it
seemed that something could be clarified, followed the open-ended questions. With broadly
phrased open questions, these probing questions have the possibility of creating a certain
amount of steering of the interview. The result could then potentially be skewed and lead to a
decreased reliability of the results. This can be considered a certain type of observer bias.
Observer bias can occur when the observer influences the interview unconsciously through
their mental constructs (Collis & Hussey, 2009). The author was conscious of this possibility.
Furthermore the interviewees, being experts within their fields, were deemed to have defined
views concerning the subject and therefore steering should not be considered to have been a
problem.
The key competencies framework was a key source of inspiration to the method. Four of the
five competencies can be deemed as more pertaining to skills, whilst the normative
competency is highly reliant (and can only be developed) with knowledge of the sustainability
concept. The main focus of the interviews was thus to further define this normative
competency for this particular profile, given their context. This can be seen in the phrasing of
the question used in the interviews. This approach was not explicitly expressed to the
interviewees as the interviews’ purpose was to gain unconstrained access to the persons
conception of the subject and the place in the hierarchy of importance that each of the topics
they mentioned had. The resulting convergence between the content list and the framework is
the result of the interviewees feeling compelled to include these topics in their discussion in
order to ensure that their recommendation felt all encompassing. This alignment further
increases the validity of the study.
The reliability of a study can be defined as the extent to which a replicate study would render
the same results (Collis & Hussey, 2009). The possibility of different results being achieved
through a replicated study is increased over time due to the field being contested and
normative. New research arising, and the changing of perspectives as a consequence, is a
possible scenario. This factor is however extrinsic to the study and to the method. The
reliability of the interviews can be deemed high for a reasonable period of time.

Validity and reliability of compilation into content list
The compilation is the section of the first phase that is most liable to being skewed by
observer bias. The interview-transcripts were not directly sent to the interviewees, given a
consideration for their respective workloads. Instead the interviewees opinions were compiled
into a content list, accompanied by a text, with adequate referencing, describing each point.
The text indicated clearly where the interviewee had contributed, so as to ensure that the
person would not be dissuaded from providing feedback due to subtle barriers of time and
energy. To three of the interviewees the list was sent without the descriptive text, as their
contributions were deemed uncontroversial. The list, by itself, was explanatory to the extent
that it divulged the topics that were deemed as central, whilst leaving room for criticism and
ambiguity. This further lowered the barriers to providing input and encouraged criticism
allowing slightly deeper investigation as to the manner in which the interviewee perceived the
subject.
The content list was commented on by seven of the ten interviewees and minor changes were
made to the text and the content list. Several topics were emphasized by more than one of the
interviewees and many opinions were in implicit agreement with those of other interviewees’.
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The wording or starting-point for a perspective might have been different but was
emphasizing a similar thought. This indicated a high level of convergence amongst the
interviewees concerning the necessary topics to be covered in the programs for industrial
engineers. This provides a positive contribution to the validity of the study.
The reliability is impacted by the format in which the content was consolidated. The
interconnectedness of the various concepts is high and there are different manners in which
they could be categorized or viewed. The selected format originates from one of the
interviews where the division into concept and context was discussed. This division provided
a simple and intuitive categorization of the topics. The reliability can be considered high as to
the underlying content, though the order and grouping of topics could appear different, should
the study be replicated.

3.3.4 Coherence of Content List with the Key Competence Framework and
Sweden’s Learning Outcomes
The Key Competencies Framework
The five key competencies derived from the sustainability literature, by Wiek et al, included
systems thinking competency, anticipatory competency, normative competency, strategic
competency and interpersonal competency. The content list can be said to fulfill these five
criteria, influenced in part by the applied pedagogy, positively contributing to the validity of
the content list. A more detailed discussion can be found in the section discussing the content
list “5.1.1 Analysis of the content list based on the Key Competencies Framework”.
The Clarification of Learning Outcomes from the Higher Education Regulation (swe.
Högskoleförordningen)
The regulation document for higher education set by the Swedish parliament (swe.
Högskoleförordningen) has two specific learning outcomes for sustainability. KTHSustainability’s concretisation of these amounted to eight separate learning outcomes. Seven
of the eight outcomes were covered, with the explicit focus on ethics and gender being
lacking in the content list. A more detailed discussion can be found in the section “5.1.2
Analysis of the content list based on the concretization of the learning outcomes by KTHSustainability”

3.3.5 Summary of the validity and reliability of the content list.
The validity was deemed to be high for the content list. The interviewees for the study are
distinguished experts within their fields and collectively constitute a relatively diverse set of
disciplines, backgrounds, foci and seniority. The process contained feedback instances where
the experts were able to influence the concretization of their views. Lastly the content list
coincides well with the five key competencies framework and with the learning outcomes
iteratively concretized by KTH-Sustainability.
The reliability was deemed to be high for the present but can with time diminish, as the field
evolves and embedded conflicts are resolved.
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3.4 Validity and Reliability of Phase 2
3.4.1 The validity and reliability of the mapping of sustainability content
In general the interviewees were clear as to the content given in the course. Subsequent
questions were asked if the course seemed to have a high probability of broaching a topic that
was not mentioned but (as the topics are interconnected) had a high probability of being
covered along with one of the mentioned another topics.
If an interviewee mentioned that they covered a topic though not explicitly or where there
seemed to be a risk of SDB they were asked if they believed the students recognized that the
topic was related to sustainability. If the answer was yes then the topic was assigned to the
course. If they seemed hesitant or the probability of the students identifying the topic as
pertaining to sustainability was low then this was noted down as “implicit” or “uncertain”.
These were later indicated by a faded colour-palette in the mapping process.
If a course used innovative pedagogy (e.g. methods including high degrees of freedom to
search for own literature) or where the content varied on a yearly basis then a grey “NO-ID”
indicator was placed on these. These indicated that the subject was broached but it was not
possible to discern further what the exact SC was.
The evaluations and categorizations of the courses were made based on the descriptions of
each topic in the content list. The content list was therefore broadly defined in order to
accommodate different normative standpoints on each topic and different pedagogies. If a
topic was broached partially or with varying levels of depth they were all given the same
labelling, regardless. If a topic was broached using a slightly different theory/framework than
the one suggested in the content list then the topic was attributed to the course, as exact
frameworks are a matter of normative preference. When there was doubt as to the presence of
a topic the interviewer asked if they could gain access to the course literature or lecture slides
from when the topic was covered. This material was decoupled from the influence and
uncertainty related pedagogy, the manner in which the lecturer presents the material, and thus
improved the certainty of the data.
Any uncertainty in the mapping process is primarily a consequence of the interconnectedness
of topics and the pedagogy/layout used in the lectures (the latter being considered a larger
difficulty than the first). Measures were taken to limit this uncertainty and all categorizations
were documented and will be open for scrutiny after the study. Quality was never assessed
and the topics labelled as “NO-ID” were not frequent enough to be labelled an issue.
In short, the tools and methods used to limit uncertainty and biases were as follows:
§

Ensuring non-threatening environment and good intentions (to limit SDB) (Lee R. ,
1993)

§

Reassuring the interviewee that no individual or course evaluation was being made (to
limit SDB) (Fisher, 1993)

§

Reassuring the interviewee that all comments, beyond course content would be
anonymised (to limit feelings of fear & threat leading to SDB) (Lee R. , 1993)

§

Formulating the question in a vague manner so as to let the interviewee display their
subjective perception of what the concept encompasses and what of that was being
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taught, a qualitative approach to each individual interview usually creating high
validity in the answers (Collis & Hussey, 2009).
§

Probing questions and indirect questions to verify the answer with concrete events and
content (to limit SDB) (Fisher, 1993)

§

Asking for lecture slides or course literature (to limit problems with pedagogy and
SDB)

As quality was not assessed the method used to map the SC could be deemed as high or
bordering on high. A qualitative question followed by objective statement of fact ensured a
coherent picture of the content which ensures high validity and increases the reliability which
otherwise tends to be low for these forms of questions (Collis & Hussey, 2009).
Two lecturers declined the invitation to partake in the study. This was due to lack of trust in
the chosen method. The impact on the categorization process is perceived as minimal. The
content of these courses was deemed as low probability of containing SC. The lecturers were
contacted as a precaution.

3.4.2 Validity and Reliability of Challenges assessment
Each interviewee, with few exceptions due to technical difficulties, was asked as to the main
challenges they perceived with including SC into the education. The author did not know the
origin of these challenges or their interrelatedness and as such left the question open for
interpretation. The question was further concretized in cases where the interviewee had
difficulties understanding what was sought after. The majority of interviewees did however
quickly relate to their perceived challenges and proceeded to recount them, under the
protection of anonymity.
This aspect of the study is a qualitative perception-based inquiry, which ensures high validity
(Collis & Hussey, 2009). The reliability is however low as the act of studying this perception
can cause the interviewee to continue reflecting and arrive at a different answer in the future.
With the interviewing of several different teachers a pattern could be seen that appeared
universal to all programs to varying degrees.
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3.5 Ethics
The author was, throughout the study, deeply interested in ensuring the ethic quality of the
study. The study was conducted with an intentionality perforated by respect and benevolence.
Virtue ethic theory would concede that developing a virtue and acting upon it would make the
person act correctly (Tännsjö, 2002). Should one consider benevolence a virtue, then by the
logic of virtue ethics, they should concede that the value of the conduct throughout the study
was ethical. Yet the actions performed throughout the study can still be marked by
unintentional lapses in the ethical conduct due to lack of perspective and human fallibility. As
such, the argument presented above does not suffice to assess the procedure of the study. The
following is therefore a recount of the instances and remedies taken throughout the study.
The study’s purpose is to create a better understanding of the sustainability education received
by students. This is done with the aim of allowing the programs to recognize what is being
done today, praise it, and look to the future as to how one can further improve the programs
efforts. Ethics and a respectful intentionality was not simply intrinsically important but
instrumentally important to the execution of the study. If the interviewees should have felt
that they were being assessed against their peers they could have become less willing to
partake in the research, raising barriers to completing the study in an ethical manner. The preemptive action taken was to ensure the interviewees of the good intentions. The author cared
for the interviewees dignity and held that no shame can exist as a result of the findings as this
is a subject that all programs struggle with, as is evidenced by it being a contested field.
The following actions were performed to ensure high ethical value in the study:
§

All participation was voluntary, experts, program coordinators and course coordinators
alike. The interviewee was briefed as to the purpose, process and time estimate of the
interview, which is key to an ethical interview (Collis & Hussey, 2009). Two lecturers
denied an interview and were not forced to partake. An email with an explanation of
the study and reassurances of their anonymity was sent. Their identity is protected.

§

Transparency of the process is achieved through open access to the categorization
material.

§

The results from the expert interviews, the content list and explanatory text, was sent
back to them in order to ensure that their views were not being misrepresented and that
there was no sensitive information divulged.

§

Anonymity was always ensured during all interviews with the course coordinators.
The exception to this was the description of the SC in the course as this was necessary
to record for the sake of transparency. This was always explained to the interviewee.

§

No supplementary material sent in confidence will be shared further.
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PHASE 1
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4 Content List
4.1 Content list - Suggested topics for industrial engineers
4.1.1 Introduction to the content list
The content list is the compilation of the interviewed experts’ views on what the most central
topics or skills related to sustainability are for industrial engineers. The profile was the basis
for the answers provided by the experts. The general opinion was that the role that the
industrial engineer typically fills requires a greater regard for these issues. A recurring theme
was that the engineer requires a broader perspective, particularly when they achieve higher
positions within organisations. A general consensus amongst the interviewed during the first
phase was that it was a moral imperative to put the organisation into a larger context.
Holmberg ensured that all of society is in a particular period now where virtually all aspects
of human activity need to undergo a transition towards sustainable practice. The role that
industrial engineers fill is usually that of leaders within companies or that of
advisors/consultants to companies. Either way they need a basic understanding of what this
transition entails in order to not become obsolete on the future job market (Holmberg, 2015).
The content list is, for clarity, divided into the categories of general, environmental, social and
economic. The general aspect encompasses the topics that refer to the sustainability question
in general (G1-G4). The other three categories are a division of the key topics by aspect (M1E3). As the experts explained, it is not optimal to divide the topics into such clear-cut aspects,
as it does not do justice to the interconnected nature of the issue. One can start in one aspect
and eventually one will end up in another (Finnveden, 2015). For this reason the topics should
be viewed as central, but the categorization should be seen as a mere conceptual guide to
create structure. Additionally, the reader should be aware of significant overlap between the
topics, which can scrutinize a similar dilemma from different perspectives. The topics on the
list can vary in the extent to which it should be covered. Certain topics might be covered
quickly in the context of another topic whilst others might need significant time to be covered
well. It is not the intention of the list to suggest any weighting to the topics as the decision is
most comprehensively based on what technical specialization and future plans the particular
student has.
The topics are further grouped together according to the manner in which they were discussed
during the interview. The interviewees deigned it important to cover scales of reference
ranging from local to global as well as to include more perspectives in analysis and decisionmaking at each scale.
The topics were named according to the central points discussed. The justification provided
was based on the interviews. When referenced explicitly, the interviewer expressed and
emphasized a certain point. At times references can be sparse which signal general agreement
amongst the interviewees (addition of several references would degrade the readability of the
text). Other references can be used in the justifications as a manner of completing the
argument. The italic text is an overall description of what discussions pertain to the topic. The
italic text was intentionally broad to accommodate different normative standpoints and
different pedagogical approaches to broaching the topic. Lastly, since the quality of each
teaching instance was not being assessed, simply the frequency, an exact prescription of how
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each topic should be covered was not deemed necessary. The subsequent explanation text,
following the italic text, describes further the manner in which the experts viewed the topic.
In general, it was considered that the pedagogy used should be characterized by a solutionoriented mind-set fit for the engineering purpose (Peterson, 2015) (Strömberg, 2015). It was
considered a moral imperative to put the organisation into the larger context and as such the
discussion would benefit from utilizing relevant examples tailored to the particular profile.

In summation, the following points were characteristic of the interviewees’ views regarding
the sustainability education:
§

There is a need to put the organisation into a larger context and the utilization of
broader perspectives (including different scales of aggregation local to global). This
includes not simply seeing the technical and economic challenges but seeing the
implications for other factors as well

§

It is essential to have a solution-oriented focus to the education, showing the
applicability of the content. Tools, strategies and examples should be very prevalent.

§

The industrial engineer works to bridge different disciplines, as such it is important to
learn to collaborate across disciplines and understand various perspectives

§

It is important to get a holistic perspective of how the different parts of the subject are
interconnected and see beyond the rough models portraying the subject as three
aspects.
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4.1.2 Suggested Competencies for Industrial Engineers
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Figure 10: Content list
The list of relevant competencies for industrial engineers, structured into content and concept competencies as well as categorized by
primary aspect.
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4.2 Justifications & Explanations
4.2.1 General Topics
G1.0 – Nature of the Sustainability Issue
It was deemed important to have general knowledge of what the necessary transition entails,
given that a majority of these students will become leaders, or consultants to leaders, within
various businesses and industries (Holmberg, Vice-President of Sustainability at Chalmers,
2015). These engineers will likely work in teams with diverse specializations where the
breadth of knowledge will enable better collaboration (Peterson, 2015). The following were
the specific core features to be broached or taught concerning the general nature of the
sustainability issue:
§

G1.1 – Discussion of the conceptual division into aspects and their
interconnectedness:
Justification: A conceptual understanding of the issue is key in being able to manage
it successfully (Holmberg, Vice-President of Sustainability at Chalmers, 2015)
(Finnveden, 2015).
Explanation: This topic encompasses theory concerning the scope and conceptual
division of the sustainability issue.
Different models should be used to explain the sustainability issue, to illustrate the
complexity of the issue. Oftentimes the three-aspect approach is used (Holmberg,
Vice-President of Sustainability at Chalmers, 2015) (Deutsch, 2015) (Finnveden,
2015), though the subject can also be dealt with by formulating principles for
sustainability (Robért K. H., 2015). The issue is more complex than can be shown by
simple models. Emphasis was placed on the need to recognize this complexity by
adopting a critical mindset and emphasising the interdependencies. The aspects are
integrated into each other. Finnveden expressed unease at making a division into
aspects, as the aspects are integrated and cannot be surgically removed from each
other (Finnveden, 2015). It is possible to start with one aspect, eventually one will be
drawn into the others as well (Finnveden, 2015).

§

G1.2 – Training in broader systemic view of sustainability:
Justification: To learn to apply a systems perspective on sustainability issues was of
key importance. The issue is complex, the aspects are highly interconnected
(Finnveden, 2015) (Deutsch, 2015) as are the different levels of aggregation (local to
global scale) (Sörlin, 2015), leading to sub-optimisation if too reductionist approaches
are used (Robért K. H., 2015) (Hahn, 2015).
Explanation: This topic encompasses theory concerning system dynamics and the
exemplifying or use of systems thinking.
A system is composed of elements (e.g. parts, players, other sub-systems), interactions
and a purpose (Meadows, 2008). The systems perspective on the world and the
sustainability issue recognizes the dynamic complexity of our surrounding systems.
This perspective can explain several phenomena witnessed in our economic, social
and ecological systems (including the points at which these systems are joint)
(Sterman, 2000) (Wiek, Withycombe, & Redman, 2011). The systems perspective can
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for example aid in understanding why change projects so often fail (Sterman, 2000).
The current management practices can often times be reductionist, influenced by
unproven assumptions and norms that are not questioned (Robért K. H., 2015).
Only regarding the technical challenge in projects can lead to unexpected
consequences, whereby systems thinking, facilitated by a broader knowledge-base
(Sörlin, 2015) and multiple perspectives, is needed (Hahn, 2015), (Robért K. H.,
2015). Typical characteristics of dynamically complex systems include:
§

Dynamism – change happens over different time-scales, making things
potentially seem constant. Different time-scales also affect each other.
§ Tight coupling – Each element is connected to all other elements and these
affect one another strongly.
§ Feedback-determined – Due to the tight coupling, “actions feed back on
themselves” affecting the surroundings, thus potentially changing the
response to a similar future action. This creates the dynamism of complex
systems.
§ Nonlinearity – Effects of actions can vary of time and scale. The effects also
vary as a function of several parameters.
§ History dependency – Choices cause “path dependency”, affecting the future
selection of options.
§ Self Organising – The dynamics occur autonomously due to the system’s
internal structure.
§ Adaptivity – Systems evolve and change over time affecting the manner in
which they function.
§ Counter-intuitivity – Cause and effect can be distant in time and vary over
scales of aggregation, causing them to potentially seem deceptive and
counter-intuitive.
§ Policy-resistance – As the complexity can be deceptive, actions based on
lack of understanding can be rendered ineffective.
§ Trade-offs – The long-term and short-term effects of actions can vary,
causing worse-before-better scenarios.
(Sterman, 2000) (Meadows, 2008).
These characteristics are witnessed in issues related to sustainability (Deutsch, 2015)
(Peterson, 2015) (Robért K. H., 2015) (Sterman, 2000) and give a language and
worldview useful for discussing and applying the subject.

§

G1.3 – Training in interdisciplinary collaboration:
Justification: The sustainability issue is broad and encompasses several disciplines
(Sörlin, 2015). The recognition of different paradigms and the capacity to facilitate
collaboration across paradigms is a key skill (Strömberg, 2015), particularly since
these engineers tend to lead others to a great extent (Peterson, 2015) (Holmberg, VicePresident of Sustainability at Chalmers, 2015).
Explanation: This topic encompasses both theory concerning paradigms and
worldviews as well as training in interdisciplinary/intercultural collaboration.
To manage interdisciplinary dialog a person must have:
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§
§
§

Recognized that different paradigms/worldviews exist.
The ability to host dialogs concerning worldviews and the subtle
assumptions that underline them. This permits understanding and allows for
individuals to converge upon a common goal/vision.
Understanding of how knowledge is created and validated in the different
fields that are represented.
(Peterson, 2015).

The three points outline the steps towards understanding the paradigm of others. A
paradigm can be said to be a framework containing the basic assumptions, values
concerning what is important and methodology that together bind a discipline (Kuhn,
1962). The interviewees extended this definition beyond scientists to include
worldviews of laymen and professionals (Peterson, 2015).

•

G1.4 – Broaching the need for both qualitative and quantitative foci:
Justification: Not everything that is important can be quantified (Sörlin, 2015). The
exaggerated engineering focus on the quantifiable can lead to overlooking or covering
of the complexity underneath the numbers (Hahn, 2015).
Explanation: This topic involves demonstrating the need of having a critical mindset
with respect to quantitative data and emphasising the importance of qualitative
aspects of analysis.
Numbers are incredibly effective rhetoric devices and are intrinsic to management
practice (Asdal, 2011). The popularisation of attempts to monetize environmental
externalities is based on this insight (Hahn, 2015) (Asdal, 2011). The danger with
numbers lies in that they can disguise underlying complexity of an issue (Sörlin,
2015). Hahn exemplified the dilemma by discussing the significant insecurities within
the planetary boundaries model concerning threshold levels and current levels. All
necessary information cannot be measured exactly and indisputably (this holds true for
many questions regarding both social and environmental impacts). Still they need to
be taken into consideration without exact numeric evidence to guide decision-making
(Hahn, 2015) (Sörlin, 2015). For this reason a comfort with qualitative methods of
analysis is needed (Sörlin, 2015).
Furthermore, the sustainability issue is inherently normative (Wiek, Withycombe, &
Redman, 2011), meaning that decisions cannot be based on quantitative information
alone and that subjectivity is unavoidable. The most urgent issues to solve and the
correct manner of treating trade-offs are examples of such questions that display a
natural subjectivity, which students need to recognize and learn to manage (Dahlin,
2014).
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G2.0 – Emphasis and training in goal/vision based approaches:
Justification: The visioning or goal-setting step of planning was emphasized as key to
success with regard to sustainability questions (Holmberg, 2015) (Peterson, 2015) (Robért K.
H., 2015). A concrete goal definition is often absent, though it is key to handling trade-offs
and uniting people in collaboration (Robért K. H., 2015) (Sörlin, 2015). As future leaders and
advisors to the industry, the students must have knowledge of how to effectively and
strategically lead others in change projects.
Explanation: This topic encompasses the emphasis on the strategic necessity of defining a
vision/goal/image of success as well as methods for including this step in sustainable
development.
Often people will have implicit definitions of success. These have the potential to be both
opportunities but also obstacles in collaborations (Sörlin, 2015). An explicit definition of
success allows for setting of adequate system boundaries, enables trade-offs (which
businesses struggle with) and allows for effective collaboration towards a shared vision
(Robért K. H., 2015). From the interviews two such tools were mentioned. “Backcasting” and
the Framework for Strategic Sustainable Development (FSSD) were mentioned as key tools
for better integrating this step in strategic sustainable development (Robért K. H., 2015).
Backcasting, when applied to a sustainability issue, involves linking a desired future vision
based on non-overlapping principles for sustainability to the present. The method involves
defining the future state and setting up planned actions or policies that are conducive to that
future state (Holmberg & Robért, 2000). The tool is useful when the problem is complex, a
major change is needed, the problem is largely characterized by externalities, the scope is
wide and the time horizon is long enough that it allows for deliberate action (Dreborg, 1996).
The Framework for Strategic Sustainable Development is an adapted and systematic model of
Backcasting used when one or more organisations want to make a transition to a sustainable
mode of operating. The FSSD starts in getting acquainted with the current system to then be
able to define a vision of success. With a definition of success a strategic plan is written
which allows the transition to be made at a pace that does not endanger the financials of the
organisation. An action plan is later devised to fulfil the strategic plan. Lastly one can perform
an overview of tools that can aid the organisation in making the necessary transition. The
framework does not replace other tools but rather helps the organisation navigate the
multitude of tools in order to identify the ones that would be of use towards the defined vision
of success (Robért K. H., 2015).

G3.0 – Theory concerning how large societal change takes place:
Justification: Industrial Engineers are of key importance to the transition towards a
sustainable society, given their leadership and business development prospects upon
graduation (Holmberg, Vice-President of Sustainability at Chalmers, 2015). It is seldom the
government, acting alone, that catalyses change. Organisations have more influence than most
acknowledge and this needs to be illustrated (Sörlin, 2015).
Explanation: This topic encompasses theory concerning larger societal change has
happened historically and the role that individual organisations have had in the process.
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Sörlin suggested that the awareness of the role of individual organisations in societal
transformation is often low. Organisations play decisive roles in transformations of society.
Examples include the Industrial Betterment of the late 19th century trend and the Welfare
Capitalism that returned after WWI. Both these trends brought along significant
improvements in the workplace conditions. The resurgence of what Barley and Kunda call
“Normative control” after the first world war institutionalised vacation time, health care,
pension funds and the like, that now are considered to be the norm (Barley & Kunda, 1992).
G4.0 – Knowledge concerning society’s goals and main impact contributors:
Justification: The experts emphasised the need for taking a broader perspective. The higher
up in the organisation an individual gets the broader a perspective is required (Sörlin, 2015).
Knowledge of the scale of impacts of different sectors and industries on different aspects and
society’s goals to tackle these challenges was seen as central (Finnveden, 2015). It allows an
understanding of the surrounding system and the identification of leverage points in a system
(Meadows, 2008).
Explanation: This topic encompasses knowledge of what industries in society have the
largest impact on different aspects as well as what society’s goals and prioritizations are
related to these challenges.
Industrial Engineers are of key importance to the transition towards a sustainable society
(Holmberg, 2015), and thereby need to understand how the surrounding society views and
prioritizes the issues in its future. This includes the different political lists of prioritized goals
on a national (Swedish), European and global level. Prioritized lists such as the millennium
development goals and the sustainable development goals broached at the Rio+20 conference
are examples of such lists. They need to be able to identify the key industries that contribute
with the largest impact to a certain issue and be able to relate these to each other (Finnveden,
2015). Essentially, this implies seeing society as a system and being able to locate the points
of high leverage where efforts can have disproportionately large effect.
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4.2.2 Environmental aspect
M1.0 – Discussing basic ecology on a local scale:
A broad perspective is important for these engineers given their future roles (Sörlin, 2015).
They need to have a basic understanding of what the necessary transition entails and this
includes basic ecological knowledge on a local to global scale (Hahn, 2015) (Deutsch, 2015)
(Holmberg, 2015):
§

M1.1 – Ecosystem services:
Justification: The nature provides the fundamental preconditions for productive
human existence. These preconditions are primarily delivered through ecosystems on
scales from local to global. Basic understanding of the manner in which ecosystems
function, along with their interdependency with human existence is therefore central
(Hahn, 2015) (Deutsch, 2015).
Explanation: This topic encompasses the description and exemplification of how
ecosystems function and provide services that are essential/important for human
activity
An ecosystem is the system built up by the living organisms and the non-living
conditions of their surrounding (Molles, 1995). These ecosystems supply useful
services and values. A forest can be said to supply timber and recreational value. It
could also provide the service of purifying drinking water and of regulating climate
(World Resource Institute, 2008). Businesses are seldom aware of, thus seldom
manage, their interdependency with their immediate surrounding (Hahn, 2015).
Ecosystem degradation has happened faster during the past 50 years than any period
within human history. This provides great business risks and opportunities including
financial, operational, regulatory, reputational and more. Examples of impacted
companies include Unilever and Vittel. Vittel’s “Natural mineral water” was
threatened due to intensified agricultural practice in the nearby vicinity, which
decreased the quality of water further downstream at Vittel’s plant (World Resource
Institute, 2008). Unilever, experienced similar water shortages in their tea production
fields in Kenya, due to changed landscape and climatic patterns (Huisman, 2015).
It is imperative that business leaders and all designers of industrial processes or
systems put their activity in a larger biological context and not simply look at issues as
technical issues (Hahn, 2015).

§

M1.2 – The importance of biodiversity:
Justification: Biodiversity and ecosystems are related concepts. Biodiversity builds
resilience in the Earth System and allows for ecosystem services. The topic is
important to broach in context of ecosystems (Hahn, 2015) (Deutsch, 2015).
Explanation: The topic encompasses the discussion on the value and importance of
biodiversity
The concepts of biodiversity and ecosystem services are intimately tied concepts and
would benefit from being covered together. Biodiversity provides a range of different
values, including functional value, options value and recreational value, recreational
value referring to the value, estetic or otherwise, of a species mere existence.
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The diversity of species is also key to maintaining the resilience of the ecosystems that
provide the essential life-supporting functions of the planet (Deutsch, 2015) (Hahn,
2015). The functional value is the value derived from the service provided by the
organisms in an ecosystem. The options value is the value of a species as a buffer to
shocks where the primary function-providing species becomes indisposed. An
example of the resilience of ecosystems and organisms can be seen in certain crops
that grow well when a specialized bee or bird nests in the vicinity and can provide
pollination functions. Without this particular species, the crop can be pollinated by
another similar species at a lower efficiency. This impacts the productivity of the
crops. Without either of these species the crop could potentially still be able to
pollinate itself and reproduce through yet another medium but to a significantly lower
level of efficiency. This phenomenon has implications for productivity and food
security. The variety of species provides valuable stability and should be taken into
consideration. The concepts of ecosystem service and biodiversity are intimately
linked. An understanding of the manner in which nature works can uncover methods
for working with nature (Hahn, 2015), providing valuable business opportunities
(World Resource Institute, 2008).

M2.0 – Discussing global environmental challenges:
An understanding of the challenges on a global scale is an essential aspect to understanding
the necessary transition to be made and placing the company into a larger context (Sörlin,
2015) (Holmberg, Vice-President of Sustainability at Chalmers, 2015) (Robért K. H., 2015)
(Finnveden, 2015).
§

M2.1 – Climate change:
Justification: The biggest sustainability challenge today, which requires
understanding and immediate action (Hahn, 2015) (Holmberg, Vice-President of
Sustainability at Chalmers, 2015)
Explanation: The topic covers the dynamics of climate change, its drivers and
buffers.
Climate change is the most important challenge facing humanity today (Hahn, 2015).
If transgressed, this key boundary can completely alter the living conditions on the
planet (Rockström, o.a., 2009). It is deeply connected to over conditions on the planet.
The climate conditions impacts and is impacted by factors such as ocean acidification,
greenhouse gas emissions and biodiversity extinction (Hahn, 2015). It is estimated that
given the middle-range scenario for 2050 between 15-37% of species from their
investigated areas will be on the verge of extinction (Thomas, o.a., 2004).

§

M2.2 – Other global environmental challenges:
Justification: In addition to being global challenges, each challenge affects the others.
Covering these challenges in combination with climate change would therefore
provide deeper understanding of the global issues.
Explanation: This topic encompasses the other global challenges and their dynamics
Global ecological challenges affect one another (Hahn, 2015). The updated planetary
boundaries model claims the planetary boundaries consist of Climate change, novel
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entities, stratospheric ozone depletion, atmospheric aerosol loading, Ocean
acidification, biogeochemical flows, freshwater use, land-system change and
biosphere integrity. Four of these are currently being transgressed (Steffen, o.a., 2015).
The boundaries are all interdependent and transgressing one can affect the thresholds
and limits of another (Rockström, o.a., 2009). Ocean acidification destroys aquatic
living conditions and its ecosystem services along with it. Approaching the limit for
ocean acidification also means that the buffering against increased CO2 emissions
would decrease or end, thus potentially affecting the threshold value for climate
change (Hahn, 2015). Currently the boundaries being transgressed are biochemical
flows, land system change, biosphere integrity and climate change. Two of the
transgressed boundaries, biosphere integrity and climate change are recognized as core
boundaries due to their vital importance to the earth system (Steffen, o.a., 2015).

M3.0 – Discussing diminishing operating space:
Justification: The implications of continued degradation of the ecological system (of the
sorts mentioned in M1 and M2) can imply increased costs for businesses and increased
resource insecurity (Hahn, 2015). It is important to highlight that a prisoner’s dilemma
mentality can be counterproductive to the survival of the organisation and to realizing a
transition (Robért K. H., 2015).
Explanation: This topic includes the discussion on the economic value of acting for
sustainability as well as examples.
There can be a reluctance to take bold action towards reducing the impact a company has on
its surroundings. The prevalent prisoner’s dilemma mentality concerning embracing more
sustainable practice is dangerous (Robért K. H., 2015). There is rather an advantage to acting
sustainably and to making that transition pre-emptively. “Business as Usual” is not even a
possibility in the near future (Holmberg, 2015). The potentially increasing costs and supply
risks associated with climatic change are large (Hahn, 2015). As a consequence investing in
resource efficiency and transmaterialisation makes increasingly more economic sense
(Stigson, 2015). Furthermore, such practice increases the trust and brand value for
organisations, meaning that a transition also provides business opportunities (Larshans, 2015).

M4.0 – Broaching strategies and tools to increase the environmental sustainability:
Justification: Engineering is primarily a problem-solving profession and a solution-oriented
focus is needed (Peterson, 2015), (Strömberg, 2015). The teaching of tools and strategies for
managing the issue in the concrete work relating to product, process or system design is
therefore central. These should therefore be plentiful (Finnveden, 2015), (Sweet, 2015)
(Peterson, 2015).
Explanation: This topic includes tools, strategies and example cases for approaching
challenges with the aim of increasing or assessing the environmental sustainability.
The industrial engineer works within a vast amount of industries and study various technical
specializations, all of which are relevant for the necessary transition to a more sustainable
society. The flora of suggestible strategies and tools is thereby equally vast. Different tools
will vary in relevance depending on the student’s specialization and future ambitions. The
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uniting factor however is the focus on economic and managerial implications of technical
activity. Particular strategies and tools that were deemed relevant were the following:
Circular Economy – A model for an economy where all material flows form
closed loops and the components in end-of-life products are recycled to become
resources for other products. This is the only economic model that has a chance
at being sustainable (Sweet, 2015).
Corporate Ecosystem Services Review – A tool allowing for identification of the
key ecosystem services impacting and impacted by a particular organisation
(Hahn, 2015) (Deutsch, 2015).
Current Market Tools – The collection of taxation, tariffs and certificates that
aim at internalizing costs and impacting the manner in which certain markets
work. They are currently very common and are necessary for understanding the
current manner by which these issues are handled (Hahn, 2015).
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4.2.3 Social aspect
S1.0 – Discuss social sustainability from a macro-perspective:
For a sustainable society all aspects of sustainability are important (Finnveden, 2015)
(Holmberg, 2015). Furthermore, it was deemed important to put the individual organisation
into the larger context (Holmberg, 2015) (Robért K. H., 2015) (Sörlin, 2015) (Hahn, 2015)
and understand dynamics at different scales (Sörlin, 2015).
§

S1.1 – The dynamics of Social Capital:
Justification: Social capital is the measurement of social sustainability on macroscale. It is the foundation of well-functioning societies and any entity interacting with
or able to affect society should be aware of its dynamics (Robért K. H., 2015)
(Holmberg, 2015). “Social Capital” is defined as the trust among entities and people in
society (Rothstein, 2003).
Explanation: This topic encompasses the theory concerning social capital, its benefits
as well as the dynamics that build/destroy it.
A more precise definition of Social Capital, by Bo Rothstein is the amount of
relationships or contacts in a society multiplied by the amount of trust in those
relationships or contacts. Social capital is what prevents a society from landing in “the
social trap”, a state where trust is eroded to the extent that a mentality of “why should
I if nobody else?” has established itself and collaboration becomes costly. The trap is a
consequence of a standardization of egocentric behaviour. From high levels of social
capital comes low transaction costs because less effort is placed in protecting oneself
against the other party (Rothstein, 2003). The Natural Step define and prescribe a list
of five principles for maintaining levels of social trust in societies. They involve the
people or entities with power to not:
§

Be obstacles for people’s health (fulfilling their physical and psychological
needs).

§

Be obstacles for the individuals ability to influence their surroundings

§

Be obstacles for the individuals ability to learn and be competent

§

Be obstacles for the individuals ability to belong to meaningful contexts and
relations

§

Be obstacles for impartiality

(Robért K. H., 2015).
If breached the social capital is reduced in society. Conversely, social capital is
increased with the augmentation of collaboration (Holmberg, 2014) and with the
creation of universal institutions. Universalism is the term used by Rothstein to
indicate a principle where all people are treated equally regardless of all factors of
diversity (Rothstein, 2003).
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S2.0 – Discuss social sustainability from a micro-perspective:
Social sustainability on a micro-scale refers to the individual’s wellbeing and quality of life. It
refers to how people function optimally in their quotidian contexts (Andersson, 2015). The
leadership roles many industrial engineers attain require basic understanding of how people
function and the needs they have (Osika, 2015) (Andersson, 2015).
§

S2.1 – Self-Determination Theory:
Justification: A simple and extensively tested theory describing the drivers of an
individual’s wellbeing, motivation and performance. Due to it being simple and
actionable it is perfect for the engineer (Robért K. H., 2015).
Explanation: This topic involves describing the three psychological needs stipulated
by self-determination theory.
The self-determination theory was first developed by professors Richard Ryan and
Edward Deci. The theory has since been widely tested (Milyavskaya, Nadolny, &
Koestner, Where do Self-Concordant Goals Come From? The Role of DomainSpecific Psychological Need Satisfaction, 2014) and is thought to be universally
applicable across people’s, cultures and all life-domains. The theory suggests three
psychological needs to be decisive factors for motivation, well-being and performance
to within specific domains (e.g. work, a relationship, a sport). The needs are
autonomy, competence and relatedness (Baard, Deci, & Ryan, 2004) (Milyavskaya &
Koestner, 2010). Autonomy involves the ability and the sense of being able to exercise
ones own volition. Competence refers to the ability to create desired outcomes and to
feel effective and gain mastery of one’s surroundings. Relatedness is the term used to
describe the need for closeness and connection in one’s everyday relations
(Milyavskaya & Koestner, 2010).

§

S2.2 – The importance of trust:
Justification: Trust is central for groups and organisations to function well
(Andersson, 2015) (Osika, 2015). The topic was discussed on a macro-scale.
Discussing trust on an interpersonal level and from an organisational perspective is
equally important as it is key in creating socially sustainable workplaces were people
feel safe and appreciated (Andersson, 2015).
Explanation: This topic discusses trust from a micro-perspective as well as the
dynamics that build and damage trust in on organisational/relational context.
Trust is tied to intentionality of the people in a relationship. Knowing that the intention
of the other person is to care for you, then trust is built in that relationship allowing the
parties in that relationship to feel safe and to feel relatedness (Andersson, 2015). As
Rothstein and others have discussed this further increases the speed and lowers the
costs in collaboration (Rothstein, 2003).
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§

S2.3 – Stress and security:
Justification: Stress is a problem for human well-being and for the optimal
functioning of people and, in extension, of organisations (Andersson, 2015) (Osika,
2015).
Explanation: This topic covers theory concerning stress and security, and how these
affect human well-being and performance
Stress is defined, by Khansari et al, as the bodily reaction, physical, chemical or
psychosocial, to stimuli that disturb its homeostasis, often with negative effects
(Khansari, Murgo, & Faith, 1990). Lack of time is one common driver of stress, which
can cause short-termism not adequate for solving complex issues (Andersson, 2015).
Stress can have a psychological effect on people creating “tunnel-vision”, reduced
psychological flexibility and favouring short-term thinking (Osika, 2015).
Neurophysiologically, older areas of the brain, that react to threats, can become more
easily triggered, whilst newer areas of the brain, such as the prefrontal cortex, can
experience reduced activity when an individual enters a fight/flight-state. The great
prevalence of stress in the modern day work-place accentuates this problem. Extended
periods of stress, without recovery, can result in a variety of different of maladies
including emotional dysregulation (Golkar, Johansson, Kasahara, Osika, Perski, &
Savic, 2014), exhaustion, pain-states and increased risk for cardio-vascular disease.
This impacts the individual, their close relations as well as contributes to increased
costs for the employer and for the healthcare system (Osika, 2015).
Goal-conflicts, values-conflicts or that one is to perform illegitimate tasks was lifted as
another important stressor to consider. Tasks triggering goal conflicts or values
conflicts can induce stress responses through the person trying to reconcile conflicting
criteria, either related to opposing goals or where there is a misalignment between the
values communicated to the employee and with the employees own (Osika, 2015).
Illegitimate tasks can be divided into unnecessary tasks and unreasonable tasks. The
first refers to tasks that are deemed as completely superfluous and that would not be
needed if things were organized in a different manner. The second refers to tasks that
lie outside of the persons role and that should be done by someone else. The reason
why these trigger stress responses is because they can be tied to the person’s identity
and sense of self. The prevalence of high levels of unreasonable tasks was shown to
increase the probability of exhaustion by a factor of five (Aronsson & Härenstam,
2012).
A good workplace cares for the employee’s feeling of being secure (both physically
and mentally). The state of feeling secure is opposed to the stress-state and allows a
person to perform. Motivation is more effectively reached through passion and is
undermined by fear. Feeling secure is intrinsically valuable and is a prerequisite for
building trust (Andersson, 2015).

§

S2.4 – Decision Overload:
Justification: Basic understanding of how humans function is needed to improve the
quality of leadership (Osika, 2015). Decision overload is a barrier to people’s
happiness and constructive performance, causing harm to others and the planet
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(Iyengar, 2010). In likeness with stress, decision overload affects decision-making
negatively (Osika, 2015).
Explanation: This topic encompasses the effects of decision overload
Society is becoming more complex and demanding cognitively. This is in spite of
humans being relatively inept at processing information and acting constructively on
it. In combination this can impede people from leading as fulfilling and happy lives as
they otherwise would (Iyengar, 2010). People have a certain capacity to take in and
process new information, beyond which the quality of the decisions is diminished.
Decision or information overload can induce stress, anxiety, confusion and decreased
motivation (Eppler & Mengis, 2010). Studies show that project managers with a
greater number of parallel projects or tasks suffer from increased risks of information
overload (Wurman, 2000). As such decision overload has implications for both
individual happiness and professional performance.

S3.0 – Broaching strategies and tools to increase the social sustainability:
Justification: Engineering is primarily a problem-solving profession and a solution-oriented
focus is needed (Peterson, 2015), (Strömberg, 2015). The teaching of tools and strategies for
managing the issue in the concrete work relating to product, process or system design is
therefore central. These should therefore be plentiful (Finnveden, 2015), (Sweet, 2015)
(Peterson, 2015).
Explanation: This topic includes example cases, strategies and tools that increase social
sustainability in a given context.
The primary strategy should be to include the above-mentioned principles into decisionmaking, cultures (Andersson, 2015) and into the way structures are formed (Robért K. H.,
2015). Holmberg and Rothstein indicate collaboration (Holmberg, 2014) and universal
institutions (Rothstein, 2003) to be effective manners of increasing social capital.
Self-leadership and increased self-awareness are recommended as key to becoming a better
leader. The importance of attitude and the response towards events and situations was
emphasised and that this can be improved through better self-awareness. The ability to selfheal (from previous failure and shame) and to self-trust were deemed key in being able to
“hold” a group (Andersson, 2015). Intention was mentioned as a key factor in being able to
build trust and a sense of security in a group (Osika, 2015) (Andersson, 2015).
Recommended training, with multilateral benefits included:
Compassion training – In contrast to empathy, compassion is a sense of feeling
for rather than feeling with a person, characterized by feelings of warmth and a
willingness to help alleviate the suffering. Furthermore, training can influence
this capacity. Training this skill has increased self-reported levels of well-being,
positive affect and personal resources in general. The training has been shown to
also increase resilience in individuals, which allows for better coping with
stressful situations. The benefits can extend beyond the person training as
research hints that compassion training increases pro-social behaviour (Singer &
Klimecki, 2014). Increased levels of compassion can also increase trust through
reducing scepticism towards people’s intentionality (Andersson, 2015).
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Meditation training – Can increase the general wellbeing of the individual and
improve their performance (Osika, 2015). Research into certain meditation
traditions indicate the practice to cause increased levels of Tonic alertness.
Tonic alertness sets the cognitive tone for better working memory and executive
control (Britton, Lindahl, Cahn, Davis, & Goldman, 2013).
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4.2.4 Economic Aspect
This aspect was structured as a consequence of the argumentation presented in E1.0. It
focuses on discussing the tendencies and structures embedded in the economic system.
E1.0 – Problematizing the economic aspect of sustainability:
Justification: Defining economic sustainability as the need for an investment or action to
generate positive cash flow was deemed as limiting. This is, rather than an aspect of
sustainability, a generic strategy. The danger of this definition can be that it puts economic
targets on equal footing with the other two aspects, thus dissuading action (Robért K. H.,
2015).
Explanation: This topic includes a dialog concerning what economic sustainability is.
Economic sustainability as being the measurement of return on initiatives is very narrow and
allows for a rationalization of short-term thinking. Rather than being an aspect it is a generic
strategy, the reason for it not being part of the four principles of sustainability laid forward by
The Natural Step. The economic system is essentially different from the other two aspects in
the sense that the economic system is not immutable, unlike the laws of nature and human
physiology (Robért K. H., 2015). Sörlin comments that success for countries and companies is
economically defined, and wonders if this should be so or if there are other more suitable
measurements of success (Sörlin, 2015).

E2.0 – Discussion on limiting and enabling institutional factors:
It was deemed as important to discuss and analyze the institutional factors that can be limiting
or enabling sustainable practice (Finnveden, 2015) (Robért K. H., 2015). The following were
such institutional factors that were emphasized:
§

E2.1 – The impact of norms and values:
Justification: Norms and values shape the manner with which professionals behave
and the manner in which people consume goods and services (Finnveden, 2015)
(Robért K. H., 2015).
Explanation: This topic encompasses the dialog concerning how societal values and
norms shape what and how we consume goods and services as well as how we act in
our professional roles, all in a context of making a sustainability transition.
Values and Norms affect consumption behaviour and the manner in which people
relate to their surroundings. Nicosia and Mayer discuss the manner in which values
could affect consumption activities and vice-versa in a complex feedback-based way.
They define cultural values as widely held beliefs concerning what is desireable and
that impact consumption behaviour. They suggest that values can affect consumption
directly and that they can affect consumption through institutionalized norms that
function as interpreters of the values (Nicosia & Mayer, 1976). A concrete historical
example of the complex interactions that values and norms have along with
consumption was shown by Eli Chinoy’s study of autoworkers. The value of success
through individual achievement was a strong driver of the diligent work ethic norm for
automobile workers. With larger union-presence attempting to establish a senioritybased promotion policy (as supposed to a performance-based promotion policy) the

51

workers found new methods of fulfilling the value of “success through individual
achievement”. This was namely through increased consumption of status-laden goods
and through, due to increased ease of labour conditions, achievements during leisure
periods (Chinoy, 1952). Nicosia and Mayer go further to discuss how this could have
evolved along with the frugality value, denouncing overconsumption. These factors
also affect the professional work experience, a dialog that long been discussed by
several researchers as well as in popular channels (Twenge, Campbell, Hoffman, &
Lance, 2010).
In Sweden the interest amongst companies for sustainability has increased, driven by
consumers and companies alike. The amount of consumers who often talk about
sustainability with peers has increased from 15% to 25% from 2014-2015. The amount
of consumers who frequently or “zealously” seek sustainable options now amount to
24% (17% and 7% respectively) (Sustainable Brand Insight, 2015). This is an example
of how values and norms can have changed, carrying implications for business.

§

E2.2 –The impact of legislature:
Justification: Legislature clearly steers behaviour on markets and can be limiting or
provide opportunity making them interesting to discuss on a case-by-case basis
(Finnveden, 2015).
Explanation: This topic encompasses the discussion concerning how legislature and
regulation affects or could affect the transition towards a sustainable society.
Legislature and all forms of regulation (whether from state or industry organisation)
form much of the formal structure for the industries. Examples that have been
mentioned and that can be discussed as well as modelled are the cap-and-trade systems
for or the tariffs placed on emissions (Hahn, 2015). Regulation of financial markets
was also mentioned as a key contributor to the relative stability of the Swedish
economy during the financial crisis following the Lehman brother’s incident
(Finnveden, 2015). Other structures that can be discussed are the statutes of different
organisational forms, e.g. the limited company (Finnveden, 2015).

§

E2.3 – Questioning of eternal economic growth:
Justification: Economic growth, both as an assumption for the future (Finnveden,
2015) and as the ultimate goal of organisational activity (Sörlin, 2015) (Robért K. H.,
2015) steers development and planning but is empirically now being tested.
Explanation: This topic includes the discussion concerning perpetual economic
growth as both a goal and likely future scenario.
Economic growth as a goal for firms, countries and the global economy is being
questioned but not to the required extent (Robért K. H., 2015) (Sörlin, 2015)
(Finnveden, 2015). What system tendencies and trends does this definition of success
lead to in the modern world? This definition is very one-dimensional, particularly in
the context of the necessary transition entailing the restructuring of nearly all aspects
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of human society within the next few decades, as was described by Holmberg
(Holmberg, 2015) (Sörlin, 2015).
All of society is built around economic growth, including pension systems, financial
systems and housing markets. Economic growth is made necessary by the
compounded interest model for loan-service payment (Robért K. H., 2015). Currently
the Swedish economy is not experiencing economic growth and there is research by
Thomas Piketty that suggests the growth experienced during the late 19th until the 20th
century has been a historic exception that will likely end within the near decades
(Piketty, 2014), though the research is not without critique (Roine, 2014). There is a
low level of readiness in Swedish society for the eventuality of enduring periods of
low growth (Finnveden, 2015). Very little research has been conducted on the
potential result of such a scenario (Finnveden, 2015) (Sweet, 2015).
§

E2.4 – Short-termism:
Justification: Emphasis on the short-term is a problem for sustainable practice. It is,
as exercised today, opposed to the necessary broader perspective (Andersson, 2015)
(Deutsch, 2015) (Hahn, 2015) (Robért K. H., 2015).
Explanation: This topic encompasses the discussion on short-termism, it’s effects and
adequate management practice.
Short-termism has become prevalent in business and is threatening the long-term
existence of firms, whom ignore broader trends and influences that build conditions
for future competitiveness (Porter & Kramer, 2011). The short-term should be in
service of the long-term, which is not always the case. The prisoner’s dilemma
mentality (that to act sustainably would be a disadvantage leading to one losing one’s
competitive advantage) is a myth, based on the shrinking operating space discussed
previously (in M3.0) (Robért K. H., 2015) (Porter & Kramer, 2011).
Additionally, short-term thinking can stride against the notion of intergenerational
justice, embedded in the original brundtland definition (International Institute for
Sustainable Development, 2013).

§

E2.5 – “The invisible hand”:
Justification: The invisible hand is the praised feature of the market. Given this trait it
is interesting to discuss how this mechanism functions during a societal shift, where
adequate information is often absent (Sörlin, 2015).
Explanation: The topic encompasses the discussion concerning how theory
concerning “the invisible hand” can be applied to the sustainability transition
During the past year one has seen an increased interest for sustainable products in
Sweden (Sustainable Brand Insight, 2015). However, there is a gap between the
declared behaviour of consumers and the discovered behaviour at stores (Hedén,
2015). Sörlin discussed the eventuality of having to question the functioning of “the
invisible hand” in times of transition where “perfect information” might not be a
reasonable assumption/approximation (Sörlin, 2015). Consumer interest has affected
supplier practice (Sharma, Iyer, Mehrotra, & Krishnan, 2008), suggesting the effect of
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the mechanism. The concept of green marketing myopia, implying misjudgement or
overemphasis of either environmental performance or customer satisfaction (Ottman,
Stafford, & Hartman, 2006), suggests the mechanism could lack efficient steering
towards a sustainable society. There seems to be varying degrees of effectiveness
depending on the context.
E3.0 – Discussing economic inequality:
Justification: Economic inequality has negative impacts on societies (Robért K. H., 2015)
and is largely prevalent today (OECD, 2014). A future system needs to be designed in such a
way that it includes all people (Holmberg, Vice-President of Sustainability at Chalmers,
2015). An understanding of the dynamics of economic inequality is therefore important
(Robért K. H., 2015).
Explanation: This topic includes the dynamics of income and wealth inequality as well as a
discussion as to the effects and the justice behind it.
There are essentially two arguments as to why economic inequality is toxic to human society.
The first is based on concepts of ethics, justice and equality and the second is an instrumental
argument concerning the stability of society and the economic system.
The acceptable level of economic inequality and the acceptable level of wage disparity,
established by labour markets, show society’s average acceptance as to how much a person
can be worth (or at least how much their efforts can be worth) in comparison to another
(Robért K. H., 2015). This is therefore a question of ethics and justice.
The second element concerns the stability of society. Economic inequality is harmful to all
individuals. Pickett and Wilkinson’s studies of inequality and the implications for society
have shown that inequality is correlated with several social maladies. The average health of
people in more equal societies is better than in more unequal societies. The greatest effect is
realized amongst the poor but extends even to the rich in the society. As inequality is not
simply correlated with health but with a large mass of societal issues, there is reason to
believe that there are psychosocial factors, tied to inequality, that are impacting the statistics
(Pickett & Wilkinson, 2009). The same inequality is also thought to decrease compliance with
the necessary behavioural changes required to reach the sustainability goals set up by society.
A consequence is that status competition rises and drives consumerism, both reducing wellbeing and increasing the load on the planet (Wilkinson, Pickett, & De Vogli, 2010).
Inequality can harm economic growth (Aghion, Caroli, & García-Peñalosa, 1999). Should
economic inequality drive consumerism then theoretically this should increase economic
growth and prosperity through increased production. Thomas Piketty shows that the increases
in production and economic growth have primarily benefitted the top 1% of the population in
terms of wealth (Piketty, 2014). Robert Reich, Professor at UC Berkley and former Secretary
of Labour under the Clinton administration, suggests the lack of purchasing power (as a
consequence of the increased inequality) of the majority of the population to be the threat to
economic growth (Reich, 2013). An OECD analysis, on the other hand, suggests the main
reason as to why inequality threatens growth is that it undermines the educational
opportunities and social mobility of large portions of the population (OECD, 2014). Though
potentially looking at the issue from different time-scales both these sources see inequality as
a large obstacle for the future stability of the economy.
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5 Discussion of Content List
5.1 Analysis of the Content List Topics
The literature converges upon the opinion that an educational program including sustainability
should utilize learning outcomes and key competencies to design and manage this aspect of
the education successfully. The following chapter analyses the content list based on the key
competencies framework and the learning outcomes for sustainability, concretized by KTHSustainability. The normative character of the concept, the interconnectedness (more subtly in
this particular case) and the pedagogy used are factors that impact the analysis.

5.1.1 Analysis of Content List based on the Five Key Competencies Framework
The five key competencies derived from the sustainability literature review, by Wiek et al,
included systems thinking competency, anticipatory competency, normative competency,
strategic competency and interpersonal competency. The content list can be said to be
conducive to the development of the five competencies, with the strategic competence being
less emphasized, likely due to the overall content of the program.
The systems thinking competence is covered by the topic G1.2 where the systems
perspective is covered. In addition, topic G1.1 covers the interconnectedness of the different
aspects and can therefore be associated with this competency. Apart from topics that can
directly be associated with the systems thinking competency, the subjects under the other
topics are of such a nature that covering them will likely implicitly suggest that a systems
perspective is needed. A concrete example of what is meant by this statement is that when
covering theory concerning ecosystem services, there will naturally arise descriptions of
dynamics that require framing from a systems perspective, to be done justice. Whether this
competence will be developed further by these topics and by the teaching of normative
content is dependent on the pedagogics used in the teaching; though this is beyond the scope
of the study.
The anticipatory competence, referring to the skill to craft “pictures” of future scenarios and
assess their structure, can be said to be fully included in the content list. The anticipatory
competence values both qualitative and quantitative data, which the discussion under topic
G1.4 (the value of qualitative data) covers. The need and methodology for strategically
performing this task is described in the G2.0 topic. This topic emphasizes the need for
formulated visions and goals in problem solving as well as broaching the backcasting
approach to achieving it. The same structured approach is used in the paper by Wiek et al to
illustrate the instances where the competencies become relevant (see Figure 4). The topics
needed to analyze a certain scenario from the different aspects include virtually all the topics
relating to the different aspects M1.1 to E3.0. These primarily influence the normative
competence but also the anticipatory as they cannot be completely separate from each other.
The normative competence is developed with the content list. This competency covers the
knowledge and ability to handle sustainability values, principles, goals and targets (Wiek,
Withycombe, & Redman, 2011). The content list’s topics cover the principles and
goals/targets that are relevant for these engineers. This knowledge is key to the competency,
which in turn is key to the problem solving according to the suggested approaches (impacting
systems thinking and anticipatory competencies as well).
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This competency goes beyond simply facts but includes the understanding and managing of
the normative aspect of the discussion. The subject concerning normativity is embedded
implicitly in nearly all the recommendations and arguments given during the interviews and
can be said to explicitly be broached under the topic of G1.1 where the ambiguity in the
definition of the concept is covered and the hierarchy of the different aspects discussed. This
is again dependent on the manner with which the topic is broached (the pedagogy) and shall
not be further discussed here.
The strategic competence, relating to the ability to realize lasting change is covered to a
limited extent. The reason for this can be assumed to be that the interviewees were made
aware of the industrial engineering profile and deemed it unnecessary to mention as this is
covered in the programs’ conventional content. The entire industrial engineering program can
be said to enhance this competency. This is made clear by the large amount of alumni who
work or have worked with strategy and management consulting. Despite this, complementary
strategic competence particularly related to the sustainability challenge is fostered through
topic G2.0, G3.0 and G4.0 as well as the understanding of the dynamics of the subtopics of
E2. These describe strategic approaches to these issues (backcasting and FSSD), societal
priorities and goals, and historic cases describing the manner in which societal transitions
happen and descriptions of the tendencies of economic structures. These build strategic
competence though they are not likely to make one strategically competent on their own.
Lastly, the interpersonal competence refers to the ability to lead and facilitate a transition
towards further sustainable practice. It includes skills such as leadership, communication,
collaboration, intercultural and inclusive mindsets, empathy and similar skills. This
competency includes skills that exceed that which can be considered strictly related to
sustainability. The topics that can be seen more esoteric to the subject of sustainability itself
can be said to be the interdisciplinarity (central to the intercultural and inclusive mindset) and
empathy. The first of these can be covered under the G1.3 topic, which covers the method
with which interdisciplinary dialog is successfully conducted. Furthermore, emphasis on
leadership and empathy can somewhat be enhanced by the subtopics S1.1-S2.4, which were
emphasized with the industrial engineers future leadership roles in mind (Andersson, 2015).
Compassion training, strongly suggested by Andersson and Osika to be included in S3.0,
fulfills the empathy criteria to a certain extent. Compassion can be said to be the constructive
manifestation of empathy (Singer & Klimecki, 2014).

56

Figure 11: Topics-Competencies Relationship
An illustration of the relationship between the topics of the content list and the key competencies.

Concluding the analysis, it can be said that there is a high level of coherence between the
content list and the Key Competencies Framework, as well as the manner in which the
interviewees of the first phase of the study believed the subjects should be taught. These
similarities can be summarized as follows:
1. Systems perspective (the need for broader perspectives)
2. Goal/vision based approach
3. Interdisciplinarity
4. Integrative of various perspectives

The interviewees of the first phase of the study, repeatedly mentioned the need to look at
problems through a broader perspective than is conventional today. The perspectives
suggested were of time, scale (local to global) and disciplines (seeing environmental and
social impacts of solutions). This breadth is achieved through the emphasis on the systems
57

perspective and by the content list’s range of fields, spanning several disciplines e.g.
economics, sociology, psychology and ecology.
The backcasting approach is used in the paper by Wiek et al to unite the competencies and
illustrate their applicability to the different steps of the process (see Figure 4). This approach
is based on creating a vision of a desired future constellation, analyzing the present
constellation and taking measures to bridge the gap (Robért K. H., 2015). The same approach
was broached as central by the interviewees and codified into a topic under the label G2.0.
Interdisciplinary skills, was key to be able to realize lasting change as it provides valuable
perspectives and unites people towards a common solution. This was codified into the topic of
G1.3 as it deals with creating understanding and acceptance of different paradigms. The
phrasing used by Wiek et al is pluralistic and trans-cultural thinking which essentially
revolves around understanding and embracing several perspectives and cultures (within
academia disciplinary traditions and views on epistemology and ontology can be viewed as
cultural elements). The word interdisciplinarity is used in this study to refer to the
understanding and embracing of these paradigms/worldviews.
The integration of the different perspectives and the various principles, values, goals and
targets is the central skill labeled as normative competence. This similarity is already hinted at
through the systems thinking and interdisciplinary similarities (as these concepts are
interconnected). Yet it is still relevant to broach as it was emphasized on its own during the
interviews and is central to one of the competencies. It is important to realize that the aspects
are not separate from one another but different facets of the same subject (Finnveden, 2015).
In the same manner all disciplines aim at describing the same reality through different
dimensions and uniting these creates more complete solutions. For this reason, having dialogs
or discussions concerning how these concepts are interconnected is deemed as important.

5.1.2 Analysis of Content List based on the Concretization of the Learning
Outcomes by KTH-Sustainability.
The study performed by Wiek et al describes a convergence, in the literature, on the need for
learning outcomes. The concretization performed by KTH-Sustainability was revised and
discussed in different forums increasing its validity. Here the content list will be analyzed as
to the extent to which it achieves the goals stated by the ten concretized learning outcomes for
engineers of 3 year programs, 5 years programs and for architecture students. Pedagogics, as
in the previous chapter, is likely to have a rather significant impact on whether these learning
outcomes are attained.
1. Reflect and discuss sustainable development as a concept with respect to motive,
history, definition and the main global challenges. The student should also be
able to give examples of the correlations between ecological, social and economic
sustainability
The history is potentially covered to an extent by G3 (though it is not clear what
exactly is meant). The main global challenges can be covered by G4.0, M2, S1 and
E3.0. The definition is covered in G1.1 as well as the topics of M1-M3.0, S1-S2.4 and
E1.0. These broach the content of the concept at a deeper level. In addition, the G1.2
coupled with G1.1 can be said to cover the correlations and interconnections between
the different aspects.
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2. Critically discuss Sweden’s, EU’s and UN’s goals for sustainable development.
The goals are covered by G4.0. Coupled with the knowledge attained from M1-E3.0
one will be able to critically analyze the adequacy of the goals and their ability to
achieve a more sustainable society.

3. Describe what activities and technologies in society that affect the global and
Swedish sustainability aspects the most. The student should also be able to
problematize and evaluate describe different strategies to strengthen positive
impact and combat negative impact.
Topic G4.0 can be said to cover the activities that have the largest impact on the
sustainability of Sweden and on a global scale. M4.0 and S3.0 cover tools for assessing
and increasing the sustainability of a given setting. Coupled with G2.0, emphasizing
the need for a strategic approach, and G1.2, providing the holistic perspective
necessary for impact in complex systems, this allows for greater understanding of how
to achieve positive impact.

4. Explain economic and institutional factors that can impede sustainable
development.
This learning outcome is covered by the topics under E2, which describe the
limiting/enabling factors embedded in the economy and in institutions.

5. Describe, judge and apply generic, industry-specific and technology-specific
methods and strategies that are used during the development and design of
products, processes and systems that contribute to sustainable development.
The generic strategy professed was that of Backcasting / FSSD covered in the G2.0
topic. The extent to which this strategy is analyzed critically is dependent on the
pedagogy. Other strategies and tools are mentioned under the topics of M4.0 and S3.0.
There was general consensus that the pedagogy used in the education of industrial
engineers should be solution-oriented, ensuring that sustainability is practically linked
with the studied specialization. This is covered under topics M4.0 and S3.0 though,
given the breadth of specializations amongst industrial engineers, the tools mentioned
in the interviews were more general and related to the uniting factor of leadership and
management of organizations. The topic does however encompass technology and
industry specific tools, which was emphasized as important in the feedback to the first
iteration of the content list.

6. Identify and understand the link, relevant for the specific program, between
sustainability and innovation.
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This learning outcome is potentially (given the correct framing) covered by M3.0 and
E2 where the overall theme is to problematize “Business as Usual” and prompt
innovation. M3.0 is the main contributor to covering this goal. M3.0 criticizes
“Business as Usual” (prompting innovation in business models) and covers the risk
reduction and cost-saving benefits to active sustainable development in a company’s
activities. The topics under E2 discuss the potentially limiting and enabling factors
that prompt renewal and innovation. The fulfillment of this learning outcome is
however highly dependent on the pedagogy. The experience from the program
analysis is that the covering of other aspects also prompts this discussion.

7. Discuss ethical aspects, particularly within the own future professional role,
gender perspectives and other justice aspects on sustainable development, such as
the distribution of resources within and between generations.
The extent to which this learning outcome is attained is dependent on the intended
meaning of discussion concerning the three subjects and on the pedagogy used. Whilst
these can be accomplished under the topics described, the topics do not explicitly lift
the subject of ethics and gender. Justice is a central concept in the discussion
concerning economic inequality and in the definition of sustainability; the question
“Why should we sustain anything for future generations?” inevitably covers a dialog
on justice. The topic of E3.0 covers the justice of wealth distribution within
generations.
Given the normative nature of the concept, ethics is embedded naturally in
sustainability. One lecturer, interviewed for this study, said he was asked when he had
discussed ethics in his course. To this question his answer was “All the time”, as each
argument had moral charge. Whether an implicit discussion of ethics suffices to
consider the learning outcome achieved, or whether the intention of the learning
outcome refers to being capable of arguing different standpoints using philosophical
theory concerning ethics (e.g. utilitarian value judgements, Kantian deontology or
virtue ethics) is a normative question not explicitly answered in the learning outcomes.
With regard to gender perspectives, the interviewed experts lifted no such topic as
central. This subject can potentially be included in unison with the subject of justice.
Individual differences between genders can be attributed to the discussion concerning
equality of opportunity versus equality of outcome. This is somewhat covered in S1.1
where one of the aspects refers to equality for all regardless of any differentiating
factor (such as gender).

8. Tie the sustainable development (as described by the abovementioned goals) to
knowledge and competencies that are specific for the own program, through
suggesting and discussing technical solutions, innovations and ideas that
contribute to a more sustainable development.
The content list was designed for the industrial engineer’s future context and
leadership requirements. The topics under S2 were compiled with the aim at providing
theory that can be utilized to improve the leadership quality of the engineers. The
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recommended tools/solutions under M4.0 and S3.0 are in the same manner aimed at
tying sustainable development to the industrial engineer’s future context.

The content list can be said to cover around seven of the eight concretized learning outcomes,
leading the author to judge this as a positive contribution to the validity of the content list.
Learning outcome seven is likely not covered to a sufficient degree as gender issues are not
covered along with a mere implicit dialog on ethics. Overall, the pedagogy used in the courses
further influences the covering of these issues.
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PHASE 2
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6 Results
6.1 Mapping of Existing Sustainability Education at the Swedish
Industrial Engineering Programs
The mapping results were achieved through interviews with 95 course coordinators from five
different programs and a large array of departments. The mappings show what topics and
where in the programs. The faded markers imply that the subject was covered implicitly or
without connecting it to sustainable practice. The mapping is followed by a topic distribution
frequency graph which indicates the number of times each topic was covered.

6.1.1 Luleås Tekniska Universitet
6.1.1.1 Background	
  to	
  the	
  program	
  
The program at LTU includes a technical specialization covered in year two of the five-year
program. These amount to seven different specializations, all with six mandatory courses. The
program offers a selection between four master profiles with three to four courses that are
specific to that profile. The program includes no conditionally elective courses within the
chosen tracks (Lovén, 2015). Instead the students have 30 “högskolepoäng” (academic credits
henceforth referred to as “hp”) of electives, 15hp in the third year and 15hp in the last year.

6.1.1.2 The	
  results	
  of	
  the	
  mapping	
  of	
  courses	
  at	
  LTU:	
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Figure 12: The result of the mapping study of the industrial engineering program at LTU
Mapping of the sustainability content in the mandatory/conditionally elective courses available to industrial engineers at LTU.
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Figure 13: LTU Topic Frequency Distribution
The graph shows the amount of times a particular topic is covered in the program at LTU. The graph includes all technical specializations
and all master profiles.

LTU’s industrial engineering program has opted for a solution where the primary SC is given
in one course for all students. This ensures that all students receive the same base content. The
main lecturer in the course on sustainability has one lecture in the course “Kundfokuserad
produktutveckling” (K7004N), which offers a form of progression and repetition of what was
covered in the previous course (held in the second year). The course on sustainability
discusses the concept and its composition and then delves further into the environmental
aspect in particular. It discusses the ecosystems and their composition as well as the global
challenges of the planet. The course covers different scales, from local to global, and time
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frames, from short-term to long-term. Furthermore, the course sets the challenges into a
business setting, relating these to politics, regulations and law as well as how company’s can
work with this issue (including ISO-standard 14001). Similar content is covered during the
lecture in K7004N. In this lecture a stakeholder management perspective is added as a tool for
approaching these challenges.
The technical specializations all contain a chemistry course K0016K (showed separately as it
is taught in different periods depending on the specialization). The course covers different
challenges and dynamics in the examples throughout the course. The lecturer identified this as
the manner in which to integrate the subject naturally into the course. Aside from this course
the specialization with the most SC is the “Mijöteknik” specialization, which covers
environmental management and energy systems. The initial course ties the energy system to
the global challenges and to environmental impacts. It aims at providing a holistic approach
(interpreted as including a systems perspective) to the subject. The following courses further
discuss the environment and how to include these aspects in an organization’s operations as
well as how to assess them.
Two other technical specializations, “Teknisk design – Produktutveckling” and “Ergonomisk
Production”, include ergonomics and product development courses where sustainability is
mentioned. The course on ergonomics discusses the definition of the concept, broach Life
cycle assessments very briefly, and then discusses how to increase the social aspect through
designing with the human in mind. The course on product development and design builds on
the knowledge imparted during previous courses and allows the students to assess products
from an environmental and social perspective. This includes taking the manufacturing
location into consideration and judging what impacts the production of the goods have on the
local population and environment.
Regarding percentages, the students receiving the least SC, receive this in 21.88% of their
courses (7 courses out of 36). The students receiving the most SC received this explicitly in a
third of their courses (12 courses out of 36). The content is dispersed over years 2,3,4 and
potentially in year 5 if the logistics master profile is chosen.
Two scenarios are presented, displaying the variation in SC topics covered based on the
selection of technical specialization and master profile:

LTU	
  -‐	
  Ergonomic	
  Prod.	
  &	
  Ind.	
  Logis5cs	
  
100.00%	
  
80.00%	
  

66.67%	
  

General	
  

60.00%	
  
40.00%	
  

Environmental	
  
28.57%	
  

33.33%	
  

28.57%	
  

20.00%	
  

Social	
  
Economic	
  

0.00%	
  
Figure 14: The result of selecting “Ergonomisk production” (tech. spec.) & “Industriell Logistik” (master prof.)
The graph shows the coverage percentage of each category of topics.
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Figure 15: The result of selecting the Digitala system (tech. spec.) & Kvalitetsutveckling (master prof.)
The graph shows the coverage percentage of each category of topics.
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6.1.2 Kungliga Tekniska Högskolan (KTH)
6.1.2.1 Background	
  to	
  the	
  program	
  
The program at KTH is constructed in such a manner that the students only choose technical
specializations in the program. The students make a choice amongst five technical
specializations during the third term. Each specialization is then further divided into two
specializations for the master level studies. For instance, A student who initially chose to
follow the biotechnology specialization is then made to choose between the two further
specializations of Industrial Biotechnology and Medical Biotechnology. In total there are
therefore ten possible unique tracks (Jerbrant, 2015).
The first three years of the program include no electives (Jerbrant, 2015). Instead all electives
are included in the last two years, known internally as the TIEMM program but included in
the five-year program. This program is divided according to a 30-30-30-30 logic. 30 hp need
to be achieved in the chosen masters specialization. The industrial economics and
management courses need to amount to 30 hp and the final thesis amounts to 30 hp. The
remaining 30hp are consumed by the research methods course in the final year (7.5hp) and
electives (KTH, 2015).
6.1.2.2 The	
  results	
  of	
  the	
  mapping	
  of	
  courses	
  at	
  KTH:	
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Figure 16: The result of the mapping study of the industrial engineering program at KTH
Mapping of the sustainability content in the mandatory/conditionally elective courses available to industrial engineers at KTH.
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Figure 17: KTH Topic Frequency Distribution
The graph shows the amount of times a particular topic is covered in the program at KTH. The graph includes all technical specializations,
all master profiles and all conditionally elective courses.

From the mapping, trends and patterns can be discerned. One such pattern is that the
specializations relating to biotechnology and energy systems have more imbedded
sustainability into their mandatory courses. The biotechnology tracks broach the ecological
aspects exclusively and on all levels whilst the energy systems tracks discuss the ecological
sustainability on a macro-level only, where society’s goals and main contributors to
environmental impact are mentioned, and highly emphasize the systems perspective on the
sustainability issue as well as on the energy systems. The biotechnology courses have a
natural link to ecology. Ecosystem services and biodiversity are broached in the introductory
course to this program. The topics illustrate the dynamics of nature that “set the stage” and
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have implications for biotechnology. The bridge is made between the micro and macro
perspectives when the symbiotic relationships that emit/absorb carbon emissions are
discussed. The subsequent courses build upon this course. As the knowledge of the students
deepen regarding the field more precise methods and examples are presented. The connection
is sometimes made in passing and some courses build in the subject through the calculation
problems and examples.
The energy systems specialization emphasizes the need to see the subject through a systems
perspective and utilizes the tool of systems thinking in the majority of courses. This systems
tool is dedicated a significant amount of attention in the specialization. The subject has a
natural bearing on sustainability and the main focus is limiting emissions, though other
aspects are broached in passing. The tools given all aim at energy conservation and
optimization through intelligent coupling of different elements in the energy system or in
buildings.
From the mapping one can see that the production engineering, applied mathematics and
computer science tracks, whilst not given a lot of SC, all have the possibility to receive more
content relating to the social aspect. This is due to a module that is embedded into the
bachelor thesis course. The students write their bachelor theses for the technical
specialization, and need to include an industrial engineering perspective on these projects
(Jerbrant, 2015). Social and economic sustainability is available as one such perspective. This
is an elective perspective.
The students all receive explicit SC in at least two separate courses. These include the
introductory course to industrial engineering and management as well as the course on macro
& microeconomics (ME1310). The introductory course includes a module, which introduces
the subject, allows a general orientation on the issue and then allows the students to actively
discuss the subject through two seminars where they play the game “GaSuCo”. The course in
macro & microeconomics broaches the subject of externalities and lifts the subject of
emissions. The students learn about the phenomenon as well as how regulation can serve as a
tool for internalizing this cost. The “advanced studies in industrial economics and
management” course is a larger course (12hp) with seven elective tracks. Four of the seven
tracks touch upon the subject in some manner. Depending on the track one chooses one can
therefore receive different amounts of SC. Track 1 broaches tools for improving the social
aspect and applies a systems perspective. Track 2 covers the subject in the context of
management ethics, together with gender, diversity and responsibility. Track 3 asks the
question whether a market economy is able to deliver a solution to the global challenges that
exist today as well as what CSR and corporate governance are and how to apply them. Track
4 covers sustainability driven innovation in energy systems, taking a systems perspective. The
three remaining tracks do not broach this topic in a significant manner. As such a student can
pass through the course only receiving SC in two courses.
Regarding percentages, the students receiving the least SC, receive this in around 6% of their
courses (2 courses out of 35). The students receiving the most received this explicitly in
around 25% of their courses. In the bottom scenario the SC is received in years 1 and 3, in the
top scenario this perspective is explicitly received in years 1 through 4. The students have the
ability to choose the amount of SC received both through choosing specialization and through
the elective elements in other courses.
A set of interesting scenarios are shown below to illustrate possible combinations of SC topics
covered. No overall maximum or minimum is shown as different non-comparable categories
are covered.
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Figure 18: The result of selecting “Datateknik & Kommunikation” (tech. spec.) with no additional SC
The graph shows the coverage percentage of each category of topics.
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Figure 19: The result of selecting “Datateknik & Kommunikation” (tech. spec.) and Track 3 in the course ME2312
The graph shows the coverage percentage of each category of topics.
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Figure 20: The result of selecting “Bioteknik” (tech. spec.) and Track 3 in the course ME2312
The graph shows the coverage percentage of each category of topics.
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Figure 21: The result of selecting “Energisystem & Hållbar utveckling” (tech. spec.) and Track 3 in the course ME2312
The graph shows the coverage percentage of each category of topics.

The data suggests that the content covered can vary significantly depending on the individual
choice of the student. Whilst this is true regarding the span of topics, it is important to
consider that the quality and depth of each is not discussed.
Interesting to note is that the concept of paradigms and interdisciplinary work, whilst not
linked directly to sustainability, therefore illustrated in faded colour in the course ME1312, is
dedicated a whole course. The students are thereby given an in-depth theoretical knowledge
of the concept. The students also receive a course in the forth year where trust (both in large
and smaller scale) is covered in the context of change management. Furthermore a finance
course covers different non-quantifiable factors that can impact the risk factor of certain
investments, though this content varies and therefore it could not adequately be categorized.
This shows the proportionately large impact of pedagogy on the realized SC in the program.
72

The program has recently, 2011, been structurally transformed. The program is therefore still
in a period of flux and certain layouts are still being tested and evaluated (Jerbrant, 2015).
This study provides an instant picture of the immediate layout of the program as it is planned
during the spring of 2015.
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6.1.3 Linköpings Tekniska Högskolan (LiTH)
6.1.3.1 Background	
  to	
  the	
  program	
  
The program at LiTH is the original industrial engineering program. The program allows the
selection of a technical specialization that starts after term 3. The five technical
specializations include both mandatory courses and conditionally elective courses, together
amounting to at least 70hp within the chosen specialization (Henningsson, 2015). These
courses are primarily given in the second and third year of the program. LiTH offers two
separate industrial engineering programs, one with an international profile. The international
industrial engineering program allows for concurrent technical studies of French, Spanish,
German, Chinese or Japanese. The students taking this international industrial engineering
and management program take an exchange year as part of the program in the third year
(Henningsson, 2015). Aside from these two differences, the concurrent language studies and
the exchange year, the programs are identical. As such the programs will be treated together
in this section.
The eight master profiles are chosen independently from the technical specializations. These
amount to at least 30 hp and include varying degrees of mandatory and conditionally elective
courses. The remaining points need to be covered by the technical specializations, electives
and the thesis (Henningsson, 2015).
6.1.3.2 The	
  results	
  of	
  the	
  mapping	
  of	
  courses	
  at	
  LiTH:	
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Figure 22: The result of the mapping study of the industrial engineering program at LiTH
Mapping of the sustainability content in the mandatory/conditionally elective courses available to industrial engineers at LiTH.

76

LiTH	
  -‐	
  Topic	
  Frequency	
  Distribu5on	
  
14	
  
12	
  
10	
  
8	
  
6	
  
4	
  

E3	
  

E2.5	
  

E2.4	
  

E2.3	
  

E2.2	
  

E2.1	
  

E1	
  

S3	
  

S2.4	
  

S2.3	
  

S2.2	
  

S2.1	
  

S1.1	
  

M4	
  

M3	
  

M2.2	
  

M2.1	
  

M1.2	
  

M1.1	
  

G4	
  

G3	
  

G2	
  

G1.4	
  

G1.3	
  

G1.2	
  

0	
  

G1.1	
  

2	
  

Figure 23: LiTH Topic Frequency Distribution
The graph shows the amount of times a particular topic is covered in the program at LiTH. The graph includes all technical specializations,
all master profiles and all conditionally elective courses. The M4 bar is actually at 25, the axis was shortened for comparative purposes.

The mapping of the courses at LiTH suggests that the primary sustainability content is given
in the parts of the program that are elective. That includes the technical specialization and the
master profile chosen. The first year includes a course (TEIO61) that covers the manner in
which one organizes oneself in companies. This course covers aspects such as gender and
many aspects pertaining to social sustainability. The good leadership is exemplified, showing
manners in which to incorporate the thoughts presented and to remedy common issues of the
workplace related to power and conflict. Two other courses cover the sustainability to a
certain extent, one illustrating how marketing and market forces are interrelated and the other
tying the concept to project management.
Selecting Machine engineering, biotechnology or energy technology the students receive
additional SC. In the mapping the machine engineering and computer science engineering
lists are truncated in order to increase the clarity of the graph. Only conditionally elective
courses, with low probability of containing SC, were removed from the list. The programs
relating to systems engineering and computer science did not appear to cover SC to any
extent. Selecting the biotechnology specialization exposes the student to courses that cover all
topics within the environmental sustainability aspect. Many of the conditionally elective
courses attributable to the specialization further discuss the same topics. The students
following this specialization receive more ecology and understanding of ecosystems than do
other students. The energy technology specialization have the largest offering of SC,
percentage of courses covering SC. The specialization includes one course on environmental
technology “Miljöteknik” (TKMJ24), which is also offered as conditionally elective for the
biotechnology specialization. This course focuses on the challenges in different scales of
aggregation (local to global) and thus covers some ecosystem and diversity along with the
global aggregates of the same problems. The connection is then made to the society and
systems that are presently in place, illustrating how these exacerbate certain global issues.
Looking at the whole of society and causal relations, a systems perspective is provided. Tools
for acting proactively and reactively are provided. The remaining courses cover the make up
of the energy system, resource effective production and courses that delve deeper into
alternative fuels and technologies to improve the performance of the energy system (both
from the user-end and the production-end).
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The machine engineering specialization offers courses that relate to material choices. Two of
these (one a continuation of the other) look critically at wood as a material for alternative
purposes, analyzing when it can be used as a substitute for more unsustainable alternatives
and when it cannot. The courses cover tools and manners of measuring and judging the best
material choice. One course covers production systems and the impacts that they have, though
the apparent sustainability tie does not necessarily reach all the students and yet another
course discusses the trend towards servitization and the potential it has to reduce impacts. As
a bachelor thesis the students are asked to work on a sustainable product. Two examples
mentioned are a small-scale wind power plant, the design being iteratively improved upon
year after year, and an office lighting solution constructed only from renewable materials.
The students can select from amongst eight different master profiles. One such profile
(Ekonomiska Informationssystem) includes a lot of work with the tool known as Social
Return on Investment (SROI). SROI is a concept for focusing on performance and impact
beyond purely financial performance through attempts at quantifying the impacts on the other
aspects of the triple bottom line. The course on “Ekonomisk Styrning” (TDEI19) covers the
concept and illustrates how it can be applied to different businesses. Two subsequent courses
include this same method. Two courses were found to cover some form of SC in the logistics
master profile. One of these covered the issues and methods for tackling them and the other
operated at a higher level of abstraction encouraging the students to reflect and critically
analyze different logistic strategies. The later course emphasized the need to not simply rely
on quantitative data alone but that qualitative reasoning is essential. The master profile
focused on innovation includes a project course where a systems perspective is taught and the
challenge is then to invent a business plan for solving an environmental issue. The master
profile named “Strategi och styrning” offers the ability to take several of the courses,
mentioned from the other profiles, as conditionally elective courses. Finally, the finance
profile contains a conditionally elective course on valuations where the topic of short-termism
is discussed, from an interesting perspective. Studies presented in the course show a lack of
evidence for short-termism being an issue on the stock market because the companies are
rewarded for long-term investments.
With regard to percentages, the students receiving the least SC, receive this in ca 7% of their
courses (3 courses out of 44). The students receiving the most received this explicitly in 32%
of their courses (14 out of 44 courses). These numbers are estimates as the exact number of
courses can depend on the electives taken. The specializations relating to programming and
systems engineering (systemteknik) include the least SC.
Two scenarios adisplaying the maximum and minimum amount of topics covered are
displayed below:
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Figure 24: The result of selecting “Bioteknik” (tech. spec.) and “Strategi & Styrning” (master prof.)
The graph shows the coverage percentage of each category of topics.
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Figure 25: The result of selecting “Bioteknik” (tech. spec.) and “Strategi & Styrning” (master prof.)
The graph shows the coverage percentage of each category of topics.
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6.1.4 Chalmers Tekniska Högskolan (CTH)
6.1.4.1 Background	
  to	
  the	
  program	
  
The program at CTH is internally divided into a bachelor and master program. The first three
years contain no elective courses. In the third term the students select one of four technical
specializations, amounting to 4 courses throughout the remainder of the bachelor level
program. The master profiles are not structured identically and vary somewhat in the amount
of electives or conditionally elective courses available. For the last two years the students are
then allowed to choose a masters profile. The technical specialization and master profiles are
not necessarily connected and the student is allowed to choose freely (Hultkrantz, 2015). This
allows a large variety of different combinations.
The sustainability ordinance states that the first three years must contain at least 9 hp of SC.
The program, much like many of the other programs, chose to opt for integrating
sustainability throughout the program rather than to concentrate it into one single course. In
the case of the industrial engineering program at CTH they distribute SC into four courses of
the first few years, each containing 1.5hp (Hultkrantz, 2015).

6.1.4.2 The	
  results	
  of	
  the	
  mapping	
  of	
  courses	
  at	
  CTH:	
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Figure 26: The result of the mapping study of the industrial engineering program at CTH
Mapping of the sustainability content in the mandatory/conditionally elective courses available to industrial engineers at CTH
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Figure 27: CTH Topic Frequency Distribution
The graph shows the amount of times a particular topic is covered in the program at LiTH. The graph includes all technical specializations,
all master profiles and all conditionally elective courses. The M4 bar is actually at 25, the axis was shortened for comparative purposes.

The program includes four modules of 1.5hp in “Ekonomisk Analys 2”(IDY029), “Fysik för
Ingenjörer 2”(TIF220), “Industriell Marknadsföring”(IMA044) and “Logistik”(ITR233).
These are generally centered on an assignment and connect the theory to fulfilling the
assignment. In IDY029 the focus lies on critically analyzing a company’s sustainability where
the primary tools for this analysis are the self-reported efforts described in the annual reports,
websites, sustainability reports and similar printed sources. The course emphasizes the value
of qualitative data and the need to remain critical to what is being presented. In the marketing
course, marketing is presented as a tool for improving the supply chain through market forces.
The topic of green marketing myopia is also discussed along with manners in which to avoid
it. The logistics course broaches the triple bottom-line, through different frameworks, and
manners in which one can reduce the impacts of logistics solutions. Primarily focusing on the
environmental aspect, the course briefly broaches manners with which to increase the social
sustainability. The implementation of 1.5hp of SC in the physics course has varied from year
to year.
The courses offered as part of the technical specializations touch upon materials and material
chemistry. The courses discuss the environmental impacts of material choice, e.g. the
increased concentrations of certain minerals due to human activity and its consequences.
Dematerialisation (reducing resource consumption) and transmaterialisation (replacing
materials for more sustainable options) are broached as manners in which to improve the
environmental sustainability. In addition to this, topics such as the benefits of improving the
resource performance of products and the complexity of material choices are discussed.
The master programs vary in their layout. Certain programs offer electives and others do not.
Overall, the SC is available to a certain extent in almost all tracks, primarily through
conditionally elective courses, with exception of the software engineering track. The
entrepreneurship and business design masters, given by faculty from the MORE department at
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Chalmers, has a distinct form of organizing itself in that it relies, to a greater extent, on cocreation and on the active participation of the students. The courses include large amounts of
discussion and pushes for active student engagement so as to not make the students
consumers of the education but rather co-creators. The program is intended to “breath”
sustainability and sets it as a frame in which the rest of the education is placed. This has been
an active effort of the program director. The initial course discusses how innovation has
changed the manner in which societies work. Through innovation, the institutional factors of
society, e.g. norms and values and legislature, are discussed and questioned from a
perspective of what these do towards forming the manner in which society functions. Certain
courses of the program include high levels of co-creation (and thus high levels of variability
in content) making them difficult to categorize. Courses such as “Practical leadership in
innovation” and “Technology based entrepreneurship” (given by the MORE institution)
include explicit sustainability foci but have an active learning pedagogy where the students
seek out the relevant knowledge needed, based on their specific projects rather than being
taught a uniform set of topics. The practical leadership course and the course in “Idea
evaluation” both include this focus and are also offered to some of the other masters as well.
The idea evaluation course discusses how to assess societal impact and includes the
backcasting method in the course.
Other courses such as “Sustainable development”, “Environmental management” and “Life
Cycle Assessment” include high levels of SC and are conditionally elective to different
masters.
The course in production ergonomics and work design is worth mentioning in that it discusses
social sustainability explicitly through different perspectives and highlights trends along with
their possible implications.
Regarding percentages, the students receiving the least SC, receive this in ca 21% of their
courses. (7 courses out of around 34). The students receiving the most received this explicitly
in around 35% of their courses (12 out of around 34 courses). In the bottom scenario the SC is
received in the first three years. The students have the ability to choose the amount of SC
received both through choosing specialization and through the conditionally elective courses
in the programs.
A set of interesting scenarios are shown below to illustrate possible combinations of SC topics
covered.
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Figure 28: The result of selecting “Informationsteknik” (tech. spec.) and “Software engineering” (master prof.)
The graph shows the coverage percentage of each category of topics.
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Figure 29: The result of selecting “Mekanisk produktion” (tech. spec.) and “Product Development” (master prof.)
The graph shows the coverage percentage of each category of topics.
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6.1.5 Lunds Tekniska Högskola (LTH)
6.1.5.1 Background	
  to	
  the	
  program	
  
The program at LTH does not, unlike the other programs studied, require the students to write
a bachelor thesis, and it is not incentivized either. The choice of technical specialization (five
distinct ones) and the master profile (6 options) can be made independent of each other. The
technical specialization is performed during the third year. One of the technical
specializations takes place at the University of Connecticut and not at LTH. The amount of
students who take this specialization amounts to ca 2 people per year (Berg, 2015). For the
sake of simplicity, and the small percentage of the total student body that they represent, this
technical specialization is omitted from the study.
The master profile requires the students to take 45 hp of courses within the chosen master
profile and to write a master thesis. All electives are also taken during the last two years of the
program (Berg, 2015).

6.1.5.2 The	
  results	
  of	
  the	
  mapping	
  of	
  courses	
  at	
  LTH:	
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Figure 30: The result of the mapping study of the industrial engineering program at LTH
Mapping of the sustainability content in the mandatory/conditionally elective courses available to industrial engineers at LTH
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Figure 31: LTH Topic Frequency Distribution
The graph shows the amount of times a particular topic is covered in the program at LTH. The graph includes all technical specializations, all
master profiles and all conditionally elective courses. The M4 bar is actually at 25, the axis was shortened for comparative purposes.
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The program includes a course on management for sustainable development, which can be
said to be the main SC provided during the first three years of the program. The course
defines the challenges that we are facing and allows the students to (in groups) select one to
study in-depth that then is shared through interactive seminars. The course combines an
academic view of the challenges together with the more pragmatic perspective that companies
have. In the first year the program includes a physics course where the sustainability subject
constitutes the framing of the course. This is intended as a means of justifying why
knowledge of physics is relevant. The course covers the climate change challenge and the
consumption of fossil fuels in Sweden and the world. Having covered this initially the course
uses examples and problems to tie the technical knowledge to a concrete issue. Further SC is
given to the students in courses on logistics, production and business organization.
Amongst the technical specializations it is primarily the program named “Energi- och
miljöteknik” that covers SC. These courses provide a systems perspective and cover the
possibilities and challenges of renewable technologies. Climate change has the primary focus
as it has concrete ties to the specialization, though the course on renewable technologies also
broaches other environmental effects of the different alternatives. Aside from the energy
specialization, there is a course on construction materials, under the technical specialization
on industrial product development, which covers how to select materials so as to take
environmental challenges into consideration.
The LTH program has a significant amount of courses relating to logistics and production.
These generally broach the limiting of emissions as a relevant sustainability aspect. These
courses’ main foci are the technical solutions to problems involving purchasing, packaging,
distribution and production. The SC given in these courses relates primarily to limiting
emissions through increased resource efficiency and better planning. “Förpackningsteknik och
utveckling” covers the FSSD tool and discusses briefly the different challenges that are part of
the sustainability challenge.
With regard to percentages, the students receiving the least SC, receive this in 17.14% of their
courses (6 courses out of around 35). The students receiving the most received this explicitly
in 41.86% of their courses (15 out of around 35 courses). These numbers are estimates as the
exact number of courses can depend on the electives taken. The tracks relating to
programming and finance or mathematics include the least SC. The production and logistics
courses seem to be good at relating to the subject and have found a means in which to
integrate it relatively well, despite being technical courses.
The students have the ability to choose the amount of SC received both through choosing
specialization and through the conditionally elective courses in the programs. Below two
scenarios are shown with what can be considered a bottom scenario and a top scenario,
measuring this in form of amount of topics covered.
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Figure 32: The result of selecting “System & Programvaruutveckling” (tech. spec.) and “Programvaruintensiva system” (master prof.)
The graph shows the coverage percentage of each category of topics
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Figure 33: The result of selecting “Energi & miljöteknik” (tech. spec.) and “Försörjningskedjor” (master prof.)
The graph shows the coverage percentage of each category of topics
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6.2 Key Challenges Related to Integrating Sustainability into
Education of Industrial Engineers
This section reveals the results of asking the interviewees about the major challenges related
to including sustainability in the education of industrial engineers. The number in the bottom
left corner shows the amount of interviewees who explicitly mentioned this challenge and the
letter is for listing purposes. No distinction is made between universities so as to protect more
unique answers from being tied to a specific interviewee. Some of the challenges may apply
to certain universities more than others though no such analysis was made.
The top 10 perceived challenges related to this subject were:

Figure 34: Top 10 perceived challenges
The diagram shows the top 10 challenges as a result of the interviews. The number in the bottom left corner shows the amount of lecturers
who explicitly mentioned this challenge. The letter is used for listing and identification purposes.

Other challenges that were mentioned were:
K – The subject requires inter- & transdisciplinarity but universities have a tradition of
working in Silos (4 interviewees).
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L – The subject requires discussion and dialog but it is difficult to make the students take time
and commit (4 interviewees).
M – Hard to motivate covering sustainability when the company focus primarily on cost
reductions (4 interviewees).
N – There is a lack of pushing the agenda from the board of the university / from the program
(3 interviewees).
O – The communication throughout the program and between courses is a challenge for
coordination (3 interviewees). Usually, if communication was had it was between courses that
touch upon similar subjects. Relates to challenge “K”
P – Culture amongst the faculty and path dependence has made including sustainability a
challenge (3 interviewees).
Q – Internal politics and economics of giving different courses can become an obstacle to
giving certain courses (3 interviewees).
R – Courses need to become more cost efficient and adding more material exacerbates the
problem (3 interviewees).
S – It is difficult to get an adequate pedagogy for broaching the subject (3 interviewees).
T – Higher levels of interest is needed amongst the lecturers. (3 interviewees) This was
correlated to the aspect of competence and certain interviewees made the explicit uttering that
interest and knowledge/competence are co-dependent and both necessary to cover the subject
well.
U – It is difficult to adequately lift the internal ambiguities/complexities within of the subject
and within the industry’s opinions (3 interviewees). One interviewee phrased it as that there is
greater complexity and disagreement within the industry but that education wishes to
communicate a homogenous, more coherent picture without the complexity.
V – It is difficult to justify including a certain aspect because there are no common goals for
what to include, on a more detailed level (2 interviewees).
W – Students are primarily interested in grades and not in achieving a deeper understanding
and thus wish to achieve as high a grade as possible with as little effort as possible (1
interviewee). This one relates to challenge “L”.
X – Students tend to have a preconceived definition of sustainability that only encompasses
the environmental aspect (1 interviewee).
Y – The rooms are a restriction to new pedagogical approaches (1 interviewee).
Z – Giving a systems perspective is difficult (1 interviewee).
Å – Integration is made difficult due to that some courses contain material that is
contradictory to sustainable practice (1 interviewee).
Ä – It is difficult to make students aware of the opportunities offered by new technologies (1
interviewee).
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Ö – Change (in course offerings and course content) happens slowly at universities (1
interviewee).

91

7 Discussion
This following chapter discusses and analyzes the results from the second phase of the study
with the first phase as a context used in the analysis. The subject of sustainability is normative
leading to the chance that certain arguments could have a subjective starting point or a
subjective assumption based on the authors own priorities and values. For this reason a
concise description of the author’s own subjective lens is provided such that the reader will
have an understanding of the starting point from whence the arguments stem.

7.1 Discussion of Mapping Result
This section synthesizes the mapping, the graphs of coverage percentages (per program and
student track) as well as the topic frequency distribution graphs into an interpretation of the
sustainability education at these programs. Together with the semi-structured interviews with
both lecturers (with varying levels of engagement at program level) and program
coordinators, there is significant data to generate a medium-resolution “image” of the
sustainability education at these programs. The term “image”, “picture” or similar is often
used in the literature for the result achieved when combining various sources and types of data
in order to craft or understand a phenomenon or system (Wiek, Withycombe, & Redman,
2011) and will be used here. In order to achieve a high-resolution image one would need to
further study the pedagogics used as well as further discuss and analyze the quality. These
discussions are essential in order to do perfect justice to the programs though it was beyond
this study’s scope. The image presented in this study portrays a medium-resolution image
where the main focus is displayed but the subtleties of the sustainability education may be
omitted, to a certain degree.
The five largest industrial engineering programs in Sweden struggle with the integration of an
adequate progression of sustainability that is embedded into the core of the established
content. The difficulty is not unique and can be expected as the field remains contested,
providing little guidance as to what is sustainable. Looking at the graphs over what is covered
most frequently in the studies of the industrial engineer certain patterns stand out.
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Figure 35: Topic Frequency Distribution – all programs
The diagram shows the top topic frequency distribution of all the topics in the courses studied, shown here per program.
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The clearest pattern to mention is that the environmental aspect is dominant by a margin. The
general aspect is covered to a certain degree whilst the social as well as economic are not
covered to a great extent, except for some clear peaks. The most frequently covered topic is
M4, which is a conjunction topic of all tools and strategies taught with the aim to increasing
environmental sustainability. This topic is therefore broad and it ensures a link to a solution.
The topic arises at virtually every instance where environmental sustainability is broached,
regardless of program. This fits well with the experts’ opinion that the education of industrial
engineers should be very solution-oriented. The prevalence of the M4 and S3 topics aligns the
education with that goal. Similar patterns of common frequency emphasis, across the
programs, can be seen for G4, M2.1, M2.2, E2.2, E2.5 and to a lesser extent G1.1, G1.2 and
M1.1. In general, looking at all programs together, one can see an overrepresentation of the
environmental aspect being covered with M2.1, M2.2 and M4 being the most common topics.
The category of general topics, of which the topics of G1.1, G4 and too a lesser degree G1.2
appear to be common focal points, was generally broached in relation to the environmental
aspect. This result is likely due to the longer tradition of looking at global warming and
environmental impacts, which are now more tangible (with the tie to material flows and
specific tools to handle the issues) and thus more easily integrated with the engineering
tradition.
The overall picture portrayed by the topic frequency is that the main areas covered are the
definition of the subject, the goals of society (along with its main impacting agents) and the
global environmental challenges as well as what can be done to tackle these challenges. E2.2
(impacts of laws and regulation) is commonly discussed, with the environmental aspect as
context. S3 is also common, usually to compliment the environmental aspect and show how
changes that are implemented can impact the social aspect. Certain universities also
emphasize the need for a systems perspective more than others (primarily KTH and LiTH).
The more ecological topics of the environmental aspect are also covered less frequently and
then primarily for students attending a biotechnology related technical specialization. LTU is
the only university where all the students get to come into contact with the ecological topics
of the environmental aspect. The other programs do also offer courses such as environmental
technology, industrial ecology or sustainable development, which primarily reach the
interested (being conditionally electives) or the students following energy or biotechnology
specializations. These topics were often emphasized as the most important within the
environmental category (except for the practical tools) by the interviewed (Deutsch, 2015)
(Hahn, 2015).

The social and economic topics are not covered to the same extent as the environmental
aspects. S3, relating to tools and strategies to increase the social sustainability is not
infrequently broached, yet the other topics of this category appear very seldom. The courses
where the S3 topic is covered appear to usually base the discussions on the intuitive sense that
people have concerning what social sustainability is. In some cases it is covered in
combination with organizational behaviour theory, though it is then seldom explicitly
mentioned as pertaining to social sustainability. Examples include TEK407 at CTH and
TEIO64 at LiTH. A module included in the bachelor thesis at KTH covers this aspect
explicitly, attempting to give a coherent definition, as does a course in production ergonomics
MPP027 at CTH, though they both have different foci. MPPO27 at CTH, A0015A at LTU
and MTTN25 at LTH cover the physical aspect (indicated by S2.X in the mapping) of social
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sustainability whilst the module at KTH primarily covers psychosocial aspects. The physical
aspect was not emphasized as central to the industrial engineering role by the interviewees of
the first phase, though the topic becomes relevant when looking at product design and
factories. A possible reason for this is the large range of industries that industrial engineers
are present within, making it difficult to include that which is central to all, leaving the
interviewees to mention that which is central to all regardless of specialization. The challenge
in covering the social aspect, as seen by the results from the challenges, is the lack of a clear
definition concerning what the concept encompasses and thus a large variation is seen
amongst these courses. In general it can be said that this aspect is covered to a significantly
smaller degree than the environmental and general.
The preferred topics to be covered in the economic category (looking at averages and overall
pictures) are E2.2 and E2.5. The first relates to the regulations and the laws that set the frame
within which business operates. This topic is typically broached in context of the
environmental aspect. The second is broached within the subject of marketing at LTU and
CTH. It is also broached in two other courses at KTH and LTH one regarding general market
dynamics and the other on distribution technology. E2.5 discusses the invisible hand and how
it can be used as a mechanism for environmental change. The debate is generally (based on
the interviews) positive towards the invisible hand whilst, particularly one expert interviewed
was doubtful as to its ability to shift consumption in a market with severe lack of information.
Certain lecturers would communicate that the economic aspect of sustainability entails
ensuring that initiatives or investments display a positive cash flow within a reasonable time
frame. This definition diverges somewhat from the scope of the definition that the experts
were discussing and could explain the lack of more content discussing the economic aspect.
One lecturer defined it as being the definition of economic sustainability on a company-level
whilst the definition on a societal level would be different. The specifying of an adequate
definition is a normative (related to priorities and to values) matter, which shall be discussed
further in the subsequent chapter.

Looking at the frequency with which courses cover these topics, regardless of technical
specialization or master profile, is insightful though caution is to be advised as to the
interpretation and comparison of these results. Certain programs offer more conditionally
elective courses to the students, giving the impression that more is therefore offered to each
student. The analysis of frequency does not either discuss the quality nor the depth or extent
to which the topics are covered. Additionally, a higher frequency of a topic is not necessarily
only positive. Should the topic be covered in the same manner without new perspectives, it
could be perceived as frustrating. What can be shown is a certain level of comfort with respect
to certain topics. In this study a clear priority to the environmental aspects is shown, with the
other aspects primarily filling the function of compliments. Whether this is as it should be or
not is a normative statement based on the underlying purpose and values of the person making
the statement. What can be said about this skewedness in the distribution of the topics and
through studying the mapping is that the content does not appear to align with the prescribed
emphasis on integration of perspectives. This can be seen through the lack of courses covering
topics from different aspects together, but also from the qualitative data achieved during each
interview.

To further complement the picture a study of the graphs showing the coverage percentage of
different tracks can be studied.
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Figure 36: Coverage percentage graphs – all programs
The graphs show the top and bottom scenarios (based on students’ tracks and electives) in form of coverage percentages per topic category.

The variation between the top and bottom scenarios suggests something about the extent to
which the topics are integrated into the program as a whole. In these graphs the notion that the
economic and social aspects are generally covered to a lesser extent is reinforced. The
coverage percentage of these aspects is constantly lower than the environmental aspect at
these programs. KTH and LiTH have a larger variation in overall topic coverage due to that
these cover SC in fewer courses during the common courses that all students take, relative to
LTU, CTH and LTH. LTU has an entire course (since two years ago) dedicated to
sustainability in the second year, CTH has 9hp mandatory SC in the first three years,
dispersed over 4 courses and LTH have a series of courses broaching SC in the first three
years, primarily one on Environmental systems analysis (FMIF01). The top scenarios for
KTH and LiTH vary in configuration as different specializations and different electives will
cover less of one aspect but more of another. These can in turn not be compared or weighted
to each other in an objective manner. The graphs do however show that more of the coverage
percentages are reliant on the technical specialization selected, for these two programs. In
these cases the primary contributor to SC are the biotechnology and energy systems
specializations that, if chosen, cover significant amounts of SC. A tempting conclusion could
be that sustainability is less integrated into the core content of these programs, though the
more qualitative data achieved through the interviews suggests that this is not necessarily true.
The students attending the LTH program have contacted the LTH program management
desiring more sustainability in the first three years of the program, pointing out certain
weaknesses in the current model and suggesting potential areas of improvement (Berg, 2015).
The LTU program has a course on sustainability, which provides the main SC and the same
lecturer returns with one lecture in a later course. The CTH program has, to a greater extent
dispersed the sustainability education, injecting it into 4 courses, each implementation
covering 1.5hp, though they too struggle with the integration. As such, integration and
progression through the program remains a challenge for all the programs.
The same variation trend, as shown in the coverage percentage graphs, can naturally be seen
in the percentage of courses that cover sustainability. KTH and LiTH have a lower bottom
scenario percentage (typically between 5-7 percent) whilst the other universities studied
display a significantly higher bottom scenario percentage. The data does however not
distinguish between mentioning a subject briefly during a lecture and having a whole course
being dedicated to a specific topic. In general, a significant amount of courses mentioned
sustainability in passing without integrating it with the overall content and without covering
the topics in-depth. The percentage data also does not distinguish between how many topics
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are being covered in a single course and ignores courses whose material could be considered
sustainability but are not framed in such a manner. Rather, this data displays if sustainability
is mentioned in the course. This is important for discerning whether programs are signaling
that sustainability is relevant to the students’ future careers, though far from enough to draw
conclusions. Nobel prize-winner Daniel Kahneman mentions the “mere-exposure effect” as a
phenomenon by which simple exposure to an object (or topic/word/number/shape) creates
greater familiarity and affection for that object (or topic/word/number/shape) (Kahneman,
2011). Though Bornstein and D’Agostino’s research found that the exposure effect is more
potent when stimuli are delivered subconsciously (Bornstein & D'Agostino, 1992), the mere
exposure of students to a topic could increase the sensation of relevance and signal the
“setting of an agenda” by the program. Other factors that can be thought to affect the
perceived relevance of sustainability are the quality of the integration and the quality of the
reasoning concerning the issues’ importance.
The integration becomes easier in the later courses where the topics are more specific. The
integration is made easier particularly when the technical specialization is within a field that is
deeply affected by the sustainability trend, such as the energy or biotechnology fields. These
lecturers are highly knowledgeable within their fields and sustainability has a closer tie to the
field itself, thus a part of the subject of sustainability falls naturally within their scope of
specialty and can be covered more comprehensively without it being contrived.
Another conclusion that can be drawn from the graphs is that no program covers any of the
topic categories fully. The one exception was the biotechnology specialization at LiTH,
covering the entire environmental category. As such all the studied programs display gaps
between the topics considered central by the experts interviewed and the content offered.
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7.1.1 Analysis of program content based on the Key Competencies Framework
In this section a short attempt will be made to analyze the given content from the Key
Competencies Framework presented by Wiek et al. The endeavor is problematic as the
variation can be significant between each individual student of the same programs. What will
be studied in this section is whether the content provided in the programs can be said to be
conducive to increasing these five competencies in the students attending the program. The
key competencies appear, in the literature, as critical reference points for developing the skills
of students aimed at being “problem solvers” or “change agents” (Wiek, Withycombe, &
Redman, 2011).
The five competencies are systems thinking competence, anticipatory competence, normative
competence, strategic competence and interpersonal competence. Systems thinking skill is
needed in order to understand the current situation in more detail, and recognizing the
inherent complexity, than is generally used. This allows the person to locate leverage points
of intervention and understand how systems might react. The anticipatory competence
involves being able to imagine future scenarios and dynamics, thus using systems thinking but
in a hypothetical manner. In order to be able to analyze the current system and craft future
scenarios that are sustainable, normative competence is needed. Normative competence
encompasses knowledge as to what can be considered sustainable and how these different
principles can be reconciled. These can roughly be equated to the initial steps in a
Backcasting/FSSD approach to solving a problem. The remaining two competencies involve
being able to create a strategy for approaching the vision crafted using the anticipatory
competence, requiring intimate knowledge of strategic concepts (Wiek, Withycombe, &
Redman, 2011). The last competency is the interpersonal competency, which is present in all
steps of the process. The literature appears to converge on the need for greater collaboration
in order to collect more perspectives, gain deeper understanding and create better strategies.
The interpersonal competency encompasses the “softer” skills of leadership and
communication with the purpose of uniting several stakeholders towards a common effort.
Generally, the industrial engineering programs develop the strategic competency to a very
large extent. The remaining competencies are developed to varying degrees with different
programs and different specializations.

Systems Thinking Competence
The systems thinking competence is required in order to understand the complexity and
required interventions of coupled systems (Wiek, Withycombe, & Redman, 2011).
Complexity is increasing in business and the economy and requires a systems perspective
(Sterman, 2000) as sustainability interventions require this understanding of reality (Wiek,
Withycombe, & Redman, 2011). This corresponds to the G1.2 topic (systems perspective) in
the content list. The primary programs that cover this topic are the programs at LiTH and
KTH. Within these programs it is primarily the technical specializations related to energy
systems and biotechnology(LiTH) that cover this aspect to any significant degree. The other
programs and other technical specializations within the same programs cover this topic less
systematically in certain courses (Implicitly in L0010N at LTU, ME2312 at KTH, TKMJ49 at
LiTH, FFR160 and TEK410 at CTH and FMIN05 at LTH). What distinguishes these
technical specializations is that it is a recurring theme. This is likely due to the necessity of
this perspective when studying energy systems and biological systems. In some courses it can
potentially be a fruitful perspective and thus is implicitly included (as in INTN01 at LTH or
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TEK465 and ITR362 at CTH). A potential difficulty in further developing this competency is
doing so in a natural manner, as current management theory is primarily based on a
reductionistic tradition (Robért K. H., 2015).
Anticipatory Competence
Anticipatory competence is covered to a certain extent in G1.2, as the same knowledge is
required for the analysis of systems yet to exist as for the analysis of systems that currently
exist. G2 covers the methods of FSSD and Backcasting, which incorporate and help train
anticipatory competence (as mentioned before). This cannot effectively be done in a
systematic manner, unless the individuals possess some form of normative competence with
which to evaluate the scenarios. Currently, the students are primarily being taught principles
for environmental sustainability (the quality of which, is still not established) and are
frequently asked to solve problems with the knowledge they have (it was previously
established that the main form of SC was environmentally related and primarily solutionoriented M4). This is a form of training of the anticipatory competence though not necessarily
with a systems thinking perspective. In order to effectively train the anticipatory competence
the students should have a basic systems thinking competence and normative competence that
can serve as a basis for the generation of scenarios. In general this skill can be considered to
be trained through the solution-oriented focus of the engineering programs and with the
emphasis on case-based methods that exists in many of these programs. A component of the
anticipatory competence is the inclusion of qualitative data together with quantitative data,
both generally present in case-assignments. Topic G1.4, emphasizing the value of qualitative
data, contributes to developing the anticipatory competence of the engineers, though the topic
was seldom covered with respect to sustainability, the exception being in the programs at
CTH and LiTH, whom both cover this topic in 3-4 courses at the programs.
Overall the anticipatory competence can be said to be trained though without a systems
perspective and with an incomplete normative competence. Whether this competence can be
adequately trained without these components from the start, or if they can be added in
afterward without disadvantage, should be investigated further in future studies.

Normative Competence
Normative competence is central in order to assess the sustainability of a system. The
competence entails the ability to map, specify, reconcile, apply and negotiate different
sustainability principles, values, goals and targets (Wiek, Withycombe, & Redman, 2011).
This corresponds primarily to the topics M1 – E3. The content list’s main contribution is a
concretization of what the relevant goals, targets, principles and values of sustainability are
for this particular group of students. The skewedness of the topic coverage, and relative
neglect of certain aspects, is therefore suggestive of that this competence is not being built
optimally, though the importance of different topics is a normative discussion. It was
established that the primary content covered is related to environmental sustainability. Little is
given in way of social sustainability and economic sustainability. The only course that
attempts a exhaustive definition of social sustainability is the course Production Ergonomics
and work design (MPP027) at CTH. Likewise the economic aspect of sustainability is
oftentimes implicitly defined as net positive cash flows for initiatives. The intro-course in
industrial engineering at KTH was the only course to cover E1, problematizing the concept of
economic sustainability. Few courses take a larger, societal, perspective on sustainability (and
then without a somewhat exhaustive understanding of sustainability principles) as such the
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training in reconciliation of various principles and knowledge from various courses is lost.
Exceptions to where this larger perspective is taken often include courses on entrepreneurship.
Examples where this perspective is likely to be taken include certain courses at the program
called “Entrepreneurship and business design” at CTH, TKMJ49 at LiTH, ME2312 at KTH
and L0010N at LTU.
As the topic coverage is skewed it limits the development of normative competence. This
through not giving a well-rounded base for understanding the subject and thus also impeding
reconciliation of the knowledge collected from various disciplines and different courses.
Additionally, being of key importance in both the analysis of current and future systems, it
potentially limits the ability to which one can engage and develop the systems thinking and
anticipatory competencies. Remedying this factor could have a significant impact on the
alignment between the programs’ content and the Key competencies model.
Strategic Competence
The strategic competence is covered extensively in these programs, which is a large benefit to
these students as the literature generally expresses the need for an “intimate understanding” of
strategic concepts (Wiek, Withycombe, & Redman, 2011). This is suggested by the large
amount of alumni starting their careers at strategy and management consulting firms, and by
the relatively large interest these firms show in the students. According to UKÄ’s study, the
primary function of these engineers is that of connecting the engineering discipline with the
discipline of management (Universitetskanslerämbetet, 2013). The program is therefore
naturally interdisciplinary and intended to provide a larger perspective needed in more
strategic roles. The topics that develop these aspects with an explicit focus on sustainability
can be said (depending on the manner in which they are taught) to be G2 (emphasis on goalsetting), G3 (theory on how change has occurred historically) and the dynamics under E2. The
first two, G2 and G3 are relatively absent in the programs. G2 is covered in the course on idea
evaluation at CTH (TEK216) and the course on Packaging at LTH (MTTN40). Amongst the
E2 topics it is primarily E2.2 and E2.5 that are covered, generally as examples of how change
has/can be created.

Interpersonal Competence
The integration of several perspectives allows for a broader understanding of a system’s
dynamics and the complexity therein, potentially explaining the rise in the interest concerning
diversity described by professor Christine Riordan at the University of Kentucky in her article
in the Harvard Business Review (Riordan, 2014). To properly leverage the perspectives of
different professions, different ethnic groups or different stakeholders, interpersonal
competency is required. This includes advanced proficiency in the complementary skills of
communication, negotiation, collaboration, leadership, pluralistic and trans-cultural thinking
as well as empathy (Wiek, Withycombe, & Redman, 2011).
Certain lecturers mentioned experiencing difficulty with lifting these “softer” subjects in the
programs at technical universities. This competency goes beyond those that can be considered
directly related to sustainability. Communication, collaboration and negotiation are skills that
arguably are necessary for any engineer (particularly the industrial engineer), regardless of
specialization. Leadership is a key skill within the interpersonal competence that generally
can be considered to be central even without an emphasis on sustainability (given that a large
percentage of alumni have some sort of leadership responsibility 2-3 years into their careers).
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These skills were not included in the mapping as they can be considered to be generic,
particularly to the standard skillset needed for an industrial engineer. This will not be further
discussed, with exception to interdisciplinary skills and empathic skills.
The remaining aspects that are slightly more specific to sustainability include the pluralistic
thinking, transcultural thinking (these two being referred to here as interdisciplinary skills)
and empathy. The interdisciplinary aspect of this competence is covered in topic G1.3. The
topic of G1.3 was not covered with an explicit orientation towards sustainability in any of the
programs, though several programs cover the topic implicitly through practice (having mixed
teams from different programs). The program at CTH offers a course in product development,
which encourages mixed teams and gives the teams a total of 8 hourse training in group
dynamics and the program at KTH has an entire mandatory course whose central theme is
paradigms and interdisciplinarity (G1.3). The topics of S2-S3 have an underlying emphasis on
empathy and on caring for the individual. The recommendations, given by the interviewees
under S3, specifically mentioned empathy and compassion. These topics were however not
significantly covered in the programs. A potential issue to including these topics in the
education is that it can come as a contrast to current management practice, which according to
Sumantra Ghoshal of London Business School have built in amoral structures and pessimistic
assumptions about people (Ghoshal, 2005). Yet another issue is that such a topic is far
removed from an engineering mindset, making it potentially difficult to include in curricula,
referring back to the difficulty that certain lecturers experienced in lifting the “softer”
subjects.

The five competencies are interconnected (Wiek, Withycombe, & Redman, 2011) and are
likely to benefit from being covered in parallel. The implication of this is that a specific
competence can be developed by emphasizing another that complements it. The clearest
example of this in the programs studied is an emphasis on the normative competence being
able to strengthen both the anticipatory and systems thinking competencies by providing the
basic knowledge of what principles ensure enduring prosperity in the three aspects of
sustainability. A key insight that arose is that the programs were not perceived to cover an
integrative focus to any significant degree. Usually the specificity of the course foci and the
small amount of normative skills taught make for a narrow dialog concerning sustainability.
This does not necessarily appear in the quantitative data but in the qualitative answers of the
interviewees. The individual courses are quite specific, particularly later in the program. This
allows themes to be covered in detail and creates a lot of in-depth knowledge about certain
dynamics. In the interviews, a significant number of interviewees commenced their answer
with “This is not a course in sustainability, it is a course in XXXXX and therefore we can
only ….”
If the students are primarily taught the principles of environmental sustainability and given
narrow fields of focus, then the answers to the challenges will have a pre-defined scope. One
of the aspects which is central in both the Key Competence Framework and which was
mentioned by the interviewed experts was the need to look at different scales of aggregation
(from local scale to global scale) and to see how the different sustainability aspects are deeply
interconnected, not three separate aspects.
The lack of sustainability principles broaching the social and economic aspects and the lack of
a larger societal perspective where the different fields studied (e.g. macroeconomics,
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industrial dynamics, computer sciences and corporate finance) are integrated and seen
together can cause the problem definitions to be excessively narrow. Should the normative
competence be improved the problem definitions (the first step in Wiek et al’s framework)
and the description of the future scenarios could be more clearly articulated, improving their
quality. Exceptions to where larger perspectives are taken exist, though they do not define
sustainability completely and do not yet appear to be systematically integrated throughout the
programs.

The findings in this study, and the conclusions drawn therefrom, are mirrored by the results
achieved by Hanning et al in their study of the difference between CTH’s offered
sustainability education and the needs of Swedish industry.
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7.2 Discussion of Perceived Challenges
The perceived challenges appear to portray a coherent picture. These can be arranged in a
map where connections display their interdependence. The map below shows the manner in
which they are connected. More connections can exist, depending on local conditions and
constellations, though such a graph could quickly become visually complex. Instead the
following text embellishes upon the more subtle connections.
The boxes with a deeper colour and solid border represent the ten most frequently mentioned
challenges presented previously. The boxes with a faded colour and dashed border display
other challenges mentioned that were beyond the ten most cited. These were included to fill
out the argumentative structure of the third branch. These boxes provide the missing
connections that make the whole more comprehensive, though they contain more uncertainty.
Though these challenges were mentioned less frequently than the other challenges, they were
mentioned by interviewees that were deemed as reliable due to their experience.

Figure 37: Interrelation between top challenges
The diagram shows the relationship between the challenges mentioned in the interviews. The solid boxes are amongst the ten most frequent
challenges mentioned, the faded boxes were used to fill out the branch structure and completes the third branch. The letters indicate the
challenge that is referred to, descriptions within the boxes can be abridged versions of the other.

Program coordinators and course coordinators have both mentioned that a progression of
increasingly more advanced sustainability education is desirable, yet difficult to realize
(Challenge E). The challenge is formulated on a very general and abstract level; discerning
what the challenges are to achieving a well-executed progression is therefore relevant.
Challenges to achieving more progression can be said to involve (in essence) both increasing
the amount of content and aligning the content, both internally and to existing course material.
This is made clear by the lack of certain perspectives in the existing SC and by how they are
conducted independently without much integrative focus.
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The first branch states that the large initial costs for developing new courses and updating
course material in existing courses constitutes a challenge (Challenge I). The costs that were
mentioned were related to both time (and thus money) and to effort. A reasonable assumption
is that this is due to lack of knowledge (Challenge D) and a lack of support materials
(Challenge C) (including information in textbooks, cases, statistics, modules for broaching an
issue) that lower the barriers to include new content. The lecturers are specialists within their
own fields, though not necessarily specialists in how it relates to sustainability, an
interdisciplinary concept that requires more broad knowledge. Acquiring that knowledge or
building the material without any previous foundation is time consuming and thus costly for
an organization to fund. This would also explain why sustainability is more readily covered in
the technical specializations relating to biotechnology or energy systems as these are more
strongly linked to the subject.
The second branch involves both aspects of more content and aligning that content. With a
limited amount of hours of instruction and hours for private reading it was often perceived
that adding something new would displace something else and thus all content needs to be
prioritized against other content (Challenge A). In combination with the third challenge,
relating to the difficulty in justifying the inclusion of “softer” subjects (Challenge H), this
impedes the implementation of more sustainability content. This question of prioritization is a
normative question and relates to the aim of the education. This in turn relates to the aim of
business as a whole as it will be the future platform from which these students will work (This
will be further discussed in the following section). If, contrary to common belief, the
sustainability content does not necessarily need to displace the existing content, but rather
provide a different perspective from which to view the same content, then the challenge
would be alleviated. The underlying challenge is then that the material is hard to integrate into
existing content (Challenge B), driven by the lack of knowledge(Challenge D), lack of
support tools(Challenge C) and the distinct approach needed to cover the material (Challenge
J). Certain interviewees mentioned that they believed that sustainability is relevant to all
fields and can enrich every subject with an additional perspective. The breadth of disciplines
that the subject encompasses suggests this notion is correct. The limit to finding this link is
the lack of knowledge of the interviewees (Challenge D). With a lack of knowledge appears
an increased reliance on support tools and structures that make the implementation easier,
lowering the barriers for each lecturer to adopt similar practices and content. The lack of such
tools, or their complexity, is therefore a challenge towards aligning the content with the
current course material (Challenge C). The inclusion of the subject also warrants a different
approach. Abstract questions, qualitative and uncertain answers as well as discussion based
methodologies (promoted by interviewees and experts alike) are commonalities that recur
when covering SC. This approach to problem solving and learning can be slightly distinct and
novel to current teaching, thus making it more difficult to cover in courses (Challenge J).
Particularly when the students are unused to less quantifiable and concrete questions. The
underlying difficulties, particularly to the lecturers’ accumulation of knowledge, are the
complexity of the concept of sustainability (Challenge F) and the lack of a definition to the
social aspect in particular (Challenge G), which can to a certain extent be seen as the same
challenge but were emphasized separately.
Provided that the underlying challenges behind the aligning the sustainability content to the
existing content were resolved, it is unlikely that course coordinators would still not have to
prioritize when it comes to teaching the basic rules and concepts of sustainability. The
underlying challenge is related to communication and coordination (Challenge O) and the
lack of clear goals for what should be covered (Challenge V). This does not seem conducive
to proactive action or to taking own initiative towards including SC in the course material
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(though not deny it completely). Gregg and Robert Vanourek, in their book Triple Crown
Leadership based on a series of interviews with 65 high performing organisations, claim that
the colors of an organization [the purpose, the values and the vision] are essential to excellent,
ethical and enduring organisations as they (amongst other benefits) guide behavior and allow
people to act without asking for permission (Vanourek & Vanourek, 2012). A lack of clarity
concerning the sustainability goals (filling the same guidance function as the “colors”) can
therefore comprise a challenge. The tradition of working in Silos, can additionally be a
potential underlying challenge (Challenge K) to attaining an optimal collaboration in this
issue. Several interviewees mentioned lack of communication or that they were less aware of
what was being taught in the courses held by their peers. There could potentially be an
underlying insecurity as to what is meant to be covered and how the concepts are defined
(Challenge F & G), which lies as the challenge causing the difficulty in collaboration.
There are merits to all the challenges mentioned, seeing as they were expressed by the
lecturers themselves. The challenges mentioned in the chart are ones that were found to be the
most frequent and internally connected. These challenges, are hypothetical and, particularly
concerning the third branch, can be expressed to varying degrees depending on the program
studied (at times lecturers also reported good communication with other course coordinators).
The structure provided is in the form of an issue tree. The challenges on the higher levels of
abstraction appear as consequences of the challenges on the extremities of the issue tree.
Solving these could provide the most effective means of improving the sustainability
education. These include: adequately defining sustainability in a manner that gives a starting
point for lecturers to broach the topic, defining or bounding the concept of social
sustainability in a manner that allows fruitful discussion, creating or compiling tools and
support material, making students more accustomed to looser (more qualitative) issues,
collaborating across specializations and consolidating thoughts on sustainability content.
System dynamics, as it is described by Meadows and Sterman, concedes that there can be
significant overlap and further connection between the challenges (particularly in their
practical resolution). The same field describes systems as having leverage points where small
interventions can cause large changes (Meadows, 2008), the leaves of the tree can be
considered to contain higher probability of being such leverage points.
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7.3 Bearing on Industrial
Engineering Programs

Engineers

and

the

Industrial

A relevant question that arises from the discussion of the current SC, the adequate SC, the
challenges with including SC and why these constitute challenges is “Why should this issue,
and the topics presented in this study be relevant to industrial engineers?”. The answer to this
question is the basis for establishing the extent of responsibility of the industrial engineer and
thus the level of ambition in integrating sustainability into the programs. Should the
responsibility of the industrial engineer, with respect to sustainability, be limited to the
company boundaries (referring to their own operations and value chain) then certain amounts
of content and certain definitions become relevant. For instance, then any other definition of
economic sustainability, than that of net positive cash flow for investments and initiatives
would become unnecessary. Should the level of responsibility assigned to these engineers be
defined otherwise then the ambition as to the implementation of SC would be different.
Should the responsibility of industrial engineers rather be for the global society’s well-being
then other definitions and other levels of ambition are warranted. The answer to this question
is unavoidably normative
This section will give a tentative answer, affected unavoidably by the author’s own subjective
perceptions of the world, which claims that a higher level of responsibility is warranted and
that caring for the surrounding society is essential in the current business climate, even if the
responsibility of the engineer would be limited to the company boundaries.

Why should sustainability be relevant to industrial engineers?
Industrial engineers are, based on the profile presented in this study, relatively influential in
Swedish industry and business. The responsibilities of such engineers encompasses a wide
range of functions, including strategic and developmental activities. One of the most common
professions of these engineers includes management consultancy, where they are entrusted
with client companies’ larger strategic and managerial concerns. In order to fulfill this
prominent profile in the future the students must have the skills required for success in the
future.
Traditionally, sustainable action and societal engagement were driven by ideological rationale
alone. There is however increasingly more support for the notion that the business landscape
is changing, leading to increasing necessity of sustainability being integrated into the core of
business. The shift is a consequence of the altered expectations and possibly the redefinition
of the role of business as well as altered surrounding conditions for business to operate within.
Today the landscape is changing, aligning the practical business oriented rationale with the
ideological rationale towards the same conclusion, namely that societal engagement and
responsibility is a business imperative (Porter & Kramer, Creating Shared Value - How to
reinvent capitalism and unleash a wave of innovation and growth, 2011). Operating
sustainably is becoming instrumental to success in the marketplace. Professor Michael Porter
and Mark Kramer of Harvard University share, in their award-winning article in Harvard
Business Review, their belief in that business’s focus on short-term financial performance is
an outdated model of working. Companies should instead, they claim, aim to unite business
and society back together, having solutions for society be the core of business (Porter &
Kramer, 2006). Other famed industry thought leaders are in agreement. Former CEO of GE,
Jack Welch, often associated with popularizing the shareholder value focus, denounces
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business’ focus on shareholder value as misplaced (Welch & Welch, 2009). The decreased
trust in business (a topic also lifted in the content list) is deemed a large threat and the
precedent to inhibiting legislature. Porter and Kramer attribute this decreased trust to the view
that companies are prospering to the detriment of their surrounding community (Porter &
Kramer, 2011). In a study of 766 CEOs from companies around the planet (the largest study
of its kind ever conducted on the topic of sustainability), 73% state that strengthening brand,
trust and the company’s reputation is the main motivator to embracing sustainability (UN
Global Compact - Accenture, 2010). In Sweden, sustainability is becoming normalized. An
increased interest and willingness-to-pay for more sustainable products is witnessed across the
entire population in the past recent years (Sustainable Brand Insight, 2015). Whilst these
statistics are specific for Sweden the trend is universal. The consumer is driving company
strategy towards development of more sustainable options, a recent phenomenon that is more
prominent than in 2007 when the UN Global Compact conducted a similar study (UN Global
Compact - Accenture, 2010).
The other aspect is related to operations stability, a topic featured in the content list, which is
endangered through continued degradation of the ecological (Robért K. H., 2015), (Deutsch,
2015), (Hahn, 2015) and social support systems (Porter & Kramer, Creating Shared Value How to reinvent capitalism and unleash a wave of innovation and growth, 2011). In an
interview with Pär Larshans, previously chief sustainability officer at Max Hamburgers and a
top 100 thought leaders of Trust Across America in 2013 and 2014, the concept of trust was
lifted several times as key to their operations, allowing more liberty to the company and
enabling them to prosper (Larshans, 2015). Unilever contributes with a concrete example of
how the ecological environment threatened operations. The land-changes in Kenya were a
threat to their tea operations, rendering lower yields. Through timely systematic action and
partnerships this situation is now being managed proactively (Huisman, 2015). The surveys
conducted by Accenture and UN Global Compact witness an increase in CEO-concern
revolving around resource scarcity, primarily relating to water (UN Global Compact Accenture, 2010).
Sustainability and engagement in societal issues is becoming a business imperative. Markets
appear to reward companies aligned towards sustainable practice and it is increasingly more
central to securing the operating space of the company. Out of the 766 CEOs surveyed 93%
stated sustainability to be important to their company’s future success (UN Global Compact Accenture, 2010). This shift in mindset is labeled, by Porter and Kramer, as a shift from shortterm financial performance focus towards a Shared Value focus. The shift entails that
companies engage in solving societal issues and reconnect business with society (Porter &
Kramer, 2011). This shift is the manifestation of what is widely held as the new era for
business (Hendersson, 2004). The new era of sustainability, as it is referred to in the UN
Global Compact study, entails several business imperatives and will “change the face of
competition”. CEOs mentioned that collaboration, a redefinition of value and new generations
of leaderships were among these imperatives. The main issue stated by CEOs is therefore how
to integrate it into the corporate practice and strategy, making it an integral part of the core of
business. (UN Global Compact - Accenture, 2010). Another study, comparing the industry’s
need for sustainability and CTH’s education arrived at similar conclusions concerning the
future of competitiveness. Interviews with companies and organizations revealed that the
most needed skills were an understanding of environmental issues and knowledge of
sustainable business development (Hanning, Abelsson, Lundqvist, & Svanström, 2010).
The conditions of competitiveness and success in the marketplace are shifting, making
sustainability central to strategy, business development and to being implemented into the
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core of business on a whole. In order to meet this challenge, students who are knowledgeable
of business dynamics and sustainability as well as equipped with new generations of
leadership will be considered attractive employee candidates. In order to fulfill and retain the
current profile that industrial engineers enjoy, the students of these programs require in-depth
knowledge of sustainability, integrated with a business perspective.

7.3.1 Implications for industrial engineering programs
This section describes a hypothetical attempt for integrating sustainability more successfully
to cater to the competence supply needs of business, overcoming several of the challenges
mentioned previously.
Sustainability should be the starting point of the industrial engineering education, integrated
by means of a clear list of relevant content which the program agrees upon. The SC instances
in the education should utilize an active learning approach in the education. Active Learning
being the general term used for approaches where the students’ participation in their own
learning takes precedence over the lecturer’s declarative knowledge (MacVaugh & Norton,
2012).
Sustainability competence is crucial for businesses to remain competitive on the market.
Sustainable business development is one of the most sought after skills in employee
candidates and requires integrated knowledge of both sustainability and strategy/business.
Sustainability should be the main framework and starting point for education of engineers
(Segalas, Ferrer-Balas, & Mulder, 2009). This could be problematic as some of the key
challenges related to integrating sustainability revolved around the lecturers’ lack of
knowledge within the field. Several of the lecturers stated that they believed the students to
have greater knowledge of sustainability than themselves; this perception lends itself well to
further studies and verification. This notion suggests a level of competence amongst students
that can be seen as an asset in peer-to-peer learning, harnessed by active learning
methodologies. Indeed, this is already being done today, to a certain extent, in some of the
courses that were studied (e.g. CIP017 at CTH and ME1305 at KTH).
The most impactful shift to be made could be to use active learning to a larger extent in the
teaching of sustainability and the connection to sustainable business practice. Letting the
students reflect over the ordinary content and assessing its alignment with sustainable
business practice can be such a method. Such a pedagogical approach would change the role
of the lecturer to include facilitation of discussions rather than simply imparting knowledge.
As such the challenge related to lack of knowledge amongst lecturers is reduced. Common
theoretical ground as to the principles, values, goals and targets would still be needed as a
base for discussion (normative competence). This aspect could be concretized into a list of
SC to be covered that provides enough theory to allow for factually sound discussions to be
had (MacVaugh & Norton, 2012). To arrive at a common list of such content to be shared
amongst all students would require coordination and collaboration. Should such an attempt be
successful it would also solve the challenges related to the sharing of common goals and
content, which alleviates the difficulties in prioritization.
Given the contested nature of the subject, divergent thoughts and perceptions could naturally
arise. Whilst possible to regard it as a challenge, Carew and Mitchell suggest regarding it as
an asset. They argue that disagreement can be capitalized upon, revealing the underlying
complexity to the students (Carew & Mitchell, 2007). Normative competence includes the
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ability to reconcile and apply various principles, values, goals and targets (Wiek,
Withycombe, & Redman, 2011). This appears to support Carew and Mitchell’s claim that
divergent opinions can enrich the student’s learning experience. Segalás et al found in their
five-year study of ten sustainability courses from five European technological universities that
community-oriented and constructive active learning methodologies increase the student’s
competence within sustainable development (Segalas, Ferrer-Balas, & Mulder, 2009). Ryan
and Deci’s studies of motivation, discussed previously under S2.1, appear to further support
this form of learning. They found that lecturer’s that endorse autonomic motivation
(characteristic of active learning) rather than controlling catalyze increased intrinsic
motivation in their students, leading to more effective learning (Ryan & Deci, 2000).
Currently, best practice within sustainability education is to include it everywhere in the
curriculum (MacVaugh & Norton, 2012). In order to integrate sustainability effectively the
programs would need to shift aim of the education to have sustainable practice as the overall
aim, making all content instrumental to that goal. This would potentially solve the difficulties
that currently exist concerning the prioritization of different subjects and with the integration
of sustainability discourse into current content. A paradigm-shift as to the role of the program
might be necessary in order to ensure the students avoid becoming obsolete. The content
could remain the same, the same phenomena and processes could be studied, yet viewed
through the lens of whether the knowledge created contributes to sustainable business
practice.
The proposed changes of making sustainable business practice the starting-point of the
program, creating a clear list of essential theoretical content as base for discussion and
applying an active learning approach, would solve the key challenges identified in phase 2 of
the study. That is not to say that the operationalization of such a strategy would be without
difficulties. The quality of the sustainability education at the industrial engineering programs
would thereby increase Applying an active learning approach also minimizes the time needed
to reconstruct courses or build new courses as pre-prescribed content and sessions for
structured discussions are simpler to integrate with existing content. Furthermore, clear
content lists and the ability to observe active student discussions could increase the comfort
and exposure of the lecturer to the subject, increasing knowledge over time and facilitate a
subsequent increase in integration at the rate at which the lecturer’s comfort with the subject
increases.
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7.4 Discussion of Limiting Factors
Three chief factors were found to complicate the analysis of the execution of sustainability
education. These are the normative nature of the subject, the interconnectedness of the topics
and aspects as well as the impact of pedagogy.
Given that the topic is normative and definitions are currently being discussed and
contested, as shown previously, convergence on a method for evaluation of sustainability
education is not possible. The importance of the different topics, the importance of different
perspectives for each topic, the adequate depth to cover each topic and the adequate amount
of SC are questions subject to normative judgment and will vary based on the student’s
technical specialization. The evaluation of the sustainability education is thereby made
increasingly more difficult and cannot be done objectively. Furthermore, different lecturers or
program coordinators will take different positions regarding each of these questions, guided
by their own individual perceptions of the students’ future role and guided by their particular
field of interest/specialization. For this reason dialog and collaboration to bridge and reconcile
the individual visions for the implementation of SC becomes particularly central (Robért K.
H., 2015). This theme (of communication within the faculty) arose amongst the challenges
related to implementation of sustainability in the education of industrial engineers.
The normative nature of the subject affected the manner in which the mapping was
performed. The content list was developed as a broad topic definition, with a justification as
to why it was considered central and with an explanation of what the interviewed considered
to be central when discussing it. This is based to a great extent on their expertise within the
area but also on their own subjective perceptions. In order to accommodate each programs’
subjective perception of each topic, and the relevant perspective from which it is covered, the
definitions used for the mapping were kept broad. The consequence of this is that M2.2 (a
particularly broad topic) can vary in content depending on which course it is placed in.

All aspects and topics are interconnected. This has been discussed previously in the text
and in the literature review as a fundamental feature of the subject. In the results this is
identified when looking at economic inequality (to take a concrete example). Economic
inequality is the result of market and institutional dynamics on an aggregate scale, analyzing
the topic from this perspective motivates the categorization of the issue under the economic
category. Additionally, economic inequality was mentioned, and included in the content list,
as it has implications on society and affects the social aspect. The classification of these topics
can therefore be done in several manners and the classification presented in this thesis is not
beyond scrutiny. The experts interviewed for the thesis were aware of this dynamic and
mentioned that it is important to review the topics with different aspects and dimensions in
mind. Other examples, related to the mapping involve instances such as the discussion of the
cap-and-trade schemes for emissions, where it was not definitively clear whether it should be
classified as E2.2 (discussing the impact of legislature on sustainable practice) or M4
(discussing the tools to increase the environmental sustainability). In these instances critical
judgement was exercised, related to the particular emphasis provided by the lecturer.

Pedagogy was viewed to have a proportionately large impact on the mapping process
and on the quality of the SC covered (though this aspect of quality was beyond the thesis’
scope). The pedagogy of the individual lecturer divulged the normative position from whence
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the topics were covered and the topics connection to the subject. There were instances,
amongst the interviews, where the lecturer deemed that the topics covered were related to
sustainability but admitted that they did not know if the students recognized the link or were
aware of that the subject was being broached. With increased integration of the subject into
the course material the link can become less evident, by not being explicitly framed from that
perspective. In such instances the approach and the “tone” of the course can be used to make
the students aware of that the practices taught are relevant to sustainable practice within the
field. Certain courses were included students of different programs and a certain group of
these would understand the relevance of the material to the subject of sustainability whilst
others (in this case industrial engineers) would be oblivious to the connection. Such anecdotes
only arose in one or two cases. Whilst the occurrence of such extreme cases were rare, milder
versions were more common and they jointly portray a sensitivity to pedagogy amongst the
target engineering group. Furthermore, individual variations in the students (both between
student-batches and within batches) were perceived to have an impact on the insights drawn
from the course. Individual reflection and synthesis of knowledge between courses leads to
further insights that cannot in the same manner be judged, here a results-oriented approach as
the one used by UKÄ would be more appropriate. Certain courses were claimed to have a
tone of sustainability throughout, particularly of the master profile “Entrepreneurship and
business design” where this was claimed by several of the interviewed, independently of each
other.

7.4.1 Final thoughts on validity and reliability
Whilst not necessarily diminishing the validity of the study, the impact of these factors affect
the resolution of detail that can be achieved from a broad mapping study. In order to gain a
more complete understanding of the content covered in these courses, per program, per
specialization and per master profile, one would essentially need to take each course in
sequence and experience the manner in which each topic is presented. The scope and variation
in content between years renders such an attempt futile. Instead a more fruitful approach to
understanding the content covered (at a high level) would be for a collaborative process to be
established where any and all lecturers who cover the subject in some manner, record and
describe these efforts relating it to a common list of topics to be covered (such as a content
list).
The subject and the format of the learning is of such a nature, and in such a phase of maturity
(given it’s status as a contested field), that being able to precisely identify, evaluate and
recommend interventions to the sustainability education is unreasonable. A “picture” (to use
the vocabulary from the literature) of the education can only be viewed at a “medium
resolution”. With these natural boundaries, this study has a high validity and reliability in the
sense that the assumptions and methods are sound for the purpose of attaining a “medium
resolution” of the sustainability education. The interviewees of the first phase collectively
cover a broad spectrum as well as high levels of competence, which provides great richness of
data. The second phase involved interviewing the lecturers (who had a reasonable probability
of covering the subject) themselves and quantitatively mapping the results. The sources were
thereby unproblematic and the soundness of the methods applied minimized biases through
iterating the list back to the interviewees and through avoiding social desirability bias. The SC
was, furthermore, in such a phase that the doubts and ambiguity was low, for the large
majority of the courses.
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The term “medium resolution” should not be interpreted as being trivial. The results achieved
are valid and reliable, in the sense that they are representative of the current state of the
education. The medium resolution is, thereby, more than enough to render key insights
concerning the current state. There are patterns that emerge from the data, showing
similarities amongst the different programs, suggesting that what is being seen is a common
trend that is generalizable for a larger population.
Lastly, the results from both phases (the content list as well as the mapping of content and
challenges) appear to agree and converge with data from other studies. The results do not only
agree between the programs but also with other studies. This increases the reliability and
validity of the study. The reliability is the soundness of the study based on how similar results
a replicate study would render (Collis & Hussey, 2009). This is problematic when the object
of study is in constant motion. Given that the field evolves, waiting a certain amount of years
will have changed both the relevant content and potentially even the opinions of the experts
(as the field solidifies). This time aspect should be accounted for, should one want to verify
the study results. Studying the past content of a course would rely more heavily on the
memory and proper documentation of the lecturers, which could be problematic. The
discussion of reliability should therefore rather be theoretical.
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8 Conclusions
A study aimed at understanding and mapping the sustainability education received at several
programs is bound to be broad and there is more insight to be drawn from further analysis by
individuals with expertise at the respective programs. This section aims at summarizing the
key insights, drawn from the data, and their implications. The insights and conclusions are
drawn from the data that can be considered as being at medium resolution.

8.1 Key Insights and Research Questions.
Below is an illustration of how the key insights answer the research questions.

Figure 38: Link between research questions and key insights
A diagram showing the connection between the research questions and the key insights derived from the study.

8.1.1 Key insights:
1 – The Relevant Content for Industrial Engineers includes significant Breadth
The sustainability content that was deemed relevant for industrial engineers was concretized
into a content list spanning various fields and develops five key competencies (primarily three
as the two of these are covered through the programs’ conventional content) in the
individuals. The relevant content is an insight in and of itself, though special attention is
brought to its breadth of prescriptive topics. This is not necessarily foreign to the student
group as the particular purpose these students serve, as articulated by the UKÄ, is to serve as
“bridge-builders” between the disciplines of economics/management and traditional
engineering. The experts agreed that a breadth was desirable due to the profile of the students,
applying significant leadership as well as working with development and strategy. The
significant amount of leadership roles held by alumni prompted the interviewees to state that a
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basic understanding of how people function and prosper is needed. In the same manner, the
future strategic and development roles held by the alumni prompted the need to understand
environmental aspects and ecosystem dynamics, posed to become one of the most pressing
issues of the future. The need to see problems out of broader scopes was deemed as central
(Hahn, 2015) (Deutsch, 2015) and be able to integrate the different aspects of sustainability to
see how they are interconnected (Finnveden, 2015). The content list and the emphasized areas
of the experts was well aligned with the Key Competencies Framework by Wiek et al.

2 - Skewedness in Content Covered relative to Expert Opinion
The mapping, the distribution frequency graphs, the coverage percentage graphs and the
percentage of courses touching sustainability portray a picture rich in insights. The mapping is
therefore valuable in and of itself and worth studying further. One of the main trends that
stand out is the preferences of topics. Though there are considerable differences in the
programs’ layout, amount of content and distribution of content they share a common
skewedness, favoring the environmental aspect and leaving the other aspects slightly
neglected. The main topics that were covered were M4, M2.2, M2.1 in (descending order),
dealing with global environmental issues and tools/strategies to remedy the impacts. To be
added is that certain topics are at times broached implicitly in course content, though without
acknowledging the content as part of sustainable practice.

3 - Lack of Integrative Instances
As a consequence of the previous key insight, there is a lack of integrative courses in which
all the aspects are discussed collectively, allowing the students to interweave the knowledge
of key dynamics from each aspect into a deeper understanding of the interconnectedness of
the topics. Furthermore, topics are oftentimes covered rather sparingly in many courses.
Remedying this would build normative competence (the ability to reconcile and apply various
sustainability values, principles, goals and targets) as well as anticipatory and systems
thinking competence (being able to craft and analyze different systems and constellations).
This suggests it is a leverage point for increased alignment with the Key Competencies
Framework.

4 - Key Challenges Revolve around Concept Definition and Communication
The challenges reported by the interviewees are internally coherent and can be interpreted as
related. Their interaction can be displayed in an “issue tree”. The key challenges that impede
the dissemination of sustainability throughout the program relate to the lack of knowledge of
sustainability amongst the faculty (due to the inherent difficulty in defining the concept), the
lack of support tools and the novelty of approach, as perceived by students. Weaker statistical
evidence suggests a lack of precise common goals as well as the tendency to work in silos as
key challenges.
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5 - The Uncertainty Due to Normativity, Interconnectedness and Pedagogics
Fully understanding the sustainability content is made difficult due to the normative nature of
the subject, the interconnectedness of the topics and the pedagogics employed at the
universities. The normative nature of the subject complicates objective evaluation. Subjective
judgment concerning the importance of certain perspectives is unavoidable. This study thus
compared the reality at the programs with the normative statements of experts and academic
literature. The interconnectedness of the topic and the pedagogics employed make the
classification of the topics difficult as well as judging the insights transmitted to / awoken in
the students. A topic can be discussed in such a manner that the students can gain deep insight
into more areas than those discussed or assessed. The mapping merely manages to collect the
emphasized topic and no more, leading to attaining only a medium quality resolution of the
complete sustainability education. This key insight as to the difficulties of understanding
sustainability education is necessary for the interpretation of the results and the drawing of
conclusions based on these results.

8.1.2 Research Questions:
Research Question 1: What sustainability content is of high relevance to industrial
engineers?
The first phase of the study was wholly dedicated to answering the first research question.
The resulting insight as to the relevant content and its broadness gives a good understanding
of what the engineering students ought to know to function well in the business environment
of the future. It also revealed what the experts thought would be defining traits of the future
business environment as well as what would be required for these students to be competitive
in that environment.

Research Question 2: How does this content appear in the industrial engineering
programs?
The mapping of each program is valuable in and of itself in revealing how the content is
covered in the various programs. This mapping revealed skewedness toward the
environmental aspect with less focus being given to the economic and social aspects. In
general, few courses cover or problematize the economic aspect of sustainability and few
offer any definition of the social aspect. Measured against the content list from phase 1 and
the Key Competencies Framework this is lacking. A consequence of the unilateral focus is
that there is improvement potential in seeing the aspects as essentially intertwined and
applying that perspective on different scales of aggregation, e.g. from looking at local
dynamics to seeing the consequences of solutions on global levels from all perspectives.
These topics and skills map onto the systems thinking, anticipatory and normative
competencies, all of which have potential to be strengthened.
The courses usually have a specific focus, narrowing down the scope of the course in both
subject and scale. Certain courses will change perspective to a larger scale, e.g. certain
logistics courses, though this is not given to all and is often without the social aspect and less
focus on the economic aspect.
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The study also shows significant differences in approach, between the programs and
variations in content within the programs’ tracks.

Research Question 3: What are the potential reasons for why the sustainability content
covered is laid out as it is in the programs studied?
The frequency distribution of the challenges and their interrelatedness display the reasons for
the difficulty in implementation, stemming initially from a diffuse understanding of the
concept, lack of support tools, novelty of the teaching approach as well as the lack of
communication and common goals. Certain challenges were more frequently mentioned than
others. The final mapping of their interrelation was based on adjustments for varying levels of
knowledge about the subject and varying levels of interest. These issues appear to be
characteristic for all programs, though which of these that constitute the chief challenge might
vary between programs.
The challenges explain the skewedness of the covered topics and the lack of progression well.
The diffuseness and lack of knowledge amongst the faculty is explanatory for the lack of
coverage of the other aspects and the lack of integrative instances in courses. It is also
explanatory for the uneven distribution of content, primarily concentrated around technical
courses where the connection is more evident.
The final key insight allows the reader to remain critical of the analysis and the result. The
mapping can only provide a medium resolution “picture” of the current sustainability
education. The normative characteristic of the issue makes objective evaluation impossible,
the interconnectedness of the topics allows other possibilities in how the content is structured
and allows more insight to be drawn than simply what is emphasized in lectures. This quality
is further impacted by the pedagogy used. One can assume that a pedagogy based on
discussion or other participatory methods of lecturing can render insights beyond that which is
intentionally emphasized. This does not retract from the value of the mapping. The mapping
provides a good indication whilst not eliminating uncertainty altogether. The courses with NoID, indicating they were not able to be categorized though they did broach sustainability, were
few and mainly due to variation in content not due to pedagogy.

8.2 Implications
Currently a shift towards a new era for business is taking place, where the social
accountability prescribed to companies is increasing. Given that sustainability concern and the
expectations for companies to engage in societal improvement are increasing and becoming
more integral to survival on the marketplace, companies and their employees will require
more competence in identifying and solving sustainability challenges. The skewedness of the
topics covered and the lack of integrative instances, as a consequence of the inherent
challenges, do not adequately aid the building of this competence.
A strategy that could bridge the gap between relevant and realized sustainability education is
establishing sustainable practice as the aim of the program, setting a common content goal as
well as using an active learning approach. Additionally such a strategy is likely to solve or
circumvent the key challenges identified in the study.
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8.3 Contributions and Further Studies
This study was broad and there are aspects left to study. This section highlights the
contributions of the study as well as a few of the areas that could benefit from a deeper
understanding.
This study contributes with deeper understanding of the sustainability education required and
provided to industrial engineering students in Sweden. As such the study has practical
applications for the programs studied. The theoretical implications of this study lie in the
empirical data achieved regarding the topics of relevance to these engineers, showing high
levels of agreement with current literature, as well as the perceived challenges to broaching
this content in the current curricula. Furthermore it provides empirical data as to the
sustainability education received at different programs.
The study was designed to be process-oriented, as supposed to the results-oriented study
performed by the UKÄ agency. The study’s primary focus was the faculty side of the
education, mapping what instances and opportunities for learning that were provided. These
instances were only seen through the faculty perspective. Further study of the students’
perception of these instances would be of value in order to assess how effective the efforts
are. Parameters could include, amongst others, assessing the perceived quality, relevance and
interest.
The perceived challenges, identified in this study, constitute the main barriers towards
implementation of SC in education. Identifying best-practice interventions and their results
could significantly increase the knowledge of how to better organize higher-level education
towards educating for sustainability competencies. Conducting similar studies of perceived
challenges in other programs (engineering or otherwise) can additionally contribute to the
generalizability of the results. Additionally, conducting studies of perceived challenges after a
period of teaching from a new pedagogy could deepen the understanding of the barriers to
implementation and their root causes.
The content list is relatively generalizable to a broader audience. The industrial engineering
profile, for which the content list was compiled, is solution-oriented (as engineering
educations tend to be and as was deemed important in the literature) and more general than
most engineering educations, making a tailored concretization of the key competencies
framework relatively generalizable. To increase this characteristic of the content list, a study
as to the topics needed to strengthen the strategic competency would be necessary. In the
industrial engineering programs this is already covered in the conventional curriculum.
Seeking the opinions of international experts is another method to increase the
generalizability of the content list as it would reveal and compensate for any Swedish bias.
Of the three factors that increase uncertainty concerning evaluation of sustainability,
pedagogics is the only one that is not intrinsic to the subject itself. Investigation can therefore
be warranted with regards to the impact of various pedagogies on the development of the
different competencies and the impact of developing one competency on the development of
the others. There are studies written on the impact of active learning pedagogics, yet few
attempt to measure their impact on specific competencies.
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