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Abstract	  
	  
Title	  
Industry	  4.0	  and	  Swedish	  SMEs:	  An	  assessment	  of	  current	  maturity	  level	  and	  challenges	  
	  
Authors	  
Emin	  Karimov,	  John	  Felix	  Abrahamsson	  
	  
Supervisor	  
Bertil	  I	  Nilsson,	  Department	  of	  Production	  Management	  at	  Faculty	  of	  Engineering,	  Lund	  University	  
	  
Background	  
In	  a	  world	  where	  the	  rate	  of	  technological	  change	  is	  constantly	  accelerating,	  it	  is	  getting	  more	  and	  
more	  important	  for	  companies	  to	  adopt	  new	  technologies	  and	  processes	  to	  stay	  competitive.	  Most	  
recently,	  the	  concept	  of	  Industry	  4.0	  has	  emerged	  as	  the	  newest	  technological	  paradigm	  within	  
industrial	  management	  and	  has	  its	  roots	  in	  the	  German	  government’s	  technological	  strategy.	  On	  a	  
high	  level,	  Industry	  4.0	  is	  the	  industrial	  usage	  of	  new	  technologies,	  like	  big	  data	  analysis,	  
autonomous	  robots,	  cyber-‐physical	  infrastructure,	  simulation,	  cloud	  computing,	  augmented	  reality	  
and	  internet	  of	  things	  (IoT)	  (Ceikcan	  and	  Ustundag,	  2018).	  This	  is	  enabling	  machine-‐to-‐machine	  and	  
human-‐machine	  interactions	  and,	  when	  implemented	  successfully,	  great	  value	  creation	  potential.	  
	  
Despite	  that	  Industry	  4.0	  is	  rather	  new,	  plenty	  of	  papers	  and	  consulting	  reports	  have	  been	  published	  
on	  the	  topic.	  Some	  of	  these	  have	  indicated	  that	  the	  SME	  are	  not	  quite	  as	  well-‐informed,	  trained	  and	  
prepared	  for	  this	  shift	  in	  paradigm.	  
	  
Purpose	  
The	  purpose	  of	  this	  project	  is	  to	  assess	  the	  current	  level	  and	  challenges	  for	  Industry	  4.0	  adoption	  
among	  Swedish	  SMEs	  by	  using	  an	  Industry	  4.0	  maturity	  framework	  to	  enable	  further	  development	  of	  
the	  paradigm	  in	  Sweden.	  	  
	  
Research	  questions	  
The	  thesis	  has	  two	  main	  research	  questions:	  
1.   What	  is	  the	  current	  level	  of	  Industry	  4.0	  maturity	  among	  Swedish	  SMEs?	  
2.   What	  challenges	  are	  Swedish	  SMEs	  experiencing	  when	  implementing	  Industry	  4.0?	  

	  
Methodology	  
The	  research	  methodology	  can	  be	  divided	  into	  three	  steps.	  Firstly,	  an	  Industry	  4.0	  maturity	  
assessment	  model	  was	  chosen	  from	  already	  existing	  ones,	  based	  on	  three	  criteria:	  
comprehensiveness,	  practicality	  and	  proven	  track-‐record.	  The	  Impuls	  Industry	  4.0	  assessment	  model	  
were	  chosen,	  which	  is	  survey-‐based.	  Secondly,	  the	  survey	  was	  sent	  out	  to	  companies	  and	  the	  
responses	  were	  collected.	  Lastly,	  the	  results	  were	  analyzed	  and	  discussed	  based	  on	  previous	  
research	  on	  the	  topic.	  
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Conclusions	  
The	  main	  conclusion	  related	  to	  RQ	  1	  is	  that	  the	  maturity	  level	  of	  Swedish	  SMEs	  is	  low,	  with	  an	  
average	  maturity	  level	  of	  1,17	  on	  a	  scale	  from	  0	  to	  5.	  No	  strong	  relationship	  was	  found	  between	  
maturity	  level	  and	  size	  or	  revenue.	  
	  
The	  main	  conclusion	  related	  to	  RQ	  2	  is	  that	  the	  lack	  of	  financial	  resources,	  business	  and	  customer	  
incompatibility	  together	  with	  technological,	  knowledge	  and	  know	  how	  issues	  are	  the	  biggest	  
challenges	  faced	  by	  Swedish	  SMEs	  when	  implementing	  Industry	  4.0.	  Furthermore,	  the	  lack	  of	  
financial	  resources	  is	  SME	  specific	  and	  had	  not	  been	  identified	  as	  a	  main	  challenge	  in	  previous	  
studies.	  	  
	  
Keywords	  
Industry	  4.0,	  Fourth	  industrial	  revolution,	  Automation,	  Cyber-‐physical	  systems,	  Smart	  factory	  
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1   Introduction	  
In	  the	  first	  chapter,	  the	  problem	  and	  context	  of	  the	  problem	  is	  outlined,	  followed	  by	  the	  purpose	  of	  
the	  study,	  the	  research	  questions,	  the	  delimitations,	  the	  project	  objectives	  and	  lastly	  the	  disposition	  
of	  the	  thesis.	  

1.1   Context	  
In	  a	  world	  where	  the	  rate	  of	  technological	  change	  is	  constantly	  accelerating,	  it	  is	  getting	  more	  and	  
more	  important	  for	  companies	  to	  adopt	  new	  technologies	  and	  processes	  to	  stay	  competitive.	  Most	  
recently,	  the	  concept	  of	  Industry	  4.0	  has	  emerged	  as	  the	  newest	  technological	  paradigm	  within	  
industrial	  management	  and	  has	  its	  roots	  in	  the	  German	  government’s	  technological	  strategy.	  
Industry	  4.0	  doesn’t	  have	  a	  clear	  definition	  -‐	  the	  German	  telecommunication	  association	  BITKOM	  
has	  presented	  over	  100	  definitions	  of	  the	  concept	  (Bidet-‐Mayer,	  2016).	  But	  on	  a	  high	  level,	  Industry	  
4.0	  is	  the	  industrial	  usage	  of	  new	  technologies,	  like	  big	  data	  analysis,	  autonomous	  robots,	  cyber-‐
physical	  infrastructure,	  simulation,	  cloud	  computing,	  augmented	  reality	  and	  internet	  of	  things	  (IoT)	  
(Ceikcan	  and	  Ustundag,	  2018).	  This	  is	  enabling	  machine-‐to-‐machine	  and	  human-‐machine	  
interactions	  and,	  when	  implemented	  successfully,	  great	  value	  creation	  potential.	  
	  
Despite	  that	  Industry	  4.0	  is	  rather	  new,	  plenty	  of	  papers	  and	  consulting	  reports	  have	  been	  published	  
on	  the	  topic.	  Some	  of	  these	  have	  indicated	  that	  the	  SMEs	  are	  not	  quite	  as	  well-‐informed,	  trained	  and	  
prepared	  for	  this	  shift	  in	  paradigm.	  

1.2   Problem	  
Industry	  4.0	  is	  in	  an	  early	  development	  stage,	  but	  it	  has	  a	  potential	  to	  improve	  the	  manufacturing	  
industry	  by	  bringing	  significant	  benefits.	  However,	  studies	  have	  shown	  that	  the	  potential	  is	  realized	  
mainly	  for	  large	  corporations.	  The	  concept	  of	  Industry	  4.0	  was	  mainly	  developed	  around	  large	  
manufacturing	  companies	  in	  Germany,	  which	  suggests	  it	  could	  be	  difficult	  to	  be	  implemented	  in	  the	  
Swedish	  market	  that	  consists	  of	  99.8%	  of	  small	  and	  medium-‐sized	  companies.	  Research	  from	  
Germany	  shows	  that	  there	  are	  several	  problems	  for	  German	  SMEs	  to	  adopt	  and	  utilize	  Industry	  4.0	  
to	  its	  full	  potential.	  The	  same	  research	  states	  that	  four	  out	  of	  ten	  SMEs	  do	  not	  have	  a	  comprehensive	  
Industry	  4.0	  strategy	  compared	  with	  two	  out	  of	  ten	  among	  large	  companies	  (Schröder	  2017).	  Given	  
this,	  there	  is	  a	  need	  to	  evaluate	  the	  Industry	  4.0	  maturity	  level	  of	  Swedish	  SMEs.	  	  

1.3   Purpose	  and	  key	  questions	  
The	  purpose	  of	  this	  project	  is	  to	  assess	  the	  current	  level	  and	  challenges	  for	  Industry	  4.0	  adoption	  
among	  Swedish	  SMEs	  by	  using	  an	  Industry	  4.0	  maturity	  framework	  to	  enable	  further	  development	  of	  
the	  paradigm	  in	  Sweden.	  The	  thesis	  has	  two	  main	  research	  questions,	  the	  first	  having	  two	  additional	  
sub-‐questions.	  These	  are	  the	  research	  questions:	  
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1.   What	  is	  the	  current	  level	  of	  Industry	  4.0	  maturity	  among	  Swedish	  SMEs?	  

1.1.   How	  does	  the	  Swedish	  maturity	  level	  compare	  to	  Germany?	  
1.2.   What	  is	  the	  relationship	  between	  maturity	  and	  different	  covariates:	  revenue,	  size	  

and	  industry?	  
2.   What	  challenges	  are	  Swedish	  SMEs	  experiencing	  when	  implementing	  Industry	  4.0?	  

1.4   Delimitations	  
This	  thesis	  is	  delimited	  to	  study	  SMEs	  registered	  in	  Sweden,	  categorized	  as	  manufacturing	  
companies	  on	  businessretriever.se.	  See	  section	  2.3.2	  Empirical	  research,	  for	  more	  specific	  survey-‐
related	  delimitation	  and	  reasoning	  behind	  them.	  

1.5   Project	  objectives	  
There	  are	  two	  objectives	  of	  this	  thesis.	  Firstly,	  to	  conduct	  a	  comprehensive	  assessment	  of	  the	  
current	  Industry	  4.0	  maturity	  level	  of	  Swedish	  SMEs,	  aggregated	  into	  a	  total	  maturity	  score.	  
Secondly,	  to	  outline	  what	  challenges	  Swedish	  SMEs	  currently	  are	  facing	  when	  implementing	  Industry	  
4.0.	  

1.6   Disposition	  of	  thesis	  
This	  thesis	  has	  eight	  chapters	  in	  total,	  the	  first	  being	  the	  introduction	  and	  the	  remaining	  seven	  are	  
the	  core	  content	  of	  the	  thesis.	  In	  this	  subchapter	  the	  content	  of	  the	  following	  chapters	  is	  outlined.	  
	  
Chapter	  2:	  Methodology.	  In	  the	  second	  chapter	  the	  research	  strategy,	  design	  and	  methods	  are	  
described.	  The	  main	  part	  is	  the	  research	  methods,	  where	  the	  three	  steps	  of	  the	  projects	  are	  
described.	  
	  
Chapter	  3:	  Industry	  4.0	  maturity	  models.	  The	  third	  chapter	  presents	  the	  reasoning	  behind	  the	  model	  
and	  the	  actual	  model.	  	  
	  
Chapter	  4:	  Previous	  research:	  The	  fourth	  chapter	  outlines	  the	  previous	  research	  related	  to	  the	  
research	  questions.	  That	  is	  the	  theory	  platform	  that	  will	  be	  compared	  with	  the	  results.	  This	  chapter	  
is	  divided	  into	  two	  subchapters,	  one	  for	  each	  of	  the	  main	  research	  questions.	  	  
	  
Chapter	  5:	  Empirical	  research	  and	  results.	  In	  the	  fifth	  chapter	  information	  about	  the	  survey	  
respondents	  and	  the	  results	  of	  the	  survey	  are	  presented.	  The	  chapter	  is	  split	  up	  into	  three	  
subchapters.	  The	  first	  is	  presenting	  general	  respondent	  information	  and	  the	  following	  two	  is	  
connected	  to	  the	  two	  research	  questions.	  	  	  
	  
Chapter	  6:	  Analysis.	  The	  sixth	  chapter	  presents	  the	  analyzed	  results.	  This	  chapter	  is	  divided	  into	  two	  
subchapters,	  one	  for	  each	  of	  the	  main	  research	  questions.	  	  
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Chapter	  7:	  Discussion.	  In	  the	  seventh	  chapter	  the	  results	  of	  the	  analysis	  are	  discussed	  from	  new	  
perspectives	  not	  used	  in	  the	  analysis.	  The	  part	  of	  the	  chapter	  is	  divided	  into	  two	  parts,	  one	  for	  each	  
of	  the	  two	  main	  research	  questions.	  In	  addition,	  a	  discussion	  regarding	  method	  improvements	  is	  
found	  in	  this	  chapter.	  
	  
Chapter	  8:	  Conclusions.	  Lastly,	  in	  the	  eighth	  chapter,	  the	  conclusions	  of	  the	  report	  are	  summarized	  in	  
two	  subchapters,	  one	  for	  each	  of	  the	  main	  research	  questions.	  There	  is	  also	  a	  passage	  on	  further	  
research	  suggestions	  and	  presentation	  of	  contributions	  of	  this	  study.	  	  	  	  
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2   Methodology	  
In	  this	  chapter,	  firstly	  the	  research	  strategy	  is	  outlined,	  followed	  by	  the	  research	  design	  and	  lastly	  the	  
research	  methods	  are	  outlined.	  

2.1   Research	  strategy	  
A	  research	  strategy	  is	  a	  general	  approach	  of	  doing	  research.	  One	  can	  divide	  research	  strategies	  into	  
two	  groups,	  qualitative	  and	  quantitative.	  This	  breakdown	  is	  relevant	  due	  to	  its	  effectiveness	  in	  
classifying	  different	  research	  methods	  and	  consequently	  is	  more	  and	  more	  frequently	  used	  (Bell	  and	  
Bryman,	  2011).	  
	  
Quantitative	  research	  focuses	  on	  quantification	  of	  the	  gathering	  of	  data	  and	  to	  do	  analysis	  on	  the	  
data	  sets.	  Further,	  quantitative	  research	  has	  three	  main	  characteristics	  (Bell	  and	  Bryman,	  2011):	  

-‐   The	  relationship	  between	  theory	  and	  research	  is	  deductive	  and	  data	  is	  collected	  mainly	  to	  
test	  hypotheses.	  

-‐   The	  epistemological	  orientation	  is	  based	  on	  the	  Natural	  science	  model,	  especially	  Positivism.	  
-‐   The	  ontological	  orientation	  is	  incorporating	  the	  fundamentals	  of	  objectivism,	  i.e.	  social	  

reality	  is	  external.	  
	  
Qualitative	  research,	  on	  the	  other	  hand,	  is	  focused	  on	  words	  rather	  than	  numbers.	  It	  has	  three	  main	  
characteristics	  (Bell	  and	  Bryman,	  2011):	  

-‐   The	  relationship	  between	  theory	  and	  research	  is	  mainly	  inductive	  and	  research	  is	  done	  to	  
generate	  new	  theory.	  

-‐   Rejects	  positivistic	  approach	  and	  instead	  supports	  interpretivism,	  i.e.	  the	  social	  realm	  cannot	  
be	  studied	  with	  the	  scientific	  method	  applied	  to	  nature,	  instead	  it	  is	  a	  matter	  of	  subjective	  
interpretation.	  

-‐   The	  ontological	  orientation	  is	  constructionistic	  and	  views	  social	  reality	  as	  created	  by	  the	  
observing	  actors.	  	  

	  
It	  should	  be	  noted	  though	  that	  the	  distinction	  is	  not	  always	  as	  clear	  as	  above	  and	  the	  borders	  
between	  qualitative	  and	  quantitative	  research	  can	  sometimes	  be	  blurry.	  Mixed	  methodologies,	  
where	  the	  researcher	  combines	  quantitative	  and	  qualitative	  research	  are	  common,	  where	  one	  can	  
enjoy	  the	  advantages	  of	  both	  strategies	  (Bell	  and	  Bryman,	  2011).	  	  
	  
As	  this	  research	  topic	  is	  relatively	  young,	  unexplored	  and	  the	  dimensions	  of	  the	  research	  questions	  
are	  complex	  and	  consequently	  hard	  to	  quantify,	  this	  study	  will	  have	  mainly	  have	  a	  qualitative	  
research	  strategy,	  where	  theory	  inductively	  will	  be	  created	  from	  the	  empirical	  data,	  but	  it	  will	  be	  
mixed	  with	  quantitative	  assessments	  of	  qualitative	  variables.	  	  

2.2   Research	  design	  
The	  design	  of	  a	  research	  depends	  heavily	  on	  its	  objective,	  context	  and	  problem.	  Research	  can	  usually	  
have	  different	  overall	  purposes	  (Höst,	  Regnell	  and	  Runesson	  2006):	  
	  



 6 

-‐   Descriptive,	  the	  main	  goal	  of	  a	  study	  is	  to	  find	  out	  and	  describe	  the	  way	  something	  works	  or	  
how	  it	  is	  being	  carried	  out.	  	  

-‐   Exploratory,	  the	  goal	  of	  	  a	  study	  in	  this	  case	  is	  to	  understand	  in	  depth	  how	  something	  is	  done	  
or	  how	  it	  works.	  

-‐   Explanatory,	  the	  goal	  of	  a	  study	  is	  to	  highlight	  the	  cause	  and	  find	  explanations	  for	  how	  
something	  is	  done	  or	  how	  it	  works.	  	  

-‐   Problem-‐solving,	  the	  main	  goal	  of	  a	  study	  is	  to	  find	  a	  solution	  for	  an	  existing	  problem	  that	  
has	  been	  identified.	  	  

	  
The	  combination	  of	  two	  or	  three	  purposes	  in	  one	  study	  is	  possible.	  For	  example,	  a	  problem	  could	  be	  
identified	  in	  either	  descriptive	  or	  exploratory	  study	  which	  then	  will	  be	  solved	  in	  a	  problem-‐solving	  
sub-‐study	  (Höst,	  Regnell	  and	  Runesson,	  2006).	  	  
	  
For	  each	  of	  the	  research	  designs	  there	  are	  different	  type	  of	  tools	  for	  data	  collection	  and	  analysis.	  The	  
tools	  are	  usually	  surveys,	  interviews,	  observations	  and	  document	  analysis.	  There	  are	  four	  generic	  
research	  designs	  for	  master	  thesis	  studies	  within	  applied	  science	  area	  (Höst,	  Regnell	  and	  Runesson	  
2006):	  
	  

-‐   Survey:	  compilation	  and	  description	  of	  the	  current	  state	  of	  the	  object	  studied.	  Often	  used	  
for	  mapping	  and	  describing	  a	  broad	  case.	  	  

-‐   Case	  study:	  studying	  one	  or	  several	  cases	  in	  depth,	  trying	  not	  to	  affect	  those.	  	  
-‐   Experiment:	  comparative	  analysis	  of	  two	  or	  more	  alternatives,	  trying	  to	  isolate	  a	  few	  factors	  

and	  manipulate	  one	  of	  them	  
-‐   Action	  research:	  a	  supervised	  and	  documented	  study	  of	  an	  activity	  aimed	  at	  solving	  a	  

problem.	  	  
	  
This	  study	  is	  conducted	  using	  the	  survey	  design	  with	  a	  combination	  of	  descriptive	  and	  exploratory	  
purposes	  because	  of	  the	  nature	  of	  the	  topic.	  	  	  

2.3   Research	  methods	  
This	  study	  is	  divided	  into	  three	  main	  parts.	  An	  overview	  of	  this	  is	  presented	  in	  Figure	  2.1	  below.	  
	  

	  
Figure	  2.1	  Overview	  of	  the	  project	  methodology.	  

2.3.1   Literature	  review	  and	  framework	  selection	  
The	  first	  step	  of	  this	  project	  was	  to	  conduct	  a	  literature	  review,	  which	  is	  described	  as	  one	  of	  the	  
fundamental	  methods	  of	  research	  (Höst,	  Regnell,	  and	  Runesson	  2006).	  The	  literature	  review	  had	  
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three	  different	  purposes.	  Firstly,	  to	  get	  a	  comprehensive	  understanding	  of	  Industry	  4.0,	  the	  result	  of	  
this	  is	  presented	  in	  Appendix	  A.	  Secondly,	  to	  identify	  a	  suitable	  way	  of	  measuring	  Industry	  4.0	  
maturity	  for	  SMEs	  in	  Sweden	  -‐	  selecting	  a	  maturity	  assessment	  framework.	  This	  part	  is	  presented	  in	  
Chapter	  3,	  Industry	  4.0	  maturity	  models.	  And	  lastly,	  existing	  studies	  on	  the	  topic	  of	  Industry	  4.0	  
maturity	  was	  compiled	  in	  Chapter	  4,	  Previous	  research.	  It	  is	  with	  this	  the	  results	  of	  the	  survey	  will	  be	  
compared.	  	  
	  
Three	  databases	  were	  used	  when	  searching	  for	  literature,	  Lubsearch,	  Scopus	  and	  Google	  Scholar.	  
The	  search	  words	  were:	  

-‐   Maturity	  model	  
-‐   Readiness	  model	  
-‐   Assessment	  
-‐   Framework	  

	  
The	  search	  words	  were	  used	  in	  combination	  with	  “Industry	  4.0”	  and	  with	  and	  without	  “SME”.	  
	  
In	  order	  to	  fulfill	  the	  second	  purpose	  of	  finding	  a	  maturity	  model,	  a	  more	  structured	  literature	  
review	  was	  conducted.	  After	  filtering	  search	  results	  for	  topic	  relevance,	  credibility	  and	  publication	  
date	  (only	  articles	  published	  after	  2013,	  due	  to	  the	  novelty	  of	  the	  topic),	  15	  models	  were	  identified.	  
The	  models	  come	  mainly	  from	  academic	  publications,	  but	  some	  consultancy	  reports	  were	  included	  
to	  get	  a	  deeper	  pool	  of	  models.	  
	  
Models	  where	  assessed	  from	  three	  criteria,	  which	  were	  determined	  after	  reading	  the	  models:	  
comprehensiveness,	  practicality	  and	  proven	  track	  record.	  

2.3.2   Empirical	  research	  
The	  data	  collection	  part	  was	  conducted	  through	  an	  online	  survey	  that	  was	  available	  on	  a	  particular	  
server	  and	  distributed	  to	  the	  respondents	  via	  email	  (Höst,	  Regnell	  and	  Runesson	  2006).	  The	  survey	  
tool	  used	  was	  Google	  forms.	  	  
	  
The	  chosen	  sampling	  method	  is	  simple	  random	  sample,	  where	  subset	  is	  chosen	  from	  a	  larger	  set.	  
Each	  participant	  is	  chosen	  randomly	  and	  has	  the	  same	  probability	  of	  being	  chosen	  as	  the	  others.	  This	  
approach	  contributes	  a	  more	  representative	  sampling	  result	  (Höst,	  Regnell	  and	  Runesson	  2006).	  
	  
The	  collection	  of	  empirical	  data	  was	  realized	  by	  using	  the	  survey	  presented	  in	  Appendix	  D.	  The	  
survey	  was	  delivered	  to	  the	  companies	  by	  email.	  Data	  collection	  was	  held	  during	  following	  period:	  
9/4/2019-‐23/4/2019.	  
	  
Following	  criteria	  was	  used	  to	  select	  the	  companies	  included	  in	  this	  study:	  
	  
Size:	  The	  studied	  companies	  will	  be	  SMEs,	  defined	  as	  having	  a	  yearly	  revenue	  of	  between	  2	  and	  50	  
million	  euro	  and	  having	  between	  10	  and	  250	  employees	  (European	  commission,	  2019).	  	  
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Industry:	  Manufacturing	  companies	  will	  be	  chosen	  as	  objects	  of	  study	  as	  it	  was	  hypothesized	  that	  
they	  would	  in	  a	  higher	  degree	  have	  knowledge	  of	  Industry	  4.0.	  Previous	  studies	  have	  done	  the	  same	  
delimitation	  (Lichtblau	  et	  al.	  2015;	  Saidatul	  et	  al.	  2018).	  Furthermore,	  the	  products	  of	  the	  chosen	  
companies	  have	  to	  be	  customizable.	  The	  customization	  enables	  the	  possibility	  of	  self-‐optimizing	  and	  
self-‐guiding	  of	  products	  through	  a	  Smart	  factory.	  Additionally,	  the	  idea	  of	  Data-‐driven	  services	  is	  
applicable	  on	  customizable	  products	  only.	  	  
	  
Respondent:	  It	  is	  important	  that	  the	  respondent	  has	  strategic	  and	  operational	  understanding	  of	  
Industry	  4.0,	  as	  the	  model	  has	  a	  comprehensive	  approach.	  No	  constraint	  is	  set	  on	  respondent	  
position,	  but	  the	  company	  will	  be	  urged	  to	  select	  a	  respondent	  that	  possess	  both	  views	  of	  the	  
business.	  	  
	  
Sub	  industries:	  The	  targeted	  companies	  operate	  within	  different	  manufacturing	  sub-‐industries	  and	  
those	  are	  presented	  in	  Appendix	  B.	  Each	  company	  was	  assigned	  a	  sub-‐industry	  by	  using	  a	  database	  
that	  can	  be	  reached	  through	  the	  website	  allabolag.se.	  
	  
286	  companies	  received	  the	  survey,	  whereof	  answers	  provided	  by	  28	  are	  included	  in	  this	  study.	  The	  
names	  of	  the	  companies	  will	  not	  be	  presented	  due	  to	  the	  privacy	  preferences.	  

2.3.3   Analysis	  and	  conclusion	  
In	  the	  analysis	  the	  results	  are	  processed	  in	  order	  to	  reach	  deeper	  conclusions.	  After	  the	  analysis,	  the	  
results	  are	  discussed,	  where	  the	  data	  is	  looked	  at	  from	  other	  perspectives	  than	  the	  core	  theory.	  
Finally,	  the	  main	  results	  are	  summarized	  in	  conclusions.	  The	  analysis	  is	  split	  up	  into	  two	  main	  parts,	  
one	  for	  each	  research	  question.	  In	  the	  first	  part	  the	  results	  related	  to	  maturity	  level	  are	  analyzed	  and	  
in	  the	  second	  part	  the	  results	  related	  to	  challenges	  are	  analyzed.	  	  
	  
The	  first	  part	  is	  further	  split	  up	  into	  two	  sub-‐parts,	  one	  part	  where	  the	  total	  and	  dimension	  maturity	  
level	  is	  analyzed	  by	  comparison	  with	  the	  previous	  research	  and	  one	  part	  in	  which	  the	  aim	  is	  to	  
identify	  patterns	  in	  the	  maturity	  level	  by	  plotting	  against	  other	  covariates	  from	  the	  data,	  specifically	  
revenue,	  size	  (small	  or	  medium-‐sized)	  and	  sub-‐industry.	  The	  first	  sub-‐part	  is	  more	  of	  qualitative	  
character,	  whereas	  the	  second	  is	  of	  a	  more	  quantitative	  character.	  
	  
In	  the	  second	  part	  the	  companies	  are	  categorized	  based	  on	  their	  maturity	  level.	  After	  that,	  
conclusions	  are	  drawn	  both	  based	  on	  a	  qualitative	  analysis	  of	  the	  survey	  results	  and	  a	  qualitative	  
analysis	  on	  the	  open-‐end	  questions,	  by	  comparing	  them	  to	  the	  theory.	   	  



 9 

3   Industry	  4.0	  maturity	  models	  
In	  this	  chapter	  the	  result	  of	  the	  maturity	  model	  literature	  review	  is	  presented,	  with	  emphasize	  on	  
explaining	  the	  chosen	  model,	  the	  Impuls	  maturity	  model.	  	  

3.1   Assessing	  Industry	  4.0	  maturity	  
Assessing	  maturity	  for	  Industry	  4.0	  at	  company	  level	  is	  usually	  based	  on	  self-‐assessment.	  Information	  
needed	  for	  the	  assessment	  is	  generally	  collected	  through	  internet	  surveys	  and	  sometimes	  by	  phone	  
interviews.	  The	  surveys	  target	  in	  most	  cases	  general	  information	  on	  enterprises,	  manufacturing	  and	  
branch	  specific	  data	  (Rajnai	  and	  Kocsis,	  2018).	  Similar	  approach	  can	  be	  observed	  at	  global	  level	  (The	  
Boston	  Consulting	  Group,	  2016).	  The	  same	  approach	  is	  used	  in	  this	  study.	  	  
	  
There	  are	  general	  maturity	  models,	  e.g.	  Project	  Management	  Maturity	  Model	  (Seesing	  2003),	  not	  
specifically	  focusing	  on	  Industry	  4.0.	  Given	  the	  cutting	  edge	  nature	  of	  Industry	  4.0,	  only	  models	  
designated	  for	  Industry	  4.0	  have	  been	  considered.	  	  

3.2   Choice	  of	  maturity	  model	  
The	  Impuls	  maturity	  model	  will	  be	  used	  in	  this	  study	  as	  the	  maturity	  assessment	  model.	  This	  decision	  
was	  made	  by	  comparing	  the	  different	  maturity	  models	  found	  through	  the	  literature	  review.	  In	  this	  
subchapter,	  the	  reasoning	  behind	  choosing	  the	  Impuls	  model	  is	  presented.	  	  
	  
The	  Impuls	  model	  was	  chosen	  because	  of	  three	  reasons:	  it	  is	  comprehensive,	  it	  is	  practical	  and	  it	  has	  
been	  tested.	  	  
	  
Several	  models	  focus	  heavily	  on	  the	  operational	  and	  technological	  aspects	  of	  Industry	  4.0	  (Qin,	  Liu,	  
and	  Grosvenor,	  2016;	  Weyer	  et	  al.	  2015;	  Rockwell	  Automation	  2014;	  Anderl	  et	  al.	  2015),	  thus	  
disregarding	  the	  fact	  that	  Industry	  4.0,	  like	  all	  new	  strategic	  paradigms,	  have	  to	  be	  supported	  by	  
management	  and	  an	  aligned	  organization	  (Paton	  and	  McCalman	  2008;	  Schuh	  et	  al.	  2017).	  Other	  
models	  focus	  heavily	  on	  the	  management	  and	  organizational	  aspects	  of	  Industry	  4.0	  (Schumacher,	  
Erol,	  and	  Sihn.	  2016;	  Kannan	  et	  al.	  2017;	  Ganzarain	  and	  Errasti	  2016).	  As	  Industry	  4.0	  fundamentally	  
is	  driven	  by	  technological	  development	  (Moeuf	  et	  al.	  2018)	  and	  consequently,	  the	  operational	  
applications	  are	  an	  essential	  way	  of	  assessing	  Industry	  4.0	  maturity.	  The	  Impuls	  maturity	  model	  
offers	  a	  comprehensive	  way	  of	  assessing	  Industry	  4.0,	  focusing	  on	  both	  the	  strategic	  aspects	  and	  the	  
technological.	  The	  model	  is	  built	  on	  six	  dimensions,	  three	  of	  them	  being	  more	  technological	  (Smart	  
products,	  Smart	  operations	  and	  Smart	  factories),	  two	  of	  them	  being	  strategic	  or	  organizational	  
(Employees	  and	  Strategy	  and	  organization)	  and	  one	  lying	  in	  the	  intersection	  (Data-‐driven	  services).	  
There	  are	  other	  maturity	  models	  that	  succeed	  in	  doing	  this	  (Jung	  et	  al.	  2016;	  Geissbauer	  et	  al.	  2016;	  
Schuh	  et	  al.	  2017;	  Scremin	  et	  al.	  2018;	  Mittal	  et	  al.	  2018).	  The	  Impuls	  maturity	  model	  was	  chosen	  
among	  the	  2-‐dimensional	  maturity	  models	  due	  to	  its	  practicality.	  The	  other	  models	  are	  more	  
conceptual	  (Geissbauer	  et	  al.	  2016;	  Schuh	  et	  al.	  2017;	  Scremin	  et	  al.	  2018;	  Mittal	  et	  al.	  2018)	  or	  
statistical	  (Jung	  et	  al.	  2016),	  whilst	  the	  Impuls	  model	  has	  clearly	  defined	  dimensions	  and	  levels	  within	  
each	  dimension,	  making	  it	  more	  suitable	  for	  this	  study.	  Also,	  the	  Impuls	  model	  has	  proven	  its	  
functionality	  in	  two	  different	  studies	  (Lichtblau	  et	  al.	  2015;	  Saidatul	  et	  al.	  2018).	  
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It	  has	  been	  argued	  that	  the	  Impuls	  maturity	  model	  fails	  to	  consider	  the	  limitations	  of	  SMEs	  when	  it	  
comes	  to	  implementing	  Industry	  4.0	  (Mittal	  et	  al.	  2018).	  Specifically,	  it	  is	  argued	  that	  the	  Impuls	  
maturity	  model	  doesn’t	  take	  into	  account	  limitations	  regarding	  technological	  resources	  availability,	  
employee	  participation	  and	  organizational	  culture	  (Mittal	  et	  al.	  2018).	  The	  model	  however	  has	  
successfully	  been	  applied	  on	  SMEs	  in	  previous	  studies,	  suggesting	  it	  does	  work	  in	  practice	  when	  it	  
comes	  to	  SMEs	  (Lichtblau	  et	  al.	  2015;	  Saidatul	  et	  al.	  2018).	  

3.3   The	  Impuls	  model	  
The	  Impuls	  maturity	  model	  is	  created	  by	  the	  Impuls	  Foundation,	  a	  think	  tank	  part	  of	  the	  mechanical	  
engineering	  industry	  association	  in	  Germany,	  VDMA	  (VDMA,	  2019).	  Their	  goal	  is	  to	  support	  German	  
manufacturing	  companies,	  in	  this	  case	  by	  creating	  an	  Industry	  4.0	  maturity	  model	  and	  assessing	  the	  
current	  maturity	  of	  German	  manufacturing	  corporations,	  as	  they	  have	  identified	  Industry	  4.0	  as	  a	  
pivotal	  driver	  of	  development	  in	  the	  industry	  (Lichtblau	  et	  al.	  2015).	  
	  
The	  model	  was	  created	  in	  two	  steps.	  Firstly,	  an	  extensive	  review	  of	  existing	  literature	  was	  made.	  
Secondly,	  interviews	  and	  workshops	  with	  companies	  that	  were	  experienced	  within	  Industry	  4.0	  were	  
held	  together	  with	  scientists	  from	  Cologne	  Institute	  for	  Economic	  Research.	  Together	  they	  identified	  
success-‐factors	  related	  to	  Industry	  4.0.	  These	  factors	  then	  constituted	  the	  basis	  for	  the	  dimensions	  
of	  the	  model.	  	  

3.3.1   Model	  dimensions	  
As	  a	  result	  of	  their	  research,	  the	  Industry	  4.0	  maturity	  model	  of	  the	  Impuls	  Foundation	  of	  VDMA	  is	  
based	  on	  six	  dimensions,	  each	  dimension	  being	  defined	  by	  a	  number	  of	  sub-‐dimensions.	  	  
	  
3.3.1.1   Strategy	  and	  organization	  
Industry	  4.0	  is	  not	  only	  about	  improving	  processes	  and	  products	  in	  companies	  by	  using	  technologies.	  
It	  encourages	  the	  development	  of	  entirely	  new	  business	  models	  (Lichtblau	  et	  al.	  2015).	  This	  is	  
encapsulated	  in	  the	  dimension	  Strategy	  and	  organization.	  The	  criteria	  listed	  in	  Figure	  3.1	  are	  used	  to	  
get	  an	  understanding	  of	  the	  maturity	  level	  inside	  this	  dimension.	  	  

	  
Figure	  3.1.	  Maturity	  Model	  for	  the	  dimension	  of	  Strategy	  and	  organization	  –	  minimum	  requirements.	  
(Lichtblau	  et	  al.	  2015).	  	  
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Smart	  factory	  
The	  concept	  of	  the	  Smart	  factory	  implicates	  a	  production	  environment	  where	  the	  production	  
systems	  and	  logistics	  systems	  are	  able	  to	  organize	  themselves	  without	  any	  interaction	  with	  humans.	  
In	  this	  environment	  the	  workpieces	  will	  autonomously	  guide	  themselves	  throughout	  the	  production	  
processes,	  while	  simultaneously	  controlling	  and	  monitoring	  the	  processes	  too.	  One	  of	  the	  most	  
crucial	  parts	  of	  the	  Smart	  factory	  is	  cyber-‐physical	  systems	  (CPS)	  which	  act	  as	  a	  link	  between	  the	  
physical	  and	  virtual	  worlds	  by	  a	  communication	  through	  an	  IT	  infrastructure.	  Placement	  of	  
comprehensive	  sensor	  technology	  at	  strategic	  data	  collection	  points	  throughout	  the	  factory	  and	  on	  
the	  machinery	  and	  systems	  is	  another	  key	  future	  of	  the	  Smart	  factory.	  This	  will	  enable	  capturing	  of	  
all	  the	  relevant	  process-‐	  and	  transaction	  related	  data	  in	  real	  time	  and	  analyzing	  it	  for	  mapping	  the	  
order	  processing.	  It	  will	  also	  ensure	  that	  the	  resources	  are	  used	  efficiently	  (Lichtblau	  et	  al.	  2015).	  	  
	  
The	  maturity	  within	  the	  dimension	  Smart	  factory	  is	  measured	  on	  four	  criteria:	  digital	  modeling,	  
equipment	  infrastructure,	  data	  usage	  and	  IT	  systems.	  These	  criteria	  are	  broken	  down	  into	  six	  sub-‐
dimensions,	  which	  are	  illustrated	  in	  Figure	  3.2.	  	  
	  

	  
Figure	  3.2.	  Maturity	  Model	  for	  the	  dimension	  of	  Smart	  factory	  –	  minimum	  requirements.	  (Lichtblau	  et	  
al.	  2015).	  	  
	  
3.3.1.2   Smart	  Operations	  
The	  enterprise-‐wide	  and	  cross-‐enterprise	  integration	  of	  the	  physical	  and	  virtual	  worlds	  is	  one	  of	  the	  
fundamental	  characteristics	  of	  Industry	  4.0.	  The	  digital	  transformation	  and	  the	  huge	  amount	  of	  data	  
this	  integration	  brought	  with	  it	  have	  made	  it	  possible	  to	  develop	  entirely	  new	  supply	  chain	  
management	  and	  production	  planning	  approaches.	  Smart	  operations	  imply	  the	  technical	  
requirements	  in	  production	  and	  production	  planning	  needed	  for	  realizing	  the	  self-‐guided	  workpieces	  
(Lichtblau	  et	  al.	  2015).	  	  
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Industry	  4.0	  maturity	  in	  the	  area	  of	  Smart	  operations	  is	  determined	  using	  the	  following	  four	  criteria:	  
information	  sharing,	  cloud	  usage,	  IT	  security	  and	  autonomous	  processes.	  The	  details	  and	  
requirements	  for	  each	  criterion	  are	  found	  in	  Figure	  3.3.	  	  

	  
Figure	  3.3.	  Maturity	  Model	  for	  the	  dimension	  of	  Smart	  operations	  –	  minimum	  requirements.	  
(Lichtblau	  et	  al.	  2015).	  	  
	  
3.3.1.3   Smart	  products	  
Smart	  products	  are	  physical	  products	  equipped	  with	  information	  and	  communication	  technology,	  
ICT,	  components	  (sensors,	  RFID,	  communication	  interface	  etc.)	  which	  enables	  data	  collection	  on	  
their	  environment	  and	  their	  own	  status.	  Once	  the	  products	  gather	  the	  needed	  data	  and	  know	  their	  
way	  through	  the	  production	  while	  simultaneously	  communicating	  with	  a	  higher-‐level	  system,	  the	  
production	  processes	  can	  be	  improved	  and	  be	  self-‐guided	  in	  real	  time.	  This	  also	  adds	  a	  possibility	  of	  
optimizing	  and	  monitoring	  the	  status	  for	  a	  particular	  product	  and	  builds	  the	  base	  for	  Data-‐driven	  
services,	  where	  customers	  can	  communicate	  with	  manufacturers	  (Lichtblau	  et	  al.	  2015).	  	  
	  
The	  maturity	  level	  in	  this	  dimension	  is	  determined	  by	  looking	  at	  the	  ICT	  add-‐on	  functionalities	  of	  
products	  of	  the	  company	  and	  the	  extent	  to	  which	  data	  from	  the	  usage	  phase	  is	  analyzed	  at	  different	  
levels	  in	  company	  e.g.	  product	  development,	  sales	  support	  or	  after-‐sales	  (Lichtblau	  et	  al.	  2015).	  In	  
Figure	  3.4	  the	  sub-‐dimensions	  are	  presented.	  
	  

Figure	  3.4.	  Maturity	  Model	  for	  the	  dimension	  of	  Smart	  products	  –	  minimum	  requirements.	  (Lichtblau	  
et	  al.	  2015).	  	  
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3.3.1.4   Data-‐driven	  services	  
Data-‐driven	  services	  is	  about	  companies	  evolving	  from	  only	  selling	  products	  to	  providing	  solutions.	  
One	  of	  the	  most	  important	  features	  of	  Industry	  4.0	  is	  a	  total	  reconsideration	  of	  existing	  business	  
models.	  Companies	  should	  focus	  more	  on	  the	  benefit	  to	  the	  customer	  and	  will	  get	  an	  opportunity	  to	  
both	  digitize	  their	  existing	  business	  models	  and	  develop	  new.	  The	  after-‐sales	  and	  other	  services	  will	  
be	  based	  on	  the	  evaluation	  of	  collected	  data.	  To	  make	  the	  data	  collection	  possible	  the	  sold	  physical	  
products	  have	  to	  be	  equipped	  with	  sensors	  so	  they	  can	  send,	  receive	  and	  process	  the	  necessary	  
information	  (Lichtblau	  et	  al.	  2015).	  Maturity	  level	  in	  this	  area	  of	  Data-‐driven	  services	  is	  determined	  
by	  looking	  at	  three	  criteria	  demonstrated	  in	  Figure	  3.5.	  
	  

	  
Figure	  3.5.	  Maturity	  Model	  for	  the	  dimension	  of	  Data-‐driven	  services	  –	  minimum	  requirements.	  
(Lichtblau	  et	  al.	  2015).	  	  
	  
3.3.1.5   Employees	  
Changes	  in	  the	  workplace	  driven	  by	  digitalization,	  highly	  affect	  the	  employees.	  The	  working	  
environment	  that	  they	  are	  used	  to	  is	  changed,	  making	  them	  learn	  new	  skills	  and	  qualifications.	  This	  
is	  the	  reason	  why	  the	  companies	  that	  are	  going	  through	  a	  digital	  transformation	  should	  prepare	  
their	  employees	  for	  these	  changes	  through	  suitable	  training	  and	  education.	  The	  maturity	  level	  in	  this	  
area	  is	  determined	  by	  looking	  at	  the	  employees	  existing	  skills	  in	  different	  fields	  and	  the	  efforts	  that	  
the	  company	  makes	  in	  order	  to	  acquire	  new	  skills	  and	  qualifications	  (Lichtblau	  et	  al.	  2015),	  which	  
can	  be	  seen	  in	  Figure	  3.6.	  	  
	  

	  
Figure	  3.6.	  Maturity	  Model	  for	  the	  dimension	  of	  Employees	  –	  minimum	  requirements.	  (Lichtblau	  et	  al.	  
2015).	  	  
	  
Each	  of	  these	  six	  dimensions	  is	  further	  decomposed	  into	  18	  fields,	  which	  in	  turn	  groups	  their	  
respective	  indicators	  and	  constitutes	  the	  basis	  for	  measuring	  the	  Industry	  4.0	  maturity	  of	  the	  
companies	  (Lichtblau	  et	  al.	  2015).	  An	  overview	  of	  this	  is	  presented	  in	  Figure	  3.7.	  
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Figure	  3.7.	  Dimension	  and	  associated	  fields	  of	  Industry	  4.0.	  (Lichtblau	  et	  al.	  2015).	  	  

3.3.2   Model	  maturity	  levels	  
Based	  on	  the	  indicator	  values,	  a	  six-‐level	  model	  for	  measuring	  Industry	  4.0	  maturity	  has	  been	  
developed.	  Each	  of	  the	  six	  maturity	  levels	  (0	  to	  5)	  includes	  minimal	  requirements	  that	  companies	  
have	  to	  meet	  in	  order	  to	  complete	  the	  level	  (Lichtblau	  et	  al.	  2015).	  	  
	  
The	  six	  levels	  of	  the	  Maturity	  Model	  can	  be	  described	  as	  follows:	  
	  
Level	  0:	  Outsider.	  At	  this	  level	  companies	  do	  not	  meet	  any	  of	  the	  Industry	  4.0	  requirements.	  
	  
Level	  1:	  Beginner.	  Involvement	  in	  Industry	  4.0	  at	  this	  level	  is	  characterized	  through	  pilot	  initiatives	  in	  
various	  departments	  and	  investments	  in	  a	  single	  area.	  IT	  systems	  in	  the	  company	  supports	  only	  a	  
few	  production	  processes.	  The	  future	  integration	  and	  communications	  requirements	  are	  only	  
partially	  satisfied	  by	  the	  existing	  equipment	  infrastructure	  in	  the	  company.	  The	  information	  sharing	  
through	  the	  systems	  in	  the	  company	  is	  limited	  to	  a	  few	  areas.	  IT	  security	  solutions	  are	  only	  in	  
planning	  or	  implementation	  phase.	  At	  this	  level	  companies	  make	  first	  steps	  in	  direction	  of	  IT-‐based	  
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add-‐on	  functionalities	  for	  their	  products.	  The	  employee	  skills	  needed	  for	  developing	  Industry	  4.0	  are	  
only	  found	  in	  few	  areas	  of	  the	  company	  (Lichtblau	  et	  al.	  2015).	  
	  
Level	  2:	  Intermediate.	  At	  this	  level	  companies	  incorporate	  Industry	  4.0	  into	  their	  strategic	  
orientation.	  A	  strategy	  for	  Industry	  4.0	  implementation	  and	  the	  appropriate	  indicators	  for	  measuring	  
the	  implementation	  status	  are	  being	  developed.	  Investments	  are	  only	  made	  in	  a	  few	  areas.	  Some	  
data	  within	  production	  areas	  is	  being	  automatically	  collected	  and	  used	  to	  a	  limited	  extent.	  The	  
future	  expansion	  is	  not	  supported	  by	  the	  equipment	  infrastructure.	  Internal	  information	  sharing	  is	  
integrated	  in	  the	  systems	  to	  some	  extent.	  Even	  integration	  of	  information	  sharing	  with	  business	  
partners	  are	  being	  taken	  into	  consideration	  and	  first	  steps	  are	  being	  taken	  for	  the	  realization	  too.	  IT	  
security	  solutions	  are	  in	  place	  and	  being	  expanded.	  At	  this	  level	  companies	  are	  making	  products	  with	  
the	  first	  IT-‐based	  add-‐on	  functionalities.	  The	  employee	  skills	  for	  expanding	  Industry	  4.0	  can	  be	  found	  
in	  some	  areas	  (Lichtblau	  et	  al.	  2015).	  	  
	  
Level	  3:	  Experienced.	  At	  this	  level	  an	  Industry	  4.0	  strategy	  is	  formulated.	  The	  company	  is	  making	  
Industry	  4.0	  related	  investments	  in	  multiple	  areas	  and	  starts	  to	  promote	  the	  introduction	  of	  Industry	  
4.0	  in	  its	  departments	  through	  innovation	  management.	  The	  linkage	  between	  IT	  systems	  is	  
supported	  by	  an	  appropriate	  interface.	  The	  IT	  systems	  support	  the	  production	  processes	  too	  and	  
data	  is	  collected	  automatically	  in	  key	  areas.	  The	  equipment	  infrastructure	  is	  upgradable	  and	  
supports	  the	  future	  expansion.	  In-‐company	  and	  cross-‐enterprise	  information	  sharing	  is	  enabled	  by	  
and	  partially	  integrated	  into	  the	  system.	  Necessary	  IT	  security	  solutions	  have	  been	  implemented	  and	  
cloud-‐based	  solutions	  are	  planned	  to	  accommodate	  further	  expansion.	  This	  environment	  enables	  
the	  company	  to	  make	  products	  with	  several	  interconnected	  IT-‐based	  add-‐on	  functionalities.	  These	  
products	  create	  the	  basis	  of	  the	  fundamental	  Data-‐driven	  services,	  but	  the	  company	  still	  lacks	  the	  
integration	  with	  the	  customers.	  The	  Data-‐driven	  services	  account	  for	  a	  very	  small	  part	  of	  revenues.	  
Employees’	  skill	  sets	  are	  expanded	  through	  extensive	  efforts	  (Lichtblau	  et	  al.	  2015).	  	  
	  
Level	  4:	  Expert.	  Expert	  companies	  are	  using	  a	  comprehensive	  Industry	  4.0	  strategy	  and	  monitoring	  it	  
with	  appropriate	  indicators.	  Industry	  4.0	  related	  investments	  are	  being	  made	  in	  almost	  all	  relevant	  
areas.	  The	  investment	  process	  is	  supported	  by	  interdepartmental	  innovation	  management.	  The	  IT	  
systems	  are	  used	  to	  support	  most	  of	  the	  production	  processes	  and	  collect	  large	  amounts	  of	  data	  for	  
further	  process	  optimization.	  Further	  expansion	  in	  companies	  are	  possible	  due	  to	  the	  existing	  
equipment	  already	  satisfying	  future	  integration	  requirements.	  Both	  internal	  and	  cross-‐enterprise	  
information	  is	  largely	  integrated	  into	  the	  system.	  IT	  security	  solutions	  are	  used	  in	  the	  relevant	  areas	  
and	  IT	  is	  possible	  to	  scale	  through	  cloud-‐based	  solutions.	  Autonomously	  guided	  workpieces	  and	  self-‐
reacting	  processes	  are	  being	  explored.	  Both	  workpieces	  and	  the	  end	  products	  feature	  IT-‐based	  add-‐
on	  functionalities	  which	  in	  turn	  allow	  data	  collection	  and	  targeted	  analysis	  during	  the	  usage	  phase.	  
The	  Data-‐driven	  services	  enable	  direct	  integration	  between	  the	  customer	  and	  producer.	  The	  
necessary	  employee	  skills	  for	  the	  further	  developing	  of	  Industry	  4.0	  can	  be	  found	  in	  most	  of	  the	  
relevant	  areas	  (Lichtblau	  et	  al.	  2015).	  	  
	  
Level	  5:	  Top	  performer.	  Top	  performer	  companies	  have	  successfully	  implemented	  Industry	  4.0	  
strategy	  and	  are	  regularly	  monitoring	  the	  implementation	  status	  of	  other	  projects.	  This	  is	  achieved	  
through	  investments	  throughout	  the	  company.	  Enterprise-‐wide	  innovation	  management	  is	  
established.	  All	  the	  relevant	  data	  in	  production	  is	  automatically	  collected,	  which	  is	  enabled	  by	  a	  
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successful	  implementation	  of	  a	  comprehensive	  IT	  system	  support.	  All	  the	  requirements	  for	  
integration	  and	  system-‐integrated	  communications	  are	  satisfied	  by	  the	  existing	  equipment	  
infrastructure,	  which	  in	  turn	  makes	  system-‐integrated	  information	  sharing	  possible,	  both	  inside	  the	  
company	  and	  cross-‐enterprise.	  Comprehensive	  IT	  security	  solutions	  have	  been	  implemented	  across	  
all	  the	  areas	  and	  cloud-‐based	  solutions	  deliver	  a	  flexible	  IT	  architecture.	  Autonomously	  guided	  
workpieces	  and	  self-‐reacting	  processes	  are	  being	  used	  in	  some	  areas.	  Both	  workpieces	  and	  products	  
feature	  extensive	  IT-‐based	  add-‐on	  functionalities	  which	  in	  turn	  allow	  data	  collection	  and	  usage	  of	  
this	  data	  for	  functions	  such	  as	  product	  development,	  remote	  maintenance	  and	  sales	  support.	  The	  
Data-‐driven	  services	  for	  customers	  account	  for	  a	  substantial	  share	  of	  revenues	  and	  the	  producer	  is	  
fully	  integrated	  with	  customer.	  The	  company	  has	  a	  well-‐developed	  employee	  skill	  in	  all	  needed	  areas	  
and	  can	  move	  forward	  with	  Industry	  4.0	  (Lichtblau	  et	  al.	  2015).	  
	  
In	  order	  to	  make	  it	  possible	  to	  better	  summarize	  the	  results	  and	  draw	  conclusions	  about	  progress	  
and	  conditions	  relating	  to	  Industry	  4.0,	  the	  six	  maturity	  levels	  can	  be	  grouped	  into	  three	  types	  of	  
company	  (Lichtblau	  et	  al.	  2015):	  	  
	  

-‐   Newcomers	  (level	  0	  and	  1)	  describe	  those	  companies	  that	  have	  done	  either	  nothing	  at	  all	  or	  
very	  little	  in	  terms	  of	  facing	  Industry	  4.0.	  

-‐   Learners	  (level	  2)	  are	  the	  companies	  that	  have	  taken	  the	  first	  steps	  towards	  Industry	  4.0	  
implementation.	  

-‐   Leaders	  (level	  3	  and	  up)	  are	  the	  companies	  that	  are	  well	  on	  the	  way	  to	  implementing	  
Industry	  4.0.	  

	  

	  
Figure	  3.8.	  Six	  levels	  of	  Industry	  4.0	  Maturity	  Model.	  (Lichtblau	  et	  al.	  2015)	  	  

3.3.3   Total	  maturity	  score	  
The	  company	  gets	  ranked	  and	  assigned	  maturity	  level	  in	  each	  of	  the	  six	  dimensions	  based	  on	  the	  
lowest	  score	  of	  the	  sub-‐dimension	  within	  the	  given	  dimension.	  For	  example,	  if	  under	  Smart	  factory	  a	  
company	  gets	  the	  highest	  level	  5	  in	  three	  fields	  and	  level	  1	  in	  one	  field,	  then	  the	  maturity	  level	  for	  
the	  whole	  dimension	  is	  1(Lichtblau	  et	  al.	  2015).	  
	  
The	  final	  six	  dimension-‐level	  maturity	  score	  is	  calculated	  as	  a	  weighted	  average	  of	  the	  maturity	  
scores	  of	  the	  six	  dimensions.	  The	  weights	  are	  determined	  based	  on	  the	  importance	  assigned	  by	  the	  
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respondent	  companies	  to	  that	  dimension.	  (Lichtblau	  et	  al.	  2015).	  In	  this	  study,	  the	  same	  approach	  
was	  used	  and	  an	  additional	  estimation	  question	  was	  added	  to	  the	  main	  questionnaire.	   	  
	  
There	  are	  totally	  100	  possible	  points,	  and	  the	  six	  dimensions	  were	  weighted	  as	  follows	  based	  on	  the	  
average	  survey	  responses:	  
	  

-‐   Strategy	  and	  organization	  -‐	  24	  points	  
-‐   Smart	  factory	  -‐	  19	  points	  
-‐   Smart	  products	  -‐	  17	  points	  
-‐   Data-‐driven	  services	  -‐	  10	  points	  
-‐   Smart	  operations	  -‐	  8	  points	  	  
-‐   Employees	  -‐	  22	  points	  

	  

3.3.4   Empirical	  implementation	  
In	  order	  to	  be	  able	  to	  measure	  maturity,	  criteria	  were	  defined	  for	  each	  of	  the	  areas.	  To	  move	  to	  the	  
next	  maturity	  level	  a	  company	  has	  to	  meet	  these	  criteria.	  In	  Figure	  3.9	  four	  different	  scenarios	  are	  
presented	  and	  what	  the	  resulting	  maturity	  level	  would	  be	  (Lichtblau	  et	  al.	  2015):	  
	  

-‐   Scenario	  A,	  if	  the	  company	  meets	  the	  criteria	  for	  the	  level	  1	  but	  not	  for	  levels	  2	  to	  5,	  it	  will	  
be	  assigned	  the	  maturity	  level	  1.	  

	  
-‐   Scenario	  B,	  here	  it	  is	  not	  possible	  to	  determine	  whether	  the	  company	  meets	  the	  criteria	  for	  

level	  1,	  since	  it	  did	  not	  provide	  any	  answer	  (Missing	  values).	  However,	  if	  the	  criteria	  for	  the	  
level	  2	  have	  been	  met,	  the	  missing	  values	  from	  level	  1	  are	  interpreted	  as	  fulfilling	  criteria	  for	  
level	  1.	  The	  company	  is	  therefore	  will	  be	  assigned	  the	  maturity	  level	  1.	  

	  
-‐   Scenario	  C,	  no	  information	  is	  available	  for	  level	  1	  and	  criteria	  for	  level	  2	  is	  not	  met.	  The	  

missing	  values	  at	  level	  1	  are	  interpreted	  as	  not	  meeting	  criteria	  for	  the	  level	  1,	  the	  company	  
will	  therefore	  be	  assigned	  level	  0.	  	  	  

	  
-‐   Scenario	  D,	  if	  in	  any	  given	  sub-‐dimension,	  some	  of	  the	  levels	  criteria	  are	  the	  same,	  then	  the	  

highest	  of	  those	  levels	  will	  be	  chosen.	  	  	  	  
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Figure	  3.9.	  Satisfaction	  of	  one	  or	  more	  criteria.	  (Lichtblau	  et	  al.	  2015)	  	  

3.3.5   Adjustment	  of	  model	  
An	  additional	  questionnaire	  that	  is	  mapping	  fundamental	  aspects	  of	  the	  company	  and	  company	  
representative	  will	  be	  added	  as	  a	  part	  of	  the	  survey	  sent	  to	  companies.	  The	  following	  six	  questions	  
will	  be	  asked:	  
	  

1.   What’s	  the	  name	  of	  your	  company?	  
2.   What’s	  your	  position	  at	  the	  company?	  
3.   What	  was	  your	  revenue	  2018?	  
4.   What’s	  your	  employee	  count?	  
5.   Are	  your	  company	  aware	  of	  Industry	  4.0?	  

	  
In	  addition	  to	  the	  core	  model	  suggested	  by	  the	  Impuls	  Foundation,	  open-‐end	  question	  for	  each	  
dimension	  was	  added:	  
	  
What	  do	  you	  experience	  as	  the	  main	  challenges	  when	  it	  comes	  to	  implementing	  this	  dimension	  of	  
Industry	  4.0?	  
	  
This	  question	  will	  add	  depth	  and	  qualitative	  data	  to	  the	  challenges	  research	  question.	  	   	  
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4   Previous	  research	  
In	  this	  section	  result	  from	  previous	  research	  related	  to	  the	  research	  questions	  are	  presented.	  

4.1   Maturity	  level	  
In	  this	  subsection,	  the	  previous	  research	  related	  to	  RQ	  1	  is	  presented.	  

4.1.1   Overall	  maturity	  
Research	  has	  indicated	  that	  the	  maturity	  level	  of	  large,	  Swedish	  manufacturing	  companies	  is	  low	  
(Antonsson,	  2017).	  However,	  the	  same	  study	  showed	  that	  the	  implementation	  of	  Industry	  4.0	  
indeed	  has	  been	  initiated	  and	  that	  there	  are	  some	  companies	  that	  have	  already	  achieved	  high	  
maturity.	  	  
	  
In	  the	  original	  Impuls	  study,	  the	  maturity	  level	  in	  Germany	  was	  found	  to	  be	  low	  with	  a	  total	  average	  
maturity	  level	  of	  0.6	  for	  the	  manufacturing	  industry	  as	  a	  whole	  and	  0.9	  for	  the	  sub-‐industry	  
mechanical	  engineering	  industry	  (Lichtblau	  et	  al.	  2015).	  The	  maturity	  is	  distributed	  between	  the	  
different	  dimensions	  in	  accordance	  with	  Figure	  4.1.	  
	  

	  
Figure	  4.1.	  Average	  maturity	  level	  in	  each	  dimension	  for	  German	  companies.	  Source:	  (Lichtblau	  et	  al.	  
2015).	  

4.1.2   Maturity	  covariates	  
As	  part	  of	  RQ1,	  the	  maturity	  level	  will	  be	  compared	  against	  three	  covariates,	  revenue,	  size	  and	  sub-‐
industry.	  In	  this	  section,	  the	  previous	  research	  related	  to	  this	  is	  presented.	  
	  
4.1.2.1   Revenue	  
It	  has	  been	  found	  that	  there	  is	  no	  correlation	  between	  revenue	  and	  Industry	  4.0	  maturity	  level	  for	  
manufacturing	  companies	  in	  Sweden	  (Antonsson,	  2017).	  This	  study	  was	  conducted	  on	  only	  large	  
corporations	  and	  the	  researcher	  mentions	  that	  this	  could	  be	  the	  reason	  why	  no	  such	  relationship	  
was	  identified.	  
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4.1.2.2   Size	  
Previous	  studies	  have	  indicated	  that	  there	  is	  a	  positive	  relationship	  between	  size	  of	  organization,	  in	  
terms	  of	  both	  revenue	  and	  employee	  count,	  and	  Industry	  4.0	  maturity	  level.	  A	  study	  in	  Germany	  
showed	  that	  companies	  with	  less	  than	  500	  employees	  are	  more	  than	  twice	  as	  likely	  to	  not	  be	  aware	  
of	  Industry	  4.0	  as	  companies	  with	  more	  than	  1000	  employees	  (Weiß	  &	  Zilch,	  2014).	  
	  
In	  a	  systematic	  review,	  where	  nine	  studies	  looking	  at	  how	  the	  Industry	  4.0	  maturity	  correlated	  with	  
employee	  count,	  larger	  corporations	  were	  found	  to	  be	  better	  suited	  to	  actively	  and	  passively	  deal	  
with	  Industry	  4.0	  (Sommer,	  2015).	  	  

4.2   Challenges	  
In	  this	  subsection	  the	  previous	  research	  related	  to	  RQ	  2	  is	  presented.	  	  

4.2.1   Common	  challenges	  
Several	  studies	  have	  been	  made	  in	  order	  to	  understand	  the	  potential	  challenges	  with	  Industry	  4.0.	  
There	  are	  studies	  that	  focus	  more	  on	  the	  technical	  aspects	  of	  Industry	  4.0,	  while	  other	  focus	  on	  
organizational	  issues.	  The	  main	  goal	  of	  this	  thesis	  is	  to	  determine	  the	  overall	  Industry	  4.0	  maturity	  
level	  of	  Swedish	  SMEs	  and	  therefore	  the	  theory	  is	  based	  on	  the	  studies	  focusing	  on	  both	  
technological	  and	  organizational	  issues.	  
	  
These	  are	  the	  challenges	  that	  were	  found	  to	  be	  recurring	  in	  previous	  studies.	  
	  
Data	  challenges.	  Data	  in	  production	  environments	  is	  collected	  through	  different	  machines,	  sensors,	  
process	  data,	  product	  data,	  plant	  data,	  logistics	  data,	  and	  data	  from	  partners	  and	  infrastructure	  
data,	  which	  all	  together	  forms	  large	  amounts	  of	  data.	  One	  study	  found	  that	  the	  need	  for	  new	  
methods	  for	  storing,	  processing	  and	  management	  of	  such	  a	  big	  size	  of	  data	  arises	  (Khan	  and	  
Turowski,	  2016).	  For	  examples,	  new	  algorithms,	  models,	  visualization	  techniques	  and	  competent	  
personnel	  are	  required	  in	  order	  to	  gain	  benefits	  from	  such	  big	  amounts	  of	  data.	  Another	  issue	  found	  
in	  this	  area	  is	  lack	  of	  a	  standardized	  approach	  for	  data	  management,	  which	  results	  in	  different	  
departments	  using	  different	  formats	  of	  data	  and	  therefore	  the	  amount	  of	  data	  redundancy,	  
inconsistency	  and	  different	  interpretations	  of	  the	  same	  data	  become	  a	  huge	  problem	  (Khan	  and	  
Turowski,	  2016).	  Finally,	  the	  integration	  between	  different	  systems	  would	  eliminate	  the	  above	  
mentioned	  problems,	  but	  is	  hard	  to	  execute	  because	  of	  needed	  changes	  in	  data	  structure,	  which	  was	  
found	  by	  another	  study	  to	  be	  a	  significant	  challenge	  when	  it	  comes	  to	  data	  (Abraham	  et	  al.,	  2016).	  
	  
Training	  and	  skill	  development.	  Companies	  face	  shortage	  of	  competent	  personnel	  and	  there	  are	  
different	  reasons	  for	  it.	  The	  first	  one	  is	  the	  aging	  population	  who	  take	  all	  the	  production	  knowledge	  
and	  experience	  with	  them	  when	  retiring.	  The	  second	  issue	  is	  about	  keeping	  the	  skilled	  staff	  within	  
the	  organization,	  as	  the	  younger	  generation	  prefers	  switching	  jobs	  more	  frequently.	  Finally,	  it	  leaves	  
organizations	  with	  an	  older	  workforce,	  who	  refuse	  to	  accept	  changes,	  learn	  technologies	  and	  change	  
their	  work	  routines	  which	  results	  in	  lack	  of	  knowledge	  and	  know-‐how	  among	  the	  personnel	  (Khan	  
and	  Turowski,	  2016).	  
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Process	  flexibility.	  The	  nature	  of	  products	  is	  under	  constant	  changes	  by	  and	  individualized	  and	  
customized	  products	  become	  more	  demanded	  today.	  In	  order	  to	  fulfil	  the	  demand,	  flexibility	  at	  
production	  level	  is	  required	  which	  in	  turn	  is	  only	  possible	  if	  the	  production	  environment	  is	  adaptable	  
at	  a	  process	  level.	  The	  issue	  here	  is	  that	  technology	  used	  at	  the	  shop	  floor	  does	  not	  support	  the	  
process	  flexibility.	  The	  processes	  and	  systems	  at	  production	  level	  are	  used	  and	  managed	  isolated	  in	  
various	  departments,	  which	  makes	  change	  management	  at	  a	  production	  level	  quite	  challenging.	  
Well-‐developed	  change	  management,	  process	  standardization	  and	  synchronization	  between	  
company	  departments	  are	  needed	  in	  order	  to	  provide	  the	  needed	  process	  flexibility	  (Khan	  and	  
Turowski,	  2016).	  The	  other	  issue	  is	  when	  the	  human	  is	  at	  the	  core	  of	  the	  value	  creation,	  this	  could	  
make	  the	  business	  incompatible	  with	  Industry	  4.0,	  for	  example	  with	  no	  room	  for	  automation	  
(Samuel	  Nilsen	  and	  Eric	  Nyberg	  (2016)).	  
	  
Security.	  Security	  has	  always	  been	  and	  will	  be	  a	  big	  concern	  in	  different	  industries.	  The	  use	  of	  smart	  
devices	  in	  production	  sites	  is	  increasing	  and	  the	  count	  of	  IoT	  devices	  will	  be	  more	  than	  64	  billion	  by	  
2025	  (Newman,	  2019).	  Monitoring	  and	  maintaining	  both	  hardware	  and	  software	  of	  such	  systems	  in	  
production	  sites	  are	  challenging	  and	  often	  ignored	  too.	  In	  order	  to	  avoid	  different	  security	  threats	  
such	  as	  malfunction	  and	  viruses,	  the	  devices	  have	  to	  be	  updated	  on	  a	  regular	  basis	  (Abraham	  et	  al.,	  
2016).	  
	  
Financial	  and	  strategic	  uncertainties.	  According	  to	  Dennis	  K.	  et	  al.	  (2017)	  the	  companies	  do	  not	  want	  
to	  invest	  in	  Industry	  4.0	  projects	  due	  to	  the	  lack	  of	  demonstrated	  business	  cases,	  which	  contributes	  
to	  uncertainties	  about	  financial	  benefits	  of	  the	  investments.	  Additionally,	  there	  is	  neither	  a	  strategy	  
to	  coordinate	  actions	  across	  different	  organizational	  units	  nor	  courage	  to	  push	  through	  a	  radical	  
transformation.	  

4.2.2   Type	  challenges	  
In	  this	  chapter	  the	  challenges	  presented	  in	  the	  Industrie	  4.0	  Readiness	  report	  for	  each	  type	  of	  
company	  are	  outlined	  (Lichtblau	  et	  al.	  2015).	  These	  challenges	  were	  identified	  in	  the	  above	  
mentioned	  study	  conducted	  by	  VDMA	  on	  German	  manufacturing	  companies	  of	  all	  sizes.	  	  
	  
4.2.2.1   Newcomers	  
According	  to	  Lichtblau	  et	  al.	  (2015),	  the	  main	  challenges	  for	  Newcomers	  are	  lack	  of	  clarity	  about	  the	  
economic	  benefit	  of	  Industry	  4.0,	  followed	  by	  lack	  of	  a	  general	  knowledge	  about	  Industry	  4.0.	  In	  
addition,	  German	  Newcomers	  are	  aware	  that	  they	  lack	  know	  how	  in	  this	  field	  and	  this	  is	  therefore	  
another	  big	  issue	  in	  this	  area.	  	  
	  
4.2.2.2   Learners	  
Similar	  to	  Newcomers,	  the	  Learners	  lack	  a	  clear	  understanding	  of	  the	  economic	  benefits	  of	  Industry	  
4.0	  concepts,	  followed	  by	  lack	  of	  general	  knowledge	  about	  Industry	  4.0.	  In	  addition,	  nearly	  half	  of	  
the	  companies	  complain	  about	  lack	  of	  know-‐how	  and	  a	  shortage	  of	  skilled	  staff.	  One	  third	  of	  German	  
Learners	  are	  concerned	  about	  their	  employees	  not	  being	  ready	  for	  digitalization	  changes	  and	  around	  
14%	  fear	  the	  market	  power	  of	  large	  enterprises	  (Lichtblau	  et	  al.	  2015).	  
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4.2.2.3   Leaders	  
When	  it	  comes	  to	  German	  Leaders,	  the	  biggest	  challenge	  is	  the	  lack	  of	  financial	  resources	  for	  making	  
investments	  in	  Industry	  4.0.	  This	  issue	  is	  followed	  by	  the	  lack	  of	  forms	  and	  standards.	  Unresolved	  
legal	  issues	  relating	  to	  Industry	  4.0	  and	  a	  shortage	  of	  skilled	  staff	  are	  also	  major	  challenges	  for	  
German	  Leaders.	  Some	  40	  percent	  of	  the	  companies	  experience	  unsafety	  when	  it	  comes	  to	  data	  
security	  and	  35	  percent	  experience	  bureaucratic	  and	  regulative	  difficulties	  in	  Industry	  4.0	  
implementation	  (Lichtblau	  et	  al.	  2015).	   	  



 23 

5   Empirical	  research	  and	  results	  
In	  the	  section	  the	  respondent	  information	  and	  the	  results	  of	  the	  survey	  sent	  out	  to	  Swedish	  SMEs	  are	  
presented.	  

5.1   Maturity	  level	  
In	  this	  subsection,	  the	  empirical	  results	  related	  to	  RQ	  1	  will	  be	  presented.	  

5.1.1   General	  
Here	  the	  general	  maturity	  results	  of	  the	  survey	  are	  presented.	  Firstly,	  less	  than	  half,	  44%,	  of	  the	  
companies	  responded	  that	  they	  were	  aware	  of	  the	  concept	  Industry	  4.0.	  
	  
In	  terms	  of	  maturity	  level,	  which	  were	  determined	  in	  line	  with	  the	  previously	  outlined	  procedure,	  18	  
companies	  had	  a	  maturity	  level	  below	  1	  and	  were	  consequently	  classified	  as	  Outsiders,	  5	  companies	  
had	  a	  maturity	  level	  between	  1	  and	  2,	  thus	  Beginners	  and	  2	  companies	  had	  a	  maturity	  level	  between	  
2	  and	  3,	  which	  made	  them	  Intermediates.	  No	  companies	  reached	  a	  maturity	  level	  above	  3	  and	  
consequently	  no	  company	  were	  classified	  as	  Experienced,	  Expert	  or	  Top	  Performer.	  This	  result	  is	  
visualized	  in	  Table	  5.1.	  
	  

	   Count	   Percentage	  

Level	  0:	  Outsiders	   12	   42,9%	  

Level	  1:	  Beginners	   13	   46,4%	  

Level	  2:	  Intermediates	   2	   7,1%	  

Level	  3:	  Experienced	   1	   3,6%	  

Level	  4:	  Expert	   0	   0,0%	  

Level	  5:	  Top	  performer	   0	   0,0%	  

Table	  5.1.	  Distribution	  of	  total	  maturity	  level.	  	  
	  
The	  average	  maturity	  level	  of	  all	  companies	  was	  1,17,	  which	  made	  Swedish	  SMEs	  on	  average	  
Beginners.	  	  
	  
Looking	  at	  the	  maturity	  level	  distribution	  for	  each	  dimension,	  which	  is	  stated	  in	  Table	  5.2,	  the	  fact	  
that	  Smart	  products	  have	  the	  lowest	  level	  is	  clear.	  In	  order	  to	  make	  the	  results	  more	  transparent,	  
the	  average	  level	  for	  each	  dimension	  is	  calculated	  and	  presented	  too.	  The	  total	  maturity	  level	  of	  the	  
Swedish	  SMEs	  is	  1,17.	  Given	  the	  results	  of	  maturity	  level	  for	  each	  dimension,	  the	  Employees	  
dimension	  gets	  the	  highest	  level	  of	  maturity,	  followed	  by	  Smart	  Factory,	  Data-‐driven	  services,	  
Strategy	  organization,	  Smart	  operations	  and	  finally	  Smart	  products.	  	  
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	   Strategy	  
and	  
organization	  

Smart	  
factory	  

Smart	  
operations	  

Smart	  
products	  

Data-‐
driven	  
services	  

Employees	   Total	  

Level	  0:	  
Outsiders	  

53,6%	   17,9%	   28,6%	   92,9%	   78,6%	   7,1%	   42,9%	  

Level	  1:	  
Beginners	  

35,7%	   50,0%	   7,1%	   0,0%	   7,1%	   32,1%	   46,4%	  

Level	  2:	  
Intermediates	  

3,6%	   14,3%	   50,0%	   3,6%	   7,1%	   35,7%	   7,1%	  

Level	  3:	  
Experienced	  

3,6%	   14,3%	   14,3%	   3,6%	   0,0%	   14,3%	   3,6%	  

Level	  4:	  
Expert	  

3,6%	   3,6%	   0,0%	   0,0%	   3,6%	   7,1%	   0,0%	  

Level	  5:	  Top	  
performer	  

0,0%	   0,0%	   0,0%	   0,0%	   3,6%	   3,6%	   0,0%	  

Average	  
maturity	  

0,68	   1,36	   1,50	   0,18	   0,54	   1,93	   1,17	  

Table	  5.2.	  Distribution	  of	  maturity	  level	  for	  each	  maturity	  level,	  based	  on	  survey	  results.	  
	  

5.1.2   Strategy	  and	  organization	  
Implementing	  Industry	  4.0	  stretches	  beyond	  only	  adopting	  new	  information	  and	  communication	  
technology,	  it	  is	  a	  paradigm	  that	  requires	  fundamental	  changes	  on	  all	  levels	  of	  corporations,	  not	  
least	  strategically	  and	  organizationally.	  	  
	  
In	  the	  dimension	  Strategy	  and	  organization,	  Swedish	  manufacturing	  SMEs	  scored	  a	  maturity	  level	  of	  
0,68.	  The	  companies	  are	  predominantly	  classified	  as	  Outsiders	  53,6	  %	  and	  Beginners	  35,7	  %,	  which	  
can	  be	  seen	  in	  Table	  C.1	  in	  Appendix	  C.	  Further,	  there	  are	  3,6	  %	  Intermediates	  followed	  by	  3,6	  %	  of	  
the	  companies	  being	  Experienced	  and	  3,6	  %	  being	  Experts.	  There	  are	  no	  Top	  performers	  in	  this	  
dimension.	  
	  
One	  of	  the	  main	  reasons	  companies	  score	  relatively	  low	  in	  this	  dimension	  is	  lack	  of	  Industry	  4.0	  
related	  investments.	  More	  than	  half	  of	  the	  companies	  do	  not	  have	  any	  Industry	  4.0	  investments	  
currently.	  The	  second	  core	  reason	  why	  companies	  are	  underperforming	  when	  it	  comes	  to	  Strategy	  
and	  organization	  is	  that	  the	  degree	  of	  strategic	  implementation	  is	  low.	  Three	  out	  of	  four	  companies	  
are	  Outsiders	  or	  Beginners	  when	  it	  comes	  to	  strategic	  implementation	  of	  Industry	  4.0.	  Out	  of	  these,	  
about	  half	  state	  that	  Industry	  4.0	  is	  not	  at	  all	  part	  of	  their	  strategic	  process	  and	  half	  state	  that	  
Industry	  4.0	  is	  an	  issue	  at	  department	  level,	  but	  not	  part	  of	  general	  strategic	  process.	  	  
	  
The	  strongest	  sub-‐dimension	  within	  Strategy	  and	  organization	  is	  innovation	  management,	  with	  an	  
average	  score	  of	  3,11.	  Almost	  half	  (46,4	  %)	  of	  the	  companies	  are	  Experienced	  from	  an	  innovation	  
management	  perspective,	  which	  means	  they	  do	  have	  innovation	  management	  in	  isolated	  areas	  of	  
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the	  organization.	  Further,	  10.7%	  are	  Experts	  and	  thus	  have	  innovation	  management	  in	  several	  areas.	  
Lastly,	  14,3%	  are	  Top	  performers,	  meaning	  they	  have	  developed	  an	  innovation	  management	  
department	  that	  is	  uniform	  and	  stretches	  over	  several	  departments,	  leading	  to	  a	  consistent	  
approach	  to	  innovation	  management.	  	  
	  
The	  last	  sub-‐dimension	  is	  definition	  of	  indicators.	  Here,	  the	  average	  maturity	  level	  is	  1,32.	  Most	  of	  
the	  companies,	  89,3%,	  are	  Beginners	  and	  do	  not	  have	  any	  indicators	  to	  measure	  the	  Industry	  4.0	  
implementation.	  There	  are	  10,7%	  Experts,	  with	  a	  system	  of	  indicators	  that	  give	  a	  sense	  of	  the	  status	  
of	  the	  Industry	  4.0	  implementation.	  

5.1.3   Smart	  factory	  
The	  Smart	  factory	  is	  the	  centerpiece	  of	  Industry	  4.0,	  it	  is	  here	  where	  IT	  systems	  connect	  machines	  
with	  products,	  creating	  an	  improved	  production	  system.	  
	  
On	  average,	  which	  can	  be	  seen	  in	  Table	  C.2	  in	  Appendix	  C,	  companies	  have	  a	  maturity	  level	  of	  1,36	  in	  
the	  Smart	  factory	  dimension,	  making	  it	  a	  dimension	  with	  an	  average	  maturity	  relative	  to	  the	  other	  
dimensions.	  This	  dimension	  is	  dominated	  by	  Beginners	  constituting	  50,0%	  of	  all	  companies.	  Out	  of	  
the	  rest	  of	  the	  companies	  14,3%	  are	  Experienced,	  3,6%	  are	  Experts	  and	  no	  company	  is	  a	  Top	  
performer.	  
	  
The	  equipment	  infrastructure	  (current)	  sub-‐dimension	  has	  the	  lowest	  maturity	  in	  the	  Smart	  factory	  
dimension.	  Out	  of	  all	  companies,	  14,3%	  have	  a	  machines	  and	  system	  infrastructure	  that	  cannot	  be	  
controlled	  by	  information	  technology	  and	  do	  not	  have	  any	  machine-‐to-‐machine	  integration.	  A	  bigger	  
group,	  46,5%,	  are	  at	  the	  Beginner	  level,	  which	  means	  that	  they	  have	  some	  machines	  that	  can	  be	  
controlled	  with	  information	  technology	  or	  that	  have	  machine-‐to-‐machine	  integration.	  Despite	  this	  
being	  the	  lagging	  sub-‐dimension	  7,1%	  of	  the	  companies	  are	  Experts	  when	  it	  comes	  to	  current	  
equipment	  infrastructure.	  These	  companies	  can	  control	  their	  entire	  machine	  park	  with	  information	  
technology	  and	  some	  machines	  are	  integrated	  with	  each	  other.	  	  
	  
All	  three	  sub-‐dimensions	  digital	  modeling,	  data	  collection	  and	  IT	  systems	  have	  an	  average	  maturity	  
level	  of	  3	  or	  higher,	  making	  them	  on	  average	  Experienced.	  When	  it	  comes	  to	  digital	  modeling	  67,9%	  
are	  Experts	  and	  some	  digital	  modeling	  is	  part	  of	  their	  current	  business.	  In	  the	  data	  collection	  sub-‐
dimension	  10,7%	  of	  the	  companies	  are	  Top	  performers,	  which	  means	  that	  they	  have	  digital	  data	  
collection	  that	  is	  comprehensive,	  automated	  and	  active	  in	  all	  areas	  of	  the	  business.	  The	  IT	  system	  
maturity	  is	  dividing	  the	  companies	  into	  two	  groups.	  One	  group	  containing	  32,1%	  of	  the	  companies	  
being	  either	  Outsider	  or	  Beginners,	  which	  means	  they	  either	  have	  no	  IT	  systems	  for	  support	  or	  some	  
basic	  IT	  systems	  that	  support	  the	  main	  business	  processes.	  The	  other	  group	  contains	  67,8%	  of	  the	  
companies	  and	  is	  mature	  with	  the	  companies	  either	  being	  Experts	  or	  Top	  performers.	  The	  Experts	  
have	  full,	  integrated	  IT	  support	  on	  many	  of	  the	  companies	  processes	  and	  the	  Top	  performers	  have	  
the	  same	  performance	  but	  for	  all	  the	  companies’	  processes.	  	  
	  
The	  two	  remaining	  sub-‐dimensions,	  target	  equipment	  infrastructure	  and	  data	  usage,	  are	  relative	  to	  
the	  other	  sub-‐dimensions	  in	  the	  middle	  in	  terms	  of	  average	  maturity	  level.	  Most	  of	  the	  companies	  
are	  on	  the	  Intermediate	  maturity	  level	  in	  terms	  of	  target	  equipment	  infrastructure	  and	  thus	  have	  
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some	  machines	  and	  systems	  that	  can	  be	  upgraded.	  The	  rest	  of	  the	  companies	  are	  evenly	  spread	  
among	  the	  maturity	  levels,	  except	  for	  the	  Top	  performer	  level	  which	  is	  not	  reached	  by	  any	  company.	  
The	  maturity	  distribution	  of	  the	  data	  usage	  sub-‐dimension	  is	  similar	  to	  the	  one	  of	  target	  equipment	  
infrastructure,	  but	  with	  a	  skewness	  toward	  Top	  performers	  instead	  of	  Outsiders.	  Again,	  42,9%	  of	  the	  
companies	  are	  Intermediates,	  which	  means	  they	  uses	  data	  for	  a	  few	  selected	  purposes,	  e.g.	  
transparency.	  As	  previously	  mentioned,	  in	  this	  sub-‐dimension	  some	  companies,	  10,7%,	  reached	  Top	  
performer	  level	  and	  consequently	  uses	  data	  for	  comprehensive	  process	  optimization.	  

5.1.4   Smart	  operations	  
Smart	  operations	  is	  made	  up	  out	  of	  the	  integration	  of	  physical	  and	  digital	  systems,	  both	  within	  and	  
between	  companies.	  Access	  to	  a	  larger	  amount	  of	  relevant	  data	  enables	  a	  completely	  new	  type	  of	  
value-‐chain	  management,	  which	  requires	  less	  and	  less	  interaction	  with	  humans.	  	  
	  
An	  overview	  of	  the	  results	  is	  presented	  in	  Table	  C.3	  in	  Appendix	  C.	  In	  this	  dimension	  the	  companies	  
have	  on	  average	  a	  maturity	  level	  of	  1,50	  which	  is	  the	  third	  highest	  scored	  dimension	  in	  this	  survey.	  
Unlike	  the	  previous	  two	  dimensions,	  the	  Intermediates	  are	  dominating	  here	  with	  50%	  of	  the	  
companies.	  Furthermore,	  28,6	  %	  of	  the	  companies	  are	  classified	  as	  Outsiders	  and	  remaining	  7,1	  %	  
are	  Beginners.	  Finally,	  14,3	  %	  of	  the	  companies	  are	  classified	  as	  Experienced,	  with	  no	  sign	  of	  Experts	  
or	  Top	  performers.	  	  
	  
The	  sub-‐dimension	  for	  System-‐	  integrated	  information-‐sharing	  has	  the	  lowest	  maturity	  level	  of	  2,0	  
compared	  to	  the	  other	  sub-‐dimension	  in	  Smart	  operations.	  This	  sub-‐dimension	  is	  dominated	  by	  
Intermediates	  which	  is	  53,6%	  of	  all	  companies,	  yet	  Outsiders	  is	  the	  second	  biggest	  group	  and	  stands	  
for	  25%.	  Intermediates	  share	  information	  in-‐company,	  which	  is	  also	  partially	  system-‐integrated,	  
whilst	  the	  Outsiders	  do	  not	  share	  any	  system-‐integrated	  information	  inside	  the	  company	  at	  all.	  
Experts	  and	  Top	  performers	  are	  the	  minorities	  and	  stand	  for	  14,3%	  respective	  7,1%	  of	  all	  the	  
companies	  in	  this	  dimension.	  At	  the	  last-‐mentioned	  levels,	  besides	  the	  established	  in-‐company	  
system-‐integrated	  information	  sharing,	  the	  companies	  are	  also	  partially	  sharing	  external	  system-‐
integrated	  information.	  
	  
The	  sub-‐dimensions	  for	  autonomously	  guided	  workpieces,	  self-‐reacting	  processes	  and	  cloud	  usage	  
have	  an	  average	  maturity	  level	  above	  3	  which	  makes	  them	  all	  on	  average	  Experienced.	  The	  
dominating	  group	  within	  the	  first	  two	  sub-‐dimensions	  is	  Experienced	  with	  over	  90%	  of	  companies.	  
This	  means	  that	  these	  companies	  have	  neither	  autonomously	  guided	  workpieces	  nor	  self-‐reacting	  
processes	  in	  their	  production	  sites.	  Only	  3,6	  %	  of	  the	  companies	  are	  classified	  as	  Top	  performers	  in	  
both	  dimensions,	  which	  means	  that	  they	  have	  use	  of	  autonomously	  guided	  workpieces	  and	  self-‐
reacting	  processes	  in	  selected	  areas	  or	  even	  cross-‐enterprise.	  The	  third	  sub-‐dimension	  for	  cloud	  
usage	  divides	  companies	  into	  four	  groups,	  where	  the	  Experienced	  companies	  are	  followed	  by	  
Intermediates,	  Experts	  and	  finally	  Top	  performers.	  This	  means	  that	  35,7%	  of	  companies	  are	  planning	  
initial	  cloud	  solutions	  for	  data	  storage	  and	  data	  analysis,	  whilst	  28,6%	  of	  companies	  are	  not	  using	  
any	  cloud	  solutions	  at	  all.	  Two	  remaining	  groups	  implicate	  21,4%	  of	  companies	  that	  have	  
implemented	  initial	  and	  14,3%	  that	  have	  implemented	  multiple	  cloud-‐based	  solutions.	  	  	  
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The	  last	  sub-‐dimension	  for	  IT-‐security	  scores	  the	  average	  maturity	  level	  of	  2.96.	  Here	  the	  companies	  
are	  mostly	  Experienced	  and	  Experts,	  which	  means	  that	  28,6%	  of	  all	  companies	  have	  partially	  
implemented	  IT	  security	  solutions	  and	  the	  other	  28,6%	  are	  already	  using	  comprehensive	  IT	  security	  
solutions	  and	  closing	  existing	  gaps.	  Outsiders	  are	  the	  fewest	  and	  stands	  for	  only	  3,6%	  of	  all	  
companies,	  where	  IT	  security	  solutions	  are	  neither	  in	  development	  nor	  implemented.	  Beginner	  and	  
Intermediates	  are	  fairly	  divided	  and	  stand	  for	  14,3%	  of	  companies	  each.	  Companies	  that	  represent	  
these	  groups	  are	  either	  planning	  their	  initial	  IT	  security	  solutions	  or	  already	  developing	  them	  and	  
planning	  for	  more.	  The	  final	  group	  is	  Top	  performers.	  They	  stand	  for	  10,7%	  and	  have	  successfully	  
implemented	  IT	  security	  solutions	  for	  all	  relevant	  areas.	  

5.1.5   Smart	  products	  
Smart	  products	  are	  equipped	  with	  ICT	  components	  (sensors,	  RFID,	  communication	  interfaces,	  etc.)	  
that	  collect	  data	  in	  the	  production	  environment	  and	  report	  their	  own	  status.	  Smart	  products	  enable	  
an	  availability	  of	  comprehensive	  information	  about	  a	  particular	  product,	  which	  is	  a	  crucial	  
component	  of	  the	  Smart	  factory	  and	  beneficial	  for	  Data-‐driven	  services.	  	  
	  
Table	  C.4	  in	  Appendix	  C	  summarizes	  the	  results	  for	  Smart	  products.	  The	  companies	  in	  this	  dimension	  
have	  an	  average	  maturity	  level	  of	  0,18,	  making	  Smart	  products	  the	  lowest	  scored	  dimension	  
compared	  to	  the	  others.	  The	  majority	  of	  the	  companies	  here	  are	  Outsiders	  and	  account	  for	  92,9%.	  
The	  rest	  of	  the	  companies	  consist	  of	  Intermediates	  and	  Experts,	  who	  have	  a	  share	  of	  3.6%	  of	  all	  
companies	  each.	  	  
	  
Smart	  products	  consist	  only	  of	  two	  sub-‐dimensions:	  ICT	  add-‐on	  functionalities	  and	  use	  of	  data.	  The	  
sub-‐dimension	  for	  ICT	  add-‐on	  functionalities	  has	  an	  average	  maturity	  level	  of	  0,18,	  where	  the	  
Outsiders	  stand	  for	  the	  largest	  group	  with	  92,9	  %	  of	  the	  companies.	  Intermediates	  and	  Experienced	  
companies	  are	  3,6	  %	  each.	  Being	  an	  Outsider	  in	  this	  sub-‐dimension,	  means	  that	  the	  company	  has	  no	  
ICT	  add-‐on	  functionalities,	  whilst	  the	  Intermediates’	  products	  feature	  initial	  add-‐on	  functionalities	  
and	  the	  Experts	  are	  equipping	  their	  products	  with	  multiple,	  interrelated	  add-‐on	  functionalities.	  	  
	  
In	  the	  next	  sub-‐dimension	  25%	  of	  the	  companies	  are	  both	  using	  and	  analyzing	  data	  which	  makes	  
them	  Top	  performers.	  Intermediates	  whose	  data	  is	  collected	  but	  neither	  analyzed	  nor	  used	  stand	  for	  
10,7%	  and	  the	  rest	  of	  the	  companies	  are	  classified	  as	  Beginners	  as	  they	  do	  not	  collect	  any	  data	  for	  
product	  development,	  sales	  support	  or	  after-‐sales.	  	  

5.1.6   Data-‐driven	  services	  
Data-‐driven	  services	  are	  about	  transforming	  companies	  from	  selling	  products	  to	  delivering	  solutions.	  
Industry	  4.0	  encourages	  companies	  to	  fundamentally	  rethink	  their	  existing	  business	  models	  by	  either	  
digitalizing	  traditional	  business	  models	  or	  developing	  entirely	  new	  ones.	  Data-‐driven	  services	  enable	  
integration	  between	  the	  manufacturer	  and	  the	  customer,	  where	  the	  smart	  product	  collects	  data	  and	  
reports	  the	  customer's	  needs	  through	  communication	  between	  installed	  sensors	  and	  manufacturers’	  
IT	  systems.	  In	  this	  case,	  the	  customer	  is	  fully	  integrated	  into	  the	  company's	  business	  model.	  
	  
Table	  C.5	  in	  Appendix	  C	  presents	  the	  distribution	  of	  maturity	  level	  within	  the	  sub-‐dimension	  of	  Data-‐
driven	  services.	  The	  total	  maturity	  level	  in	  this	  dimension	  is	  0,54	  which	  makes	  Data-‐driven	  services	  
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second	  lowest	  scored	  dimension.	  Outsiders	  and	  Beginners	  together	  account	  for	  85,7	  %	  of	  all	  
companies,	  where	  Outsiders	  are	  the	  majority	  with	  78,6%	  of	  all	  companies.	  Intermediates	  are	  only	  
7.1%	  whilst	  Experts	  and	  Top	  performers	  stand	  for	  3.6	  %	  each.	  	  
	  
Data-‐driven	  services	  sub-‐dimension	  consists	  mostly	  of	  Outsiders	  with	  71,4%	  of	  the	  companies.	  These	  
companies	  do	  not	  offer	  any	  Data-‐driven	  services	  to	  their	  customers.	  Experienced	  companies	  account	  
for	  17,9%	  and	  offer	  Data-‐driven	  services	  but	  without	  customer	  integration.	  The	  rest	  of	  the	  
companies	  are	  Top	  performers	  whose	  Data-‐driven	  services	  are	  fully	  integrated	  into	  the	  business	  
model,	  which	  means	  that	  Data-‐driven	  services	  are	  offered	  with	  customer	  integration.	  	  
	  
Share	  of	  revenues	  is	  the	  least	  mature	  sub-‐dimension	  with	  an	  average	  of	  0,68.	  The	  companies	  here	  
are	  mostly	  Outsiders,	  which	  means	  that	  Data-‐driven	  services	  do	  not	  account	  for	  any	  share	  of	  
revenues.	  There	  are	  totally	  78,6%	  of	  Outsiders	  in	  this	  sub-‐dimension.	  Beginners	  account	  for	  7,1%	  of	  
the	  companies	  and	  their	  Data-‐driven	  services	  account	  for	  an	  initial	  share	  of	  revenues	  (<1%).	  
Intermediates	  stand	  for	  3,6%	  and	  their	  Data-‐driven	  services	  account	  for	  almost	  equal	  to	  Beginners’	  
share	  of	  revenues	  (<2,5%).	  No	  companies	  are	  classified	  as	  either	  Experienced	  or	  Experts	  in	  this	  sub-‐
dimension.	  However,	  10,7%	  of	  companies’	  Data-‐driven	  services	  play	  an	  important	  role	  in	  revenues	  
and	  account	  for	  more	  than	  10%	  share	  of	  revenues,	  which	  make	  them	  to	  Top	  performers	  of	  the	  sub-‐
dimension.	  	  
	  
Finally,	  when	  it	  comes	  to	  the	  level	  of	  data	  usage,	  Beginners	  who	  stand	  for	  60,7%	  are	  not	  using	  the	  
data.	  On	  the	  other	  hand,	  Intermediates	  who	  account	  for	  25%	  are	  using	  either	  0%	  or	  up	  to	  20%	  of	  
collected	  data.	  Experts	  in	  this	  sub-‐dimension	  are	  equal	  to	  Experienced	  companies	  who	  use	  between	  
20%	  and	  50%	  of	  collected	  data	  and	  account	  for	  7,1%	  of	  surveyed	  companies.	  Finally,	  Top	  performers	  
are	  the	  companies	  who	  use	  more	  than	  50%	  of	  collected	  data	  in	  their	  decision-‐making	  processes	  and	  
correspond	  for	  7.1%	  of	  all	  companies.	  	  

5.1.7   Employees	  
The	  changes	  that	  take	  place	  at	  the	  workplace	  during	  the	  digital	  transformation	  have	  a	  strong	  impact	  
on	  the	  company's	  employees	  who	  have	  to	  adapt	  to	  these	  changes	  and	  develop	  new	  skills.	  The	  
companies	  that	  go	  through	  the	  digital	  transformation	  must	  make	  sure	  to	  prepare	  their	  staff	  for	  such	  
changes	  by	  offering	  them	  an	  appropriate	  training.	  	  
	  
This	  dimension	  has	  the	  highest	  maturity	  score	  relative	  to	  other	  dimensions	  in	  the	  survey	  and	  its	  
results	  are	  presented	  in	  Table	  C.6	  in	  Appendix	  C.	  With	  an	  average	  maturity	  level	  of	  1.93	  the	  
Employees	  dimension	  consists	  primarily	  of	  Outsiders	  and	  Beginners,	  accounting	  for	  39,2	  %	  of	  all	  the	  
companies.	  Intermediates	  stand	  for	  35,7%	  and	  the	  rest	  25%	  of	  the	  companies	  consist	  of	  
Experienced,	  Experts	  and	  Top	  performers.	  	  
	  
Employees	  dimension	  consists	  only	  of	  one	  sub-‐dimension	  that	  evaluates	  and	  measures	  the	  skills	  of	  
the	  employees.	  Outsiders	  are	  the	  companies	  that	  have	  no	  Industry	  4.0	  related	  skills	  and	  account	  for	  
7,1%	  of	  the	  surveyed	  companies.	  Beginners	  have	  low	  skill	  levels	  in	  one	  relevant	  area	  and	  stand	  for	  
32,1%.	  Intermediates	  are	  the	  companies,	  where	  employees	  still	  have	  low	  skill	  levels	  but	  in	  a	  few	  
relevant	  areas	  whilst	  Experienced	  have	  adequate	  skill	  levels	  in	  some	  relevant	  areas.	  They	  represent	  
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35,7%	  respective	  14.3%	  of	  the	  companies	  in	  the	  survey.	  When	  it	  comes	  to	  the	  Experts	  they	  have	  the	  
same	  skill	  level	  as	  Experienced	  companies	  but	  in	  several	  relevant	  areas	  and	  stand	  for	  7,1%.	  The	  rest	  
of	  the	  companies	  are	  Top	  performers	  whose	  employees	  possess	  all	  necessary	  skills	  in	  several	  
relevant	  areas.	  	  

5.2   Challenges	  
In	  this	  subsection,	  the	  empirical	  results	  related	  to	  RQ	  1	  will	  be	  presented.	  

5.2.1   Strategy	  and	  organization	  	  
When	  asked	  to	  describe	  the	  biggest	  challenge	  when	  it	  comes	  to	  implementing	  the	  Strategy	  and	  
organization	  dimension	  of	  Industry	  4.0	  there	  were	  two	  main	  themes:	  lack	  of	  knowledge	  and	  limited	  
resources.	  Almost	  a	  third	  of	  the	  companies	  stated	  that	  lack	  of	  knowledge	  was	  their	  biggest	  challenge	  
in	  this	  dimension.	  Lack	  of	  knowledge	  means	  that	  they	  either	  were	  not	  aware	  of	  the	  concept	  Industry	  
4.0	  or	  that	  they	  had	  very	  limited	  knowledge	  of	  what	  it	  means	  in	  practice.	  It	  should	  not	  be	  confused	  
with	  the	  challenges	  of	  finding	  the	  right	  competence	  or	  knowhow	  on	  how	  to	  optimally	  implement	  
Industry	  4.0	  -‐	  this	  is	  a	  more	  elementary	  challenge.	  When	  it	  comes	  to	  limited	  resources,	  companies	  
did	  experience	  two	  types	  of	  limitations:	  both	  financial	  and	  time-‐related.	  The	  financial	  limitation	  is	  
expressed	  in	  the	  previously	  stated	  low	  maturity	  level	  within	  Industry	  4.0	  investments.	  The	  time-‐
related	  limitation	  is	  expressed	  in	  companies	  not	  having	  enough	  manpower	  to	  initiate	  the	  time-‐
consuming	  process	  of	  implementing	  Industry	  4.0	  in	  their	  strategy.	  

5.2.2   Smart	  factory	  
The	  two	  main	  challenges	  that	  companies	  experience	  when	  implementing	  the	  Smart	  factory	  
dimensions	  is	  lack	  of	  knowhow	  and	  incompatibility	  with	  business.	  The	  Smart	  factory	  is	  based	  on	  
several	  technological	  features,	  the	  companies	  respond	  that	  they	  currently	  do	  not	  have	  the	  knowhow	  
required	  to	  implement	  these	  features	  and	  they	  have	  a	  hard	  time	  finding	  external	  expertise.	  Another	  
consequence	  of	  this	  dimension	  being	  technological	  is	  that	  it	  is	  not	  compatible	  with	  all	  types	  of	  
business.	  One	  company	  describe	  that	  its	  manufacturing	  is	  heavily	  dependent	  on	  manual	  labor	  and	  
that	  there	  is	  no	  way	  of	  automating	  that	  process	  yet.	  

5.2.3   Smart	  Operations	  
The	  main	  challenges	  that	  companies	  face	  when	  implementing	  this	  dimension	  are	  lack	  of	  knowledge	  
and	  knowhow.	  9	  out	  of	  28	  surveyed	  companies	  experience	  difficulties	  in	  understanding	  the	  concept	  
of	  Smart	  operations.	  Knowhow	  is	  the	  second	  biggest	  issue	  and	  as	  in	  previous	  dimension	  the	  
companies	  respond	  that	  they	  currently	  do	  not	  have	  the	  knowhow	  to	  implement	  all	  the	  features	  of	  
the	  targeted	  dimension.	  Some	  of	  the	  companies	  respond	  that	  they	  are	  limited	  in	  resources	  both	  
financially	  and	  time-‐wise,	  others	  experience	  technological	  problems,	  when	  it	  comes	  to	  using	  cloud	  
solutions	  or	  their	  equipment	  being	  out	  of	  date.	  Other	  business	  and	  customer	  related	  issues	  is	  about	  
Industry	  4.0	  not	  being	  relevant	  when	  it	  comes	  to	  the	  manufacturing	  processes	  as	  there	  is	  too	  much	  
manual	  labor	  involved	  or	  because	  of	  incompatibility	  with	  end	  customers’	  desires.	  	  
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5.2.4   Smart	  products	  
As	  in	  previous	  dimensions	  some	  of	  the	  companies	  lack	  knowledge	  in	  the	  area	  or	  experience	  
technological	  problems	  when	  it	  comes	  to	  adopting	  and	  using	  new	  technologies	  in	  older	  production	  
processes.	  Knowhow	  is	  also	  an	  issue,	  the	  companies	  do	  not	  have	  enough	  knowledge	  and	  
competencies	  in	  needed	  areas	  in	  order	  to	  benefit	  from	  the	  collected	  data.	  When	  it	  comes	  to	  
investing	  in	  new	  technologies,	  some	  companies	  find	  themselves	  financially	  and	  time-‐wise	  limited	  
due	  to	  the	  cost	  and	  payoff	  uncertainty.	  The	  rest	  of	  the	  companies	  experience	  difficulties	  in	  matching	  
the	  use	  of	  Smart	  products	  with	  their	  business	  structures	  or	  with	  the	  end	  customers’	  needs.	  	  

5.2.5   Data-‐driven	  services	  
Main	  hurdles	  in	  implementing	  Data-‐driven	  services	  are	  business	  and	  customer	  incompatibilities.	  
Companies	  respond	  that	  they	  struggle	  to	  see	  the	  benefit	  of	  using	  Data-‐driven	  services	  in	  their	  
businesses	  or	  to	  match	  it	  with	  the	  end-‐customer	  desires.	  Other	  companies	  lack	  knowledge	  and	  
knowhow	  as	  well	  as	  some	  technological	  capabilities.	  One	  company	  respond	  that	  they	  are	  using	  their	  
own	  solution,	  where	  they	  can	  track	  their	  orders	  in	  real-‐time	  by	  integrating	  their	  internal	  systems.	  	  

5.2.6   Employees	  
The	  majority	  of	  companies	  in	  this	  dimension	  do	  not	  see	  any	  problems	  in	  implementing	  this	  
dimension.	  Some	  of	  the	  companies	  respond	  that	  they	  have	  very	  company	  specific	  problems,	  such	  as	  
language	  barriers	  or	  mental	  maturity	  of	  their	  employees	  before	  such	  a	  transformation.	  Other	  
companies	  still	  lack	  knowledge,	  know	  how	  or	  resources	  when	  it	  comes	  to	  offering	  the	  appropriate	  
training	  for	  their	  staff.	  	  
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6   Analysis	  
In	  this	  section	  the	  results	  from	  the	  survey	  is	  analyzed.	  Firstly,	  research	  question	  1,	  maturity	  level,	  is	  
analyzed,	  followed	  by	  research	  question	  2,	  challenges.	  	  

6.1   Maturity	  
In	  this	  subsection,	  the	  analysis	  related	  to	  RQ	  1	  will	  be	  presented.	  	  

6.1.1   General	  
In	  this	  section	  the	  general	  results	  will	  be	  analyzed	  and	  compared	  to	  results	  from	  similar	  studies.	  
Starting	  with	  the	  total	  maturity	  level	  of	  Swedish	  SMEs,	  it	  was	  found	  to	  be	  1,17	  in	  this	  study.	  This	  
makes	  the	  average	  Swedish	  SME	  a	  Newcomer	  and	  a	  consequently	  has	  a	  low	  Industry	  4.0	  maturity.	  	  
	  
As	  outlined	  in	  Chapter	  4,	  based	  on	  their	  total	  maturity	  level	  the	  companies	  can	  be	  categorized	  into	  
three	  types,	  which	  is	  visualized	  in	  Figure	  6.1:	  

●   Newcomers:	  Companies	  having	  a	  maturity	  level	  of	  0	  or	  1	  are	  classified	  as	  Newcomers	  and	  
constitute	  26	  or	  89,3%	  of	  the	  companies.	  

●   Learners:	  Companies	  having	  a	  maturity	  level	  2	  are	  classified	  as	  Learners	  and	  constitute	  2	  or	  
7,1%	  of	  the	  companies.	  

●   Leaders:	  Companies	  having	  a	  maturity	  level	  of	  3	  or	  higher	  are	  classified	  as	  Leaders	  and	  
constitute	  1	  or	  3,6%	  of	  the	  companies.	  	  

	  
Figure	  6.1.	  Distribution	  of	  maturity	  types	  amongst	  Swedish	  SMEs.	  
	  
The	  average	  maturity	  level	  is	  low,	  however,	  the	  implementation	  of	  Industry	  4.0	  among	  SMEs	  in	  
Sweden	  definitely	  has	  begun,	  which	  is	  supported	  by	  the	  result	  from	  Antonsson	  (2017).	  There	  are	  
both	  Learners	  and	  Leaders	  among	  the	  companies	  that	  have	  participated	  in	  the	  survey	  and	  there	  is	  no	  
company	  that	  has	  a	  maturity	  level	  of	  0.	  
	  
Comparing	  the	  result	  to	  a	  similar	  survey	  conducted	  in	  Germany	  (Lichtblau	  et	  al.	  2015),	  where	  the	  
average	  maturity	  level	  was	  found	  to	  be	  0.6	  among	  manufacturing	  companies,	  a	  maturity	  level	  of	  



 32 

1.17	  is	  significantly	  higher.	  It	  should	  also	  be	  noted	  that	  Lichtblau	  et	  al.	  (2015)	  included	  large	  
corporations	  in	  their	  study.	  A	  case-‐study	  on	  large	  Swedish	  manufacturing	  companies	  (Antonsson,	  
2017),	  also	  concludes	  that	  the	  Industry	  4.0	  maturity	  is	  low.	  	  
	  
The	  distribution	  of	  types	  is	  similar	  to	  what	  was	  found	  by	  Lichtblau	  et	  al.	  (2015).	  They	  found	  that	  
89,1%	  of	  the	  German	  manufacturing	  companies	  are	  Newcomers,	  compared	  to	  the	  89,3%	  in	  this	  
study.	  Further,	  they	  found	  that	  8,6%	  are	  Learners,	  compared	  to	  the	  7,6%	  of	  Sweden.	  Lastly,	  they	  
found	  that	  2,3%	  are	  Leaders	  in	  German,	  compared	  to	  3,6%	  in	  Sweden.	  In	  Sweden	  the	  distribution	  of	  
type	  is	  slightly	  relatively	  skewed	  towards	  Leaders,	  what	  is	  explaining	  the	  significant	  difference	  in	  
average	  maturity	  level	  is	  the	  higher	  maturity	  level	  within	  the	  types	  in	  Sweden,	  meaning	  that	  Sweden	  
is	  closer	  to	  achieving	  a	  more	  mature	  distribution	  of	  maturity	  types.	  Antonsson	  (2017)	  has	  also	  
identified	  a	  group	  of	  companies	  that	  had	  achieved	  significantly	  higher	  maturity	  level.	  	  
	  
In	  Figure	  6.2	  the	  maturity	  found	  in	  study	  is	  compared	  to	  the	  maturity	  of	  German	  companies	  from	  the	  
study	  of	  Lichtblau	  et	  al	  (2015).	  It	  should	  be	  noted	  that	  the	  following	  data	  from	  Lichtblau	  et	  al.	  is	  for	  a	  
subset	  of	  the	  manufacturing	  industry,	  the	  mechanical	  and	  plant	  engineering	  industry,	  as	  that	  data	  
for	  the	  manufacturing	  industry	  as	  a	  whole	  is	  not	  explicitly	  stated	  in	  their	  report.	  The	  maturity	  for	  
manufacturing	  companies	  in	  Germany	  was	  found	  to	  be	  about	  30%	  lower	  than	  for	  the	  other	  
companies,	  thus	  these	  figures	  are	  relatively	  high.	  
	  
The	  comparison	  shows	  the	  following:	  
	  
Firstly,	  overall,	  the	  maturity	  of	  the	  dimensions	  is	  ordered	  similarly	  for	  Sweden	  and	  Germany,	  with	  
Employees	  and	  Smart	  operations	  being	  the	  two	  most	  mature	  dimensions.	  	  
	  
Secondly,	  the	  biggest	  difference	  is	  Smart	  products,	  being	  the	  third	  most	  mature	  dimension	  for	  
Germany,	  with	  a	  maturity	  level	  of	  1,1,	  compared	  to	  Sweden	  where	  it	  is	  the	  least	  mature	  dimension,	  
with	  a	  maturity	  level	  of	  0,18.	  	  
	  
Lastly,	  Swedish	  companies	  have	  a	  higher	  maturity	  level	  in	  four	  out	  of	  six	  dimensions.	  But	  it	  is	  
Employees	  and	  Smart	  operations	  that	  primarily	  drive	  the	  higher	  total	  maturity	  level,	  with	  maturity	  
levels	  being	  0,43	  and	  0,66	  higher	  respectively.	  
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Figure	  6.2.	  Dimension	  maturity	  level	  of	  Sweden	  and	  Germany	  

6.1.2   Maturity	  covariates	  	  
6.1.2.1   Maturity	  vs.	  revenue	  
The	  survey	  results	  show	  that	  revenue	  does	  not	  have	  a	  strong	  relationship	  with	  Industry	  4.0	  maturity	  
levels	  of	  the	  companies,	  if	  anything,	  a	  slight	  negative	  correlation.	  This	  goes	  in	  line	  with	  the	  result	  
from	  Antonsson	  (2017).	  In	  some	  cases,	  maturity	  levels	  of	  smaller	  enterprises	  are	  much	  higher	  than	  
the	  levels	  of	  medium	  enterprises.	  See	  the	  Figure	  6.3.	  	  
	  

	  
Figure	  6.3.	  Maturity	  level-‐revenue	  relationship.	  
	  
6.1.2.2   Relationship	  between	  maturity	  and	  size	  of	  company	  
Here	  the	  maturity	  level	  between	  small	  and	  medium-‐sized	  enterprises	  is	  analyzed	  and	  compared,	  
which	  gives	  an	  opportunity	  to	  see	  a	  relationship	  between	  maturity	  and	  size	  of	  a	  given	  company.	  
	  
It	  was	  hypothesized	  that	  larger	  companies	  would	  be	  more	  mature	  than	  smaller	  as	  this	  is	  what	  
previous	  research	  is	  showing.	  The	  result	  of	  this	  survey	  is	  the	  opposite,	  where	  small	  companies	  have	  
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an	  average	  maturity	  level	  of	  1,28	  and	  medium-‐sized	  companies	  0,90,	  which	  can	  be	  seen	  in	  Figure	  
6.4.	  
	  
There	  is	  a	  difference	  between	  small	  and	  medium-‐sized	  enterprises	  when	  it	  comes	  to	  maturity	  levels	  
in	  different	  dimensions.	  In	  Strategy	  and	  organization,	  small	  enterprises	  score	  a	  maturity	  level	  of	  0,85	  
which	  is	  340%	  higher	  than	  the	  score	  for	  medium-‐sized	  enterprises.	  	  
	  
The	  difference	  in	  maturity	  level	  in	  the	  following	  two	  dimensions	  is	  less	  than	  in	  the	  former	  dimension.	  
With	  an	  insignificant	  difference	  of	  1,9%	  the	  medium-‐sized	  enterprises	  are	  ahead	  in	  the	  Smart	  factory	  
dimension.	  Furthermore,	  the	  medium-‐sized	  enterprises	  are	  more	  mature	  in	  the	  dimension	  Smart	  
operations	  with	  an	  average	  maturity	  difference	  of	  12%.	  The	  Smart	  factory	  and	  Smart	  operations	  are	  
the	  only	  two	  dimensions	  out	  of	  the	  total	  six	  where	  medium-‐sized	  companies	  have	  higher	  maturity	  
levels	  than	  small	  companies,	  which	  indicates	  that	  companies	  in	  this	  size	  are	  more	  capable	  in	  
implementing	  these	  dimensions	  compared	  to	  the	  smaller.	  
	  
The	  medium-‐size	  companies	  have	  an	  average	  maturity	  level	  of	  0	  in	  the	  Smart	  products	  dimension.	  
This	  means	  that	  the	  medium-‐sized	  companies	  are	  doing	  very	  little	  in	  terms	  of	  implementing	  Smart	  
products	  in	  their	  production	  sites.	  The	  small	  companies	  have	  a	  score	  of	  0,25	  which	  shows	  that	  the	  
maturity	  level	  is	  still	  low,	  but	  higher	  than	  for	  medium-‐sized	  companies.	  The	  next	  dimension	  is	  Data-‐
driven	  services	  where	  the	  small	  companies	  are	  160%	  more	  mature.	  Lastly,	  in	  the	  Employees	  
dimension,	  where	  once	  again	  small	  companies	  are	  more	  mature	  than	  medium-‐sized	  with	  a	  
difference	  of	  76%.	  Thus,	  the	  small	  companies	  are	  more	  mature	  in	  4	  of	  6	  dimensions,	  which	  explains	  
the	  total	  maturity	  level	  being	  higher	  for	  the	  small	  companies	  relative	  to	  the	  medium-‐sized.	  It	  also	  
points	  to	  the	  fact	  that	  smaller	  enterprises	  have	  come	  further	  in	  adapting	  their	  strategy	  and	  business	  
models	  to	  Industry	  4.0,	  using	  more	  ICT-‐equipped	  products	  and	  Data-‐driven	  services.	  Finally,	  the	  
average	  maturity	  level	  being	  higher	  in	  the	  Employees	  dimension,	  speaks	  for	  better	  employee	  skills	  
amongst	  small	  companies	  when	  it	  comes	  to	  handling	  a	  digital	  transformation.	  	  
	  
Among	  the	  medium-‐sized	  companies	  the	  Smart	  operations	  is	  the	  highest	  scored	  dimension.	  This	  
means	  that	  medium-‐sized	  companies	  have	  come	  further	  in	  this	  dimension	  compared	  to	  the	  other	  
five	  dimensions.	  The	  same	  goes	  for	  the	  small	  companies,	  where	  the	  maturity	  level	  of	  Smart	  
operations	  is	  slightly	  lower	  than	  for	  the	  medium	  companies	  but	  still	  remains	  as	  the	  highest	  scored	  in	  
its	  own	  size.	  

	  
Figure	  6.4.	  Average	  maturity	  level	  of	  small	  and	  medium-‐sized	  companies.	  
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6.1.2.3   Relationship	  between	  maturity	  and	  sub-‐industry	  
In	  this	  section	  it	  will	  be	  investigated	  if	  there	  are	  any	  sub-‐industries	  that	  are	  more	  or	  less	  mature	  in	  
terms	  of	  Industry	  4.0.	  Among	  the	  companies	  who	  took	  the	  survey,	  ten	  different	  sub-‐industries	  within	  
the	  manufacturing	  industry	  were	  represented.	  By	  categorizing	  the	  companies	  in	  sub-‐industry	  groups,	  
the	  sub-‐industries’	  relative	  maturity	  level	  in	  total	  and	  within	  each	  dimension	  was	  found.	  The	  analysis	  
is	  summarized	  in	  Figure	  6.5	  and	  Table	  6.1.	  	  
	  
Among	  the	  sub-‐industries	  that	  the	  surveyed	  companies	  are	  operating	  within,	  medical	  and	  boat	  &	  
ship	  building	  industries	  stand	  out	  as	  more	  mature	  compared	  to	  other	  industries.	  It	  is	  worth	  noting	  
that	  each	  of	  these	  two	  industries	  are	  represented	  by	  one	  company.	  The	  underlying	  reason	  for	  such	  a	  
high	  maturity	  level	  of	  these	  industries	  might	  be	  the	  nature	  of	  the	  businesses	  and	  their	  end-‐products,	  
which	  all	  together	  require	  a	  higher	  level	  of	  technologies	  involved	  in	  manufacturing	  process.	  
	  
One	  of	  the	  surveyed	  companies	  is	  operating	  within	  joinery	  industry	  and	  scored	  a	  total	  maturity	  level	  
of	  0,19	  which	  is	  the	  lowest	  maturity	  level	  scored	  among	  all	  the	  industries.	  This	  could	  be	  explained	  by	  
the	  fact	  that	  companies	  within	  the	  joinery	  sub-‐industry	  typically	  do	  not	  manufacture	  the	  end-‐
product	  and	  the	  design	  is	  consequently	  dictated	  by	  some	  other	  company,	  their	  customer.	  This	  gives	  
them	  fewer	  degrees	  of	  freedom	  when	  it	  comes	  to	  implementing	  new	  solutions	  that	  is	  not	  supported	  
by	  their	  customers.	  
	  
Other	  industries	  vary	  on	  the	  scale	  between	  0,98	  and	  1,29	  in	  total	  maturity	  level.	  Except	  for	  the	  
joinery	  industry,	  the	  rest	  of	  the	  industries	  have	  minimum	  maturity	  level	  of	  1	  in	  the	  sub-‐dimension	  
Employees	  which	  indicates	  an	  overall	  Industry	  4.0	  awareness	  among	  the	  surveyed	  companies’	  
employees.	  The	  sub-‐dimension	  of	  Smart	  factory	  has	  a	  minimum	  level	  of	  0,67	  making	  this	  sub-‐
dimension	  the	  only	  one	  with	  no	  zeros	  scored	  in	  maturity	  levels.	  This	  indicates	  that	  all	  of	  the	  targeted	  
industries	  are	  more	  or	  less	  affected	  by	  the	  use	  of	  Smart	  factory	  in	  their	  production	  environments.	  	  
	  

	  
Figure	  6.5.	  Average	  maturity	  level	  for	  sub-‐industries	  	  
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	   Strategy	  
and	  
organization	  

Smart	  
factory	  

Smart	  
operations	  

Smart	  
products	  

Data-‐
driven	  
services	  

Employees	   Total	  

Automotive	  industry	   0,00	   3,00	   2,00	   0,00	   0,00	   1,00	   1,14	  

Boat	  &	  ship	  building	  
industry	  	  

1,00	   2,00	   2,00	   0,00	   0,00	   3,00	   1,63	  

Electronics	  industry	   0,33	   0,67	   2,33	   0,00	   0,00	   2,33	   1,12	  

Joinery	  manufacturing	  
industry	  	  

0,00	   1,00	   0,00	   0,00	   0,00	   0,00	   0,19	  

Machine	  tool	  
manufacturing	  
industry	  

0,33	   1,67	   1,00	   0,00	   0,00	   2,33	   1,09	  

Machinery	  
manufacturing	  
industry	  	  

1,00	   1,09	   1,45	   0,27	   1,00	   2,00	   1,25	  

Medical	  &	  Dental	  
Instrument	  
Manufacturing	  
industry	  

2,00	   1,00	   2,00	   2,00	   1,00	   2,00	   1,74	  

Steel	  industry	   1,00	   2,00	   0,00	   0,00	   0,00	   3,00	   1,29	  

Telecommunications	  
equipment	  industry	  

0,00	   1,00	   2,00	   0,00	   0,00	   2,00	   0,98	  

Transportation	  
equipment	  
manufacturing	  
industry	  

0,40	   1,80	   1,60	   0,00	   0,60	   1,40	   1,08	  

Table	  6.1.	  Average	  maturity	  level	  for	  different	  sub-‐industries.	  	  

6.2   Challenges	  
In	  this	  subsection,	  the	  analysis	  related	  to	  RQ	  2	  will	  be	  presented.	  In	  the	  first	  part	  of	  the	  analysis,	  the	  
current	  maturity	  level	  of	  Swedish	  SMEs	  has	  been	  analyzed	  and	  overall	  the	  maturity	  level	  was	  found	  
to	  be	  low.	  A	  full	  implementation	  of	  Industry	  4.0	  could	  have	  significant	  positive	  effects	  on	  Swedish	  
manufacturing	  SMEs,	  therefore	  it	  is	  relevant	  to	  investigate	  what	  hurdles	  there	  are	  getting	  there.	  This	  
has	  been	  done	  by	  both	  looking	  at	  the	  maturity	  level	  questions	  in	  the	  survey	  and	  identifying	  the	  major	  
gaps	  for	  Newcomers	  and	  Learners	  to	  become	  Learners	  and	  Leaders	  respectively	  and	  the	  major	  gaps	  
for	  Leaders	  to	  reach	  level	  5	  maturity,	  and	  by	  identifying	  patterns	  in	  the	  replies	  to	  the	  question	  “What	  
do	  you	  experience	  as	  the	  main	  challenges	  when	  it	  comes	  to	  implementing	  this	  dimension	  of	  Industry	  
4.0?”,	  which	  was	  asked	  in	  the	  end	  of	  each	  dimension	  in	  the	  survey.	  
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6.2.1   Newcomers	  
For	  Newcomers	  the	  three	  least	  mature	  dimensions	  are	  Smart	  products,	  Data-‐driven	  services	  and	  
Strategy	  and	  organization,	  all	  being	  significantly	  lower	  than	  the	  other	  dimensions.	  The	  results	  are	  
shown	  in	  Figure	  6.6.	  In	  order	  for	  the	  Newcomers	  to	  become	  Leaders,	  these	  dimensions	  are	  going	  to	  
have	  to	  be	  the	  main	  focus.	  
	  	  

	  
Figure	  6.6.	  Average	  dimension	  maturity	  level	  for	  Newcomers.	  
	  
6.2.1.1   Smart	  products	  
The	  low	  maturity	  in	  Smart	  products	  for	  Newcomers	  is	  driven	  by	  a	  lack	  of	  ICT	  add-‐on	  functionalities	  
on	  the	  products.	  Only	  about	  4	  %	  show	  first	  signs	  of	  ICT	  add-‐on	  functionalities	  and	  the	  rest	  do	  not	  
have	  any	  ICT	  add-‐on	  functionalities.	  Consequently,	  this	  is	  where	  the	  Newcomers	  should	  put	  their	  
focus	  in	  order	  to	  increase	  their	  maturity	  within	  Smart	  products.	  To	  reach	  the	  Intermediate	  level,	  the	  
Newcomer	  would	  need	  to	  feature	  initial	  ICT	  add-‐on	  functionalities	  on	  their	  products,	  like	  RFID	  or	  
basic	  sensors.	  See	  the	  maturity	  level	  distribution	  for	  Smart	  products	  in	  Table	  6.2.	  
	  
When	  asked	  to	  describe	  the	  biggest	  challenges	  with	  Smart	  products,	  the	  majority	  of	  the	  Newcomers	  
mentioned	  two	  things.	  Firstly,	  the	  concept	  of	  Smart	  products,	  especially	  ICT	  add-‐on	  functionalities,	  is	  
experienced	  as	  being	  advanced	  technology	  and	  the	  Newcomers	  rarely	  have	  the	  technological	  
knowhow	  to	  implement	  this	  dimension.	  The	  second	  challenge	  when	  it	  comes	  to	  Smart	  products	  for	  
Newcomers	  is	  that	  there	  is	  a	  business	  model	  incompatibility	  with	  Smart	  products.	  A	  large	  portion	  of	  
the	  Newcomers	  are	  project-‐based	  suppliers	  to	  an	  OEMs	  or	  some	  other	  company	  higher	  up	  in	  the	  
value	  chain.	  Typically,	  they	  are	  supplying	  several	  different	  companies	  and	  not	  necessarily	  more	  than	  
a	  specific	  batch,	  it	  would	  be	  a	  big	  transformation	  of	  the	  current	  business	  in	  order	  to	  be	  able	  to	  
provide	  specific	  ICT	  add-‐on	  functionalities.	  	  
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	   ICT	  add-‐on	  
functionalities	  

Use	  of	  data	   Total	  

Outsider	   96%	   0%	   96%	  

Beginner	   0%	   72%	   0%	  

Intermediate	   4%	   12%	   4%	  

Experienced	   0%	   0%	   0%	  

Expert	   0%	   0%	   0%	  

Top	  performer	   0%	   16%	   0%	  

Average	  maturity	  level	   0,08	   1,76	   0,08	  

Table	  6.2.	  Distribution	  of	  maturity	  level	  for	  Newcomers	  within	  Smart	  products.	  	  
	  
6.2.1.2   Data-‐driven	  services	  
The	  second	  driver	  of	  the	  relatively	  low	  maturity	  in	  the	  Smart	  products	  dimension	  among	  Newcomers	  
is	  that	  they	  have,	  in	  general,	  not	  incorporated	  Data-‐driven	  services	  in	  their	  business	  model,	  which	  
can	  be	  seen	  in	  Table	  6.3.	  More	  specifically,	  four	  out	  of	  five	  Newcomers	  do	  not	  have	  any	  Data-‐driven	  
services.	  This	  is	  reflected	  in	  both	  the	  share	  of	  revenue	  from	  Data-‐driven	  services	  and	  the	  level	  of	  
data	  usage.	  Among	  the	  Newcomers,	  68%	  do	  use	  any	  data	  in	  their	  business	  model	  and	  88%	  of	  them	  
do	  not	  have	  any	  revenue	  from	  Data-‐driven	  services.	  Thus,	  in	  order	  to	  increase	  the	  maturity	  for	  the	  
Newcomers	  in	  this	  dimension,	  effort	  needs	  to	  be	  put	  into	  launching	  basic	  Data-‐driven	  services.	  At	  
this	  stage,	  there	  is	  no	  customer	  integration	  in	  the	  service	  offering.	  
	  
The	  Newcomers	  can	  be	  split	  up	  into	  two	  groups	  when	  it	  comes	  to	  Data-‐driven	  services,	  the	  ones	  that	  
cannot	  see	  Data-‐driven	  services	  as	  a	  part	  of	  their	  business	  model	  and	  the	  ones	  that	  experience	  
technological	  challenges.	  The	  first	  group	  often	  see	  themselves	  as	  manufacturers	  and	  offering	  Data-‐
driven	  services	  would	  mean	  diverging	  from	  their	  core	  business.	  Replies	  like	  “Not	  applicable	  to	  us”	  or	  
“Not	  interesting	  to	  us”	  were	  common.	  There	  exist	  several	  examples	  where	  manufacturing	  
companies	  have	  succeeded	  in	  the	  transition	  from	  traditional	  manufacturing	  to	  a	  more	  service-‐driven	  
business	  model	  (Short,	  2011).	  This	  indicates	  that	  the	  knowledge	  and	  awareness	  of	  implementing	  
Industry	  4.0	  is	  low	  among	  the	  Newcomers,	  which	  also	  is	  reflected	  in	  that	  48%	  of	  the	  Newcomers	  
responded	  that	  they	  did	  not	  have	  any	  previous	  knowledge	  about	  Industry	  4.0	  before	  responding	  to	  
this	  survey.	  The	  second	  group	  are	  aware	  of	  the	  potential	  of	  Data-‐driven	  services,	  but	  do	  not	  seem	  to	  
know	  how.	  One	  Newcomer	  specifically	  mentioned	  data	  standards	  and	  how	  it	  would	  be	  transferred,	  
e.g.	  Bluetooth,	  internet,	  Ethernet	  or	  Profibus.	  	  
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	   Data-‐driven	  
services	  

Share	  of	  revenue	   Level	  of	  data	  
usage	  

Total	  

Outsider	   80%	   88%	   0%	   88%	  

Beginner	   0%	   8%	   68%	   8%	  

Intermediate	   0%	   0%	   28%	   4%	  

Experienced	   16%	   0%	   0%	   0%	  

Expert	   0%	   0%	   4%	   0%	  

Top	  performer	   4%	   4%	   0%	   0%	  

Average	  maturity	  
level	  

0,68	   0,28	   1,40	   0,16	  

Table	  6.3.	  Distribution	  of	  maturity	  level	  for	  Newcomers	  within	  Data-‐driven	  services	  
	  
	  
6.2.1.3   Strategy	  and	  organization	  
The	  last	  challenge	  that	  the	  Newcomers	  need	  to	  overcome	  in	  order	  to	  become	  Learners	  is	  developing	  
the	  Strategy	  and	  organization	  dimension.	  Here	  there	  are	  two	  specific	  steps	  that	  need	  to	  be	  taken.	  
Many	  Newcomers	  struggle	  with	  developing	  a	  strategy	  for	  Industry	  4.0,	  with	  40%	  not	  having	  a	  
strategy	  at	  all	  and	  40%	  discussing	  Industry	  4.0	  at	  department	  level,	  but	  not	  at	  a	  strategic	  level.	  To	  
develop	  into	  Learners,	  these	  companies	  need	  to	  start	  developing	  a	  strategy	  for	  Industry	  4.0.	  In	  
combination	  with	  developing	  a	  strategy,	  the	  Newcomers	  need	  to	  invest	  more	  in	  Industry	  4.0,	  60%	  
not	  having	  any	  investments	  in	  Industry	  4.0.	  Of	  course,	  these	  investments	  need	  to	  be	  preceded	  by	  
development	  of	  a	  strategy.	  See	  the	  Table	  6.4	  below.	  	  
	  
The	  challenges	  experienced	  by	  the	  Newcomers	  are	  the	  same	  as	  for	  the	  general	  company,	  which	  is	  
lack	  of	  knowledge	  and	  limited	  resources,	  described	  in	  the	  result	  chapter.	  	  

Table	  6.4.	  Distribution	  of	  maturity	  level	  for	  Newcomers	  within	  Strategy	  and	  organization.	  

	   Degree	  of	  
strategic	  
implementation	  

Definition	  of	  
indicators	  

Investments	   Innovation	  
management	  

Total	  

Outsider	   40%	   0%	   60%	   0%	   60%	  

Beginner	   40%	   96%	   16%	   0%	   36%	  

Intermediate	   20%	   0%	   16%	   32%	   4%	  

Experienced	   0%	   0%	   8%	   48%	   0%	  

Expert	   0%	   4%	   0%	   8%	   0%	  

Top	  performer	   0%	   0%	   0%	   12%	   0%	  

Average	  maturity	  
level	  

0,80	   1,12	   0,72	   3,00	   0,44	  
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6.2.2   Learners	  
An	  overview	  of	  the	  result	  of	  the	  analysis	  for	  the	  Learners	  is	  presented	  in	  Figure	  6.7.	  It	  should	  be	  
noted	  that	  there	  were	  only	  two	  Learners	  identified.	  For	  the	  Learners	  the	  Smart	  products	  dimension	  
is	  standing	  out,	  with	  an	  average	  maturity	  of	  0.	  Consequently,	  that	  is	  where	  the	  majority	  of	  the	  
resources	  will	  be	  needed	  to	  be	  put.	  Smart	  factory	  is	  also	  a	  dimension	  that	  needs	  focus	  in	  order	  for	  
the	  Learners	  to	  reach	  the	  Leader	  type	  as	  there	  are	  no	  Learners	  that	  yet	  have	  a	  maturity	  level	  of	  3	  or	  
higher	  in	  this	  dimension.	  	  
	  

	   	  
Figure	  6.7.	  Average	  maturity	  level	  for	  Learners	  
	  
6.2.2.1   Smart	  products	  
Learners	  are	  strong	  in	  use	  of	  data	  as	  all	  of	  the	  Learner	  companies	  are	  classified	  as	  Top	  performers	  in	  
this	  sub-‐dimension,	  which	  can	  be	  seen	  in	  Table	  6.5.	  Consequently,	  ICT	  add-‐on	  functionalities	  is	  the	  
reason	  for	  such	  a	  low	  maturity	  level.	  All	  of	  the	  companies	  in	  this	  sub-‐dimension	  are	  classified	  as	  
Outsiders.	  The	  main	  focus	  should	  therefore	  lie	  on	  starting	  using	  basic	  add-‐on	  functionalities	  on	  the	  
products	  which	  will	  further	  evolve	  in	  multiple,	  interrelated	  add-‐on	  functionalities.	  This	  will	  enable	  
the	  Learners	  to	  climb	  the	  next	  maturity	  level	  and	  become	  Leaders	  in	  the	  sub-‐dimension	  of	  Smart	  
products.	  	  
	  
When	  asked	  about	  the	  biggest	  challenges	  that	  Learners	  experience	  in	  this	  dimension	  the	  most	  
common	  reason	  is	  the	  incompatibility	  with	  their	  business	  model,	  like	  for	  the	  Newcomers.	  Learners	  in	  
this	  dimension	  are	  operating	  as	  subcontractors	  for	  OEMs	  and	  therefore	  using	  ICT	  add-‐on	  
functionalities	  on	  not	  an	  end-‐product	  is	  complicated	  and	  not	  of	  big	  relevance.	  Consequently,	  the	  
Learners	  are	  simply	  not	  focusing	  enough	  on	  implementing	  the	  Smart	  products	  with	  ICT	  add-‐on	  
functionalities.	  	  
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	   ICT	  add-‐on	  
functionalities	  

Use	  of	  data	   Total	  maturity	  

Outsider	   100%	   0%	   100%	  

Beginner	   0%	   0%	   0%	  

Intermediate	   0%	   0%	   0%	  

Experienced	   0%	   0%	   0%	  

Expert	   0%	   0%	   0%	  

Top	  performer	   0%	   100%	   0%	  

Average	  maturity	  level	   0,00	   5,00	   0,00	  

Table	  6.5.	  Distribution	  of	  maturity	  level	  for	  Learners	  within	  Smart	  products.	  	  
	  
6.2.2.2   Smart	  factory	  
When	  it	  comes	  to	  Smart	  factory,	  the	  main	  driver	  of	  the	  lower	  maturity	  level	  in	  this	  sub-‐dimension	  
among	  Learners	  is	  the	  targeted	  equipment	  infrastructure,	  which	  can	  be	  seen	  in	  Table	  6.6.	  All	  
Learners	  are	  classified	  as	  Intermediates	  in	  this	  sub-‐dimension	  which	  means	  that	  currently	  some	  of	  
their	  machines	  and	  systems	  can	  be	  upgraded.	  The	  main	  focus	  should	  therefore	  lie	  on	  making	  all	  of	  
their	  machines	  and	  systems	  ready	  for	  future	  upgrade.	  	  
	  
When	  asked	  about	  the	  biggest	  challenges	  in	  implementing	  this	  dimension	  the	  Learners	  respond	  that	  
they	  mainly	  experience	  technological	  problems	  and	  lack	  of	  know-‐how.	  The	  problems	  with	  system	  
integration	  and	  the	  need	  for	  development	  of	  relevant	  skills	  of	  their	  employees	  in	  different	  areas	  
were	  common	  hurdles	  in	  this	  dimension.	  For	  example,	  one	  company	  states	  that	  their	  employees	  
need	  to	  understand	  the	  importance	  and	  learn	  the	  proper	  execution	  of	  time	  and	  material	  withdrawal	  
reporting.	  The	  need	  to	  address	  issues	  like	  this	  is	  therefore	  very	  important	  in	  order	  grow	  in	  the	  area	  
of	  Smart	  factory.	  

	   Equipment	  
infrastructure	  
(current)	  

Equipment	  
infrastructure	  
(target)	  

Digital	  
modeling	  

Data	  
collection	  

Data	  
usage	  

IT	  
systems	  

Total	  

Outsider	   0%	   0%	   0%	   0%	   0%	   0%	   0%	  

Beginner	   0%	   0%	   0%	   0%	   0%	   0%	   0%	  

Intermediate	   0%	   100%	   0%	   0%	   0%	   0%	   100%	  

Experienced	   100%	   0%	   0%	   0%	   0%	   0%	   0%	  

Expert	   0%	   0%	   100%	   0%	   0%	   0%	   0%	  

Top	  
performer	  

0%	   0%	   0%	   100%	   100%	   100%	   0%	  

Average	  
maturity	  
level	  

3,00	   2,00	   4,00	   5,00	   5,00	   5,00	   2,00	  

Table	  6.6.	  Distribution	  of	  maturity	  level	  of	  Learners	  within	  Smart	  factory,	  
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6.2.3   Leaders	  
Like	  for	  the	  Learners,	  the	  Leader	  have	  one	  dimension	  that	  is	  significantly	  less	  mature	  than	  the	  other	  
dimensions,	  which	  in	  this	  case	  is	  Strategy	  and	  organization,	  which	  can	  be	  seen	  in	  Figure	  6.8.	  It	  should	  
be	  noted	  that	  only	  one	  Leader	  was	  identified.	  This	  dimension	  should	  be	  the	  main	  focus	  for	  the	  
Leader	  to	  reach	  full	  Industry	  4.0	  maturity.	  But	  in	  order	  to	  reach	  Top	  performer	  level	  in	  all	  
dimensions,	  the	  Leader	  also	  need	  to	  develop	  within	  Smart	  factory,	  Smart	  operations	  and	  Smart	  
products,	  but	  this	  will	  not	  be	  analyzed	  in	  this	  section	  as	  Strategy	  and	  organization	  is	  the	  main	  issue.	  

	  
Figure	  6.8.	  Average	  dimension	  maturity	  level	  for	  Leaders.	  	  
	  
6.2.3.1   Strategy	  and	  organization	  
The	  main	  problems	  in	  this	  dimension	  are	  low	  maturity	  levels	  in	  sub-‐dimensions	  for	  degree	  of	  
strategic	  implementation,	  definition	  of	  indicators	  and	  Industry	  4.0	  related	  investments,	  which	  can	  be	  
seen	  in	  Table	  6.7.	  Leaders	  have	  currently	  Industry	  4.0	  as	  an	  issue	  on	  departmental	  level	  and	  not	  
integrated	  into	  the	  strategy	  with	  no	  indicators	  to	  determine	  the	  current	  status	  of	  Industry	  4.0	  
implementation.	  Furthermore,	  Leaders	  have	  a	  low	  level	  of	  Industry	  4.0	  investments	  and	  innovation	  
management	  in	  isolated	  areas	  of	  the	  company.	  In	  order	  to	  be	  a	  Top	  performer	  in	  this	  dimension,	  the	  
Leaders	  have	  to	  address	  all	  the	  above-‐mentioned	  issues.	  They	  should	  first	  of	  all	  aim	  for	  
implementing	  Industry	  4.0	  strategy	  enterprise-‐wide	  with	  a	  system	  of	  status	  indicators	  integrated	  
into	  the	  strategic	  process.	  In	  addition,	  the	  Leaders	  should	  consider	  lifting	  Industry	  4.0	  related	  
investments	  on	  the	  enterprise-‐wide	  level	  together	  with	  establishing	  an	  inter-‐departmental	  
innovation	  management.	  	  
	  	  
The	  Leaders	  see	  the	  lack	  of	  resources	  as	  a	  main	  challenge	  in	  this	  dimension.	  They	  say	  that	  they	  have	  
prioritized	  their	  resources	  for	  other	  product	  development	  projects.	  This	  leaves	  them	  with	  no	  
resources	  left	  for	  Industry	  4.0	  related	  projects.	  	  
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	   Degree	  of	  
strategic	  
implementation	  

Definition	  of	  
indicators	  

Investments	   Innovation	  
management	  

Total	  

Outsider	   0%	   0%	   0%	   0%	   0%	  

Beginner	   100%	   100%	   0%	   0%	   100%	  

Intermediate	   0%	   0%	   100%	   0%	   0%	  

Experienced	   0%	   0%	   0%	   100%	   0%	  

Expert	   0%	   0%	   0%	   0%	   0%	  

Top	  performer	   0%	   0%	   0%	   0%	   0%	  

Average	  
maturity	  level	  

1,00	   1,00	   2,00	   3,00	   1,00	  

Table	  6.7.	  Distribution	  of	  maturity	  level	  for	  Learners	  within	  Smart	  factory.	  	   	  
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7   Discussion	  
In	  this	  section	  the	  results	  of	  the	  analysis	  for	  the	  two	  research	  questions,	  maturity	  level	  and	  
challenges,	  will	  be	  discussed,	  but	  also	  the	  used	  method	  and	  further	  research	  suggestions.	  

7.1   Maturity	  level	  
In	  this	  subsection	  the	  discussion	  related	  to	  RQ	  1	  is	  presented.	  	  

7.1.1   General	  
The	  main	  result	  of	  the	  survey	  was	  that	  the	  Industry	  4.0	  maturity	  level	  among	  Swedish	  SMEs	  is	  low.	  
However,	  this	  is	  not	  a	  surprising	  result	  considering	  the	  novelty	  of	  this	  technology	  paradigm.	  As	  
previously	  mentioned,	  the	  term	  Industry	  4.0	  was	  first	  found	  2013	  and	  previous	  industrial	  revolutions	  
have	  taken	  up	  to	  half	  a	  century	  to	  achieve	  significant	  maturity	  (Geenwood,	  1997).	  But	  the	  result	  also	  
indicated	  that	  the	  implementation	  begun,	  albeit	  slowly,	  which	  is	  positive	  news	  to	  Sweden	  as	  quickly	  
adopting	  new	  technologies	  has	  been	  found	  to	  be	  a	  key	  factor	  to	  ensure	  that	  a	  country’s	  workforce	  
remains	  competitive	  (Comin	  and	  Hobijn,	  2008).	  
	  
The	  analysis	  also	  indicates	  that	  Sweden	  is	  more	  mature	  in	  terms	  of	  Industry	  4.0	  than	  Germany.	  This	  
could	  be	  explained	  by	  the	  fact	  that	  the	  German	  study	  was	  conducted	  in	  2015	  and	  as	  previously	  
discussed,	  this	  is	  a	  new	  technology	  paradigm,	  consequently	  some	  development	  could	  have	  
happened	  the	  past	  four	  years	  in	  Germany.	  However,	  the	  difference	  in	  maturity	  between	  Sweden	  and	  
Germany	  were	  considerable	  and	  the	  German	  study	  included	  large	  corporations,	  which	  were	  found	  to	  
have	  significantly	  higher	  maturity	  than	  the	  SMEs.	  Altogether,	  this	  points	  at	  a	  higher	  maturity	  in	  
Sweden	  among	  manufacturing	  SMEs.	  This	  relatively	  higher	  maturity	  could	  be	  explained	  by	  the	  fact	  
that	  Sweden	  in	  general	  has	  more	  highly	  innovative	  companies	  (Business	  Sweden,	  2019)	  and	  these	  
could	  be	  more	  prepared	  to	  adopt	  the	  new	  technologies	  that	  are	  part	  of	  Industry	  4.0.	  This	  is	  
supported	  by	  the	  result	  that	  Sweden	  has	  relatively	  more	  Leaders	  than	  Germany.	  	  
	  
Employees	  were	  found	  to	  be	  the	  most	  mature	  dimension	  among	  Swedish	  SMEs.	  Employee	  skills	  has	  
been	  shown	  to	  be	  a	  key	  factor	  when	  adopting	  new	  technologies	  (Ariss,	  Raghunathan	  and	  Kunnathar,	  
2000),	  indicating	  that	  Sweden	  could	  have	  a	  solid	  platform	  for	  future	  adoption	  of	  Industry	  4.0.	  	  
	  
The	  survey	  result	  indicated	  that	  Smart	  operations	  are	  the	  second	  most	  mature	  dimension,	  both	  in	  
Sweden	  and	  in	  Germany.	  This	  could	  be	  explained	  by	  the	  fact	  that	  Smart	  operations	  compared	  to	  the	  
other	  operations-‐related	  dimensions,	  Smart	  factory	  and	  Smart	  products,	  are	  more	  conceptual	  and	  
dependent	  on	  systems.	  Smart	  factory	  and	  Smart	  products	  on	  the	  other	  hand	  are	  more	  heavily	  
dependent	  on	  physical,	  technological	  solutions,	  like	  equipment	  infrastructure	  and	  ICT	  add-‐ons.	  
Technological	  solutions	  are	  typically	  more	  expensive	  to	  invest	  in	  and	  they	  change	  the	  business	  in	  a	  
more	  fundamental	  way,	  making	  the	  implementation	  threshold	  greater	  for	  these	  dimensions,	  
compared	  to	  Smart	  operations.	  	  
	  
Turning	  the	  previous	  argument	  around	  could	  explain	  why	  Smart	  products	  is	  the	  least	  mature	  
dimension,	  ICT	  add-‐ons	  being	  a	  new	  and	  expensive	  technology.	  Another	  reason	  for	  this	  could	  be	  that	  
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a	  large	  share	  of	  the	  Swedish	  companies	  are	  suppliers	  to	  other	  companies	  and	  their	  expertise	  lies	  in	  
providing	  a	  specialized	  type	  of	  manufacturing,	  e.g.	  turning.	  The	  organization	  is	  typically	  made	  up	  of	  
10-‐15	  people,	  most	  of	  them	  being	  operators	  or	  ex-‐operators	  and	  what	  they	  know	  is	  their	  type	  of	  
manufacturing.	  For	  these	  companies	  to	  incrementally	  change	  their	  product	  offering,	  adding	  ICT	  add-‐
ons,	  would	  be	  a	  disruption	  maybe	  too	  big	  for	  an	  organization	  like	  that.	  But	  as	  the	  demand	  for	  these	  
types	  of	  components	  and	  products	  will	  grow,	  a	  more	  probable	  development	  would	  be	  that	  new	  
suppliers,	  specialized	  in	  ICT	  add-‐ons	  are	  created.	  These	  will	  have	  the	  mind-‐set	  and	  know-‐how	  from	  
the	  beginning,	  required	  to	  support	  a	  business	  providing	  add-‐ons.	  What	  is	  also	  interesting	  is	  that	  
Smart	  products	  in	  fact	  is	  one	  of	  the	  more	  mature	  dimensions	  in	  Germany.	  This	  could	  be	  explained	  by	  
the	  fact	  that	  the	  German	  study	  included	  large	  corporations,	  who	  could	  be	  more	  likely	  to	  be	  OEMs	  
and	  consequently	  more	  likely	  to	  have	  ICT	  add-‐ons,	  than	  a	  supplier	  who	  is	  only	  manufacturing	  a	  
component.	  	  

7.1.2   Maturity	  covariates	  
As	  identified	  in	  the	  analysis,	  there	  are	  no	  positive	  correlation	  between	  neither	  revenue	  nor	  size	  and	  
maturity	  level.	  On	  the	  contrary,	  smaller	  companies	  were	  found	  to	  have	  a	  higher	  maturity	  level.	  
Studies	  from	  Germany	  have	  indicated	  that	  there	  is	  a	  positive	  relationship	  between	  size	  and	  maturity.	  
On	  the	  other	  hand,	  a	  study	  from	  Sweden	  did	  not	  find	  any	  relationship	  between	  maturity	  and	  
revenue.	  Smaller	  companies	  can	  be	  more	  agile	  and	  more	  easily	  adopt	  new	  technologies,	  but	  more	  
likely	  this	  could	  be	  explained	  by	  study	  design.	  The	  German	  studies	  included	  several	  hundred	  
companies,	  spread	  over	  a	  broader	  range	  size-‐wise,	  whereas	  the	  Swedish	  study	  and	  this	  thesis	  
included	  11	  large	  companies	  and	  28	  SMEs	  respectively.	  Obviously,	  the	  population	  of	  the	  German	  
studies	  provides	  a	  more	  statistically	  solid	  basis	  for	  conclusions	  and	  before	  a	  large-‐scale	  study	  has	  
been	  made	  in	  Sweden,	  the	  positive	  relationship	  between	  size	  and	  maturity	  should	  not	  be	  excluded.	  	  

7.2   Challenges	  
In	  this	  subsection	  the	  discussion	  related	  to	  RQ	  2	  is	  presented.	  

7.2.1   General	  
Most	  of	  the	  challenges	  identified	  in	  this	  study	  are	  supported	  by	  the	  theory	  with	  only	  one	  exception.	  
The	  lack	  of	  resources	  is	  one	  of	  the	  most	  common	  issues	  among	  Swedish	  SMEs	  which	  has	  not	  been	  
identified	  in	  the	  previous	  research	  that	  has	  been	  covered.	  The	  reason	  for	  this	  could	  be	  that	  the	  
previous	  studies	  did	  target	  companies	  of	  all	  sizes.	  The	  survey	  result	  could	  therefore	  indicate	  that	  the	  
lack	  of	  resources	  is	  an	  SME-‐specific	  issue.	  A	  similar	  challenge	  is	  identified	  in	  the	  previous	  research,	  
which	  concerns	  the	  uncertainties	  related	  to	  payback	  on	  investments	  due	  to	  the	  lack	  of	  
demonstrated	  business	  cases.	  These	  two	  challenges	  are	  somehow	  related	  but	  differ	  in	  an	  important	  
aspect.	  The	  reason	  for	  the	  resource	  issue	  being	  SME-‐specific	  is	  the	  small	  size	  of	  the	  SMEs,	  which	  
typically	  means	  financial	  limitation.	  Whilst	  the	  payback	  uncertainties	  related	  to	  a	  specific	  project	  do	  
not	  speak	  for	  a	  company's	  ability	  to	  make	  investments,	  but	  rather	  about	  a	  company’s	  risk	  aversion.	  	  
	  
The	  issues	  like	  business	  and	  customer	  incompatibility	  together	  with	  technological,	  knowledge	  and	  
know	  how	  identified	  in	  this	  study	  are	  confirmed	  by	  the	  previous	  studies.	  
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7.2.2   Newcomers	  
The	  mutual	  challenges	  that	  German	  and	  Swedish	  Newcomers	  experience	  are	  general	  lack	  of	  
knowledge	  of	  Industry	  4.0	  and	  lack	  of	  the	  necessary	  skills	  and	  technological	  know-‐how	  within	  the	  
field.	  German	  Newcomers	  are	  more	  exposed	  to	  uncertainties	  when	  it	  comes	  to	  financial	  benefits	  of	  
Industry	  4.0.	  This	  can	  be	  related	  to	  the	  business	  or	  customer	  incompatibilities	  and	  therefore	  German	  
Newcomers	  are	  struggling	  to	  see	  the	  benefits	  in	  investing	  in	  Industry	  4.0	  related	  projects.	  This	  is	  
backed	  up	  by	  the	  statement	  in	  Lichtblau	  et	  al.	  (2015)	  report	  Industry	  4.0	  Readiness	  about	  German	  
Newcomers’	  failure	  to	  see	  any	  market	  need	  for	  dealing	  with	  this	  topic.	  	  
	  
One	  specific	  challenge	  that	  Swedish	  Newcomers	  experience	  explicitly	  is	  lack	  of	  financial	  resources,	  
which	  in	  turn	  can	  be	  explained	  by	  the	  focus	  of	  this	  study	  exclusively	  on	  small	  and	  medium-‐sized	  
enterprises.	  

7.2.3   Learners	  
The	  main	  challenges	  for	  Swedish	  Learners	  are	  business	  incompatibility,	  technological	  issues	  and	  
know-‐how	  within	  the	  area	  of	  Industry	  4.0.	  Nearly	  half	  of	  German	  Learners	  experience	  the	  same	  
problems	  with	  know-‐how.	  Additionally,	  German	  Learners	  complain	  about	  shortage	  of	  skilled	  labor	  
and	  openness	  of	  their	  employees	  for	  new	  technological	  changes.	  Surprisingly,	  the	  general	  
knowledge	  was	  a	  minor	  issue	  for	  Swedish	  Learners	  compared	  to	  German.	  On	  the	  other	  hand,	  
German	  Learners	  are	  still	  uncertain	  about	  the	  economic	  benefits	  with	  Industry	  4.0	  concepts,	  which	  
yet	  again	  can	  be	  explained	  by	  either	  business	  or	  customer	  incompatibilities.	  

7.2.4   Leaders	  
The	  lack	  of	  financial	  resources	  is	  the	  biggest	  challenge	  for	  both	  Swedish	  and	  German	  Leaders.	  
Swedish	  Leaders	  have	  to	  prioritize	  other	  projects	  investments,	  which	  leaves	  them	  with	  no	  resources	  
for	  Industry	  4.0	  projects.	  German	  Leaders	  have	  additional	  challenges,	  such	  as	  lack	  of	  norms	  and	  
standards,	  unresolved	  legal	  issues,	  shortage	  of	  skilled	  staff,	  data	  security	  and	  regulations.	  This	  shows	  
that	  German	  Leaders	  have	  come	  further	  within	  Industry	  4.0	  implementation.	  But	  once	  again	  this	  
could	  be	  a	  consequence	  of	  the	  objective	  of	  this	  study	  being	  exclusively	  companies	  of	  small	  and	  
medium	  size.	  	  

7.3   Method	  improvements	  
Looking	  back	  at	  the	  method	  of	  this	  thesis,	  there	  are	  several	  points	  of	  improvement.	  The	  first	  one	  is	  
that	  the	  survey	  was	  sent	  out	  to	  286	  companies,	  but	  only	  28	  responded	  to	  the	  survey.	  There	  could	  be	  
a	  bias	  in	  the	  companies	  that	  decided	  to	  reply	  to	  the	  survey,	  which	  could	  potentially	  skew	  the	  final	  
result.	  One	  could	  imagine	  that	  the	  probability	  of	  a	  company	  with	  interest	  in	  Industry	  4.0	  will	  be	  more	  
likely	  to	  respond	  to	  a	  survey	  on	  the	  topic	  and	  a	  more	  interested	  company	  is	  likely	  to	  also	  be	  more	  
mature.	  One	  way	  of	  removing	  this	  bias	  would	  be	  to	  not	  flag	  the	  topic	  of	  the	  survey	  beforehand,	  but	  
this	  would	  probably	  decrease	  the	  response	  rate,	  on	  the	  other	  hand.	  
	  
Another	  issue	  of	  the	  method	  is	  that	  rating	  process	  is	  fully	  subjective	  and	  made	  by	  the	  companies.	  
Consequently,	  the	  responses	  could	  differ	  from	  the	  reality.	  On	  the	  other	  hand,	  many	  of	  the	  question	  
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alternatives	  are	  well-‐defined	  and	  should	  not	  be	  subject	  to	  subjective	  estimation.	  One	  of	  the	  results	  
of	  the	  survey	  was	  that	  a	  big	  portion	  of	  the	  respondents	  were	  not	  aware	  of	  Industry	  4.0	  before	  taking	  
the	  survey,	  one	  could	  imagine	  that	  these	  companies	  are	  more	  likely	  to	  misinterpret	  questions	  due	  to	  
lack	  of	  knowledge.	  
	  
Some	  of	  the	  questions	  in	  the	  survey	  are	  constructed	  in	  a	  way	  that	  despite	  the	  company	  being	  
completely	  inactive	  in	  a	  sub-‐dimension,	  the	  maturity	  level	  might	  still	  be	  above	  0.	  This	  makes	  sense	  
on	  a	  dimension	  level	  as	  it	  is	  the	  least	  mature	  sub-‐dimension	  that	  will	  determine	  the	  dimension	  
maturity,	  but	  when	  studying	  single	  sub-‐dimensions,	  only	  looking	  at	  the	  maturity	  level	  could	  be	  
misleading.	  Creating	  some	  indicator,	  making	  this	  more	  transparent	  when	  looking	  at	  the	  survey	  
result,	  would	  be	  a	  big	  improvement.	  	  
	  
The	  total	  number	  of	  respondents	  in	  this	  survey	  was	  28,	  obviously	  a	  larger	  population	  would	  yield	  
stronger	  results.	  This	  is	  especially	  and	  issue	  in	  the	  cases	  where	  the	  data	  is	  categorized	  and	  then	  
analyzed,	  e.g.	  in	  Newcomers,	  Learners	  and	  Leaders.	  For	  example,	  there	  is	  only	  one	  Leader	  and	  
generalizing	  the	  result	  based	  on	  one	  observation	  for	  that	  type	  could	  be	  dangerous.	  Overall,	  the	  
results	  of	  this	  thesis	  should	  be	  viewed	  as	  indications.	  
	  
The	  fact	  that	  the	  employee	  dimension	  is	  the	  top	  dimensions	  both	  in	  Sweden	  and	  in	  Germany	  could	  
be	  explained	  by	  two	  flaws	  in	  the	  model	  and	  not	  necessarily	  imaging	  reality.	  Firstly,	  it	  is	  the	  only	  
dimension	  that	  has	  one	  sub-‐dimension,	  making	  more	  extreme	  outcomes	  more	  likely.	  Secondly,	  the	  
question	  is	  vague	  and	  is	  up	  for	  subjective	  interpretation.	  The	  survey	  could	  be	  improved	  by	  
rephrasing	  the	  question	  and	  making	  the	  skill	  requirements	  more	  explicit	  and	  adding	  a	  second	  sub-‐
dimension	  to	  the	  Employees	  dimension.	  
	  
Another	  point	  of	  improvement	  for	  the	  Impulse	  model	  is	  adjusting	  for	  the	  fact	  that	  not	  all	  companies	  
have	  the	  possibility	  of	  having	  Smart	  products,	  which	  makes	  these	  companies	  systematically	  score	  
lower,	  even	  though	  they	  might	  have	  fully	  implemented	  Industry	  4.0	  given	  their	  business.	  As	  
previously	  mentioned,	  many	  companies	  who	  took	  part	  in	  the	  study	  were	  suppliers	  of	  steel	  
components	  like	  screws	  –	  a	  product	  that	  is	  difficult	  to	  imagine	  having	  any	  smartness	  potential.	  
Consequently,	  the	  one	  could	  think	  of	  an	  adjustment	  of	  the	  model	  were	  Smart	  products	  are	  handled	  
separately	  or	  having	  separate	  scores	  for	  companies	  were	  the	  Smart	  products	  dimension	  were	  
applicable.	  	  
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8   Conclusions	  
In	  this	  section	  a	  summary	  of	  the	  conclusions	  is	  presented,	  and	  the	  research	  questions	  are	  directly	  
answered.	  Also,	  suggestions	  for	  future	  research	  are	  made	  and	  contributions	  of	  this	  study	  are	  
presented.	  	  

8.1   RQ	  1:	  Maturity	  level	  
The	  main	  aim	  of	  the	  thesis	  was	  to	  determine	  the	  current	  Industry	  4.0	  maturity	  level	  of	  Swedish	  
SMEs.	  The	  overall	  maturity	  level	  of	  Swedish	  SMEs	  was	  found	  to	  be	  1.17,	  which	  is	  low,	  which	  probably	  
can	  be	  explained	  by	  the	  novelty	  of	  this	  industrial	  revolution.	  However,	  indications	  of	  a	  starting	  
implementation	  were	  found.	  
	  
In	  total,	  Sweden	  was	  found	  to	  have	  a	  significantly	  higher	  maturity	  level	  than	  Germany,	  indicating	  
that	  Sweden	  has	  come	  further	  in	  the	  implementation.	  This	  could	  be	  explained	  by	  a	  number	  of	  
forefronts,	  highly	  innovative	  companies	  in	  Sweden,	  shown	  in	  the	  larger	  portion	  of	  Leaders,	  driving	  
the	  maturity.	  It	  can	  also	  be	  concluded	  that	  the	  distribution	  of	  maturity	  among	  the	  different	  
dimensions	  of	  Industry	  4.0	  are	  similar	  between	  Sweden	  and	  Germany,	  with	  Employees	  and	  Smart	  
operations	  being	  the	  most	  mature.	  In	  the	  other	  end	  of	  the	  spectrum,	  Smart	  products	  were	  found	  to	  
be	  the	  least	  mature	  dimension	  for	  Swedish	  SMEs.	  
	  
The	  results	  show	  that	  revenue	  does	  not	  have	  any	  strong	  correlation	  with	  Industry	  4.0	  maturity	  levels	  
of	  the	  companies.	  On	  the	  other	  hand,	  a	  negative	  relationship	  between	  size	  and	  maturity	  level	  was	  
found,	  which	  contradicts	  international	  research.	  The	  authors	  encourage	  more	  research	  on	  the	  topic	  
in	  Sweden	  to	  firmly	  confirm	  or	  reject	  the	  result.	  	  

8.2   RQ	  2:	  Challenges	  
By	  comparing	  the	  theory	  and	  analysis	  carried	  out	  in	  this	  study,	  the	  following	  conclusions	  can	  be	  
made.	  The	  lack	  of	  financial	  resources	  is	  one	  of	  the	  biggest	  issues	  and	  appears	  to	  be	  SME-‐specific.	  The	  
other	  issues	  like	  business	  and	  customer	  incompatibility	  together	  with	  technological,	  knowledge	  and	  
know	  how	  issues	  identified	  in	  this	  study	  are	  confirmed	  by	  the	  previous	  studies	  and	  are	  applicable	  on	  
companies	  of	  all	  sizes.	  	  
	  
The	  final	  comparison	  between	  Swedish	  and	  German	  companies	  of	  different	  types	  (Newcomers,	  
Learners	  and	  Leaders)	  shows	  that	  German	  and	  Swedish	  manufacturing	  companies	  are	  experiencing	  
similar	  challenges	  with	  Industry	  4.0	  implementation.	  However,	  some	  of	  the	  facts	  need	  to	  be	  
highlighted	  such	  as	  Swedish	  Newcomers	  being	  more	  financial	  insufficient	  due	  to	  the	  size	  of	  the	  
targeted	  Swedish	  companies	  in	  this	  study.	  Furthermore,	  Swedish	  Learners	  prove	  to	  be	  more	  aware	  
of	  Industry	  4.0	  concepts,	  whilst	  German	  Learners	  experience	  more	  difficulties	  with	  availability	  of	  
skilled	  labor	  and	  conservatism.	  Finally,	  when	  it	  comes	  to	  the	  Leaders,	  both	  Swedish	  and	  German	  
companies	  experience	  financial	  challenges	  in	  investing	  in	  Industry	  4.0.	  However,	  it	  should	  be	  noted	  
that	  only	  two	  Learners	  and	  one	  Leader	  were	  identified.	  	  
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8.3   Further	  research	  suggestions	  
As	  the	  results	  of	  this	  thesis	  should	  be	  considered	  indicative,	  due	  to	  the	  small	  population	  size	  of	  the	  
survey,	  there	  would	  lie	  value	  in	  replicating	  this	  study,	  but	  with	  a	  larger	  population.	  	  
	  
In	  this	  thesis	  challenges	  for	  implementing	  Industry	  4.0	  were	  identified.	  Researching	  how	  those	  
challenges	  can	  be	  bridged	  in	  order	  to	  enable	  Industry	  4.0	  implementation	  in	  Sweden	  would	  be	  a	  
natural	  next	  step.	  This	  can	  be	  done	  from	  a	  company	  perspective,	  creating	  an	  Industry	  4.0	  roadmap	  
for	  Swedish	  SMEs	  and	  it	  can	  be	  done	  from	  a	  government	  perspective,	  investigating	  what	  can	  be	  
done	  to	  enable	  Industry	  4.0	  implementation.	  This	  roadmap	  could	  be	  specialized	  for	  different	  
company	  characteristics,	  e.g.	  different	  industries.	  	  
	  
As	  many	  companies	  currently	  are	  hesitant	  towards	  fully	  engaging	  in	  Industry	  4.0,	  comprehensively	  
mapping	  the	  benefits	  of	  Industry	  4.0	  for	  SMEs	  would	  be	  an	  interesting	  topic	  for	  future	  research.	  It	  
has	  been	  identified	  in	  this	  study	  that	  some	  companies	  experience	  incompatibilities	  with	  their	  
business	  model	  and	  Industry	  4.0	  –	  how	  should	  these	  companies	  relate	  to	  Industry	  4.0?	  

8.4   Contributions	  
This	  is	  study	  thesis	  is	  the	  first	  to	  specifically	  study	  Industry	  4.0	  in	  Sweden	  from	  a	  SME-‐perspective.	  
SMEs	  are	  an	  essential	  cog	  in	  the	  Swedish	  business	  machinery,	  hence,	  making	  sure	  these	  companies	  
are	  competitive	  is	  of	  great	  importance.	  A	  lot	  of	  factors	  indicate	  that	  a	  successful	  Industry	  4.0	  
implantations	  being	  one	  of	  the	  core	  paths	  to	  success	  for	  manufacturing	  companies.	  This	  thesis	  
shows	  that	  the	  important	  company	  segment,	  SMEs,	  still	  have	  low	  maturity	  when	  it	  comes	  to	  
Industry	  4.0	  and	  more	  specifically,	  in	  what	  way	  the	  maturity	  is	  low	  for	  different	  sizes	  of	  companies,	  
within	  different	  sub-‐industries.	  In	  a	  combined	  effort	  of	  more	  academic	  research	  and	  the	  business	  
and	  public	  sector,	  the	  challenges	  that	  are	  identified	  in	  this	  thesis	  can	  be	  mitigated,	  leading	  to	  an	  
accelerated	  adoption	  of	  Industry	  4.0	  and	  ultimately	  more	  competitive	  SMEs.	  The	  core	  contribution	  
of	  this	  thesis	  is	  raising	  awareness	  and	  providing	  a	  platform	  for	  the	  suggested	  further	  research.	  
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Appendix	  A:	  Introduction	  to	  Industry	  4.0	  
In	  this	  appendix	  a	  theoretical	  introduction	  to	  the	  topic	  of	  Industry	  4.0,	  with	  three	  main	  topics:	  core	  
concepts	  of	  Industry	  4.0,	  Industry	  4.0	  supporting	  technologies	  and	  impact	  of	  Industry	  4.0.	  	  

Background	  
An	  industrial	  revolution	  is	  driven	  by	  “new	  technologies	  and	  novel	  ways	  of	  perceiving	  the	  world	  [that]	  
trigger	  a	  profound	  change	  in	  economic	  systems	  and	  social	  structures”	  (Schwab,	  2016a,	  p.	  11).	  
Consensus	  is	  that	  the	  world	  has	  gone	  through	  three	  technological	  revolutions.	  The	  first	  being	  the	  
Industrial	  Revolution,	  starting	  when	  late-‐18th	  century	  UK	  went	  from	  being	  an	  agrarian	  economy	  to	  
using	  mechanical	  production	  methods,	  primarily	  driven	  by	  the	  introduction	  of	  steam	  power.	  The	  
second	  industrial	  revolution,	  also	  known	  as	  the	  Technological	  revolution,	  is	  typically	  dated	  between	  
1870	  and	  1914	  and	  was	  driven	  by	  the	  more	  outspread	  use	  of	  oil,	  gas	  and,	  of	  course,	  electricity	  
having	  enormous	  implications	  for	  both	  transportation	  and	  industries.	  This	  was	  the	  time	  when	  the	  
world	  was	  introduced	  to	  mass	  production	  factories,	  characterized	  by	  the	  assembly	  line.	  In	  the	  1960s	  
the	  third	  industrial	  revolution	  or	  the	  Digital	  revolution	  began.	  The	  use	  of	  electronics	  and	  IT	  lead	  to	  a	  
new	  age	  of	  optimized	  and	  automated	  production	  (Rifkin,	  2011).	  We	  are	  now	  facing	  the	  fourth	  
industrial	  revolution,	  where	  the	  introduction	  of	  intelligent	  manufacturing	  through	  Cyber-‐Physical	  
System,	  is	  fundamentally	  changing	  the	  way	  industries	  operate.	  The	  concept	  Industry	  4.0	  comes	  from	  
the	  name	  of	  the	  German	  government's	  high-‐tech	  strategy	  that	  was	  published	  in	  2011	  and	  is	  now	  the	  
prevalent	  term	  for	  the	  fourth	  industrial	  revolution	  (Liu	  and	  Zhou,	  2015).	  

Core	  concepts	  of	  Industry	  4.0	  
Industry	  4.0	  is	  a	  widely	  discussed	  topic,	  but	  does	  not	  have	  a	  clear,	  prevalent	  definition.	  Business	  are	  
yet	  to	  fully	  understand	  how	  the	  supporting	  technologies	  will	  be	  utilized	  and	  thus	  what	  concrete	  form	  
Industry	  4.0	  will	  take	  (Cevikcan	  and	  Ustundag,	  2018).	  In	  this	  section,	  the	  most	  common	  definitions	  
and	  aspects	  of	  Industry	  4.0	  are	  presented.	  
	  
The	  final	  report	  of	  the	  Industrie	  4.0	  Working	  Group,	  a	  comprehensive	  recommendation	  to	  the	  
German	  government	  on	  how	  to	  pursue	  the	  strategic	  initiative	  Industrie	  4.0,	  could	  be	  considered	  the	  
first	  source	  of	  Industry	  4.0	  insights.	  In	  the	  report,	  Kagermann	  et	  al.	  (2013)	  proposes	  that	  the	  
fundamental	  form	  of	  Industry	  4.0	  is	  Cyber-‐Physical	  Systems	  (CPS),	  which	  ‘comprise	  smart	  machines,	  
storage	  systems	  and	  production	  facilities	  capable	  of	  autonomously	  exchanging	  information,	  
triggering	  actions	  and	  controlling	  each	  other	  independently’.	  That	  is,	  the	  automated,	  deep	  
connection	  of	  the	  physical	  and	  digital	  world	  is	  the	  core	  aspect	  of	  Industry	  4.0.	  The	  supporting	  
technology	  of	  the	  development	  of	  CPS	  are	  Internet	  of	  Things	  and	  Services	  that	  convert	  the	  different	  
parts	  of	  the	  value	  chain	  to	  a	  network,	  with	  the	  Smart	  factory	  in	  the	  center	  (Kagermann	  2013).	  
	  
This	  definition	  goes	  in	  line	  with	  what	  is	  suggested	  by	  Cevikcan	  and	  Ustundag	  (2018),	  which	  is	  
‘Industry	  4.0	  is	  comprised	  of	  the	  integration	  of	  production	  facilities,	  supply	  chains	  and	  service	  
systems	  to	  enable	  the	  establishment	  of	  value-‐added	  networks’.	  	  
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Industry	  4.0	  supporting	  technologies	  
Industry	  4.0	  is	  driven	  by	  the	  development	  of	  a	  group	  of	  technologies.	  Researchers	  suggest	  
fundamentally	  the	  same	  technologies,	  with	  some	  differences.	  	  Gerbert	  et	  al.	  (2015)	  suggest	  that	  
Industry	  4.0	  is	  defined	  by	  nine	  core	  technologies:	  
	  
Big	  data	  and	  analytics.	  The	  digitalization	  of	  production	  systems	  will	  make	  enormous	  sets	  of	  data	  
available	  from	  many	  different	  sources.	  This	  enables	  optimization	  and	  real-‐time	  decision	  making	  at	  
every	  level	  of	  the	  value	  chain.	  
	  
Autonomous	  robots.	  Enabled	  by	  improved	  performance	  by	  AI	  agents	  and	  microprocessors,	  machines	  
consistently	  become	  more	  intelligent,	  both	  in	  terms	  of	  computation	  and	  precision,	  but	  also	  in	  terms	  
of	  autonomy	  and	  comunicativity.	  The	  state	  of	  art	  is	  a	  system	  where	  machines	  works	  in	  perfect	  sync	  
with	  each	  other	  and	  humans,	  communicating	  and	  learning.	  This	  will	  drive	  lower	  costs	  and	  improved	  
manufacturing	  capabilities.	  
	  
Simulation.	  When	  designing	  products	  and	  machines,	  simulations	  are	  already	  used	  to	  a	  high	  degree.	  
The	  development	  will	  go	  towards	  including	  simulation	  in	  operations,	  enabling	  more	  intelligent	  
decision	  making.	  Using	  real-‐time	  data,	  simulations	  of	  machines,	  material	  and	  human	  operators	  could	  
test	  decisions	  before	  actually	  making	  them,	  removing	  some	  uncertainty,	  e.g.	  when	  deciding	  on	  
machine	  setups.	  	  
	  
Horizontal	  and	  vertical	  system	  integration.	  Today,	  many	  corporations	  consist	  of	  several	  non-‐
connected	  silos.	  The	  IT	  systems	  of	  engineering,	  production	  and	  service	  are	  rarely	  connected.	  Even	  
rarer	  is	  inter-‐company	  connection,	  where	  supplier,	  company	  and	  distributor	  have	  integrated	  IT	  
systems.	  Industry	  4.0	  will	  drive	  connectedness	  within	  and	  between	  companies,	  which	  will	  lead	  to	  
fully	  automated	  value	  chains.	  
	  
Industrial	  Internet	  of	  Things	  (IoT).	  By	  equipping	  products,	  completed	  as	  well	  as	  uncompleted,	  and	  
machines	  with	  sensors	  and	  communicative	  capabilities	  all	  moving	  parts	  within	  a	  plant	  will	  be	  
connected	  and	  subject	  to	  computing	  capabilities.	  	  
	  
Cybersecurity.	  A	  consequence	  of	  the	  increased	  level	  of	  connectivity,	  digital	  autonomously	  and	  
amount	  of	  sensitive	  data	  is	  an	  increase	  in	  the	  need	  for	  improved	  cybersecurity	  to	  protect	  against	  the	  
increased	  threat	  of	  cyber-‐attacks.	  	  
	  
The	  cloud.	  Cloud	  technologies	  enables	  data	  sharing	  and	  computational	  capabilities.	  Data	  sharing	  will	  
increase	  dramatically	  with	  Industry	  4.0,	  both	  between	  platforms	  within	  companies,	  but	  also	  
between	  companies.	  Driven	  by	  the	  improved	  performance	  of	  cloud	  technologies,	  more	  and	  more	  
parts	  of	  production	  systems	  will	  be	  cloud	  based,	  e.g.	  control	  and	  monitor	  systems.	  	  
	  
Additive	  manufacturing.	  Additive	  manufacturing	  is	  the	  name	  of	  a	  group	  of	  technologies	  that	  create	  
3D	  structures	  based	  on	  a	  digital	  design	  by	  adding	  layers-‐upon-‐layer	  of	  material.	  Today	  there	  are	  
some	  limitations	  to	  the	  technology,	  but	  as	  the	  technology	  matures	  the	  significant	  advantages	  will	  be	  
and	  more	  harvestable.	  Firstly,	  additive	  manufacturing	  allows	  construction	  of,	  by	  conventional	  
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manufacturing	  methods,	  impossible	  structures.	  Minimal	  waste	  is	  another	  advantage	  additive	  
manufacturing.	  Included	  in	  a	  network	  system,	  additive	  manufacturing	  allows	  high	  flexibility	  when	  
and	  adaptivity	  when	  designing	  parts.	  
	  
Augmented	  reality.	  Augmented	  reality,	  where	  visual,	  digital	  elements	  are	  merged	  with	  graphics	  of	  
the	  physical	  world,	  could	  be	  used	  in	  many	  different	  applications	  to	  improve	  real-‐time	  decision	  
making	  and	  procedures	  for	  workers.	  One	  example	  would	  be	  workers	  receiving	  visual	  information	  on	  
how	  to	  repair	  a	  specific	  machine	  in	  their	  field	  of	  sight	  from	  augmented	  reality	  technology.	  	  
	  
Another	  technology	  that	  is	  not	  mentioned	  by	  Gerbert	  et	  al.	  (20,	  but	  is	  a	  commonly	  referenced	  in	  
other	  research	  is	  embedded	  systems	  or	  Cyber-‐Physical	  systems	  (Cevikcan	  and	  Ustundag,	  2018);	  
Kagermann	  et	  al.	  2013).	  CPS	  are	  the	  networking	  platform	  that	  enables	  integration	  between	  physical	  
and	  digital	  world.	  The	  following	  two	  features	  generally	  constitute	  the	  requirement	  for	  embedded	  
systems:	  
	  

1.   A	  well-‐developed	  network	  for	  real-‐time	  information	  exchange	  between	  the	  physical	  units	  
and	  the	  computational	  units.	  	  

2.   Intelligent	  data	  processing,	  decision-‐making	  and	  computational	  capabilities	  that	  support	  the	  
physical	  system.	  

	  
To	  enable	  this,	  CPS	  consist	  of	  RTLS	  technologies,	  RFID	  sensors,	  actuators,	  controllers	  and,	  of	  course,	  
networked	  systems	  connecting	  the	  physical	  and	  digital	  infrastructure	  (Cevikcan	  and	  Ustundag,	  2018)	  
CPS	  are	  consequently	  more	  of	  a	  meta-‐technology	  and	  a	  combination	  of	  the	  previously	  mentioned	  
technologies	  (Gerbert	  et	  al.	  2015).	  

Impact	  of	  Industry	  4.0	  
The	  potential	  impact	  of	  Industry	  4.0	  is	  still	  difficult	  to	  fully	  grasp,	  but	  on	  a	  conceptual	  level,	  one	  can	  
see	  eight	  trends	  (Kagermann	  et	  al.	  2013):	  
	  
Meeting	  individual	  customer	  requirements.	  Industry	  4.0	  is	  capable	  of	  handling	  more	  customization	  
in	  the	  entire	  value-‐chain,	  which	  will	  allow	  customer	  requirements	  to	  be	  included	  to	  a	  higher	  degree.	  
	  
Flexibility.	  Different	  dimensions	  of	  a	  business’	  processes	  are	  more	  dynamic	  in	  Industry	  4.0,	  e.g.	  
quality,	  risk	  and	  price.	  Consequently,	  the	  operations	  can	  constantly	  be	  modified	  and	  improved,	  but	  
also	  the	  engineering	  processes	  can	  be	  more	  flexible.	  	  
Optimized	  decision-‐taking.	  The	  combination	  of	  real-‐time	  data	  access	  and	  agility,	  the	  value	  chain	  can	  
be	  optimized	  and	  changed	  as	  a	  response	  to	  disruption	  in	  the	  business	  climate.	  	  
	  
Resource	  productivity	  and	  efficiency.	  A	  CPS-‐based	  production	  system	  allows	  manufacturing	  
processes	  to	  both	  be	  optimized	  over	  the	  entire	  value	  chain	  for	  each	  specific	  batch	  and	  to	  
continuously	  adjust	  during	  operations,	  rather	  than	  having	  to	  stop.	  
	  
Creating	  value	  opportunities	  through	  new	  services.	  The	  business	  potential	  of	  Industry	  4.0	  will	  itself	  
increase	  the	  impact	  by	  creating	  new	  business	  opportunities,	  typically	  through	  downstream	  services.	  
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E.g.	  using	  the	  big	  data	  collected	  from	  the	  smart	  components	  can	  though	  intelligent	  algorithms	  create	  
highly	  valuable	  services.	  
	  
Responding	  to	  demographic	  change	  in	  the	  workplace.	  There	  is	  an	  increasing	  discrepancy	  between	  
company	  demand	  and	  supply	  of	  labor,	  driven	  both	  by	  the	  technological	  development	  and	  diversity	  
of	  workforce,	  e.g.	  in	  terms	  of	  age.	  If	  the	  current	  workforce	  skill	  mismatch	  is	  taken	  care	  of,	  Industry	  
4.0	  is	  opening	  up	  for	  more	  diverse	  work	  and	  for	  workers	  to	  stay	  value-‐creating	  for	  longer.	  
	  
Work-‐life	  balance.	  A	  large	  proportion	  of	  the	  global	  workforce	  are	  increasingly	  valuing	  a	  healthy	  
work-‐life	  balance,	  the	  flexibility	  and	  agility	  of	  CPS-‐based	  organizations	  are	  well-‐organized	  to	  offer	  
that,	  leading	  to	  an	  employer	  branding	  advantage.	  	  
	  
Gerbert	  et	  al.	  (2015)	  has	  quantitatively	  assessed	  the	  potential	  impact	  of	  Industry	  4.0,	  using	  Germany	  
as	  their	  object	  of	  study.	  They	  identified	  four	  areas	  where	  areas	  where	  Industry	  4.0	  will	  drive	  
improvement:	  
	  
Productivity.	  Over	  the	  course	  of	  the	  coming	  five	  to	  ten	  years,	  German	  manufacturing	  companies	  will	  
achieve	  productivity	  gains	  of	  5	  to	  8	  percent.	  The	  gains	  will	  vary	  between	  industries,	  where	  industrial-‐
component	  manufacturers	  are	  predicted	  to	  reach	  the	  most	  significant	  productivity	  improvements	  of	  
20	  to	  30	  percent.	  
	  
Revenue	  growth.	  Driven	  by	  manufacturers	  increased	  demand	  for	  advanced	  technology	  and	  solutions	  
and	  customers	  increased	  demand	  for	  more	  customized	  products,	  revenues	  will	  grow.	  The	  total	  
revenue	  growth	  is	  projected	  to	  be	  €30	  billion	  a	  year	  or	  approximately	  one	  percent	  of	  the	  German	  
GDP.	  	  
	  
Employment.	  Stimulated	  by	  the	  growth	  in	  the	  manufacturing	  industry,	  the	  employment	  is	  found	  to	  
increase	  by	  6	  percent	  during	  the	  next	  10	  years.	  However,	  short	  term	  there	  will	  be	  issues	  related	  to	  
competency	  transformation	  as	  low-‐skill	  labor	  will	  be	  displaced	  by	  automation	  solutions.	  
	  
Investment.	  Capex	  related	  investments	  of	  €250	  billion	  during	  the	  next	  10	  years	  will	  be	  needed	  from	  
manufacturers	  to	  update	  their	  production	  systems	  to	  facilitate	  Industry	  4.0.	  
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Appendix	  B:	  Survey	  respondent	  information	  
In	  this	  appendix	  an	  overview	  of	  the	  respondents	  is	  presented.	  
	  
Table	  B.1:	  Respondent	  information	  
Respondent	  position	   Sub-‐Industry	  
CEO	   Machinery	  manufacturing	  industry	  
CEO	   Transportation	  equipment	  manufacturing	  

industry	  
CEO	   Machinery	  manufacturing	  industry	  
CEO	   Automotive	  industry	  
Head	  of	  production	   Joinery	  manufacturing	  industry	  
CEO	   Boat	  &	  ship	  building	  industry	  
CEO	   Transportation	  equipment	  manufacturing	  

industry	  
CEO	   Machinery	  manufacturing	  industry	  
COO	   Machinery	  manufacturing	  industry	  
CEO	   Medical	  &	  Dental	  Instrument	  Manufacturing	  

industry	  
CEO	   Electronics	  industry	  
CEO	   Transportation	  equipment	  manufacturing	  

industry	  
CEO	   Transportation	  equipment	  manufacturing	  

industry	  
Head	  of	  production	   Machinery	  manufacturing	  industry	  
CEO	   Machine	  tool	  manufacturing	  industry	  
COO	   Machinery	  manufacturing	  industry	  
CEO	   Machine	  tool	  manufacturing	  industry	  
CEO	   Transportation	  equipment	  manufacturing	  

industry	  
COO	   Machinery	  manufacturing	  industry	  
CEO	   Electronics	  industry	  
Owner	   Machinery	  manufacturing	  industry	  
Head	  of	  research	  and	  development	   Electronics	  industry	  
CEO	   Machinery	  manufacturing	  industry	  
CEO	   Telecommunications	  equipment	  industry	  
Head	  of	  production	   Machine	  tool	  manufacturing	  industry	  
CTO	   Steel	  industry	  
Head	  of	  production	   Machinery	  manufacturing	  industry	  
CEO	   Machinery	  manufacturing	  industry	  
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Appendix	  C:	  Distribution	  of	  maturity	  level	  within	  sub-‐
dimensions	  

	  
Table	  C.1:	  Distribution	  of	  maturity	  level	  within	  Strategy	  and	  organization	  

	   Degree	  of	  
strategic	  
implementation	  

Definition	  of	  
indicators	  

Investments	   Innovation	  
management	  

Total	  

Outsider	   35,7%	   0,0%	   53,6%	   0,0%	   53,6%	  
Beginner	   39,3%	   89,3%	   14,3%	   0,0%	   35,7%	  
Intermediate	   17,9%	   0,0%	   17,9%	   28,6%	   3,6%	  
Experienced	   0,0%	   0,0%	   10,7%	   46,4%	   3,6%	  
Expert	   3,6%	   10,7%	   0,0%	   10,7%	   3,6%	  
Top	  performer	   3,6%	   0,0%	   3,6%	   14,3%	   0,0%	  
Average	  
maturity	  level	  

1,07	   1,32	   1,00	   3,11	   0,68	  

	  
Table	  C.2:	  Distribution	  of	  maturity	  level	  within	  Smart	  factory	  
	   Equipment	  

infrastructure	  
(current)	  

Equipment	  
infrastructure	  
(target)	  

Digital	  
modeling	  

Data	  
collection	  

Data	  
usage	  

IT	  
systems	  

Total	  

Level	  0:	  
Outsiders	  

14,3%	   3,6%	   0,0%	   0,0%	   0,0%	   7,1%	   17,9%	  

Level	  1:	  
Beginners	  

46,4%	   17,9%	   25,0%	   7,1%	   10,7%	   25,0%	   50,0%	  

Level	  2:	  
Intermediates	  

3,6%	   42,9%	   0,0%	   25,0%	   42,9%	   0,0%	   14,3%	  

Level	  3:	  
Experienced	  

28,6%	   17,9%	   0,0%	   39,3%	   14,3%	   0,0%	   14,3%	  

Level	  4:	  
Expert	  

7,1%	   17,9%	   67,9%	   17,9%	   21,4%	   57,1%	   3,6%	  

Level	  5:	  Top	  
performer	  

0,0%	   0,0%	   7,1%	   10,7%	   10,7%	   10,7%	   0,0%	  

Average	  
maturity	  

1,68	   2,29	   3,32	   3,00	   2,79	   3,07	   1,36	  
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Table	  C.3:	  Distribution	  of	  maturity	  level	  within	  Smart	  operations	  
Level	  0:	  
Outsiders	  

25,0%	   0,0%	   0,0%	   3,6%	   0,0%	   28,6%	  

Level	  1:	  
Beginners	  

0,0%	   0,0%	   0,0%	   14,3%	   0,0%	   7,1%	  

Level	  2:	  
Intermediates	  

53,6%	   0,0%	   0,0%	   14,3%	   28,6%	   50,0%	  

Level	  3:	  
Experienced	  

0,0%	   92,9%	   96,4%	   28,6%	   35,7%	   14,3%	  

Level	  4:	  
Expert	  

14,3%	   3,6%	   0,0%	   28,6%	   21,4%	   0,0%	  

Level	  5:	  Top	  
performer	  

7,1%	   3,6%	   3,6%	   10,7%	   14,3%	   0,0%	  

Average	  
maturity	  

2,00	   3,11	   3,07	   2,96	   3,21	   1,50	  

	  
Table	  C.4:	  Distribution	  of	  maturity	  level	  within	  Smart	  products	  

	   ICT	  add-‐on	  functionalities	   Use	  of	  data	   Total	  
Outsider	   92,9%	   0,0%	   92,9%	  
Beginner	   0,0%	   64,3%	   0,0%	  
Intermediate	   3,6%	   10,7%	   3,6%	  
Experienced	   3,6%	   0,0%	   3,6%	  
Expert	   0,0%	   0,0%	   0,0%	  
Top	  performer	   0,0%	   25,0%	   0,0%	  
Average	  maturity	  level	   0,18	   2,11	   0,18	  
	  
Table	  C.5:	  Distribution	  of	  maturity	  level	  within	  Data-‐driven	  services	  
	   Data-‐driven	  services	   Share	  of	  revenue	   Level	  of	  data	  usage	   Total	  

Level	  0:	  Outsiders	   71,4%	   78,6%	   0,0%	   78,6%	  

Level	  1:	  Beginners	   0,0%	   7,1%	   60,7%	   7,1%	  

Level	  2:	  Intermediates	   0,0%	   3,6%	   25,0%	   7,1%	  

Level	  3:	  Experienced	   17,9%	   0,0%	   0,0%	   0,0%	  

Level	  4:	  Expert	   0,0%	   0,0%	   7,1%	   3,6%	  

Level	  5:	  Top	  performer	   10,7%	   10,7%	   7,1%	   3,6%	  

Average	  maturity	   1,07	   0,68	   1,75	   0,54	  
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Table	  C.6:	  Distribution	  of	  maturity	  level	  Employees	  

	   Employee	  skills	   Total	  

Outsider	   7,1%	   7,1%	  

Beginner	   32,1%	   32,1%	  

Intermediate	   35,7%	   35,7%	  

Experienced	   14,3%	   14,3%	  

Expert	   7,1%	   7,1%	  

Top	  performer	   3,6%	   3,6%	  

Average	  maturity	  level	   1,93	   1,93	  
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Appendix	  D:	  Survey	  
In	  this	  appendix	  the	  survey	  is	  presented.	  It	  is	  only	  available	  in	  its	  original	  language,	  Swedish.	  
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