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Abstract	
  

	
  

The	
  goal	
  of	
  this	
  study	
  was	
  to	
  evaluate	
  the	
  usability	
  and	
  user-­‐experience	
  of	
  a	
  new	
  type	
  

of	
  standing	
  workstation-­‐system	
  to	
  be	
  used	
  in	
  the	
  context	
  of	
  an	
  Educational	
  

Makerspace.	
  Thirty	
  participants	
  were	
  asked	
  to	
  perform	
  two	
  design-­‐based	
  activities	
  

allowing	
  them	
  to	
  use	
  a	
  setting	
  composed	
  of	
  the	
  new	
  workstation	
  and	
  one	
  formed	
  by	
  a	
  

standard	
  table	
  and	
  seats.	
  Participants	
  were	
  asked	
  to	
  rate	
  each	
  setting	
  using	
  a	
  System	
  

Usability	
  Scale	
  (SUS)	
  Questionnaire	
  and	
  to	
  score	
  them	
  by	
  using	
  a	
  comparative	
  rating	
  

with	
  respect	
  to	
  different	
  dimensions	
  of	
  the	
  user	
  experience.	
  	
  The	
  results	
  display	
  a	
  

favorable	
  Usability	
  scoring	
  for	
  the	
  new	
  workstation	
  (Mean=	
  78.5,	
  SD=12.03)	
  when	
  

compared	
  to	
  the	
  traditional	
  setting	
  (Mean=	
  67.3,	
  SD=12.83).	
  Subjective	
  evaluation	
  of	
  

the	
  new	
  workstation	
  also	
  displayed	
  significant	
  scoring	
  of	
  its	
  capacity	
  for	
  easier	
  set	
  up	
  

and	
  clean	
  up	
  tasks.	
  Participants	
  perceived	
  the	
  design	
  as	
  helpful	
  to	
  keep	
  materials	
  and	
  

projects	
  more	
  organized.	
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CHAPTER	
  1:	
  	
  INTRODUCTION	
  	
  

 

“I want us all to think about new and creative ways to engage young people in science and 

engineering, whether it´s science festivals, robotics competitions, fairs that encourage 

young people to create and build and invent-to be makers of things, not just consumers of 

things” 

President Barack Obama, Launch of Campaign Educate to Innovate, 2009.	
  

	
  

Makerspaces	
  have	
  become	
  a	
  significant	
  topic	
  related	
  to	
  understanding	
  how	
  people	
  are	
  

interacting	
  with	
  technologies,	
  tools	
  and	
  materials,	
  providing	
  them	
  not	
  only	
  with	
  an	
  

opportunity	
  to	
  explore	
  the	
  generation	
  of	
  new	
  artifacts,	
  but	
  with	
  the	
  ability	
  to	
  learn	
  in	
  

collaborative	
  settings.	
  (Rosenfeld	
  and	
  Sheridan,	
  2014).	
  	
  

	
  

As	
  these	
  spaces	
  start	
  to	
  become	
  operational	
  in	
  schools	
  and	
  universities,	
  they	
  are	
  

challenged	
  to	
  increase	
  the	
  “transitional	
  capacity”	
  of	
  their	
  physical	
  environment,	
  

making	
  it	
  easier	
  for	
  students	
  to	
  move	
  from	
  one	
  activity	
  to	
  another;	
  spending	
  less	
  time	
  

in	
  setting-­‐up	
  equipment	
  or	
  materials,	
  speeding	
  up	
  the	
  process	
  of	
  clean	
  up	
  and	
  storage,	
  

and	
  as	
  a	
  result,	
  having	
  the	
  opportunity	
  to	
  spend	
  more	
  time	
  “making”	
  and	
  learning	
  

from	
  the	
  moment	
  they	
  arrive,	
  until	
  they	
  leave	
  the	
  space.	
  

	
  

In	
  terms	
  of	
  person	
  capacity,	
  Educational	
  Makerspaces	
  should	
  be	
  flexible	
  enough	
  to	
  

gather	
  larger	
  groups	
  around	
  a	
  common	
  project,	
  but	
  they	
  should	
  also	
  allow,	
  at	
  the	
  

same	
  time,	
  the	
  work	
  of	
  smaller	
  groups,	
  or	
  even	
  individuals	
  to	
  happen	
  effectively.	
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This	
  opens	
  the	
  debate	
  of	
  how	
  they	
  can	
  become	
  flexible,	
  displaying	
  equipment	
  that	
  is	
  

modular	
  or	
  mobile,	
  and	
  therefore	
  able	
  to	
  form	
  different	
  arrays	
  within	
  the	
  same	
  layout.	
  

	
  	
  

The	
  amount	
  of	
  creative	
  work	
  or	
  on-­‐going	
  projects	
  should	
  also	
  be	
  able	
  to	
  be	
  displayed,	
  

inviting	
  other	
  students	
  to	
  see,	
  hear	
  or	
  feel	
  the	
  work	
  of	
  others,	
  engaging	
  them	
  to	
  try	
  out	
  

and	
  demonstrate	
  their	
  own	
  ideas.	
  

	
  

All	
  these	
  challenges	
  and	
  visions	
  comprise	
  part	
  of	
  the	
  context	
  of	
  design,	
  planning	
  and	
  

implementation	
  of	
  new	
  learning	
  environments	
  related	
  to	
  making.	
  And	
  as	
  we	
  advance	
  

into	
  new	
  dimensions	
  for	
  hands-­‐on	
  and	
  active	
  learning,	
  we	
  also	
  face	
  the	
  need	
  to	
  

question	
  ourselves	
  about	
  how	
  we	
  are	
  designing	
  these	
  spaces	
  from	
  the	
  perspective	
  of	
  

the	
  users	
  and	
  their	
  needs,	
  and	
  if	
  we	
  are	
  moving	
  into	
  innovative	
  solutions.	
  

	
  

In	
  this	
  context,	
  Human	
  Factors	
  Engineering	
  should	
  be	
  a	
  key	
  element	
  in	
  providing	
  

methods	
  and	
  guidelines,	
  not	
  only	
  for	
  an	
  effective	
  design	
  and	
  evaluation	
  of	
  the	
  

workplace,	
  but	
  also	
  for	
  understanding	
  the	
  gap	
  between	
  what	
  users	
  need	
  and	
  expect,	
  

and	
  the	
  actual	
  solutions	
  in	
  place.	
  Human	
  Factors	
  Engineering	
  should	
  also	
  provide	
  a	
  

multi-­‐disciplinary	
  approach	
  into	
  the	
  design	
  of	
  new	
  learning	
  spaces,	
  integrating	
  

perspectives	
  over	
  the	
  multiple	
  of	
  dimensions	
  of	
  a	
  problem:	
  	
  aesthetic,	
  physical,	
  legal	
  

and	
  safety,	
  context	
  and	
  environment,	
  economic,	
  and	
  of	
  course,	
  ergonomics.	
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1.1 Motivation	
  

	
  

Educational	
  Makerspaces	
  are	
  facing	
  increasing	
  time	
  and	
  space	
  constraints	
  as	
  they	
  

become	
  part	
  of	
  formally	
  structured	
  activities	
  around	
  Science,	
  Technology,	
  

Mathematics	
  and	
  Technology	
  (STEM)	
  education.	
  	
  Space	
  effectiveness	
  and	
  efficiency	
  

are	
  challenged	
  when	
  a	
  series	
  of	
  activities	
  and	
  different	
  student	
  groups	
  need	
  to	
  share	
  

the	
  same	
  space	
  over	
  a	
  limited	
  time.	
  	
  

	
  

In	
  this	
  thesis,	
  I	
  present	
  the	
  design	
  of	
  a	
  new	
  workstation	
  system	
  capable	
  of	
  providing	
  a	
  

better	
  overall	
  workflow	
  for	
  its	
  users	
  and	
  their	
  on-­‐going	
  projects	
  in	
  the	
  physical	
  

environment	
  of	
  an	
  educational	
  Makerspace.	
  	
  This	
  new	
  design	
  differs	
  thoroughly	
  from	
  

how	
  traditional	
  spaces	
  are	
  set	
  up	
  around	
  the	
  provision	
  of	
  large	
  surfaces	
  for	
  designing	
  

and	
  shelves	
  with	
  plastic	
  containers	
  for	
  storing	
  projects	
  (Preddy,	
  2013).	
  A	
  Usability	
  

and	
  User	
  experience	
  study	
  was	
  conducted	
  to	
  compare	
  the	
  experimental	
  design	
  against	
  

a	
  baseline	
  condition,	
  represented	
  by	
  a	
  setting	
  observable	
  in	
  many	
  current	
  

Makerspaces.	
  This	
  type	
  of	
  study	
  has	
  not	
  been	
  identified	
  in	
  literature,	
  and	
  I	
  intend	
  to	
  

contribute	
  to	
  this	
  fact.	
  

	
  

1.2	
  Literature	
  review	
  	
   	
  

	
  

In	
  order	
  to	
  situate	
  the	
  experimental	
  workstation	
  in	
  a	
  greater	
  context,	
  it	
  was	
  necessary	
  

to	
  refer,	
  	
  at	
  the	
  beginning	
  of	
  this	
  search,	
  to	
  the	
  concept	
  of	
  physical	
  environments	
  in	
  

organizations	
  and	
  how	
  a	
  Makerspace	
  can	
  relate	
  to	
  them.	
  Secondly,	
  to	
  design	
  an	
  

effective	
  workstation	
  oriented	
  for	
  educational	
  Makerspaces,	
  models	
  and	
  standards	
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informed	
  in	
  professional	
  and	
  scientific	
  literature	
  were	
  researched.	
  	
  This	
  was	
  

complemented	
  with	
  Human	
  Factors	
  literature	
  considerations	
  for	
  workstation	
  design.	
  	
  

Finally,	
  a	
  review	
  was	
  performed	
  in	
  order	
  to	
  understand	
  user	
  evaluation	
  models	
  of	
  

workstations	
  reported	
  in	
  literature.	
  

	
  

1.2.1	
  	
  	
  Definition	
  of	
  Physical	
  Environment	
  in	
  Organizations	
  

	
  

Physical	
  environments	
  in	
  organizations	
  can	
  be	
  understood	
  as	
  being	
  composed	
  of	
  two	
  

dimensions,	
  one	
  dimension	
  refers	
  to	
  all	
  the	
  material	
  objects	
  and	
  stimuli	
  embedded	
  

within	
  an	
  architectural	
  space	
  (e.g.	
  buildings,	
  furnishings,	
  equipment	
  and	
  ambient	
  

conditions),	
  and	
  a	
  second	
  dimension	
  is	
  related	
  to	
  how	
  those	
  objects	
  and	
  stimuli	
  can	
  be	
  

arranged	
  	
  (Carnevale,	
  1992).	
  	
  One	
  of	
  the	
  main	
  subjects	
  of	
  study	
  in	
  the	
  design	
  of	
  

physical	
  environments	
  for	
  professional	
  work	
  settings	
  has	
  been	
  the	
  decision-­‐making	
  

and	
  trade-­‐off	
  processes	
  with	
  regards	
  to	
  the	
  enclosures	
  and	
  barriers	
  in	
  work	
  spaces,	
  

which	
  relates	
  to	
  the	
  desired	
  level	
  of	
  adjustability	
  in	
  work	
  arrangements.	
  	
  Additional	
  

areas	
  of	
  concern	
  has	
  been	
  the	
  personalization	
  of	
  work	
  spaces,	
  including	
  the	
  display	
  of	
  

well-­‐known	
  symbols	
  and	
  nature-­‐like	
  ambient	
  surroundings,	
  including	
  natural	
  light,	
  

presence	
  of	
  plants,	
  wood	
  interiors,	
  views	
  of	
  nature,	
  and	
  natural	
  aromas	
  (Elsbach	
  and	
  

Pratt,	
  2007).	
  	
  

	
  

A	
  number	
  of	
  alternate	
  modes	
  have	
  been	
  used	
  to	
  define	
  conceptually	
  the	
  physical	
  

environment	
  of	
  organizations.	
  In	
  terms	
  of	
  “function”	
  it	
  has	
  been	
  defined	
  by	
  a	
  set	
  of	
  six	
  

operators	
  that	
  can	
  be	
  individually	
  analyzed	
  (Steele,	
  1973),	
  such	
  as:	
  shelter	
  and	
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security,	
  social	
  contact,	
  symbolic	
  identifications,	
  task	
  instrumentality,	
  pleasure	
  and	
  

growth.	
  	
  Another	
  attempt	
  has	
  been	
  related	
  to	
  definitions	
  of	
  the	
  physical	
  environment	
  

by	
  elements	
  of	
  	
  “dimension	
  and	
  size”	
  (Pfeffer,	
  1982),	
  these	
  relate	
  specifically	
  to:	
  size,	
  

quality,	
  	
  flexibility,	
  arrangement,	
  	
  privacy	
  and	
  location.	
  	
  

	
  

A	
  conceptual	
  framework	
  is	
  provided	
  by	
  Davis	
  (1984).	
  	
  In	
  this	
  study,	
  the	
  physical	
  

environment	
  is	
  composed	
  of	
  the	
  following	
  dimensions:	
  	
  

• Physical	
  structure:	
  	
  Defined	
  by	
  the	
  architectural	
  design	
  and	
  physical	
  placement	
  

of	
  furnishings	
  in	
  a	
  building	
  that	
  have	
  an	
  impact	
  on	
  social	
  interaction	
  (e.g.	
  walls	
  

and	
  corridors	
  restrict	
  fluid	
  movement	
  of	
  people,	
  therefore	
  limiting	
  social	
  

gathering	
  and	
  interaction).	
  

• Physical	
  stimuli:	
  Defined	
  by	
  those	
  aspects	
  that	
  intrude	
  into	
  the	
  physical	
  

environment	
  user´s	
  awareness	
  and	
  influence	
  his/her	
  behavior.	
  (e.g.	
  messages	
  

on	
  a	
  wall,	
  smell	
  of	
  coffee,	
  company	
  vision	
  and	
  goals).	
  

• Symbolic	
  artifacts:	
  Defined	
  by	
  those	
  aspects	
  that	
  individually	
  or	
  collectively	
  

guide	
  the	
  interpretation	
  of	
  the	
  social	
  setting.	
  (e.g.	
  logotypes	
  and	
  images,	
  style	
  

of	
  furnishing,	
  color	
  of	
  the	
  walls).	
  

	
  

According	
  to	
  Kurti,	
  Kurti	
  and	
  Flemming	
  (2014),	
  Educational	
  Makerspaces	
  face	
  the	
  

need	
  to	
  be	
  flexible,	
  providing	
  open	
  spaces	
  with	
  elements	
  that	
  can	
  capture	
  users’	
  

attention	
  the	
  first	
  time	
  they	
  visit	
  a	
  space,	
  such	
  as	
  the	
  display	
  of	
  on-­‐going	
  projects,	
  

questions	
  and	
  thoughts,	
  which	
  may	
  act	
  as	
  symbolic	
  artifacts.	
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A	
  set	
  of	
  guidelines	
  related	
  to	
  an	
  informal	
  environment	
  design	
  with	
  making	
  activities	
  to	
  

be	
  conducted	
  by	
  kids	
  and	
  parents	
  is	
  informed	
  by	
  Wang	
  (2013),	
  here	
  the	
  emphasis	
  is	
  

placed	
  on	
  designing	
  a	
  space	
  with	
  the	
  ability	
  to	
  allow	
  for	
  multiple	
  paths	
  and	
  solutions	
  

when	
  a	
  challenge	
  is	
  given.	
  	
  Additionally,	
  the	
  space	
  should	
  allow	
  for	
  an	
  easy	
  access	
  to	
  a	
  

variety	
  of	
  materials,	
  supporting	
  collaboration	
  through	
  various	
  levels	
  of	
  open-­‐

endedness,	
  where	
  groups	
  of	
  parents	
  and	
  kids	
  interact.	
  

	
  

A	
  model	
  of	
  interaction	
  between	
  person	
  and	
  physical	
  environment	
  is	
  useful	
  to	
  

understand	
  the	
  “experiential”	
  interaction	
  within	
  the	
  space	
  (Carnevale	
  and	
  Rios,	
  1995).	
  

In	
  this	
  dimension,	
  four	
  elements	
  can	
  be	
  traced	
  and	
  analyzed:	
  	
  

• Adequacy:	
  A	
  measure	
  related	
  to	
  how	
  users	
  of	
  a	
  space	
  feel	
  about	
  the	
  quality	
  of	
  

their	
  physical	
  work	
  environment.	
  	
  

• Arrangement:	
  The	
  arrangement	
  of	
  furnishing	
  or	
  layout	
  of	
  a	
  space	
  can	
  have	
  

decisive	
  influence	
  in	
  the	
  dynamics	
  of	
  behavioral	
  patterns	
  of	
  users	
  of	
  a	
  space.	
  

• Symbolic	
  features:	
  Physical	
  environments	
  in	
  organizations	
  have	
  the	
  ability	
  to	
  

communicate	
  messages	
  about	
  it	
  and	
  its	
  users.	
  Messages	
  about	
  authority,	
  

legitimacy	
  and	
  appropriate	
  behavior	
  can	
  be	
  communicated	
  in	
  architectural	
  

design	
  (Goodsell,	
  1988).	
  

• Control:	
  	
  If	
  the	
  communication	
  between	
  the	
  individuals	
  who	
  create	
  or	
  design	
  

the	
  physical	
  environment	
  and	
  those	
  who	
  use	
  it	
  is	
  almost	
  non-­‐existent,	
  then	
  it	
  

is	
  most	
  likely	
  that	
  the	
  end	
  users	
  will	
  not	
  display	
  higher	
  levels	
  of	
  satisfaction.
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1.2.2	
  Challenges	
  in	
  Physical	
  Environment	
  of	
  Educational	
  Makerspaces	
  

	
  

“Space	
  and	
  it´s	
  impact	
  on	
  behavior	
  have	
  been	
  important	
  to	
  me	
  from	
  those	
  earliest	
  days,	
  

through	
  IDEO	
  and	
  my	
  long	
  association	
  with	
  Steelcase.	
  At	
  the	
  d.school,	
  it´s	
  been	
  a	
  critical	
  

element	
  in	
  creating	
  a	
  different	
  kind	
  of	
  educational	
  environment,	
  one	
  that	
  nourishes	
  

creative	
  confidence	
  in	
  our	
  students”	
  

David	
  M.	
  Kelley,	
  Stanford	
  University	
  Professor	
  and	
  Founder	
  of	
  IDEO	
  

	
  

There	
  are	
  no	
  published	
  standards	
  or	
  consensus	
  agreements	
  of	
  what	
  type	
  of	
  elements	
  

of	
  the	
  physical	
  environment	
  are	
  adequate	
  for	
  generating	
  a	
  Makerspace.	
  However	
  

there	
  are	
  	
  published	
  cases	
  of	
  effective	
  solutions	
  that	
  have	
  been	
  implemented	
  and	
  are	
  

currently	
  in	
  use.	
  

	
  

The	
  Stanford	
  University	
  Institute	
  of	
  Design	
  (d.school)	
  displays	
  a	
  set	
  of	
  innovate	
  ways	
  

to	
  approach	
  the	
  physical	
  environment	
  of	
  an	
  Educational	
  Makerspace	
  (Doorley,	
  2012).	
  

A	
  unique	
  set	
  of	
  artifacts	
  has	
  been	
  made	
  for	
  the	
  purpose	
  of	
  providing	
  functional	
  work	
  

surfaces	
  for	
  the	
  activities	
  of	
  creativity,	
  design	
  and	
  prototyping	
  within	
  the	
  organization	
  

of	
  the	
  school.	
  A	
  set	
  of	
  “design	
  templates”	
  is	
  described	
  with	
  the	
  goal	
  of	
  providing	
  any	
  

spatial	
  planner	
  with	
  four	
  principles	
  to	
  aid	
  the	
  conceiving	
  or	
  repurposing	
  of	
  building:	
  	
  	
  

• Places	
  and	
  Properties:	
  Principles	
  that	
  address	
  the	
  divisions	
  in	
  the	
  space	
  and	
  

the	
  features	
  within	
  the	
  divisions.	
  

• Actions	
  and	
  Attitudes:	
  Principles	
  that	
  address	
  the	
  human	
  nature	
  of	
  interaction	
  

with	
  the	
  physical	
  environment.	
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These	
  principles	
  are	
  driving	
  forces	
  behind	
  	
  the	
  physical	
  artifacts	
  created	
  in	
  the	
  school.	
  

The	
  result	
  of	
  their	
  application	
  has	
  resulted	
  in	
  some	
  characteristic	
  objects	
  that	
  define	
  

their	
  space	
  in	
  terms	
  of	
  modular	
  work-­‐surfaces,	
  storage	
  space,	
  and	
  collaboration	
  

surfaces.	
  	
  Figure	
  2	
  illustrates	
  a	
  set	
  of	
  particular	
  artifacts	
  related	
  to	
  the	
  d.school.	
  

	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (a)	
   	
   	
   	
  	
  	
  	
  	
  	
  (b)	
  	
  	
  	
  	
  	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (c)	
   	
   	
   (d)	
  

Figure	
  1.	
  d.school	
  artifacts	
  
(a)	
  Storage	
  box.	
  	
  (b)	
  Periodic	
  Table.	
  	
  (c)	
  Modularity	
  of	
  Periodic	
  Table.	
  	
  	
  (d)	
  Z-­‐rack	
  whiteboard	
  

(Photos	
  by	
  http://www.hcsidesign.com)	
  
	
  

These	
  artifacts	
  display	
  some	
  distinctive	
  features:	
  	
  

• Visible	
  storage:	
  The	
  storage	
  box	
  provides	
  easy	
  access	
  on	
  front	
  and	
  back.	
  The	
  

sides	
  are	
  covered	
  with	
  semi	
  translucent	
  polycarbonate,	
  allowing	
  also	
  dry	
  erase	
  

writing	
  on	
  the	
  sides.	
  

• Periodic	
  table:	
  	
  A	
  table	
  that	
  has	
  been	
  defined	
  as	
  a	
  “meeting	
  space”.	
  These	
  tables	
  

support	
  a	
  dynamic	
  culture	
  and	
  propose	
  a	
  “bar	
  height”	
  with	
  the	
  aim	
  of	
  helping	
  

people	
  transition	
  from	
  sitting	
  to	
  standing	
  easily.	
  

• Repurposed	
  artifacts:	
  The	
  Z-­‐rack	
  is	
  a	
  modified	
  garment	
  rack,	
  which	
  provides	
  a	
  

sturdy	
  and	
  practical	
  whiteboard	
  structure	
  at	
  a	
  fraction	
  of	
  the	
  cost.	
  



10	
  

• Easy	
  to	
  move	
  furniture:	
  All	
  the	
  artifacts	
  displayed	
  are	
  provided	
  with	
  casters,	
  

giving	
  them	
  the	
  ability	
  to	
  be	
  moved	
  around	
  the	
  space,	
  giving	
  it	
  flexibility	
  and	
  

adaptation	
  to	
  the	
  needs	
  of	
  different	
  creative	
  activities.	
  

	
  

Similar	
  outcomes	
  could	
  also	
  be	
  identified	
  in	
  the	
  context	
  of	
  the	
  development	
  of	
  active	
  

learning	
  spaces	
  in	
  educational	
  settings.	
  Therefore	
  the	
  literature	
  review	
  also	
  covered	
  

studies	
  related	
  to	
  the	
  construction	
  and	
  evaluation	
  of	
  this	
  type	
  of	
  environments.	
  

	
  

The	
  development	
  of	
  a	
  Multidisciplinary	
  Engineering	
  Center	
  (Batill,	
  2001)	
  reported	
  a	
  

set	
  of	
  core	
  features	
  of	
  the	
  physical	
  environment	
  that	
  were	
  part	
  of	
  their	
  design	
  

requirements:	
  	
  

• 	
  A	
  flexible	
  and	
  adaptable	
  space	
  

• Work	
  areas	
  and	
  benches	
  for	
  project	
  fabrication	
  tools,	
  test	
  and	
  assembly.	
  

• Storage	
  space	
  for	
  students	
  

• Movable,	
  student	
  operated	
  equipment	
  

• 	
  Project	
  development	
  and	
  set-­‐up	
  area	
  

	
  

The	
  project,	
  which	
  was	
  categorized	
  outside	
  of	
  traditional	
  academic	
  space,	
  was	
  able	
  to	
  

ensure	
  the	
  close	
  collaboration	
  of	
  the	
  space	
  architect	
  and	
  the	
  final	
  users	
  to	
  meet	
  these	
  

“unusual	
  requirements”.	
  	
  A	
  core	
  element	
  was	
  to	
  be	
  able	
  to	
  design	
  a	
  space	
  ready	
  for	
  the	
  

“new	
  and	
  unexpected”	
  uses	
  that	
  teaching	
  innovation	
  could	
  introduce	
  in	
  the	
  future.	
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Carlson	
  and	
  Sullivan	
  (2006)	
  informed	
  that	
  a	
  Multi-­‐Disciplinary	
  Design	
  Environment	
  

faces	
  certain	
  challenges	
  and	
  needs	
  such	
  as:	
  	
  

• Providing	
  team	
  storage	
  lockers	
  to	
  organize	
  tools	
  and	
  projects	
  supplies.	
  Larger	
  

and	
  flexible	
  storage	
  areas	
  would	
  be	
  desirable	
  features.	
  

• Architectural	
  concepts,	
  such	
  as	
  flexibility	
  and	
  visibility,	
  should	
  inform	
  most	
  of	
  

the	
  design	
  decisions	
  of	
  design	
  lab.	
  

	
  

Leigh	
  et	
  al.	
  (2013)	
  developed	
  a	
  checklist	
  of	
  design	
  qualities	
  of	
  a	
  learning	
  studio,	
  

focused	
  in	
  enhancing	
  creativity	
  in	
  a	
  college	
  setting:	
  	
  

• Transparency	
  achieved	
  through	
  visual	
  and	
  acoustical	
  “access”	
  to	
  activities.	
  

• Enhanced	
  interconnectivity	
  and	
  socialization	
  spaces	
  inviting	
  collaboration.	
  

• A	
  shared	
  system	
  allowing	
  up	
  to	
  four	
  laptops	
  to	
  be	
  simultaneously	
  connected	
  

and	
  additional	
  electrical	
  access	
  for	
  powering	
  laptops	
  and	
  other	
  plug-­‐ins.	
  

• Variety	
  of	
  in-­‐learning	
  modalities	
  supporting	
  informal	
  socialization,	
  formal	
  

socialization,	
  instructed	
  learning,	
  team/project	
  areas	
  	
  and	
  a	
  research/resource	
  

area.	
  

• Environmental	
  duality	
  enhancing	
  the	
  work/play	
  dichotomy	
  (i.e.,	
  “do	
  what	
  you	
  

love”).	
  

• Spatial	
  plasticity	
  through	
  the	
  movability	
  of	
  furnishings	
  with	
  caster	
  and	
  locking	
  

mechanism	
  on	
  work	
  surfaces.	
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1.2.3	
  Workstation	
  design	
  methods	
  

	
  

Workstation-­‐systems	
  design	
  can	
  be	
  addressed	
  by	
  using	
  anthropometric	
  data,	
  which	
  

allows	
  matching	
  the	
  physical	
  dimension	
  of	
  the	
  artifact	
  to	
  the	
  physical	
  characteristics	
  

of	
  the	
  people	
  that	
  will	
  use	
  it	
  (Proctor,	
  2008).	
  	
  The	
  usage	
  of	
  anthropometric	
  data	
  is	
  one	
  

of	
  the	
  key	
  steps	
  in	
  workstation	
  design,	
  specific	
  steps	
  commonly	
  referred	
  to	
  are	
  

defining	
  and	
  describing	
  the	
  population	
  in	
  terms	
  of	
  anthropometric	
  data	
  and	
  selecting	
  

a	
  design	
  limit	
  or	
  design	
  criteria(Roebuck,	
  1995).	
  Essentially	
  three	
  principles	
  of	
  design	
  

can	
  be	
  defined	
  when	
  using	
  anthropometric	
  data	
  (Sanders	
  and	
  McCormick,	
  1987):	
  	
  

1. Design	
  for	
  extreme	
  individuals:	
  Applied	
  when	
  a	
  population	
  value	
  includes	
  all	
  

the	
  rest	
  of	
  the	
  population.	
  Usually	
  uses	
  5th	
  or	
  95th	
  percentile	
  of	
  population.	
  

Example:	
  Height	
  of	
  doorways	
  is	
  designed	
  considering	
  a	
  taller	
  size	
  than	
  average.	
  	
  

2. Design	
  for	
  Adjustable	
  Range:	
  Applied	
  when	
  an	
  artifact	
  is	
  required	
  to	
  provide	
  

adaptability	
  to	
  a	
  range	
  from	
  the	
  5th	
  to	
  95th	
  percentile	
  of	
  population.	
  Examples:	
  

car	
  seats,	
  office	
  chairs,	
  desk	
  heights.	
  

3. Design	
  for	
  the	
  average:	
  Applies	
  when	
  a	
  design	
  is	
  designed	
  for	
  the	
  50th	
  

percentile	
  of	
  the	
  population.	
  Examples	
  are	
  most	
  urban	
  transportation	
  seats,	
  

airplane	
  trays	
  and	
  school	
  storage	
  lockers.	
  

Work	
  surface	
  heights	
  have	
  been	
  given	
  special	
  attention	
  with	
  respect	
  to	
  different	
  types	
  

of	
  tasks	
  (Ayoub,	
  1973).	
  	
  Table	
  1	
  summarizes	
  recommended	
  standing	
  heights	
  given	
  

certain	
  types	
  of	
  tasks.
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Type	
  of	
  task	
   Male	
   Female	
  
	
   in	
   cm	
   in	
   cm	
  
Precision	
  work,	
  elbows	
  supported	
   43.0-­‐47.0	
   109-­‐119	
   40.5-­‐44-­‐5	
   103-­‐113	
  
Light	
  Assembly	
  work	
   39.0-­‐43.0	
   99-­‐109	
   34.5-­‐38-­‐5	
   87-­‐98	
  
Heavy	
  work	
   33.5-­‐39.5	
   85-­‐101	
   31.0-­‐37.0	
   78-­‐94	
  

	
  

Table	
  1.	
  Recommendations	
  for	
  Standing	
  Work-­‐Surface	
  Heights	
  for	
  three	
  types	
  of	
  tasks	
  
(Source:	
  Ayoub,	
  1973)	
  

	
  

Working	
  position	
  is	
  related	
  to	
  the	
  posture	
  a	
  worker	
  can	
  assume	
  while	
  performing	
  a	
  

task.	
  This	
  posture	
  can	
  be	
  standing,	
  sitting	
  or	
  both	
  (Chengalur	
  et	
  al,	
  2004).	
  	
  The	
  debate	
  

over	
  which	
  type	
  of	
  workspace	
  is	
  the	
  most	
  appropriate	
  for	
  a	
  particular	
  job	
  has	
  not	
  

reached	
  any	
  level	
  of	
  agreement,	
  but	
  Proctor	
  (2008)	
  provides	
  an	
  insight	
  into	
  some	
  

general	
  guidelines:	
  	
  

	
  

• Standing	
  position	
  allows	
  more	
  mobility	
  and	
  therefore	
  makes	
  more	
  sense	
  if	
  a	
  

workers	
  task	
  is	
  related	
  to	
  moving	
  around	
  a	
  certain	
  area.	
  Standing	
  workstations	
  

are	
  appropriate	
  for	
  workers	
  effectuating	
  larger	
  forces	
  downward	
  and	
  if	
  there	
  

was	
  no	
  space	
  for	
  knee	
  clearance.	
  

	
  

• Sitting	
  position	
  is	
  more	
  appropriate	
  for	
  tasks	
  where	
  manual	
  control	
  is	
  required.	
  

In	
  this	
  case	
  sitting	
  position	
  increases	
  stability,	
  as	
  the	
  person	
  is	
  able	
  to	
  rest	
  his	
  

or	
  her	
  forearms	
  against	
  the	
  work	
  surface.	
  

	
  

• Dual	
  sit/stand	
  workstations	
  are	
  useful	
  when	
  the	
  person	
  needs	
  to	
  perform	
  a	
  

variety	
  of	
  tasks	
  (e.g.	
  detailed	
  visual	
  work,	
  assembly,	
  handling	
  bigger	
  objects)	
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and	
  preserve	
  mobility.	
  Some	
  of	
  the	
  challenges	
  in	
  this	
  case	
  are	
  defining	
  the	
  

height	
  of	
  the	
  workstation	
  and	
  providing	
  the	
  right	
  adjustable	
  seat.	
  

	
  

The	
  posture	
  and	
  movements	
  determined	
  by	
  the	
  design	
  of	
  workstation	
  can	
  lead	
  to	
  

discomfort;	
  however,	
  in	
  the	
  evaluation	
  of	
  such	
  a	
  subjective	
  phenomenon	
  the	
  main	
  

focus	
  should	
  be	
  related	
  on	
  having	
  people	
  use	
  the	
  product,	
  since	
  the	
  experience	
  is	
  

singular	
  and	
  is	
  less	
  likely	
  to	
  be	
  pre-­‐estimated	
  correctly	
  (Vink,	
  2005).	
  

	
  

1.2.4	
  Evaluating	
  Usability	
  	
  

	
  

One	
  of	
  the	
  most	
  widespread	
  definitions	
  of	
  Usability	
  is	
  given	
  by	
  Nielsen	
  (2010):	
  

“Usability	
  is	
  a	
  quality	
  attribute	
  that	
  assesses	
  how	
  easy	
  user	
  interfaces	
  are	
  to	
  use.	
  The	
  

word	
  "usability"	
  also	
  refers	
  to	
  methods	
  for	
  improving	
  ease-­‐of-­‐use	
  during	
  the	
  design	
  

process”.	
  	
  Nielsen	
  also	
  decomposed	
  Usability	
  into	
  five	
  factors:	
  

• Learnability:	
  How	
  easy	
  is	
  it	
  for	
  users	
  to	
  accomplish	
  basic	
  tasks	
  the	
  first	
  time	
  

they	
  encounter	
  the	
  design?	
  

• Efficiency:	
  Once	
  users	
  have	
  learned	
  the	
  design,	
  how	
  quickly	
  can	
  they	
  perform	
  

tasks?	
  

• Memorability:	
  When	
  users	
  return	
  to	
  the	
  design	
  after	
  a	
  period	
  of	
  not	
  using	
  it,	
  

how	
  easily	
  can	
  they	
  reestablish	
  proficiency?	
  

• Errors:	
  How	
  many	
  errors	
  do	
  users	
  make,	
  how	
  severe	
  are	
  these	
  errors	
  and	
  how	
  

easily	
  can	
  they	
  recover	
  from	
  the	
  errors?	
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• Satisfaction:	
  How	
  pleasant	
  is	
  it	
  to	
  use	
  the	
  design?	
  

The	
  generalized	
  overcome	
  of	
  complex	
  systems	
  and	
  the	
  need	
  to	
  assign	
  Usability	
  a	
  

greater	
  importance	
  in	
  product	
  development	
  and	
  testing,	
  	
  has	
  derived	
  	
  into	
  a	
  broader	
  

definition	
  in	
  the	
  context	
  of	
  international	
  standards.	
  According	
  to	
  ISO	
  9241-­‐11	
  

(Guidance	
  on	
  Usability),	
  Usability	
  is	
  “the	
  extent	
  to	
  which	
  a	
  product	
  can	
  be	
  used	
  by	
  

specified	
  users	
  to	
  achieve	
  specified	
  goals	
  with	
  effectiveness,	
  efficiency	
  and	
  satisfaction	
  

in	
  a	
  specified	
  context	
  of	
  use”.	
  However	
  ISO	
  also	
  details	
  the	
  definitions	
  of	
  specific	
  

components:	
  	
  

• Effectiveness:	
  the	
  accuracy	
  and	
  completeness	
  with	
  which	
  users	
  achieve	
  

specified	
  goals.	
  

• Efficiency:	
  the	
  resources	
  expended	
  in	
  relation	
  to	
  the	
  accuracy	
  and	
  

completeness	
  with	
  which	
  users	
  achieve	
  goals.	
  

• Satisfaction:	
  freedom	
  from	
  discomfort	
  and	
  positive	
  attitude	
  to	
  the	
  use	
  of	
  the	
  

product.	
  

• Context	
  of	
  use:	
  characteristics	
  of	
  the	
  users,	
  tasks	
  and	
  the	
  organizational	
  and	
  

physical	
  environments.	
  	
  

The	
  statement	
  of	
  Usability	
  requirements	
  in	
  the	
  early	
  stage	
  of	
  product	
  development	
  

still	
  remains	
  difficult,	
  since	
  products	
  have	
  different	
  users	
  with	
  different	
  goals,	
  which	
  

determines	
  different	
  levels	
  of	
  sufficient	
  effectiveness,	
  efficiency	
  and	
  satisfaction.	
  This	
  

also	
  derives	
  in	
  Usability	
  testing	
  as	
  a	
  greatly	
  subjective	
  and	
  interpretative	
  process	
  

(Jokela	
  et	
  al,	
  2003).	
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Most	
  of	
  the	
  Usability	
  evaluation	
  methods	
  have	
  been	
  developed	
  in	
  the	
  context	
  of	
  

software	
  engineering	
  testing	
  and	
  the	
  field	
  of	
  Human	
  Computer	
  Interaction	
  (HCI).	
  

	
  

Table	
  2	
  summarizes	
  different	
  Usability	
  methods	
  and	
  their	
  main	
  outcomes	
  (Nielsen,	
  

2010;	
  Rubin	
  and	
  Chisnell,	
  2008;	
  Dumas	
  and	
  Redish,	
  1999)	
  

	
  

Method	
   Summary	
   Outcome	
   Instrument	
  
Diagnostic	
  Evaluation	
   User	
  based	
  evaluation	
  of	
  a	
  

working	
  system,	
  where	
  the	
  
primary	
  objective	
  is	
  to	
  
identify	
  usability	
  
problems.	
  

Produce	
  a	
  list	
  of	
  
usability	
  problems,	
  
categorized	
  by	
  
importance.	
  

Post	
  it	
  notes	
  
Report	
  

Subjective	
  Assessment	
   Users	
  tell	
  how	
  they	
  feel	
  
about	
  the	
  software	
  being	
  
tested.	
  This	
  is	
  distinct	
  from	
  
how	
  efficiently	
  or	
  
effectively	
  they	
  perform	
  
with	
  the	
  software.	
  

An	
  end	
  
questionnaire	
  is	
  
applied,	
  usually	
  
with	
  a	
  set	
  of	
  
statements,	
  
evaluated	
  with	
  
Likert	
  scales.	
  The	
  
outcome	
  is	
  a	
  score	
  
of	
  a	
  subjective	
  
comparison	
  with	
  a	
  
baseline.	
  

Questionnaires:	
  	
  
• SUMI	
  
• WAMMI	
  

SUS	
  
• QUIS	
  

Heuristic	
  Evaluation	
   Usually	
  two	
  to	
  three	
  
analysts	
  evaluate	
  the	
  
system	
  with	
  reference	
  to	
  
established	
  guidelines	
  or	
  
principles,	
  noting	
  down	
  
their	
  observations	
  and	
  
often	
  ranking	
  them	
  in	
  
order	
  of	
  severity.	
  

A	
  list	
  of	
  identified	
  
problems,	
  which	
  
may	
  be	
  prioritized	
  
with	
  regard	
  to	
  
severity	
  and/or	
  
safety;	
  criticality	
  is	
  
produced.	
  

Written	
  report	
  

Critical	
  Incident	
  
Technique	
  Analysis	
  

Users	
  are	
  asked	
  to	
  identify	
  
specific	
  incidents	
  which	
  
they	
  experienced	
  
personally	
  and	
  which	
  had	
  
an	
  important	
  effect	
  on	
  the	
  
final	
  outcome.	
  

A	
  list	
  of	
  categorized	
  
incidents	
  with	
  
relative	
  importance	
  
and	
  frequency	
  of	
  
likelihood.	
  

Written	
  report	
  

	
  

Table	
  2.	
  Summary	
  of	
  Usability	
  methods	
  and	
  tools	
  

	
  

Usability	
  evaluation	
  in	
  the	
  context	
  of	
  HCI,	
  display	
  many	
  studies	
  and	
  evaluations	
  of	
  

different	
  systems;	
  however,	
  there	
  are	
  fewer	
  examples	
  of	
  Usability	
  evaluation	
  related	
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to	
  hardware	
  and	
  physical	
  system	
  designs.	
  Most	
  of	
  these	
  are	
  linked	
  to	
  healthcare	
  

equipment.	
  Toivonen	
  et	
  al	
  (2011)	
  tested	
  a	
  Mobile	
  workstation	
  in	
  the	
  context	
  of	
  use	
  in	
  

a	
  hospital	
  with	
  a	
  group	
  of	
  physicians	
  (N=5)	
  and	
  nurses	
  (N=3).	
  Two	
  Usability	
  tools	
  

were	
  used:	
  VAS	
  (Visual	
  Analogue	
  Scales)	
  and	
  System	
  Usability	
  Scale.	
  (SUS).	
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The	
  first	
  one	
  is	
  composed	
  by	
  a	
  piece	
  of	
  paper	
  measuring	
  100	
  mm	
  anchored	
  in	
  an	
  

initial	
  point	
  O	
  (very	
  poor),	
  and	
  the	
  last	
  in	
  100	
  (very	
  good).	
  Participants	
  marked	
  by	
  

hand	
  their	
  evaluation	
  of	
  different	
  features	
  of	
  the	
  product.	
  The	
  distance	
  from	
  0	
  

accounts	
  for	
  their	
  evaluation	
  (similarly	
  to	
  a	
  sliding	
  rule	
  in	
  on-­‐line	
  questionnaires).	
  	
  

The	
  overall	
  mean	
  of	
  SUS	
  index	
  was	
  73	
  (SD	
  11),	
  it	
  was	
  not	
  compared	
  to	
  any	
  other	
  

baseline	
  condition.	
  VAS	
  was	
  used	
  to	
  measure	
  features	
  such	
  as:	
  stability,	
  design,	
  

mobility,	
  functioning	
  of	
  wheels,	
  possibility	
  to	
  sit	
  and	
  height	
  adjustability.	
  	
  The	
  study	
  

was	
  able	
  to	
  define	
  19	
  design	
  criteria	
  for	
  improvement	
  of	
  the	
  product.	
  

	
  

Kumin	
  (2012)	
  evaluated	
  users	
  with	
  Down	
  syndrome	
  in	
  their	
  user	
  experience	
  with	
  

multi-­‐touch	
  tablet	
  computer.	
  Participants	
  (N=10)	
  were	
  asked	
  to	
  perform	
  

representative	
  tasks	
  related	
  to	
  email,	
  social	
  websites,	
  calendar	
  management	
  and	
  price	
  

comparison	
  tasks.	
  The	
  study	
  demonstrated	
  that	
  well-­‐defined	
  tasks	
  can	
  be	
  used	
  to	
  

account	
  for	
  user	
  error,	
  time	
  to	
  completion	
  and	
  rating	
  of	
  difficulty	
  performing	
  the	
  task	
  

with	
  specific	
  devices.	
  	
  

	
  

When	
  time	
  is	
  a	
  constraint	
  for	
  Usability	
  testing,	
  long	
  questionnaires	
  or	
  observation	
  

periods	
  can	
  become	
  costly	
  and	
  ineffective.	
  One	
  of	
  the	
  most	
  well-­‐known	
  and	
  validated	
  

tools	
  for	
  Usability	
  evaluation	
  is	
  the	
  System	
  Usability	
  Scale	
  (Brooke,	
  1996),	
  it	
  allows	
  	
  	
  

measuring	
  	
  the	
  perceived	
  usability	
  of	
  the	
  system	
  with	
  confidence,	
  even	
  with	
  small	
  

sample	
  size	
  (8-­‐12	
  participants).	
  The	
  tool	
  is	
  effective	
  even	
  when	
  participants	
  have	
  had	
  

only	
  a	
  short	
  exposure	
  to	
  a	
  system.	
  Sauro	
  (2011)	
  summarizes	
  the	
  tool	
  in	
  the	
  following	
  

statements:	
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• 	
  SUS	
  is	
  reliable.	
  Users	
  respond	
  consistently	
  to	
  the	
  scale	
  items,	
  and	
  SUS	
  has	
  been	
  

shown	
  to	
  detect	
  differences	
  at	
  smaller	
  sample	
  sizes	
  than	
  other	
  questionnaires.	
  

• 	
  SUS	
  is	
  valid.	
  That	
  is,	
  it	
  measures	
  what	
  it	
  purports	
  to	
  measure.	
  

• 	
  SUS	
  is	
  not	
  diagnostic.	
  That	
  is,	
  it	
  does	
  not	
  tell	
  you	
  what	
  makes	
  a	
  system	
  usable	
  

or	
  not.	
  

• 	
  SUS	
  scores	
  are	
  not	
  percentages,	
  despite	
  returning	
  a	
  value	
  between	
  0	
  and	
  100.	
  

To	
  understand	
  how	
  your	
  product	
  compares	
  to	
  others,	
  you	
  need	
  to	
  look	
  at	
  its	
  

percentile	
  ranking.	
  

• SUS	
  measures	
  both	
  learnability	
  and	
  usability.	
  

• SUS	
  scores	
  have	
  a	
  modest	
  correlation	
  with	
  task	
  performance,	
  but	
  it	
  is	
  not	
  

surprising	
  that	
  people’s	
  subjective	
  assessments	
  may	
  not	
  be	
  consistent	
  with	
  

whether	
  or	
  not	
  they	
  were	
  successful	
  using	
  a	
  system.	
  Subjective	
  assessments	
  of	
  

usability	
  are	
  only	
  one	
  component	
  of	
  the	
  overall	
  construct	
  of	
  usability.	
  

	
  

1.2.5	
  Summary	
  

	
  

It	
  was	
  possible	
  to	
  identify	
  a	
  set	
  of	
  concepts	
  related	
  to	
  the	
  study	
  of	
  physical	
  

environments	
  and	
  the	
  type	
  of	
  challenges	
  Educational	
  Makerspaces	
  face	
  as	
  active	
  

learning	
  spaces.	
  	
  Specific	
  tools	
  to	
  quantify	
  the	
  user	
  experience	
  and	
  usability	
  were	
  also	
  

described.	
  The	
  main	
  elements	
  that	
  will	
  give	
  support	
  to	
  the	
  study	
  are:	
  	
  

• Identifying	
  the	
  dimensions	
  of	
  the	
  physical	
  environment	
  of	
  an	
  Educational	
  

Makerspace	
  according	
  to	
  the	
  dimensions	
  defined	
  by	
  Davis	
  (1984)	
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• Adequate	
  user	
  analysis	
  to	
  inform	
  needs	
  related	
  to	
  the	
  artifacts	
  that	
  allow	
  

successful	
  making	
  tasks.	
  

• Preference	
  for	
  standing	
  position	
  with	
  the	
  possibility	
  to	
  sit,	
  in	
  order	
  to	
  enhance	
  

user	
  mobility	
  around	
  the	
  space.	
  

• Evaluating	
  the	
  Usability	
  of	
  these	
  new	
  artifacts	
  with	
  a	
  reliable	
  tool	
  such	
  as	
  the	
  

System	
  Usability	
  Score	
  (SUS)	
  questionnaire.
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Chapter	
  2:	
  BACKGROUND	
  

	
  

The	
  background	
  of	
  this	
  thesis	
  study	
  is	
  related	
  to	
  the	
  need	
  of	
  exploring	
  how	
  the	
  

physical	
  environment	
  of	
  Educational	
  Makerspaces	
  can	
  provide	
  an	
  adequate	
  setting	
  	
  

for	
  the	
  wide	
  range	
  of	
  making	
  activities	
  and	
  related	
  technologies,	
  allowing	
  users	
  to	
  

have	
  an	
  effective	
  support	
  for	
  their	
  tasks.	
  

	
  

2.1	
  Goals	
  

	
  

The	
  goal	
  of	
  this	
  thesis	
  is	
  to	
  develop	
  and	
  test	
  the	
  Usability	
  and	
  User	
  Experience	
  of	
  a	
  

workstation	
  system	
  that	
  supports	
  making	
  processes	
  in	
  a	
  classroom	
  environment.	
  	
  	
  	
  

The	
  design	
  is	
  based	
  on	
  the	
  idea	
  that	
  the	
  on-­‐going	
  project	
  is	
  the	
  center	
  of	
  the	
  making	
  

process,	
  and	
  it	
  should	
  be	
  supported	
  from	
  conception	
  to	
  prototyping,	
  providing	
  

adequate	
  storage	
  and	
  material	
  organization	
  along	
  the	
  process.	
  	
  Conceptually,	
  the	
  idea	
  

behind	
  the	
  design	
  is	
  being	
  able	
  to	
  shift	
  from	
  “stationary	
  table”	
  to	
  a	
  set	
  of	
  “dynamic	
  

surfaces”	
  that	
  users	
  can	
  easily	
  carry	
  when	
  moving	
  to	
  different	
  functional	
  areas	
  within	
  

a	
  multi-­‐functional	
  Makerspace	
  (3D	
  printing	
  area,	
  laser-­‐cutting	
  area,	
  soldering	
  area,	
  

tinkering	
  area,	
  collaborative	
  area,	
  among	
  others).	
  	
  

	
  

Additionally	
  the	
  design	
  is	
  based	
  on	
  modular	
  units	
  that	
  can	
  provide	
  flexibility	
  of	
  

dimensions	
  according	
  to	
  the	
  needs	
  of	
  a	
  space	
  and	
  the	
  type	
  of	
  making	
  activities	
  that	
  

will	
  be	
  related	
  to	
  the	
  learning	
  process.	
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2.2	
  Initial	
  idea	
  

	
  

During	
  the	
  summer	
  of	
  year	
  2014	
  the	
  Center	
  for	
  Engineering	
  Education	
  and	
  Outreach	
  

(CEEO)	
  at	
  Tufts	
  University	
  developed	
  a	
  space	
  called	
  “Jumbo´s	
  Makerstudio”	
  for	
  

supporting	
  making	
  activities	
  within	
  Tisch	
  Library,	
  the	
  main	
  library	
  on	
  the	
  Medford	
  

Campus.	
  During	
  a	
  period	
  of	
  8	
  weeks	
  this	
  space	
  served	
  as	
  an	
  observational	
  ground	
  to	
  

understand	
  how	
  a	
  small	
  size	
  conference	
  room	
  	
  (approximately	
  10	
  x	
  20	
  ft)	
  could	
  be	
  

transformed	
  to	
  a	
  Makerspace	
  with	
  the	
  addition	
  of	
  tools,	
  making	
  technologies,	
  

materials	
  and	
  the	
  spatial	
  reconfiguration	
  of	
  the	
  furniture.	
  Jumbo´s	
  Makerstudio	
  

provided	
  the	
  initial	
  idea	
  that	
  the	
  physical	
  embodiment	
  of	
  such	
  spaces	
  is	
  related	
  to	
  

design	
  aspects	
  that	
  should	
  aim	
  to	
  consider	
  users,	
  goals	
  and	
  tasks	
  related	
  to	
  making	
  or	
  

“learning	
  through	
  making”.	
  	
  	
  

	
  

In	
  September	
  of	
  2014	
  the	
  CEEO	
  moved	
  to	
  a	
  new	
  location	
  on	
  campus	
  and	
  designated	
  

one	
  of	
  the	
  workshop	
  rooms	
  in	
  its	
  new	
  layout	
  for	
  developing	
  a	
  Makerspace	
  that	
  would	
  

provide	
  an	
  experimental	
  space	
  for	
  studying	
  making	
  activities	
  and	
  their	
  relationship	
  to	
  

learning	
  Science,	
  Technology,	
  Engineering	
  and	
  Mathematics	
  (STEM)	
  and	
  other	
  topics	
  

such	
  as:	
  robotics,	
  3D	
  printing,	
  laser	
  cutting,	
  designing.	
  At	
  that	
  time	
  the	
  Co-­‐director	
  of	
  

the	
  CEEO,	
  Dr.	
  Chris	
  Rogers,	
  raised	
  two	
  questions:	
  “How	
  can	
  we	
  have	
  a	
  Makerspace	
  in	
  

which	
  setting	
  up	
  and	
  cleaning	
  up	
  materials	
  and	
  tools	
  takes	
  less	
  time	
  so	
  that	
  people	
  can	
  

spend	
  more	
  time	
  making	
  and	
  learning?”	
  and	
  “How	
  can	
  we	
  improve	
  the	
  workflow	
  of	
  a	
  

space,	
  so	
  that	
  people	
  can	
  easily	
  use	
  all	
  the	
  different	
  technologies	
  and	
  tools	
  provided?”	
  

These	
  questions	
  were	
  related	
  to	
  visualizing	
  Makerspaces	
  in	
  a	
  classroom	
  setting,	
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where	
  time	
  and	
  space	
  constraints	
  are	
  important	
  dimensions	
  of	
  how	
  lessons	
  are	
  

planned.	
  It	
  was	
  decided	
  to	
  keep	
  old	
  tables	
  and	
  office	
  chairs	
  in	
  the	
  initial	
  

implementation	
  phase	
  of	
  the	
  Makerspace,	
  and	
  start	
  developing	
  a	
  new	
  type	
  of	
  solution	
  

that	
  could	
  address	
  these	
  main	
  questions.	
  	
  

	
  

One	
  of	
  the	
  first	
  ideas	
  was	
  related	
  to	
  present	
  users	
  to	
  	
  “project-­‐trays”,	
  providing	
  them	
  

with	
  a	
  defined	
  personal	
  surface,	
  able	
  to	
  be	
  placed	
  over	
  the	
  bigger	
  surfaces	
  of	
  the	
  

tables	
  installed	
  in	
  the	
  space.	
  	
  In	
  early	
  October,	
  a	
  first	
  prototype	
  for	
  the	
  idea	
  was	
  

developed	
  with	
  aluminum	
  profiles	
  and	
  an	
  acrylic	
  base.	
  	
  The	
  aluminum	
  frame	
  (80/20	
  

industrial	
  aluminum	
  extrusions)	
  provided	
  the	
  base	
  structure	
  for	
  attaching	
  an	
  office	
  

power	
  outlet	
  with	
  the	
  idea	
  of	
  having	
  an	
  easy	
  access	
  to	
  power	
  for	
  personal	
  devices	
  and	
  

small	
  electrical	
  tools.	
  A	
  “Jumbo´s	
  Makerstudio”	
  logo	
  was	
  engraved	
  in	
  the	
  acrylic	
  using	
  

a	
  laser	
  cutter.	
  An	
  aluminum	
  crossbar	
  defined	
  an	
  upper	
  storage	
  area.	
  The	
  idea	
  was	
  that	
  

this	
  area	
  could	
  hold	
  small	
  plastic	
  containers	
  with	
  SD	
  cards,	
  small	
  electronics,	
  etc.	
  The	
  

size	
  of	
  the	
  available	
  inner	
  working	
  area	
  of	
  this	
  	
  prototype	
  was	
  24	
  X	
  18	
  inches.	
  

	
  

Figure	
  2.	
  First	
  “project	
  tray”	
  developed	
  for	
  the	
  CEEO	
  Makerspace	
  
(Photo	
  by	
  author)	
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This	
  first	
  prototype	
  received	
  mixed	
  comments	
  from	
  users	
  that	
  wrote	
  them	
  

anonymously	
  on	
  post-­‐it	
  notes	
  that	
  were	
  left	
  over	
  the	
  tray.	
  These	
  comments	
  stated:	
  	
  

	
  

• “Awesome	
  engraving	
  idea.	
  Doesn´t	
  clear	
  plastic	
  make	
  it	
  more	
  difficult	
  to	
  find	
  

small	
  parts	
  quickly?”	
  

• “If	
  this	
  brick	
  were	
  easily	
  removable,	
  more	
  customization	
  would	
  be	
  possible.	
  

Are	
  there	
  smaller	
  Z-­‐outlet	
  bricks	
  that	
  would	
  fit?”	
  

• “Sharp	
  corners	
  would	
  need	
  to	
  be	
  softened.	
  Would	
  putting	
  the	
  acrylic	
  sheet	
  in	
  

the	
  beam´s	
  notch	
  be	
  possible?	
  The	
  full	
  beam	
  could	
  then	
  be	
  in	
  contact	
  with	
  the	
  

surface,	
  rather	
  than	
  the	
  bolts	
  head.”	
  

	
  

These	
  comments	
  provided	
  insight	
  into	
  how	
  users	
  perceived	
  the	
  materials	
  used,	
  the	
  

way	
  they	
  were	
  assembled	
  and	
  how	
  the	
  tray	
  would	
  interact	
  with	
  the	
  surrounding	
  

surfaces.	
  A	
  second	
  tray	
  was	
  constructed	
  by	
  Dr.	
  Chris	
  Rogers	
  who	
  prototyped	
  it	
  with	
  ½”	
  

plywood	
  and	
  with	
  larger	
  dimensions	
  (36	
  x	
  24	
  inches).	
  A	
  “LEGO-­‐	
  skin”	
  was	
  added	
  later	
  

to	
  the	
  upper	
  part	
  of	
  this	
  version	
  to	
  study	
  customization	
  possibilities.	
  

	
  

Figure	
  3.	
  Second	
  tray	
  with	
  an	
  upper	
  LEGO-­‐skin	
  
(Photo	
  by	
  author)	
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This	
  second	
  version	
  proved	
  to	
  have	
  an	
  adequate	
  surface	
  for	
  working	
  comfortably	
  with	
  

a	
  laptop	
  and	
  larger	
  size	
  prototypes.	
  However,	
  the	
  size	
  also	
  made	
  it	
  heavier	
  and	
  more	
  

difficult	
  to	
  carry	
  around.	
  When	
  analyzed	
  with	
  respect	
  to	
  the	
  tables	
  at	
  the	
  Makerspace,	
  

it	
  was	
  realized	
  that	
  only	
  two	
  of	
  these	
  trays	
  would	
  fit	
  on	
  a	
  regular	
  table,	
  where	
  usually	
  

four	
  people	
  could	
  sit	
  down	
  and	
  work,	
  so	
  it	
  would	
  not	
  increase	
  the	
  efficiency	
  of	
  usage	
  

of	
  the	
  space,	
  but	
  rather	
  reduce	
  the	
  tables	
  to	
  half	
  capacity.	
  

	
  

2.3	
  User	
  research	
  

	
  

These	
  initial	
  prototypes	
  contributed	
  to	
  an	
  initial	
  understanding	
  of	
  how	
  the	
  project-­‐

tray	
  could	
  impact	
  each	
  user	
  experience	
  of	
  a	
  Makerspace.	
  However,	
  there	
  were	
  other	
  

dimensions	
  that	
  promoted	
  new	
  questions	
  with	
  a	
  more	
  specific	
  insight:	
  	
  

	
  

• How	
  will	
  users	
  perceive	
  a	
  working	
  surface	
  with	
  a	
  limited	
  amount	
  of	
  space?	
  

• How	
  would	
  these	
  trays	
  be	
  stored	
  when	
  they	
  are	
  not	
  being	
  used?	
  	
  

• Can	
  we	
  “eliminate”	
  the	
  larger	
  tables	
  and	
  just	
  rely	
  on	
  a	
  tray-­‐based	
  system	
  for	
  

the	
  entire	
  Makerspace?	
  

	
  

In	
  order	
  to	
  respond	
  to	
  these	
  questions	
  and	
  develop	
  an	
  initial	
  design	
  idea	
  to	
  be	
  tested,	
  

an	
  observational	
  approach	
  was	
  defined	
  to	
  understand	
  the	
  underlying	
  workflow	
  of	
  the	
  

physical	
  environment	
  of	
  Makerspaces.	
  The	
  observational	
  study	
  was	
  guided	
  by	
  two	
  

essential	
  questions:	
  	
  

• How	
  do	
  people	
  use	
  the	
  physical	
  environment	
  of	
  Makerspaces?	
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• How	
  does	
  the	
  physical	
  environment	
  help	
  Makerspace	
  users	
  achieve	
  their	
  

goals?	
  

	
  

Elements	
  of	
  qualitative	
  research	
  method,	
  such	
  as	
  shadowing,	
  were	
  considered	
  for	
  

note-­‐taking	
  and	
  understanding	
  actions	
  of	
  users	
  in	
  context	
  (McDonald,	
  2005)	
  

	
  

Five	
  existing	
  Makerspaces	
  were	
  examined:	
  	
  

• Tisch	
  Library	
  Makerspace:	
  	
  Organized	
  by	
  the	
  Center	
  for	
  Engineering	
  Education	
  

and	
  Outreach	
  (CEEO)	
  in	
  conjunction	
  with	
  Tisch	
  Library	
  it	
  was	
  open	
  to	
  public	
  

during	
  8	
  weeks	
  of	
  the	
  summer	
  of	
  2014.	
  College	
  students,	
  professors	
  and	
  

administrative	
  staff	
  mainly	
  used	
  it.	
  It	
  provided	
  access	
  to	
  3D	
  printing,	
  soldering	
  

station	
  and	
  small	
  crafts	
  materials	
  and	
  electronics.	
  	
  

	
  

• Jumbo´s	
  Makerstudio	
  at	
  CEEO:	
  An	
  experimental	
  Makerspace	
  used	
  mainly	
  by	
  

undergraduate	
  and	
  graduate	
  students,	
  professors	
  and	
  administrative	
  staff.	
  

Provides	
  access	
  to	
  3D	
  printing,	
  laser	
  cutting,	
  soldering	
  stations,	
  small	
  

electronics,	
  LEGO	
  robotics	
  and	
  other	
  educational	
  robotics	
  systems.	
  	
  

	
  

• Cambridge	
  Friends	
  School:	
  The	
  school	
  has	
  a	
  new	
  Makerspace	
  that	
  started	
  

being	
  used	
  by	
  elementary	
  school	
  students	
  and	
  teachers	
  during	
  early	
  2015.	
  It	
  

provides	
  them	
  with	
  crafts	
  material,	
  3D	
  printing,	
  fabrics	
  and	
  soft	
  materials,	
  

maker-­‐related	
  literature	
  and	
  an	
  exhibition	
  space.	
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• Malden	
  High	
  School:	
  An	
  old	
  woodshop	
  is	
  being	
  repurposed	
  as	
  a	
  Makerspace	
  

allowing	
  students	
  to	
  use	
  small	
  size	
  machines	
  and	
  hand-­‐tools	
  for	
  woodworking,	
  

3D	
  printing,	
  LEGO	
  robotics	
  and	
  general	
  craft	
  materials	
  processing.	
  High	
  school	
  

students	
  mainly	
  use	
  the	
  space.	
  

	
  

• Danger!	
  Awesome:	
  Is	
  a	
  prototyping	
  service	
  location	
  providing	
  professional	
  

users	
  with	
  the	
  possibility	
  to	
  laser-­‐cut	
  and	
  3D	
  print	
  their	
  creations.	
  The	
  space	
  

also	
  has	
  workshop	
  classes	
  in	
  different	
  topics	
  (3D	
  design,	
  laser-­‐cutting,	
  etc.),	
  

mixing	
  their	
  commercial	
  service	
  with	
  an	
  educational-­‐type	
  of	
  activity.	
  

	
  

These	
  five	
  locations	
  provided	
  the	
  opportunity	
  to	
  observe	
  a	
  wide	
  age	
  group	
  (from	
  K-­‐

16	
  to	
  college	
  to	
  professionals)	
  and	
  making-­‐processes	
  (technology-­‐based	
  to	
  hands-­‐on).	
  

Therefore	
  a	
  broader	
  perspective	
  around	
  the	
  initial	
  two	
  questions	
  was	
  achieved,	
  

allowing	
  a	
  larger	
  amount	
  of	
  observations	
  related	
  to	
  user	
  needs.



28	
  

	
  

2.4	
  How	
  do	
  people	
  use	
  the	
  physical	
  environment	
  of	
  Makerspaces?	
  

	
  

The	
  first	
  phase	
  of	
  the	
  user	
  research	
  was	
  based	
  on	
  observing	
  two	
  Makerspaces	
  located	
  

at	
  Tufts	
  University.	
  Both	
  spaces	
  provided	
  initial	
  observations	
  about	
  the	
  usage	
  of	
  

spaces	
  in	
  educational	
  settings,	
  allowing	
  to	
  understand	
  users	
  needs	
  when	
  they	
  engage	
  

in	
  making-­‐tasks	
  and	
  use	
  the	
  physical	
  environment.	
  In	
  this	
  phase,	
  observation	
  was	
  

related	
  to	
  	
  how	
  users	
  modify	
  their	
  surrounding	
  work	
  zones,	
  and	
  how	
  they	
  used	
  all	
  the	
  

available	
  technologies	
  and	
  artifacts.	
  

	
  

2.4.1	
  Tisch	
  Library	
  Makerspace	
  

	
  

This	
  space	
  was	
  created	
  in	
  order	
  to	
  explore	
  how	
  students	
  would	
  perceive	
  a	
  library-­‐

Makerspace,	
  and	
  to	
  assess	
  if	
  making-­‐tasks	
  could	
  somehow	
  complement	
  the	
  other	
  

tasks	
  performed	
  at	
  the	
  library	
  (reading,	
  research,	
  etc.).	
  The	
  Makerspace	
  was	
  arranged	
  

in	
  a	
  small	
  conference	
  room	
  located	
  in	
  a	
  zone	
  near	
  the	
  stairs	
  leading	
  to	
  the	
  second	
  floor.	
  	
  

The	
  specific	
  location	
  displayed	
  less	
  circulation	
  of	
  library-­‐users	
  and	
  therefore	
  the	
  need	
  

to	
  generate	
  signs	
  for	
  indicating	
  where	
  it	
  was	
  and	
  place	
  them	
  near	
  the	
  entrance	
  in	
  a	
  

visible	
  zone	
  was	
  one	
  of	
  the	
  first	
  actions	
  to	
  assure	
  participation.	
  In	
  order	
  to	
  understand	
  

each	
  of	
  the	
  components	
  of	
  this	
  space,	
  the	
  physical	
  environment	
  model	
  proposed	
  by	
  

Davis	
  (1984)	
  was	
  applied.	
  Figure	
  1	
  below	
  summarizes	
  each	
  dimension	
  with	
  respective	
  

images	
  of	
  the	
  space.	
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Figure	
  4.	
  Components	
  of	
  the	
  Physical	
  Environment	
  of	
  a	
  Makerspace	
  
(Photos	
  by	
  author)	
  

	
  
	
  

In	
  this	
  case	
  it	
  is	
  possible	
  to	
  observe	
  that	
  each	
  of	
  the	
  components	
  of	
  the	
  physical	
  

environment	
  defined	
  by	
  Davis	
  are	
  present:	
  	
  

• Physical	
  structure:	
  	
  Defined	
  by	
  the	
  main	
  architecture	
  of	
  the	
  library	
  building,	
  its	
  

walls	
  and	
  corridors	
  define	
  a	
  certain	
  type	
  of	
  layout	
  functional	
  that	
  combines	
  

open	
  space	
  with	
  enclosed	
  partitions	
  for	
  concentration	
  and	
  study.	
  Specifically	
  

the	
  Makerspace	
  displayed	
  storage	
  racks,	
  tables	
  and	
  chairs	
  in	
  an	
  open	
  floor	
  

layout.	
  

• Physical	
  stimuli:	
  The	
  Makerspace	
  provided	
  physical	
  stimuli	
  through	
  an	
  easy	
  

access	
  to	
  materials	
  and	
  prototyping	
  technologies	
  such	
  as	
  3D	
  printers	
  and	
  other	
  

hand	
  tools.	
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• Symbolic	
  artifacts:	
  A	
  diverse	
  set	
  of	
  recognizable	
  “maker-­‐elements”	
  was	
  

displayed	
  in	
  the	
  space	
  relating	
  it	
  to	
  the	
  maker-­‐culture.	
  A	
  3D	
  printed	
  

Makerspace	
  logotype,	
  specialized	
  magazines	
  and	
  a	
  laser-­‐cut	
  jumbo	
  elephant,	
  

among	
  others,	
  provided	
  testimony	
  of	
  symbolic	
  artifacts	
  for	
  the	
  community	
  of	
  

users.	
  

	
  

Some	
  of	
  the	
  elements	
  observed	
  can	
  be	
  situated	
  in-­‐between	
  the	
  three	
  different	
  

dimensions	
  since	
  they	
  display	
  mixed	
  components	
  of	
  each	
  dimension.	
  For	
  example,	
  an	
  

instructional	
  drawing	
  of	
  a	
  3D	
  printer	
  in	
  the	
  whiteboard	
  of	
  the	
  Makerspace	
  can	
  be	
  

recognized	
  as	
  an	
  element	
  related	
  to	
  both	
  the	
  “physical	
  structure”	
  (it	
  is	
  being	
  

generated	
  over	
  a	
  major	
  furnishing	
  element,	
  the	
  whiteboard)	
  and	
  the	
  “symbolic	
  artifact”	
  

(the	
  drawing	
  itself	
  is	
  part	
  of	
  one	
  of	
  the	
  iconic	
  elements	
  of	
  such	
  space).	
  

	
  

The	
  use	
  of	
  this	
  model	
  allowed	
  identifying	
  the	
  fact	
  that	
  users	
  had	
  the	
  need	
  to	
  store	
  in	
  

the	
  space	
  their	
  on-­‐going	
  projects.	
  Moreover	
  the	
  storage	
  and	
  availability	
  of	
  materials	
  

also	
  allowed	
  engaging	
  in	
  making-­‐activities.	
  It	
  was	
  also	
  possible	
  to	
  observe	
  that	
  users	
  

without	
  any	
  previous	
  making	
  experience	
  were	
  drawn	
  into	
  the	
  space	
  mainly	
  because	
  

they	
  saw	
  a	
  couple	
  of	
  3D	
  printing	
  machines	
  working	
  most	
  of	
  the	
  time	
  and	
  a	
  display	
  of	
  

things	
  that	
  had	
  been	
  done	
  by	
  other	
  users.	
  This	
  creative	
  atmosphere	
  was	
  essential	
  for	
  

capturing	
  attention	
  and	
  encouraging	
  users	
  to	
  start	
  making.	
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2.4.2	
  Jumbo´s	
  Makerstudio,	
  CEEO,	
  Tufts	
  University	
  

	
  

	
  	
  	
  	
   	
   (a)	
   	
   	
   	
   (b)	
  	
  	
  	
  	
  	
   	
   	
   	
   (c)	
  

Figure	
  5.	
  Observations	
  Jumbo´s	
  Makerstudio	
  
a)	
  Student	
  working	
  at	
  the	
  Jumbo´s	
  Makerstudio	
  at	
  Tisch.	
  	
  b)	
  Different	
  gadgets	
  and	
  materials	
  in	
  a	
  table	
  at	
  

the	
  Jumbo´s	
  Makerstudio	
  at	
  the	
  CEEO.	
  c)	
  Students	
  working	
  in	
  the	
  CEEO	
  Makerstudio	
  
(Photos	
  by	
  author)	
  

	
  

	
  

Observations	
  of	
  this	
  particular	
  space	
  included:	
  	
  

	
  

• Tendency	
  to	
  spread	
  out	
  over	
  work	
  surface:	
  it	
  was	
  relatively	
  easy	
  to	
  observe	
  

how	
  any	
  project,	
  independent	
  from	
  the	
  materials	
  being	
  used,	
  had	
  the	
  tendency	
  

to	
  spread	
  out	
  from	
  a	
  center-­‐area	
  into	
  a	
  radial	
  zone,	
  over	
  the	
  work	
  surface.	
  In	
  

some	
  cases	
  the	
  center	
  was	
  represented	
  by	
  the	
  personal	
  laptop,	
  which	
  

represented	
  the	
  main	
  tool	
  for	
  the	
  task,	
  but	
  the	
  radial	
  areas	
  would	
  then	
  be	
  

covered	
  by	
  supporting	
  technologies	
  (robots,	
  electronic	
  parts,	
  other	
  materials).	
  

(Figure	
  5.a	
  and	
  5.b)	
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• Tendency	
  of	
  closeness	
  of	
  projects	
  and	
  materials	
  when	
  sharing	
  work	
  surface:	
  

Another	
  pattern,	
  derived	
  from	
  the	
  first	
  tendency,	
  was	
  that	
  whenever	
  two	
  or	
  

more	
  users	
  were	
  located	
  at	
  the	
  same	
  table,	
  materials	
  and	
  projects	
  would	
  easily	
  

get	
  closer,	
  making	
  it	
  harder	
  to	
  define	
  boundaries	
  between	
  different	
  people.	
  In	
  

some	
  cases	
  this	
  could	
  have	
  impact	
  on	
  the	
  time	
  it	
  takes	
  to	
  search	
  and	
  locate	
  

small	
  pieces	
  of	
  materials.	
  (Figure	
  5.c)	
  

	
  

• Tendency	
  to	
  store	
  projects	
  in	
  containers	
  or	
  backpacks:	
  The	
  lack	
  of	
  individual	
  or	
  

separated	
  storage	
  space	
  in	
  the	
  observed	
  spaces	
  generated	
  the	
  tendency	
  to	
  

carry	
  or	
  leave	
  on-­‐going	
  projects	
  in	
  containers	
  like	
  cardboard	
  boxes,	
  LEGO	
  

plastic	
  containers,	
  or	
  in	
  the	
  personal	
  backpack.	
  Some	
  users	
  left	
  their	
  backpacks	
  

with	
  the	
  on-­‐going	
  projects	
  and	
  materials	
  in	
  some	
  under-­‐used	
  space	
  within	
  the	
  

Makerspace.	
  	
  (Figure	
  5.c)	
  

	
  

	
  

(a)	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  (b)	
  	
   	
   	
   	
   	
  	
  	
  	
  (c)	
  

Figure	
  6.	
  Physical	
  environment	
  of	
  Makerstudio	
  
(a)	
  Jumbo	
  prototype	
  displayed	
  by	
  a	
  student	
  	
  (b)	
  A	
  drawing	
  of	
  a	
  3D	
  printer´s	
  parts	
  in	
  a	
  whiteboard.	
  (c)	
  

Label	
  of	
  a	
  group-­‐container	
  
(Photos	
  by	
  author)	
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• Tendency	
  to	
  display	
  on-­‐going	
  projects:	
  One	
  of	
  the	
  characteristics	
  of	
  the	
  

Makerspaces	
  was	
  that	
  it	
  was	
  easy	
  to	
  find	
  the	
  display	
  of	
  on-­‐going	
  projects	
  or	
  

recently	
  finished	
  projects.	
  This	
  provided	
  the	
  spaces	
  with	
  a	
  visual	
  engagement	
  

presenting	
  to	
  other	
  users	
  a	
  notion	
  of	
  what	
  could	
  be	
  achieved	
  in	
  the	
  Makerspace.	
  

In	
  other	
  cases,	
  these	
  projects	
  on	
  display	
  just	
  provided	
  a	
  fun	
  and	
  entertaining	
  

attitude	
  to	
  the	
  space.	
  (Figure	
  6.a)	
  

	
  

• Tendency	
  to	
  describe	
  how	
  things	
  work:	
  The	
  DIY	
  (Do	
  it	
  Yourself	
  mentality)	
  is	
  

essential	
  to	
  the	
  maker	
  philosophy,	
  therefore	
  part	
  of	
  what	
  could	
  be	
  observed	
  in	
  

the	
  Makerspaces	
  was	
  a	
  tendency	
  to	
  generate	
  graphics	
  (drawings,	
  prints,	
  flyers)	
  

describing	
  how	
  things	
  work	
  in	
  an	
  easy	
  and	
  approachable	
  way.	
  This	
  dimension	
  

adds	
  to	
  the	
  display	
  of	
  on-­‐going	
  projects	
  and	
  the	
  work	
  together	
  in	
  a	
  

complementary	
  way,	
  since	
  it´s	
  easy	
  for	
  users	
  to	
  get	
  the	
  sensation	
  that	
  they	
  can	
  

also	
  start	
  working	
  on	
  a	
  project	
  by	
  themselves,	
  without	
  any	
  special	
  expertise	
  

and	
  with	
  a	
  minimum	
  amount	
  of	
  guidance.	
  (Figure	
  6.b)	
  

	
  

• Tendency	
  to	
  create	
  labels:	
  The	
  overall	
  amount	
  of	
  materials,	
  tools	
  and	
  

technologies	
  all	
  together	
  in	
  a	
  limited	
  space	
  creates	
  the	
  necessity	
  to	
  label	
  areas,	
  

tools	
  and	
  projects.	
  The	
  underlying	
  strategy	
  seems	
  to	
  relate	
  to	
  the	
  need	
  of	
  

giving	
  an	
  appropriate	
  organization	
  to	
  the	
  space,	
  so	
  that	
  anyone	
  can	
  decide	
  by	
  

him/her	
  self	
  what	
  tools	
  to	
  use,	
  where	
  to	
  situate	
  oneself	
  to	
  start	
  working	
  and	
  

what	
  materials	
  to	
  use.	
  Figure	
  6.c)	
  



34	
  

	
  

	
   	
   (a)	
   	
   	
   	
   (b)	
   	
   	
   	
   (c)	
  

Figure	
  7.	
  Activities	
  in	
  Makerstudio	
  
(a)	
  Prototyping	
  with	
  materials	
  	
  (b)	
  Testing	
  things	
  in	
  the	
  space.	
  (c)	
  Capturing	
  objects	
  and	
  moments	
  

(Photos	
  by	
  author)	
  
	
  
	
  

• Tendency	
  to	
  prototype	
  with	
  materials:	
  Makerspaces	
  brings	
  together	
  the	
  

physical	
  capabilities	
  of	
  machine	
  shops	
  and	
  design	
  studios,	
  therefore	
  it	
  was	
  very	
  

common	
  to	
  observe	
  groups	
  of	
  people	
  prototyping	
  artifacts	
  directly	
  with	
  

materials	
  and	
  tools,	
  while	
  engaging	
  in	
  creative	
  dialogues.	
  (Figure	
  7.a)	
  

	
  

• Tendency	
  to	
  test	
  out	
  things	
  directly	
  in	
  the	
  space:	
  The	
  “lab	
  nature”	
  that	
  some	
  

Makerspaces	
  display	
  also	
  encourages	
  people	
  to	
  use	
  the	
  physical	
  environment	
  

to	
  test	
  out	
  new	
  artifacts.	
  In	
  some	
  cases,	
  this	
  testing	
  also	
  becomes	
  a	
  social	
  

process	
  of	
  feedback.	
  Frequently	
  people	
  would	
  discuss	
  improvements	
  while	
  

they	
  shared	
  a	
  common	
  view	
  of	
  a	
  design	
  or	
  artifact.	
  (Figure	
  7.b)	
  

	
  

• Tendency	
  to	
  capture	
  (video/photography)	
  	
  objects	
  and	
  processes:	
  

Makerspaces	
  are	
  sources	
  of	
  sharing	
  interests	
  in	
  networked	
  communities.	
  An	
  

essential	
  component	
  of	
  this	
  is	
  that	
  people	
  will	
  engage	
  easily	
  in	
  taking	
  pictures	
  

or	
  making	
  videos	
  of	
  on-­‐going	
  projects	
  or	
  interactions	
  in	
  the	
  Makerspace.	
  It´s	
  

very	
  accepted	
  among	
  users	
  that	
  things	
  remain	
  in	
  open	
  display	
  and	
  readily	
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available.	
  This	
  also	
  promotes	
  the	
  learning	
  process,	
  encouraging	
  people	
  to	
  share	
  

knowledge,	
  experiences	
  and	
  skills.	
  (Figure	
  7.c)	
  

	
  

2.5	
  How	
  does	
  the	
  physical	
  environment	
  help	
  Makerspace	
  users	
  achieve	
  their	
  
goals?	
  

	
  

This	
  second	
  question	
  guided	
  the	
  observation	
  towards	
  looking	
  at	
  how	
  different	
  

physical	
  environments	
  promoted	
  and	
  supported	
  different	
  goals	
  and	
  tasks.	
  The	
  

observational	
  research	
  was	
  drawn	
  into	
  Makerspaces	
  that	
  were	
  not	
  necessarily	
  located	
  

within	
  Tufts	
  University,	
  although	
  the	
  Arts	
  and	
  Crafts	
  center	
  is	
  on	
  campus,	
  it	
  has	
  been	
  

related	
  mostly	
  to	
  a	
  smaller	
  group	
  of	
  students	
  with	
  specific	
  interests	
  in	
  design,	
  art	
  and	
  

crafts.	
  	
  

	
  

The	
  other	
  Makerspaces:	
  Cambridge	
  Friends	
  School	
  and	
  Malden	
  High	
  School	
  represent	
  

Makerspaces	
  in	
  the	
  context	
  of	
  elementary	
  and	
  high	
  school	
  levels.	
  They	
  are	
  also	
  

emerging	
  as	
  an	
  opportunity	
  to	
  provide	
  multi-­‐disciplinary	
  projects	
  between	
  students	
  

and	
  teachers.	
  They	
  are	
  also	
  serving	
  as	
  after-­‐school	
  spaces	
  where	
  a	
  wide	
  arrange	
  of	
  

creative	
  skills	
  can	
  be	
  developed.	
  	
  

	
  

Finally,	
  Danger!	
  Awesome	
  permitted	
  observing	
  how	
  a	
  commercial	
  Makerspace	
  is	
  used	
  

by	
  professionals,	
  	
  and	
  what	
  type	
  of	
  setting	
  it	
  uses	
  for	
  providing	
  both	
  commercial	
  

prototyping	
  services	
  and	
  educational	
  workshops.	
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2.5.1	
  Makerspace	
  at	
  Cambridge	
  Friends	
  School	
  

	
  

	
  

Figure	
  8.	
  Whiteboard	
  at	
  Cambridge	
  Friends	
  School	
  
(Photo	
  by	
  author)	
  

	
  
With	
  a	
  strong	
  emphasis	
  on	
  building	
  critical	
  thinking,	
  the	
  use	
  of	
  the	
  Makerspace	
  in	
  

Cambridge	
  Friends	
  School	
  displays	
  a	
  set	
  of	
  interesting	
  features	
  that	
  speak	
  of	
  how	
  this	
  

space	
  is	
  helping	
  its	
  users	
  achieve	
  their	
  goals.	
  

	
  
• A	
  big	
  whiteboard	
  (Figure	
  8)	
  displays	
  a	
  set	
  of	
  shared	
  goals,	
  visions	
  and	
  

questions	
  that	
  drive	
  the	
  space.	
  It´s	
  interesting	
  to	
  note	
  that	
  the	
  oversize	
  

dimensions	
  of	
  the	
  whiteboard	
  gives	
  	
  sense	
  of	
  “immersion”	
  into	
  the	
  messages,	
  

making	
  them	
  easy	
  to	
  read	
  and	
  comprehend	
  as	
  a	
  “big	
  message”	
  composed	
  of	
  

many	
  different	
  visions.	
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Figure	
  9.	
  Whiteboard	
  and	
  entry	
  hall	
  at	
  Cambridge	
  Friends	
  School	
  
(Photo	
  by	
  author)	
  

	
  

• A	
  collaborative	
  middle	
  space:	
  The	
  space	
  has	
  a	
  central	
  work	
  surface	
  composed	
  

out	
  of	
  four	
  individual	
  tables	
  (Figure	
  9).	
  They	
  are	
  displayed	
  with	
  the	
  last	
  two	
  

tables	
  overlapping	
  the	
  middle	
  ones,	
  and	
  making	
  the	
  setting	
  look	
  articulated	
  

between	
  them.	
  This	
  center	
  area	
  serves	
  the	
  purpose	
  of	
  providing	
  users	
  with	
  a	
  

main	
  surface	
  for	
  assembly,	
  crafting	
  tasks	
  and	
  creative	
  interaction	
  among	
  peers.	
  

	
  

• A	
  perimeter	
  with	
  tools	
  and	
  big	
  whiteboard:	
  The	
  space	
  displays	
  a	
  perimeter	
  that	
  

concentrates	
  the	
  hand	
  and	
  electrical	
  tools	
  on	
  one	
  side,	
  and	
  a	
  big	
  whiteboard	
  on	
  

the	
  other.	
  This	
  allows	
  users	
  to	
  subdivide	
  the	
  space,	
  having	
  one	
  side	
  for	
  drawing	
  

or	
  representational	
  tasks,	
  and	
  another	
  area	
  for	
  material	
  transformation	
  and	
  

supplies.	
  (Figure	
  9).	
  

	
  

• A	
  showcase	
  entrance	
  hall:	
  The	
  entrance	
  to	
  the	
  space	
  has	
  an	
  inner	
  grid-­‐

structure	
  made	
  out	
  of	
  aluminum	
  profiles.	
  This	
  grid	
  provides	
  a	
  continuous	
  

possibility	
  for	
  attaching	
  or	
  hanging	
  prototypes,	
  images	
  and	
  other	
  elements.	
  Its	
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main	
  purpose	
  is	
  to	
  generate	
  a	
  motivational	
  atmosphere,	
  by	
  welcoming	
  users	
  

and	
  showing	
  them	
  what	
  is	
  possible	
  to	
  achieve	
  in	
  the	
  space,	
  and	
  what	
  is	
  

currently	
  being	
  made.	
  (Figure	
  9).	
  

	
  

Figure	
  10.	
  Materials	
  supplies	
  and	
  books	
  located	
  in	
  a	
  functional	
  perimeter	
  
(Photo	
  by	
  author)	
  

	
  

• A	
  perimeter	
  with	
  materials	
  and	
  books:	
  Most	
  of	
  the	
  materials	
  are	
  located	
  in	
  the	
  

perimeter	
  of	
  the	
  space,	
  which	
  helps	
  to	
  free	
  space	
  from	
  the	
  middle	
  area.	
  It’s	
  also	
  

important	
  to	
  notice	
  a	
  peg	
  wall	
  where	
  books	
  are	
  on	
  display.	
  These	
  are	
  focused	
  

on	
  maker-­‐projects	
  and	
  seek	
  to	
  encourage	
  motivation	
  to	
  start	
  building	
  things	
  

and	
  to	
  learn	
  in	
  the	
  process	
  about	
  different	
  topics	
  such	
  as:	
  animation,	
  robotics	
  

and	
  wearable	
  electronics,	
  among	
  others	
  (Figure	
  10).	
  



39	
  

2.5.2	
  Makerspace	
  at	
  Malden	
  High	
  School	
  

	
  

	
  

Figure	
  11.	
  Makerspace	
  at	
  Malden	
  High	
  School	
  
(Photo	
  by	
  author)	
  

	
  
	
  

In	
  the	
  summer	
  of	
  2014	
  an	
  old	
  wood	
  shop	
  (Figure	
  11)	
  at	
  Malden	
  High	
  School	
  was	
  re-­‐

purposed	
  as	
  a	
  Makerspace	
  for	
  the	
  students	
  of	
  the	
  school	
  with	
  the	
  participation	
  of	
  

professors	
  and	
  graduate	
  students	
  from	
  the	
  Department	
  of	
  Education	
  and	
  Mechanical	
  

Engineering	
  from	
  Tufts	
  University.	
  The	
  main	
  goal	
  was	
  to	
  repurpose	
  the	
  space,	
  

resulting	
  in	
  a	
  more	
  functional	
  physical	
  environment	
  for	
  	
  making	
  activities.	
  	
  The	
  result	
  

was	
  that	
  the	
  available	
  wood	
  tools	
  and	
  machinery	
  were	
  able	
  to	
  complement	
  	
  digital	
  

fabrication	
  devices	
  such	
  as	
  3D	
  printers,	
  LEGO	
  robotics	
  and	
  other	
  tinkering	
  electronics.	
  

	
  

• Large	
  collective	
  tables:	
  The	
  large	
  size	
  of	
  the	
  space	
  (approximately	
  6000	
  square	
  

feet)	
  allows	
  the	
  generation	
  of	
  a	
  generous	
  meeting	
  and	
  making	
  area	
  composed	
  



40	
  

of	
  large	
  tables	
  (4	
  x	
  8	
  ft).	
  These	
  large	
  tables	
  serve	
  as	
  collaboration	
  space,	
  

construction	
  space	
  and	
  also	
  storage	
  space	
  of	
  on-­‐going	
  projects.	
  

	
  

• Stencil	
  Art	
  in	
  the	
  walls:	
  The	
  industrial	
  character	
  of	
  the	
  space,	
  which	
  used	
  to	
  be	
  

focused	
  on	
  technical	
  education	
  related	
  to	
  woodworking	
  displays	
  a	
  more	
  

inviting	
  character	
  with	
  the	
  use	
  of	
  big	
  stencil-­‐type	
  of	
  drawings	
  in	
  the	
  walls.	
  

Different	
  faces	
  of	
  students	
  and	
  educators	
  have	
  been	
  painted,	
  giving	
  the	
  space	
  a	
  

more	
  creative	
  feel.	
  There	
  are	
  also	
  large	
  drawings	
  of	
  tools	
  and	
  big	
  goals	
  on	
  a	
  

blackboard,	
  which	
  provides	
  the	
  insight	
  that	
  the	
  space	
  is	
  open	
  to	
  receive	
  

modifications	
  and	
  “customization”	
  made	
  by	
  the	
  users.	
  

	
  

• Materials	
  readily	
  available:	
  Significant	
  amounts	
  of	
  scrap	
  wood	
  are	
  contained	
  in	
  

different	
  spots	
  in	
  large	
  bins.	
  A	
  visual	
  panorama	
  of	
  the	
  space	
  provides	
  instantly	
  

the	
  feel	
  that	
  there	
  are	
  materials	
  (wood)	
  everywhere	
  to	
  get	
  started.	
  The	
  scrap	
  

wood	
  invites	
  users	
  to	
  try	
  out	
  the	
  electrical	
  sawing	
  machines	
  or	
  hand	
  tools.	
  One	
  

can	
  observe	
  different	
  on-­‐going	
  efforts	
  to	
  build	
  boxes,	
  structures	
  and	
  more	
  

complex	
  mechanisms.	
  Wood	
  acts	
  as	
  a	
  welcoming	
  material,	
  an	
  opportunity	
  to	
  

start	
  off	
  making	
  something	
  and	
  then	
  move	
  to	
  a	
  specific	
  project	
  goal.	
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2.5.3	
  Arts	
  &	
  Crafts	
  Center	
  at	
  Tufts	
  University,	
  Medford	
  Campus	
  

	
  

	
  

Figure	
  12.	
  Arts	
  &	
  Crafts	
  Center	
  at	
  Tufts	
  University	
  
(Photo	
  by	
  The	
  Crafts	
  Center)	
  

	
  
	
  

The	
  Arts	
  &	
  Crafts	
  Center	
  (Figure	
  12)	
  	
  comprises,	
  within	
  the	
  a	
  same	
  layout,	
  three	
  

different	
  spaces:	
  a	
  ceramic	
  workshop,	
  a	
  general	
  Makerspace	
  and	
  a	
  bike	
  shop.	
  The	
  

following	
  observations	
  were	
  made	
  in	
  relationship	
  with	
  the	
  Makerspace,	
  which	
  is	
  also	
  

the	
  centerpiece	
  of	
  the	
  Center,	
  where	
  people	
  enter	
  and	
  register.	
  

	
  

• Material	
  walls:	
  One	
  of	
  the	
  first	
  visual	
  impacts	
  in	
  this	
  space	
  is	
  related	
  to	
  the	
  

visual	
  display	
  of	
  materials:	
  fabrics,	
  paint	
  and	
  other	
  crafts	
  materials.	
  The	
  variety	
  

of	
  them	
  gives	
  the	
  initial	
  impression	
  that	
  this	
  Makerspace	
  is	
  very	
  flexible	
  and	
  

that	
  people	
  with	
  different	
  projects	
  ideas	
  are	
  welcomed.	
  	
  

	
  

• Central	
  Island:	
  An	
  L-­‐shaped	
  central	
  island	
  is	
  both	
  a	
  large	
  working	
  surface	
  and	
  

storage	
  space	
  for	
  small	
  size	
  crafts	
  materials.	
  It	
  has	
  standing	
  height	
  dimensions	
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and	
  allow	
  5-­‐8	
  people	
  to	
  work	
  simultaneously	
  on	
  small	
  size	
  projects	
  or	
  with	
  

their	
  laptops.	
  On	
  the	
  sides,	
  this	
  unit	
  has	
  many	
  spaces	
  for	
  storing	
  materials,	
  

which	
  provides	
  double	
  functionality.	
  The	
  central	
  island	
  is	
  the	
  main	
  gathering	
  

point	
  for	
  making	
  in	
  the	
  space.	
  

	
  

• Lounge	
  area:	
  The	
  space	
  has	
  a	
  small	
  area	
  with	
  a	
  sofa	
  and	
  small	
  tables	
  providing	
  

users	
  with	
  a	
  rest	
  and	
  casual	
  meeting	
  area.	
  This	
  strengthens	
  the	
  idea	
  that	
  the	
  

Arts	
  &	
  Crafts	
  center	
  also	
  has	
  a	
  role	
  of	
  giving	
  students	
  the	
  opportunity	
  to	
  meet	
  

and	
  share	
  creative	
  interests.	
  

	
  

	
  

Figure	
  13.	
  Functional	
  perimeter	
  with	
  tools	
  and	
  materials	
  
(Photo	
  by	
  The	
  Crafts	
  Center)	
  

	
  

• 	
  A	
  functional	
  perimeter:	
  Figure	
  13	
  displays	
  how	
  the	
  edge	
  of	
  the	
  space	
  contains	
  

different	
  functional	
  sections	
  related	
  to	
  specific	
  transformation	
  tasks:	
  sewing,	
  

painting,	
  soldering,	
  cutting	
  plastic	
  or	
  paper.	
  The	
  perimeter	
  also	
  displays	
  stacks	
  

of	
  labeled	
  containers	
  with	
  different	
  types	
  of	
  materials,	
  providing	
  access	
  to	
  



43	
  

them	
  and	
  the	
  ability	
  to	
  augment	
  the	
  effectiveness	
  of	
  the	
  space	
  to	
  contain	
  a	
  

large	
  amount	
  of	
  people	
  at	
  the	
  same	
  time	
  performing	
  different	
  making	
  tasks.	
  

	
  

• Locker	
  space:	
  The	
  space	
  displays	
  a	
  wall	
  with	
  11	
  lockers,	
  which	
  provides	
  users	
  

with	
  storage	
  space	
  for	
  their	
  personal	
  belongings	
  like	
  backpacks	
  and	
  clothing.	
  	
  

This	
  frees	
  space	
  from	
  transit	
  areas,	
  making	
  the	
  space	
  more	
  effective	
  in	
  terms	
  of	
  

moving	
  around	
  gathering	
  materials	
  or	
  moving	
  to	
  different	
  functional	
  areas.	
  

	
  

2.5.4	
  Danger!	
  Awesome	
  laser-­‐cutting	
  service	
  in	
  Cambridge	
  

	
  

Danger!	
  Awesome	
  is	
  a	
  laser-­‐cutting	
  shop	
  that	
  offers	
  different	
  professional	
  prototyping	
  

services	
  related	
  to	
  3D	
  printing,	
  laser	
  cutting	
  and	
  engraving.	
  Additionally	
  it	
  	
  has	
  

monthly	
  membership	
  plans	
  and	
  workshops	
  for	
  teaching	
  people	
  about	
  how	
  to	
  generate	
  

3D	
  prototypes	
  and	
  laser-­‐cut	
  designs.	
  The	
  space	
  displays	
  an	
  open	
  floor	
  layout	
  with	
  

three	
  main	
  zones:	
  	
  a	
  design	
  zone,	
  two	
  opposed	
  prototyping	
  zones	
  and	
  a	
  wall	
  display	
  

with	
  many	
  different	
  types	
  of	
  products	
  that	
  people	
  can	
  order	
  or	
  from	
  which	
  to	
  get	
  

inspiration.	
  Most	
  of	
  the	
  customers	
  are	
  hobbyists,	
  college	
  students,	
  architectural	
  and	
  

design	
  professionals,	
  	
  requiring	
  the	
  usage	
  of	
  the	
  technologies	
  available	
  and	
  	
  willing	
  to	
  

pay	
  for	
  a	
  service	
  instead	
  of	
  acquiring	
  themselves	
  the	
  prototyping	
  technologies.	
  The	
  

physical	
  environment	
  is	
  large	
  enough	
  for	
  containing	
  approximately	
  10	
  people	
  at	
  the	
  

same	
  time,	
  and	
  has	
  been	
  effectively	
  arranged.	
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   (a)	
   	
   	
   	
   	
   	
   (b)	
  

Figure	
  14.	
  	
  Danger!Awesome	
  space	
  
(a)	
  Meeting	
  and	
  design	
  table	
  (b)	
  Wall	
  display	
  of	
  products	
  

(Photos	
  by	
  author)	
  
	
  

	
  

• Meeting	
  and	
  design	
  tables:	
  These	
  height	
  adjustable	
  work	
  surfaces	
  act	
  with	
  a	
  

double	
  functionality	
  supporting	
  both	
  design	
  and	
  meeting.	
  They	
  face	
  a	
  wall	
  on	
  

one	
  side,	
  so	
  they	
  basically	
  propose	
  a	
  U-­‐shaped	
  perimeter	
  for	
  gathering	
  5	
  

people.	
  The	
  material	
  used	
  is	
  wood	
  and	
  they	
  display	
  a	
  more	
  design-­‐studio	
  

aesthetic.	
  (Figure	
  14.a)	
  

	
  

• Wall	
  display:	
  	
  Danger!	
  Awesome	
  offers	
  the	
  service	
  of	
  laser	
  cutting	
  and	
  3D	
  

printing;	
  therefore	
  an	
  important	
  dimension	
  for	
  their	
  business	
  is	
  to	
  engage	
  

visually	
  any	
  customer	
  with	
  the	
  type	
  of	
  designs	
  they	
  are	
  able	
  to	
  prototype.	
  They	
  

have	
  on	
  display	
  a	
  set	
  of	
  different	
  engravings,	
  merchandising	
  and	
  different	
  

materials	
  that	
  have	
  been	
  prototyped	
  (Figure	
  14.b).	
  Everything	
  can	
  be	
  easily	
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reached	
  and	
  provides	
  a	
  sensory	
  input	
  to	
  any	
  one	
  interested	
  to	
  know	
  about	
  

what	
  can	
  be	
  done	
  in	
  the	
  space.	
  

	
  

• Lasercutting	
  &	
  3D	
  printing	
  area:	
  These	
  two	
  areas	
  work	
  around	
  the	
  design	
  

tables	
  as	
  two	
  rows	
  of	
  prototyping	
  machines.	
  The	
  3D	
  printers	
  are	
  situated	
  

parallel	
  to	
  the	
  main	
  front	
  window,	
  and	
  in	
  the	
  opposite	
  side	
  are	
  a	
  row	
  of	
  3	
  laser	
  

cutters.	
  This	
  layout	
  provides	
  a	
  circulation	
  flow	
  around	
  these	
  functional	
  areas	
  

without	
  disturbing	
  the	
  users	
  that	
  work	
  on	
  the	
  2	
  tables.	
  It	
  also	
  provides	
  a	
  

visually	
  engaging	
  setting	
  for	
  anyone	
  walking	
  past	
  the	
  front	
  window,	
  since	
  the	
  

technologies	
  are	
  display	
  in	
  two	
  parallel	
  planes,	
  making	
  it	
  easy	
  to	
  appreciate	
  

what	
  is	
  going	
  on.	
  

	
  

2.6	
  Discussion:	
  User	
  research	
  

	
  

In	
  this	
  section	
  we	
  summarize	
  the	
  main	
  observations	
  related	
  to	
  the	
  interaction	
  of	
  users	
  

in	
  Makerspaces	
  and	
  how	
  these	
  also	
  support	
  different	
  tasks.	
  

	
  

• Focus	
  on	
  the	
  on-­‐going	
  project:	
  It	
  was	
  possible	
  to	
  observe	
  in	
  the	
  selected	
  

locations	
  that	
  once	
  a	
  project	
  gets	
  started	
  the	
  user´s	
  focus	
  becomes	
  the	
  project	
  

process,	
  and	
  that	
  drives	
  the	
  workflow.	
  	
  This	
  might	
  seem	
  evident,	
  but	
  in	
  fact	
  in	
  

some	
  spatial	
  configurations	
  it´s	
  not.	
  Some	
  spaces	
  are	
  actually	
  not	
  “project	
  

friendly”.	
  This	
  can	
  be	
  observed	
  in	
  the	
  lack	
  of	
  storage	
  space,	
  inadequate	
  

materials	
  supplies,	
  poor	
  maintenance	
  of	
  prototyping	
  equipment	
  and	
  non-­‐



46	
  

existent	
  or	
  hard-­‐	
  to-­‐reach	
  tools.	
  When	
  this	
  occurs	
  the	
  process	
  of	
  making	
  might	
  

result	
  in	
  delays,	
  more	
  errors	
  and	
  in	
  bottlenecks	
  during	
  the	
  creative	
  process.	
  

Focusing	
  on	
  the	
  project	
  means	
  that	
  the	
  physical	
  environment	
  should	
  support	
  

the	
  process	
  of	
  creating,	
  from	
  conception	
  to	
  completion,	
  providing	
  users	
  with	
  

the	
  right	
  tools	
  and	
  materials	
  at	
  the	
  right	
  moment.	
  Focusing	
  on	
  the	
  on-­‐going	
  

projects	
  relates	
  also	
  to	
  an	
  adequate	
  flexibility	
  of	
  the	
  physical	
  environment,	
  it	
  

should	
  be	
  able	
  to	
  be	
  modified	
  to	
  fit	
  different	
  numbers	
  of	
  collaborators,	
  

different	
  projects	
  sizes,	
  different	
  materials	
  and	
  different	
  prototyping	
  processes.	
  	
  

	
  

• Material	
  processing	
  perimeter/central	
  design	
  spots:	
  One	
  of	
  the	
  key	
  

features	
  observed	
  in	
  the	
  majority	
  of	
  Makerspaces	
  was	
  a	
  layout	
  that	
  privileged	
  a	
  

perimeter	
  focused	
  on	
  providing	
  access	
  to	
  tools	
  and	
  equipment	
  for	
  processing	
  

materials	
  on	
  one	
  side,	
  leaving	
  central	
  spots	
  for	
  tables	
  or	
  workstations	
  with	
  the	
  

flexibility	
  to	
  adapt	
  to	
  different	
  type	
  of	
  meeting	
  configurations.	
  This	
  spatial	
  

strategy	
  improves	
  the	
  workflow,	
  distributing	
  users	
  between	
  functional	
  areas,	
  

leaving	
  space	
  for	
  moving	
  back	
  and	
  forth	
  from	
  these	
  areas.	
  	
  

	
  

• Collaboration	
  initiation	
  and	
  support:	
  Makerspaces	
  are	
  different	
  from	
  

traditional	
  Machine	
  Shops,	
  Design	
  Studios	
  or	
  Offices	
  because	
  they	
  actively	
  

promote	
  collaboration.	
  This	
  social	
  interaction	
  needs	
  support	
  from	
  the	
  physical	
  

environment	
  in	
  terms	
  of	
  surfaces	
  and	
  designated	
  spaces.	
  It´s	
  possible	
  to	
  

observe	
  two	
  opportunities	
  for	
  this.	
  One	
  is	
  related	
  to	
  the	
  initial	
  collaboration,	
  

related	
  to	
  questions	
  and	
  explorative	
  dialogues.	
  The	
  display	
  of	
  materials	
  and	
  on	
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going	
  projects	
  can	
  also	
  lead	
  to	
  collaboration	
  and	
  give	
  support	
  for	
  initial	
  

discussion	
  around	
  “what	
  if	
  “	
  questions.	
  	
  

	
  

A	
  second	
  opportunity	
  is	
  related	
  to	
  a	
  dialogue	
  that	
  has	
  already	
  started	
  between	
  

two	
  or	
  more	
  users.	
  In	
  this	
  case	
  the	
  physical	
  environment	
  should	
  provide	
  

surfaces	
  for	
  displaying	
  ideas	
  (projectors,	
  whiteboards)	
  in	
  order	
  to	
  increase	
  the	
  

volume	
  of	
  ideas	
  and/or	
  support	
  the	
  deeper	
  exploration	
  of	
  those	
  already	
  

generated.	
  	
  

	
  

Finally,	
  to	
  summarize	
  what	
  was	
  learned	
  from	
  this	
  user	
  research,	
  	
  a	
  sequential	
  model	
  

of	
  the	
  workflow	
  related	
  to	
  Makerspace	
  usage	
  is	
  proposed.	
  The	
  model	
  displays	
  a	
  

recursive	
  process	
  that	
  begins	
  again	
  each	
  time	
  a	
  user	
  re-­‐enters	
  the	
  space	
  (Beyer	
  and	
  

Holtzblatt,	
  1998).	
  The	
  model	
  also	
  shows	
  secondary	
  actions	
  related	
  to	
  the	
  main	
  phases	
  

of	
  the	
  process,	
  providing	
  a	
  perspective	
  of	
  the	
  actions	
  that	
  allow	
  understanding	
  how	
  

users	
  interact	
  with	
  the	
  physical	
  environment	
  and	
  what	
  type	
  of	
  needs	
  they	
  face.	
  It	
  also	
  

states	
  the	
  design	
  and	
  prototyping	
  process	
  as	
  a	
  phase	
  in	
  which	
  potential	
  interaction	
  

with	
  other	
  users	
  may	
  occur	
  and	
  as	
  the	
  phase	
  that	
  initiates	
  mobility	
  around	
  the	
  space.	
  

	
  

Considering	
  that	
  each	
  user	
  may	
  experience	
  this	
  workflow	
  in	
  a	
  Makerspace,	
  its	
  possible	
  

to	
  understand	
  the	
  reason	
  why	
  most	
  of	
  these	
  spaces	
  experience	
  overcrowding	
  of	
  work	
  

surface	
  with	
  materials	
  and	
  on-­‐going	
  projects.	
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Figure	
  15.	
  Sequential	
  workflow	
  of	
  Makerspace	
  usage
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2.7	
  Market	
  research	
  

	
  

In	
  this	
  section	
  the	
  goal	
  was	
  to	
  perform	
  a	
  comparative	
  analysis	
  of	
  different	
  existing	
  

solutions	
  of	
  workstations,	
  storage	
  and	
  organizations	
  systems,	
  either	
  on	
  the	
  market,	
  or	
  

in	
  use	
  within	
  actual	
  educational	
  settings.	
  The	
  solutions	
  should	
  also	
  relate	
  to	
  the	
  main	
  

questions	
  at	
  the	
  beginning	
  of	
  the	
  project:	
  	
  	
  

“How	
  can	
  we	
  have	
  a	
  Makerspace	
  in	
  which	
  setting	
  up	
  and	
  cleaning	
  up	
  materials	
  and	
  tools	
  

takes	
  less	
  time	
  so	
  that	
  people	
  can	
  spend	
  more	
  time	
  making	
  and	
  learning?”	
  and	
  “How	
  can	
  

we	
  improve	
  the	
  workflow	
  of	
  a	
  space,	
  so	
  that	
  people	
  can	
  use	
  all	
  the	
  different	
  technologies	
  

and	
  tools	
  provided?”	
  

	
  

2.7.1	
  Workstations	
  

	
  

Workstations	
  represent	
  an	
  essential	
  functional	
  element	
  of	
  any	
  space.	
  They	
  function	
  as	
  

multi-­‐purpose	
  surfaces	
  for	
  performing	
  different	
  tasks	
  such	
  as:	
  designing,	
  drawing,	
  

assembling,	
  disassembling,	
  cutting,	
  and	
  drilling,	
  among	
  others.	
  A	
  first	
  search	
  was	
  

performed	
  focusing	
  on	
  workstations	
  that	
  embodied	
  useful	
  features	
  related	
  to	
  some	
  of	
  

the	
  following	
  aspects:	
  	
  

• Modularity:	
  Solutions	
  that	
  can	
  be	
  arranged	
  in	
  different	
  ways,	
  modifying	
  the	
  

layout	
  of	
  a	
  space	
  easily.	
  

• Multi-­‐Functionality:	
  Display	
  of	
  interrelated	
  functionality	
  that	
  provides	
  support	
  

for	
  making	
  activities.	
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The	
  selected	
  workstations	
  range	
  from	
  standing	
  desk	
  related	
  to	
  design	
  studio	
  

environments	
  to	
  workstation	
  systems	
  designed	
  and	
  built	
  specially	
  for	
  creative	
  

environments	
  in	
  educational	
  settings.	
  	
  

	
  

One	
  of	
  the	
  selected	
  workstations	
  is	
  completely	
  made	
  with	
  industrial	
  cardboard	
  and	
  

proposes	
  a	
  foldable	
  worktable	
  that	
  can	
  be	
  easily	
  carried	
  around	
  and	
  stored.	
  	
  

	
  

Three	
  of	
  the	
  examples	
  are	
  height	
  adjustable,	
  one	
  is	
  available	
  in	
  three	
  different	
  heights	
  

and	
  the	
  last	
  one	
  (d.school,	
  Periodic	
  Table)	
  can	
  be	
  reduced	
  in	
  height	
  by	
  disassembling	
  a	
  

wood	
  box	
  that	
  is	
  placed	
  underneath	
  the	
  tabletop.	
  This	
  wood	
  box	
  is	
  the	
  only	
  feature	
  

related	
  to	
  storage	
  of	
  materials,	
  projects	
  or	
  personal	
  belongings.	
  

	
  

In	
  general	
  there	
  is	
  no	
  evidence	
  of	
  functional	
  features	
  that	
  could	
  allow	
  users	
  to	
  reduce	
  

timings	
  of	
  set	
  up,	
  clean	
  up	
  and	
  store	
  their	
  projects	
  and	
  materials,	
  making	
  more	
  

effective	
  their	
  workflow	
  through	
  the	
  space.	
  	
  Additionally,	
  no	
  other	
  functional	
  elements	
  

such	
  as	
  integrated	
  power	
  access	
  or	
  media-­‐holding	
  accessories	
  were	
  identified.	
  

	
  

Table	
  3	
  show	
  the	
  five	
  different	
  systems	
  organized	
  from	
  high	
  to	
  low	
  price;	
  

characteristics	
  such	
  as	
  work	
  surface	
  size,	
  weight	
  capacity,	
  user	
  capacity,	
  materials	
  and	
  

interesting	
  features	
  were	
  included.	
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Table	
  3.	
  Comparison	
  of	
  five	
  Workstation	
  systems
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2.7.2	
  Storage	
  and	
  Organization	
  Systems	
  

	
  

Storage	
  and	
  organization	
  of	
  on-­‐going	
  projects	
  represent	
  two	
  crucial	
  dimensions	
  with	
  

impact	
  on	
  how	
  a	
  Makerspace	
  can	
  be	
  more	
  effective	
  in	
  terms	
  of	
  setting	
  up	
  and	
  cleaning	
  

up,	
  improving	
  the	
  general	
  workflow.	
  	
  	
  

	
  

Storage	
  and	
  Organization	
  are	
  two	
  complementary	
  dimensions;	
  storage	
  can	
  be	
  

identified	
  with	
  	
  the	
  act	
  of	
  keeping	
  something	
  away	
  from	
  functional	
  areas,	
  leaving	
  it	
  in	
  

a	
  preserved	
  state.	
  Organization	
  on	
  the	
  other	
  hand	
  refers	
  to	
  the	
  ability	
  of	
  providing	
  

objects	
  with	
  an	
  identifiable	
  label	
  or	
  location	
  within	
  a	
  major	
  space,	
  which	
  can	
  help	
  with	
  

recognizing	
  the	
  object	
  in	
  a	
  wider	
  arrangement.	
  	
  Both	
  dimensions	
  can	
  be	
  seen	
  working	
  

together	
  in	
  some	
  artifacts;	
  however	
  there	
  are	
  many	
  examples	
  of	
  how	
  they	
  also	
  are	
  

separated,	
  turning	
  into	
  storage	
  spaces	
  with	
  no	
  organization	
  or	
  organized	
  spaces	
  with	
  

low	
  storage	
  capacity.	
  Therefore	
  focus	
  was	
  put	
  on	
  gathering	
  information	
  about	
  systems	
  

that	
  were	
  able	
  to	
  represent	
  innovative	
  ways	
  of	
  storing	
  and	
  organizing	
  projects	
  and	
  

technology	
  within	
  classroom	
  settings	
  and	
  Makerspace	
  contexts.	
  	
  

	
  

The	
  selected	
  cases	
  provide	
  an	
  insight	
  into	
  hybrid	
  objects	
  that	
  are	
  beginning	
  to	
  appear	
  

in	
  the	
  context	
  of	
  “making”	
  in	
  the	
  classroom,	
  displaying	
  multi-­‐functionality,	
  ease	
  of	
  use	
  

and	
  creative	
  character	
  as	
  well.	
  

Table	
  4	
  summarizes	
  five	
  examples	
  in	
  terms	
  of	
  their	
  general	
  dimensions,	
  materiality	
  

and	
  relevant	
  features.	
  Most	
  of	
  them	
  are	
  the	
  result	
  of	
  “user	
  centric”	
  design	
  in	
  which	
  

specific	
  classroom	
  making	
  needs	
  have	
  been	
  identified	
  and	
  guided	
  the	
  design	
  process.	
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Table	
  4.	
  Comparison	
  of	
  five	
  different	
  Storage	
  &	
  Organization	
  systems	
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2.8	
  Discussion:	
  Market	
  research	
  

	
  

The	
  previous	
  two	
  sections	
  defined	
  a	
  set	
  of	
  examples	
  of	
  workstations,	
  storage	
  and	
  

organization	
  systems.	
  	
  The	
  following	
  three	
  categories	
  summarize	
  the	
  main	
  elements	
  

across	
  this	
  sample	
  that	
  should	
  be	
  incorporated	
  into	
  the	
  design	
  specifications	
  of	
  a	
  new	
  

workstation	
  intended	
  for	
  usage	
  in	
  an	
  Educational	
  Makerspace.	
  	
  

	
  

• Mobility:	
  	
  Makerspaces	
  are	
  dynamic	
  spaces	
  in	
  which	
  the	
  creative	
  process	
  

generates	
  changes	
  in	
  the	
  way	
  people	
  transform	
  materials	
  and	
  ideas.	
  A	
  

predominance	
  of	
  movable	
  furniture	
  was	
  observed	
  across	
  storage	
  and	
  

organization	
  systems	
  and	
  with	
  lesser	
  amounts	
  of	
  conscious	
  workstation	
  design.	
  

Movable	
  furniture	
  supports	
  the	
  ability	
  to	
  change	
  layouts	
  and	
  therefore	
  affect	
  

the	
  workflow	
  of	
  users	
  in	
  a	
  space.	
  Given	
  the	
  wide	
  arrange	
  of	
  making	
  activities	
  

that	
  a	
  teacher	
  might	
  want	
  to	
  accomplish	
  in	
  an	
  Educational	
  Makerspace,	
  it	
  

seems	
  reasonable	
  to	
  provide	
  mobility	
  to	
  workstations	
  and	
  for	
  storage	
  and	
  

organizational	
  racks.	
  

	
  
	
  

• Adjustable:	
  Human	
  anthropometry	
  provides	
  evidence	
  that	
  the	
  users	
  of	
  a	
  space	
  

can	
  span	
  within	
  a	
  wide	
  range	
  of	
  body	
  dimensions.	
  Therefore	
  the	
  space	
  needs	
  to	
  

be	
  adjustable	
  to	
  provide	
  the	
  adequate	
  support	
  to	
  the	
  human	
  body	
  and	
  its	
  

physical	
  nature.	
  The	
  products	
  selected	
  for	
  analysis	
  displayed	
  different	
  

strategies	
  in	
  terms	
  of	
  adjustment.	
  	
  Some	
  of	
  them	
  have	
  more	
  complex	
  

mechanisms	
  that	
  allow	
  them	
  to	
  easily	
  adjust	
  their	
  dimensions	
  (especially	
  



55	
  

height)	
  with	
  a	
  significant	
  increase	
  in	
  price.	
  There´s	
  also	
  a	
  group	
  that	
  have	
  been	
  

designed	
  to	
  provide	
  adjustment	
  in	
  terms	
  of	
  “standard	
  sizing”,	
  offering	
  small,	
  

medium	
  and	
  large	
  sizes.	
  A	
  last	
  category	
  is	
  focusing	
  in	
  	
  “average	
  users”,	
  no	
  

adjustment	
  is	
  provided,	
  but	
  the	
  design	
  proposes	
  the	
  best	
  cost-­‐benefit	
  relation	
  

possible.	
  

	
  

• Augmenting	
  visibility:	
  The	
  creative	
  outcome	
  in	
  Makerspaces	
  is	
  a	
  wide	
  range	
  

of	
  projects	
  and	
  ideas,	
  which	
  can	
  inform	
  other	
  users	
  of	
  the	
  functionality	
  of	
  the	
  

physical	
  environment	
  and	
  essentially	
  about	
  the	
  endless	
  possibilities	
  of	
  learning	
  

by	
  making.	
  Therefore	
  materials,	
  tools	
  and	
  other	
  projects	
  need	
  to	
  be	
  made	
  

visible.	
  This	
  means	
  that	
  the	
  storage	
  function	
  should	
  be	
  accompanied	
  by	
  a	
  

displaying	
  function,	
  augmenting	
  the	
  visibility	
  of	
  on-­‐going	
  projects,	
  new	
  and	
  old	
  

materials,	
  design	
  ideas	
  and	
  creative	
  visions.	
  

	
  

• Modularity:	
  Arranging	
  a	
  space	
  in	
  new	
  ways	
  by	
  using	
  the	
  surfaces	
  or	
  volumes	
  

available	
  is	
  part	
  of	
  what	
  modular	
  furniture	
  can	
  add	
  as	
  value	
  to	
  the	
  physical	
  

environment	
  of	
  a	
  Makerspace.	
  This	
  dimension	
  is	
  complemented	
  with	
  the	
  

“mobile”	
  aspect,	
  but	
  it	
  expands	
  on	
  the	
  geometric	
  qualities	
  that	
  an	
  object	
  can	
  

have.	
  Some	
  shapes	
  involve	
  modularity	
  and	
  permit	
  users	
  to	
  generate	
  bigger	
  

objects	
  by	
  adding	
  and	
  organizing	
  the	
  smaller	
  components,	
  without	
  losing	
  any	
  

space	
  efficiency.	
  Others	
  just	
  provide	
  a	
  minimal	
  amount	
  of	
  modularity,	
  allowing	
  

better	
  storage	
  or	
  organization.
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The	
  examples	
  selected	
  do	
  not	
  intend	
  to	
  cover	
  the	
  whole	
  range	
  of	
  products	
  in	
  the	
  

market,	
  but	
  rather	
  provide	
  an	
  insight	
  into	
  a	
  group	
  of	
  artifacts	
  displaying	
  unique	
  

features,	
  allowing	
  the	
  definition	
  of	
  a	
  functional	
  pattern	
  across	
  them.	
  	
  

	
  

It	
  was	
  possible	
  to	
  observe	
  that	
  the	
  features	
  of	
  those	
  objects	
  that	
  have	
  been	
  potentially	
  

classroom	
  informed,	
  display	
  elements	
  that	
  are	
  related	
  to	
  part	
  of	
  the	
  challenges	
  

informed	
  by	
  authors	
  involved	
  in	
  the	
  development	
  of	
  active	
  learning	
  spaces.	
  These	
  

elements	
  relate	
  to	
  maximize	
  student-­‐operated	
  furniture,	
  personal	
  storage	
  space	
  and	
  

allowing	
  the	
  mobility	
  of	
  the	
  artifacts	
  in	
  the	
  space	
  in	
  order	
  to	
  arrange	
  different	
  lay	
  out	
  

easily.	
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CHAPTER	
  3:	
  	
  DESIGN	
  REQUIREMENTS	
  AND	
  DEVELOPMENT	
  OF	
  PROTOTYPE	
  	
  

	
  

In	
  this	
  chapter	
  the	
  main	
  goal	
  is	
  to	
  describe	
  the	
  decision	
  making	
  around	
  the	
  physical	
  

aspects	
  of	
  the	
  workstation-­‐system.	
  	
  

	
  

The	
  product	
  design	
  and	
  development	
  process	
  can	
  be	
  visualized	
  as	
  a	
  synthetic	
  process	
  

in	
  which	
  the	
  previous	
  data	
  (literature	
  review,	
  observational	
  research	
  and	
  market	
  

analysis)	
  is	
  transitioned	
  into	
  the	
  formal	
  statement	
  of	
  design	
  goals	
  and	
  specifications.	
  

These	
  statements	
  provide	
  a	
  background	
  to	
  contrast	
  the	
  conceptual	
  design	
  outcomes	
  

and	
  allow	
  the	
  iteration	
  into	
  a	
  design	
  that	
  can	
  be	
  subject	
  to	
  prototyping	
  and	
  testing	
  

(Ulrich	
  and	
  Eppinger,	
  2012).	
  	
  

	
  

3.1	
  User	
  needs	
  

	
  

The	
  initial	
  tray	
  models	
  developed	
  during	
  October	
  2014	
  served	
  the	
  purpose	
  of	
  testing	
  a	
  

new	
  concept	
  of	
  managing	
  the	
  Makerspace.	
  They	
  were	
  also	
  useful	
  for	
  collecting	
  initial	
  

user	
  data	
  about	
  their	
  needs	
  regarding	
  the	
  workspace.	
  This	
  data	
  was	
  collected	
  through	
  

direct	
  interaction	
  of	
  users	
  with	
  the	
  trays,	
  asking	
  them	
  to	
  leave	
  comments	
  on	
  post-­‐it	
  

notes.	
  Table	
  5	
  summarizes	
  these	
  needs.	
  Additionally	
  a	
  level	
  of	
  importance	
  of	
  each	
  

need	
  was	
  assigned	
  from	
  1:	
  Not	
  at	
  all	
  important,	
  2:	
  Low	
  importance,	
  3:	
  Neutral,	
  4:	
  

Moderately	
  important,	
  to	
  5:	
  Important	
  (Ulrich	
  and	
  Eppinger,	
  2012).	
  

Nº	
   	
   Need	
   Imp	
  
1	
   The	
  workstation	
   allows	
  an	
  easy	
  set-­‐up	
   5	
  
2	
   The	
  workstation	
   allows	
  an	
  clean-­‐up	
   5	
  
3	
   The	
  workstation	
   has	
  an	
  adequate	
  amount	
  of	
  surface	
  for	
  designing	
  and	
  

prototyping	
  tasks	
  
5	
  

4	
   The	
  workstation	
   allows	
  project	
  storage	
   4	
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5	
   The	
  workstation	
   is	
  comfortable	
  for	
  most	
  of	
  the	
  users	
  of	
  the	
  Makerspace	
   4	
  
6	
   The	
  workstation	
   provides	
  easy	
  access	
  to	
  power	
  outlets	
   3	
  
7	
   The	
  workstation	
   provides	
  surfaces	
  for	
  projecting	
  images	
  and/or	
  drawing	
   3	
  
8	
   The	
  workstation	
   can	
  be	
  moved	
  around	
  the	
  Makerspace	
   4	
  
9	
   The	
  workstation	
   is	
  easy	
  to	
  assembly/disassembly	
   3	
  
10	
   The	
  workstation	
   is	
  easy	
  to	
  transport	
   4	
  
11	
   The	
  workstation	
   is	
  able	
  to	
  be	
  manufactured	
  with	
  Makerspace	
  technologies	
  and	
  

tools	
  
4	
  

12	
   The	
  workstation	
   is	
  made	
  with	
  available	
  materials	
  and	
  hardware	
  parts	
   4	
  
13	
   The	
  workstation	
   can	
  be	
  customized	
   3	
  
14	
   The	
  workstation	
   is	
  modular	
   4	
  

	
  

Table	
  5:	
  User	
  needs	
  and	
  level	
  of	
  importance	
  

	
  

The	
  level	
  of	
  importance	
  was	
  defined	
  based	
  on	
  how	
  frequent	
  these	
  features	
  were	
  

mentioned	
  by	
  the	
  users	
  when	
  they	
  evaluated	
  the	
  initial	
  trays.	
  	
  

Some	
  needs	
  where	
  not	
  directly	
  informed	
  by	
  the	
  users	
  objectively,	
  but	
  rather	
  could	
  be	
  

transferred	
   from	
   the	
   observation	
   and	
   analysis	
   of	
   current	
  Makerspaces	
   and	
   existing	
  

products	
  in	
  the	
  market.	
  

	
  

3.2	
  Product	
  Specification	
  

	
  

The	
  next	
  step	
  was	
  to	
  turn	
  user	
  needs	
  into	
  measurable	
  product	
  specifications.	
  This	
  

involves	
  defining	
  a	
  metric,	
  units	
  of	
  measurement	
  and	
  a	
  desired	
  value	
  based	
  on	
  

benchmarking	
  with	
  current	
  product	
  in	
  the	
  market.	
  Product	
  specifications	
  are	
  directly	
  

related	
  to	
  the	
  selection	
  of	
  materials	
  with	
  specific	
  qualities.	
  They	
  are	
  also	
  related	
  to	
  the	
  

type	
  of	
  manufacturing	
  process	
  to	
  be	
  used	
  and	
  tolerances	
  that	
  need	
  to	
  be	
  achieved.	
  

Table	
  6	
  summarizes	
  the	
  product	
  specifications	
  for	
  the	
  workstation-­‐system.
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Nº	
   Imp.	
   Metric	
   Units	
   Desirable	
  Value	
  

1	
   5	
   Time	
  to	
  set-­‐up	
  
	
  

seconds	
   180-­‐240	
  

2	
   5	
   Time	
  to	
  clean-­‐up	
   seconds	
   180-­‐240	
  

3	
   5	
   Surface	
  of	
  tray	
   in2	
   350-­‐520	
  

4	
   4	
   Volume	
  of	
  storage	
  of	
  tray	
   gallons	
   9-­‐16	
  

5	
   4	
   Height	
  of	
  workstation	
   in	
  (height)	
   38-­‐42	
  

6	
   3	
   Number	
  of	
  power	
  reachable	
  
outlets	
  

-­‐	
   3-­‐5	
  power	
  outlets	
  

7	
   3	
   Amount	
  of	
  mounting	
  area	
  
for	
  media	
  accessories	
  

in2	
   60-­‐80	
  

8	
   4	
   Number	
  of	
  casters	
   -­‐	
   4	
  
9	
   3	
   Time	
  to	
  assembly	
  

Time	
  to	
  disassembly	
  
minutes	
   30-­‐60	
  

10	
   4	
   Total	
  weight	
   pounds	
   100-­‐110	
  
11	
   4	
   Number	
  of	
  Makerspace	
  

processes	
  that	
  can	
  be	
  used	
  
to	
  manufacture	
  

-­‐	
   3-­‐4	
  

12	
   4	
   Shipping	
  time	
  of	
  materials	
   days	
   5-­‐10	
  
13	
   3	
   Number	
  of	
  features	
  that	
  can	
  

be	
  custom	
  made	
  
-­‐	
   2-­‐3	
  

14	
   4	
   Number	
  of	
  units	
  that	
  can	
  be	
  
arranged	
  together	
  

-­‐	
   2-­‐4	
  

	
  

Table	
  6.	
  Product	
  specifications	
  for	
  the	
  workstation-­‐system	
  

	
  

Background	
  of	
  desired	
  values	
  

• Time	
  to	
  set-­‐up/Time	
  to	
  clean	
  up:	
  If	
  the	
  total	
  time	
  of	
  a	
  class	
  is	
  estimated	
  in	
  75	
  

minutes,	
  then	
  estimation	
  the	
  goal	
  was	
  that	
  no	
  more	
  than	
  10%	
  of	
  that	
  total	
  

class-­‐time	
  should	
  be	
  spent	
  of	
  setting	
  up	
  materials	
  and	
  projects	
  at	
  the	
  beginning	
  	
  

of	
  the	
  class	
  session.	
  

	
  

• Surface	
  of	
  tray:	
  Currently	
  students	
  were	
  working	
  at	
  regular	
  multi-­‐purpose	
  

folding	
  tables	
  (surface	
  area:	
  72	
  x	
  29	
  in).	
  	
  Users	
  of	
  the	
  CEEO	
  workshop	
  were	
  

observed	
  using	
  these	
  tables	
  in	
  groups	
  of	
  4	
  and	
  6	
  people.	
  Therefore,	
  It	
  was	
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estimated	
  that	
  the	
  amount	
  of	
  work-­‐surface	
  for	
  each	
  participant	
  could	
  range	
  

from	
  348	
  in2	
  (1/6th	
  of	
  the	
  tables	
  surface	
  area)	
  to	
  522	
  (1/4th	
  of	
  the	
  tables	
  

surface	
  area).	
  	
  

	
  

• Volume	
  of	
  storage	
  tray:	
  In	
  many	
  of	
  the	
  observations	
  made	
  in	
  Makerspaces,	
  

students	
  currently	
  leave	
  their	
  projects	
  in	
  plastic	
  bins.	
  These	
  range	
  from	
  small	
  

storage	
  capacity	
  (4	
  gallons)	
  to	
  big	
  (15	
  gallons).	
  Therefore,	
  It	
  was	
  decided	
  to	
  set	
  

a	
  desired	
  level	
  in	
  the	
  upper	
  range	
  of	
  9-­‐16	
  gallons.	
  

	
  

• Height	
  of	
  workstation:	
  According	
  to	
  the	
  data	
  gathered	
  through	
  the	
  literature	
  

review,	
  if	
  the	
  workstation	
  is	
  going	
  to	
  be	
  designed	
  for	
  the	
  “average”,	
  then	
  it	
  

must	
  take	
  into	
  account	
  the	
  50th	
  percentile	
  of	
  men	
  and	
  women,	
  therefore	
  we	
  

have	
  the	
  following	
  values:	
  	
  (a)	
  986	
  mm/38.8	
  in:	
  average	
  female	
  standing	
  elbow	
  

height	
  (b)	
  1026	
  mm/42.5	
  in:	
  986	
  mm/38.8	
  in:	
  average	
  male	
  standing	
  elbow	
  

height.	
  (Ayoub,	
  1973)	
  

	
  

	
  

3.3	
  Initial	
  Designs	
  

	
  

During	
  November	
  of	
  2014	
  the	
  initial	
  designs	
  for	
  Makerspaces	
  mainly	
  intended	
  to	
  

explore	
  the	
  idea	
  of	
  having	
  a	
  base	
  structure	
  that	
  could	
  provide	
  space	
  for	
  the	
  

attachment	
  of	
  several	
  trays	
  into	
  a	
  base	
  support.	
  The	
  concept	
  behind	
  was	
  to	
  provide	
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users	
  with	
  more	
  freedom	
  of	
  moving	
  around	
  the	
  space,	
  using	
  different	
  functional	
  areas.	
  	
  	
  

Figure	
  16	
  displays	
  this	
  general	
  idea.	
  

	
  

	
  

Figure	
  16.	
  Conceptual	
  design	
  for	
  workstation-­‐system	
  
	
  

This	
  first	
  idea	
  also	
  inserts	
  the	
  functionality	
  of	
  a	
  “bin”	
  at	
  the	
  end	
  of	
  a	
  central	
  

longitudinal	
  space,	
  which	
  could	
  allow	
  speeding	
  up	
  the	
  process	
  of	
  clean	
  up.	
  One	
  can	
  

also	
  observe	
  the	
  idea	
  of	
  “empty	
  spots”	
  in	
  this	
  big	
  support	
  structure,	
  which	
  comprises	
  

the	
  idea	
  that	
  each	
  Makerspace	
  user	
  finds	
  a	
  spot,	
  attaches	
  his/her	
  tray	
  and	
  leave	
  other	
  

spots	
  available	
  for	
  other	
  users.	
  	
  

	
  

In	
  a	
  second	
  iteration	
  the	
  design	
  started	
  to	
  include	
  the	
  consideration	
  of	
  the	
  rest	
  of	
  the	
  

physical	
  environment	
  in	
  terms	
  of	
  storage	
  for	
  the	
  project-­‐trays.	
  The	
  movable	
  

component	
  of	
  the	
  workstation	
  is	
  also	
  added	
  by	
  representing	
  casters	
  in	
  the	
  drawings.	
  

Another	
  dimension	
  of	
  concern	
  was	
  also	
  a	
  way	
  to	
  “fold”	
  the	
  workstation,	
  in	
  order	
  to	
  be	
  

able	
  to	
  put	
  it	
  closer	
  to	
  the	
  perimeter	
  in	
  a	
  “storage	
  mode”.	
  	
  Figure	
  17	
  displays	
  these	
  

ideas.	
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Figure	
  17.	
  A	
  second	
  workstation	
  design	
  	
  
	
  

	
  

The	
  result	
  of	
  these	
  initial	
  sketches	
  and	
  ideas	
  was	
  that	
  the	
  need	
  to	
  build	
  a	
  study	
  

prototype	
  was	
  visualized	
  in	
  order	
  to	
  gather	
  more	
  data	
  from	
  users	
  at	
  the	
  CEEO	
  Jumbo´s	
  

Makerstudio.	
  	
  

	
  

3.4	
  Study	
  prototype	
  

	
  

These	
  initial	
  designs	
  led	
  to	
  the	
  need	
  of	
  creating	
  a	
  physical	
  prototype	
  to	
  receive	
  user	
  

input	
  on	
  features	
  like	
  height	
  and	
  surface	
  area.	
  	
  A	
  wooden	
  prototype	
  incorporating	
  a	
  

central	
  80/20	
  profile	
  was	
  constructed	
  in	
  late	
  November	
  and	
  placed	
  in	
  the	
  CEEO	
  

Jumbo´s	
  	
  Makerstudio	
  in	
  order	
  to	
  observe	
  users	
  in	
  action.	
  	
  Figure	
  18	
  shows	
  the	
  

prototype	
  under	
  construction	
  and	
  under	
  usage.	
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Figure	
  18.	
  Study	
  prototype	
  of	
  workstation	
  with	
  a	
  movable	
  project-­‐tray	
  
(Photos	
  by	
  author)	
  

	
  

The	
  main	
  conclusions	
  based	
  on	
  user	
  feedback	
  and	
  observation	
  of	
  this	
  prototype	
  

were:	
  	
  

• The	
  surface	
  area	
  (29”	
  x	
  19	
  “)	
  represented	
  constraints	
  for	
  some	
  larger	
  

prototyping	
  activities,	
  especially	
  with	
  wood.	
  However	
  the	
  area	
  seem	
  to	
  be	
  

enough	
  for	
  most	
  of	
  the	
  tasks	
  performed	
  (LEGO	
  building,	
  computer	
  design	
  

and	
  programming,	
  soldering	
  and	
  drawing).	
  	
  

• The	
  height	
  (43”)	
  was	
  perceived	
  to	
  be	
  uncomfortable	
  by	
  females	
  in	
  the	
  

lower	
  range	
  of	
  standing	
  elbow	
  height.	
  	
  

• The	
  mix	
  of	
  materials	
  (aluminum/wood)	
  received	
  good	
  acceptance	
  since	
  

users	
  saw	
  wood	
  as	
  a	
  material	
  that	
  can	
  be	
  processed	
  in	
  the	
  Makerspace.	
  

• Questions	
  were	
  raised	
  about	
  how	
  the	
  project	
  tray	
  could	
  be	
  stored	
  when	
  not	
  

in	
  use.	
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This	
  prototype	
  led	
  to	
  defining	
  	
  the	
  materials	
  and	
  general	
  dimensions	
  of	
  a	
  second	
  

experimental	
  prototoype	
  that	
  would	
  be	
  constructed	
  with	
  definitive	
  materials	
  and	
  

be	
  tested	
  in	
  an	
  experimental	
  session.	
  Figure	
  19	
  display	
  the	
  final	
  idea	
  for	
  the	
  design	
  

of	
  a	
  four	
  person	
  workstation.	
  This	
  design	
  incorporates	
  	
  the	
  concept	
  of	
  a	
  base	
  

structure	
  to	
  support	
  the	
  individual	
  project-­‐trays.	
  

	
  

	
  

Figure	
  19.	
  Design	
  of	
  a	
  four-­‐person	
  workstation	
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3.5	
  Parts,	
  materials	
  and	
  cost	
  

	
  

A	
  two-­‐person	
  workstation	
  was	
  designed,	
  proposing	
  a	
  mobile	
  unit	
  in	
  which	
  the	
  users	
  

can	
  easily	
  attach	
  their	
  project-­‐tray.	
  	
  Figure	
  20	
  below	
  displays	
  the	
  workstation-­‐system	
  

prototyped	
  for	
  the	
  experimental	
  study.	
  	
  

	
  

Figure	
  20.	
  Two	
  person	
  workstation	
  parts	
  
	
  

Table	
  7	
  below	
  indicates	
  the	
  specific	
  data	
  for	
  each	
  part	
  of	
  the	
  workstation	
  parts,	
  

including	
  size,	
  material,	
  quantity,	
  unit	
  price	
  and	
  total	
  price	
  for	
  one	
  workstation	
  with	
  

two	
  trays.	
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Identif. Part name Size  
(in) 

Material Quantity Unit price Price 
(US$) 

A Tray upper rod 29 x 1 ½  x 1 ½   Aluminum 2 6.46 12.92 
B Tray lateral rod 17 x 1 ½ x  1 ½   Aluminum 4 3.52 14.08 
C Tray base 29 x 17 x ¼  Plywood 1 4 4 
D Tray handle 8 x 3 ¼  x ¼  Acrylic 2 3 6 
E Tray support 1 20 x 2 x 1 Wood 4 2 8 
F Lateral rod 33 x 3 x 1 ½  Aluminum 2 28.63 57.26 
G Lateral base rod 28 x 3 x 1 ½ Aluminum 2 24.84 49.68 
H Caster plate Ø	
  4	
  x	
  ¼	
  	
   Plywood 4 2 8 
I Caster Ø	
  4 Metal/Rubber 4 11.75 47 
J Lower transversal rod 28 x 3 x 1 ½ Aluminum 1 24.84 24,84 
K Structural Bracket  1 ½ x 1 ½ x 1 ½ Aluminum 8 3.38 27.04 
L Power outlet squid  8 x 4 x 2 Plastic/Rubber 1 14 14 
M Tray support 1 14 x 4 x 1 Plywood 4 3.75 15 
N Customizable plaque Ø	
  6	
  x	
  ¼ Plywood 2 3 6 
O Upper trans. rod 30 x 3 x 1 ½ Aluminum 1 26.22 26.22 
P Central support plate Ø	
  6	
  x	
  ¼ Plywood 2 3 6 
Q Tray braquet 1 x 1 x 1 Aluminum 4 1.02 4.08 
- Hardware Nuts - Stainless Steel 76 0.32 24.32 
- Hardware Bolts - Stainless Steel 76 0.26 19.76 
     Total 374.2 

	
  
Table	
  7.	
  Parts,	
  dimensions	
  and	
  cost	
  for	
  a	
  two-­‐person	
  workstation	
  

(Prices	
  were	
  estimated	
  according	
  to	
  materials	
  values	
  of	
  previous	
  orders	
  from	
  materials	
  providers:	
  
Misumi,	
  Amazon,	
  HomeDepot)	
  

	
  

The	
  overall	
  cost	
  of	
  materials	
  for	
  the	
  workstation	
  is	
  approximately	
  374	
  dollars,	
  which	
  

leaves	
  it	
  in	
  a	
  range	
  below	
  a	
  basic	
  standing	
  desk.	
  	
  The	
  cost	
  of	
  labor	
  and	
  equipment	
  use	
  

was	
  not	
  included,	
  since	
  the	
  workstation	
  would	
  be	
  completed	
  in	
  terms	
  of	
  materials	
  

processing	
  by	
  the	
  Makerspace-­‐staff.	
  The	
  material	
  cost	
  per	
  tray	
  is	
  $25.	
  

	
  

The	
  second	
  component	
  of	
  the	
  workstation-­‐system	
  is	
  a	
  vertical	
  storage	
  space	
  for	
  the	
  

project-­‐trays.	
  This	
  unit	
  will	
  provide	
  space-­‐saving	
  layers	
  for	
  each	
  tray,	
  allowing	
  users	
  

to	
  quickly	
  retrieve	
  their	
  project	
  and	
  start	
  using	
  the	
  Makerspace	
  upon	
  arrival	
  to	
  the	
  

space.	
  

The	
  unit	
  designed	
  is	
  composed	
  of	
  8	
  levels	
  and	
  leaves	
  a	
  space	
  of	
  7	
  inches	
  between	
  

levels.	
  This	
  results	
  in	
  a	
  storage	
  volume	
  of	
  15	
  gallons	
  per	
  tray.	
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The	
  materials	
  used	
  were	
  replicated	
  from	
  the	
  workstation	
  design	
  (aluminum	
  profiles	
  

and	
  wood),	
  to	
  give	
  a	
  coherent	
  feel	
  to	
  the	
  overall	
  system.	
  	
  

	
  

	
  

	
  

Figure	
  21.	
  Tray	
  storage	
  system	
  
	
  

Identif. Part name Size  
(in) 

Material Quantity Unit price Price 
(US$) 

A Wood square 84 x 3 x 1  Wood 2 2 2 
B Lateral rod 17 x 1 ½ x  1 ½   Aluminum 4 15.84 15.84 
C Tray base support 12 x 2 x 1 ½    Wood 16 0.25 4 
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D Brackets 1 x 1 x 1 Aluminum 32 1.02 32.64 
E Cross rod 36 x 3 x 1 Wood 2 1 2 
- Hardware Nuts - Stainless Steel 44 0.32 14.08 
- Hardware Bolts - Stainless Steel 44 0.26 11.44 
     Total 131.52 

	
  
Table	
  8.	
  Parts,	
  dimensions	
  and	
  cost	
  for	
  a	
  tray	
  storage	
  system	
  

(Prices	
  were	
  estimated	
  according	
  to	
  materials	
  values	
  of	
  previous	
  orders	
  from	
  materials	
  providers:	
  
Misumi,	
  Amazon,	
  Homedepot)	
  

	
  

The	
  estimated	
  cost	
  of	
  the	
  tray	
  rack	
  is	
  $131,	
  which	
  represents	
  a	
  considerable	
  reduction	
  

in	
  price	
  with	
  respect	
  to	
  similar	
  systems	
  in	
  the	
  market	
  where	
  the	
  average	
  price	
  is	
  

around	
  $350.	
  

	
  

3.6	
  Assembly	
  

	
  

The	
  assembly	
  process	
  took	
  place	
  within	
  the	
  Jumbo´s	
  Makerstudio	
  at	
  the	
  CEEO	
  

between	
  January	
  8th	
  and	
  February	
  12th	
  of	
  2015.	
  It	
  started	
  as	
  a	
  group	
  activity,	
  which	
  

served	
  to	
  observe	
  that	
  the	
  material	
  selected	
  (aluminum	
  profiles	
  and	
  hardware)	
  was	
  

easy	
  to	
  assembly	
  and	
  did	
  not	
  require	
  any	
  specific	
  set	
  of	
  previous	
  skills	
  or	
  tools.	
  	
  Figure	
  

22	
  shows	
  the	
  process	
  of	
  assembly	
  of	
  the	
  aluminum	
  frame	
  for	
  a	
  four-­‐person	
  

workstation.	
  

	
  

Figure	
  22.	
  Assembly	
  of	
  the	
  aluminum	
  frame	
  for	
  a	
  four	
  person	
  as	
  group	
  activity	
  
(Photos	
  by	
  author)	
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The	
  use	
  of	
  prototyping	
  equipment	
  at	
  the	
  Makerstudio	
  served	
  the	
  purpose	
  of	
  lowering	
  

costs	
  but	
  also	
  situated	
  the	
  workstation	
  process	
  in	
  the	
  context	
  of	
  a	
  “Do-­‐It-­‐Yourself”	
  

artifact.	
  	
  Laser	
  cutting	
  was	
  used	
  to	
  generate	
  acrylic	
  handles	
  for	
  the	
  project-­‐trays	
  and	
  

different	
  parts	
  made	
  out	
  of	
  plywood,	
  like	
  the	
  ovals	
  for	
  supporting	
  the	
  casters	
  and	
  

supporting	
  the	
  tray	
  in	
  the	
  upper	
  rod	
  (Figure	
  23).	
  This	
  technology	
  also	
  served	
  to	
  

engrave	
  the	
  Jumbo´s	
  Makerstudio	
  logotype	
  in	
  two	
  lateral	
  ovals	
  in	
  order	
  to	
  customize	
  

the	
  workstation,	
  inserting	
  also	
  a	
  symbolic	
  element	
  into	
  the	
  hardware.	
  	
  3D	
  printing	
  

was	
  used	
  to	
  generate	
  frame	
  caps	
  for	
  the	
  ends	
  of	
  the	
  trays	
  as	
  well.	
  

	
  

	
  

Figure	
  23.	
  Laser	
  cutting	
  of	
  plywood	
  and	
  acrylic	
  at	
  Jumbo´s	
  Makerstudio	
  
(Photos	
  by	
  author)	
  

The	
  use	
  of	
  wood	
  	
  for	
  major	
  structural	
  parts	
  served	
  the	
  purpose	
  not	
  only	
  of	
  creating	
  a	
  

more	
  efficient	
  cost	
  structure,	
  but	
  also	
  of	
  combining	
  the	
  industrial	
  look	
  of	
  aluminum	
  

with	
  a	
  “softer”	
  visual	
  feeling.	
  	
  Figure	
  24	
  displays	
  part	
  of	
  the	
  process	
  of	
  woodworking,	
  

in	
  which	
  some	
  pieces	
  were	
  handmade	
  to	
  specifications.	
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Figure	
  24.	
  Integration	
  of	
  wooden	
  pieces	
  into	
  aluminum	
  structure	
  
(Photos	
  by	
  author)	
  

	
  

3.7	
  Prototypes	
  in	
  use	
  	
  

	
  

	
  

Figure	
  25.	
  Panoramic	
  view	
  of	
  the	
  Jumbo´s	
  Makerstudio	
  
(Photo	
  by	
  author)	
  

	
  

During	
  the	
  month	
  of	
  March	
  of	
  2015	
  a	
  set	
  of	
  second	
  units	
  were	
  added	
  to	
  the	
  CEEO	
  

Jumbo´s	
  Makerstudio	
  in	
  order	
  to	
  enhance	
  the	
  functionality	
  of	
  the	
  space.	
  The	
  

strategy	
  for	
  the	
  general	
  layout	
  has	
  been	
  creating	
  a	
  functional	
  perimeter	
  and	
  

strengthening	
  the	
  central	
  design	
  space.	
  The	
  units	
  created	
  and	
  added	
  were:	
  	
  

• A	
  computer	
  workstation	
  for	
  laser-­‐cutter:	
  This	
  unit	
  provides	
  a	
  space	
  for	
  

those	
  users	
  that	
  need	
  to	
  laser-­‐cut	
  or	
  3D	
  print.	
  

• A	
  four-­‐person	
  workstation:	
  This	
  bigger	
  unit	
  provides	
  space	
  for	
  larger	
  group	
  

meetings	
  or	
  for	
  people	
  who	
  want	
  to	
  use	
  two	
  spots	
  at	
  the	
  same	
  time.	
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• A	
  two-­‐person	
  soldering	
  station:	
  Users	
  can	
  move	
  to	
  this	
  unit	
  if	
  they	
  need	
  to	
  

perform	
  soldering	
  tasks	
  or	
  small	
  electronics	
  assembly.	
  

• A	
  second	
  tray-­‐rack:	
  A	
  second	
  8-­‐slots	
  tray	
  rack	
  with	
  8	
  trays	
  in	
  order	
  to	
  

accommodate	
  more	
  people	
  in	
  the	
  space.	
  

	
  

3.8	
  Discussion	
  

	
  

The	
  design	
  of	
  the	
  workstation	
  was	
  greatly	
  informed	
  by	
  the	
  definition	
  of	
  a	
  general	
  

workflow	
  in	
  Makerspaces	
  and	
  benchmarking	
  of	
  current	
  products	
  in	
  the	
  market.	
  This	
  

allowed	
  the	
  generation	
  of	
  a	
  solution	
  that	
  proposes	
  a	
  new	
  concept	
  in	
  which	
  the	
  users	
  

can	
  easily	
  transition	
  from	
  one	
  activity	
  to	
  another,	
  spending	
  less	
  time	
  in	
  setting	
  up	
  

equipment	
  or	
  materials	
  near	
  their	
  location	
  inside	
  the	
  space.	
  In	
  contrast,	
  they	
  can	
  

move	
  to	
  a	
  functional	
  perimeter,	
  where	
  materials	
  and	
  prototyping	
  tools	
  are	
  available.	
  

This	
  also	
  allows	
  the	
  decompression	
  of	
  the	
  central	
  areas	
  of	
  the	
  space,	
  allowing	
  an	
  even	
  

distribution	
  of	
  users	
  within	
  the	
  space.	
  	
  

	
  

The	
  design	
  of	
  the	
  workstation-­‐system	
  is	
  a	
  completely	
  modifiable	
  proposal.	
  

Dimensions	
  can	
  be	
  easily	
  converted	
  according	
  to	
  the	
  anthropometry	
  of	
  user	
  

population.	
  The	
  mix	
  of	
  aluminum	
  and	
  wood	
  resulted	
  in	
  a	
  hybrid	
  aesthetic,	
  where	
  

industrial	
  feeling	
  is	
  mixed	
  with	
  a	
  softer	
  and	
  natural	
  finish.	
  However,	
  the	
  actual	
  

process	
  of	
  handmade	
  tracing	
  and	
  cutting	
  of	
  the	
  wood	
  parts	
  represents	
  the	
  most	
  time-­‐	
  

consuming	
  phase	
  of	
  the	
  assembly.	
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The	
  cost	
  of	
  both	
  the	
  two-­‐person	
  workstation	
  and	
  the	
  storage	
  system	
  was	
  maintained	
  

under	
  the	
  average	
  market	
  price	
  for	
  similar	
  systems.	
  However	
  the	
  cost	
  didn´t	
  include	
  

the	
  cost	
  of	
  labor,	
  since	
  the	
  project	
  was	
  under	
  a	
  “Do-­‐It-­‐Yourself”	
  modality,	
  in	
  which	
  

only	
  materials	
  are	
  considered	
  part	
  of	
  the	
  cost	
  structure.
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CHAPTER	
  4:	
  EXPERIMENTAL	
  STUDY	
  OF	
  THE	
  NEW	
  PROTOTYPE	
  

	
  

4.1	
  Goal	
  

	
  

The	
  goal	
  of	
  the	
  experiment	
  was	
  to	
  evaluate	
  the	
  Usability	
  and	
  the	
  User	
  experience	
  of	
  a	
  

new	
  workstation-­‐system	
  in	
  a	
  Makerspace	
  context.	
  The	
  evaluation	
  was	
  structured	
  with	
  

regards	
  to	
  a	
  standard	
  workstation	
  setting,	
  intended	
  to	
  represent	
  a	
  baseline	
  condition	
  

observed	
  in	
  Makerspaces	
  related	
  to	
  education.	
  

	
  

4.2	
  Participants	
  

	
  

The	
  experimental	
  protocol	
  was	
  reviewed	
  and	
  approved	
  by	
  the	
  Tufts	
  University	
  

Institutional	
  Review	
  Board	
  (IRB).	
  	
  A	
  total	
  of	
  30	
  participants	
  (17	
  women	
  and	
  13	
  men)	
  

participated	
  in	
  the	
  experiment.	
  Participants	
  were	
  between	
  18	
  and	
  51	
  years	
  old	
  

(M=24.6,	
  SD=7.9).	
  During	
  the	
  recruitment	
  process	
  eligibility	
  conditions	
  were	
  stated	
  in	
  

order	
  to	
  participate	
  in	
  the	
  study;	
  these	
  were:	
  

• Have	
  an	
  age	
  between	
  18	
  and	
  65	
  years	
  	
  

• Have	
  at	
  least	
  one	
  week	
  of	
  experience	
  using	
  a	
  Makerspace	
  or	
  a	
  similar	
  setting	
  

such	
  as:	
  	
  woodshop,	
  arts	
  &	
  craft	
  space,	
  hacker	
  space,	
  Fab-­‐lab,	
  Computer	
  &	
  

Electronic	
  Lab,	
  among	
  others.	
  	
  	
  

These	
  conditions	
  were	
  stated	
  with	
  the	
  goal	
  of	
  recruiting	
  participants	
  with	
  a	
  minimum	
  

amount	
  of	
  experience	
  in	
  design	
  activities	
  with	
  materials	
  and	
  small	
  workshop	
  tools,	
  

and	
  within	
  an	
  age	
  range	
  with	
  the	
  likelihood	
  of	
  being	
  an	
  active	
  participant	
  of	
  spaces	
  for	
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making,	
  both	
  in	
  the	
  university	
  and	
  in	
  other	
  environments	
  (community,	
  home	
  and/or	
  

company).	
  	
  

24	
  participants	
  were	
  able	
  to	
  work	
  in	
  teams	
  of	
  two	
  and	
  6	
  were	
  able	
  to	
  work	
  

individually	
  in	
  the	
  tasks	
  composing	
  the	
  experiment.	
  However,	
  all	
  the	
  participants	
  

responded	
  to	
  a	
  final	
  on-­‐line	
  questionnaire	
  individually.	
  	
  

	
  

Other	
  demographic	
  information	
  was	
  obtained	
  such	
  as	
  level	
  of	
  education	
  and	
  

occupation.	
  With	
  respect	
  to	
  the	
  first	
  one,	
  56.7%	
  of	
  all	
  the	
  participants	
  had	
  only	
  

completed	
  High	
  School	
  Education,	
  	
  33.3%	
  had	
  completed	
  college	
  undergraduate	
  

education	
  and	
  10%	
  had	
  completed	
  college	
  graduate	
  education.	
  Specific	
  levels	
  of	
  

education	
  are	
  shown	
  below	
  in	
  Figure	
  26.	
  

	
  

	
  

Figure	
  26.	
  Participants’	
  education	
  level	
  
	
  

With	
  respect	
  to	
  the	
  current	
  occupation,	
  the	
  larger	
  part	
  of	
  the	
  sample	
  were	
  currently	
  

college	
  undergraduate	
  students	
  (60%),	
  a	
  second	
  group	
  with	
  greater	
  representation	
  

were	
  college	
  graduate	
  students	
  (20%).	
  Figure	
  27	
  below	
  displays	
  the	
  specific	
  

percentages	
  for	
  each	
  group	
  of	
  occupation.	
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Figure	
  27.	
  Participants’	
  occupation	
  level	
  
	
  

Background	
  information	
  regarding	
  participants’	
  experience	
  as	
  users	
  of	
  Makerspaces	
  

was	
  collected.	
  	
  The	
  sample	
  presented	
  a	
  balanced	
  composition,	
  47%	
  (N=14)	
  had	
  more	
  

than	
  1	
  year	
  of	
  experience	
  and	
  53%	
  (N=16)	
  had	
  less	
  than	
  1	
  year	
  of	
  experience.	
  Figure	
  

28	
  shows	
  the	
  composition	
  of	
  participants	
  in	
  six	
  different	
  groups	
  referred	
  to	
  the	
  level	
  

of	
  experience.	
  

	
  

	
  

Figure	
  28.	
  Participants	
  experience	
  in	
  using	
  Makerspaces	
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Participants	
  were	
  also	
  asked	
  about	
  the	
  time	
  they	
  usually	
  spent	
  in	
  Makerspaces	
  during	
  

a	
  week.	
  The	
  vast	
  majority	
  (67%)	
  reported	
  spending	
  less	
  than	
  3	
  hours	
  a	
  week	
  in	
  these	
  

types	
  of	
  spaces.	
  Figure	
  29	
  below	
  shows	
  the	
  distribution	
  of	
  responses.	
  

	
  

	
  

Figure	
  29.	
  Weekly	
  time	
  spent	
  in	
  Makerspaces	
  
	
  

Participants	
  were	
  also	
  asked	
  about	
  the	
  type	
  of	
  space	
  they	
  had	
  previously	
  used	
  with	
  

major	
  frequency.	
  The	
  space	
  with	
  major	
  usage	
  was	
  the	
  CEEO	
  Jumbo´s	
  Makerstudio,	
  

which	
  has	
  been	
  in	
  operation	
  since	
  October	
  2014,	
  serving	
  as	
  an	
  experimental	
  

Makerstudio	
  for	
  testing	
  new	
  methodologies,	
  equipment	
  and	
  observing	
  how	
  users	
  

interact	
  in	
  the	
  space.	
  	
  

	
  

A	
  second	
  major	
  space	
  for	
  making	
  is	
  related	
  to	
  personal	
  spaces	
  of	
  the	
  participants	
  

(spaces	
  at	
  home,	
  student	
  residences	
  or	
  personal	
  spaces	
  in	
  their	
  work	
  environment).	
  	
  

Figure	
  30	
  	
  displays	
  all	
  the	
  spaces	
  used	
  and	
  how	
  many	
  participants	
  responded	
  with	
  

respect	
  to	
  using	
  them	
  as	
  physical	
  environments	
  for	
  making.	
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Figure	
  30.	
  	
  Spaces	
  used	
  for	
  making	
  
	
  

Its	
  interesting	
  to	
  notice	
  how	
  participants	
  reported	
  lab-­‐settings	
  as	
  related	
  to	
  Making,	
  

this	
  is	
  likely	
  to	
  be	
  influenced	
  by	
  the	
  change	
  that	
  some	
  of	
  these	
  spaces	
  have	
  been	
  

experiencing	
  in	
  terms	
  of	
  allowing	
  open-­‐access,	
  availability	
  of	
  student	
  operated	
  

technologies	
  and	
  promoting	
  collaboration	
  among	
  students.	
  

	
  

Participants	
  also	
  reported	
  about	
  their	
  most	
  frequent	
  activities	
  in	
  Makerspaces.	
  The	
  

most	
  frequent	
  activities,	
  with	
  the	
  exception	
  of	
  drawing,	
  are	
  related	
  to	
  the	
  use	
  of	
  

computers	
  or	
  laptops	
  in	
  Makerspaces	
  in	
  design-­‐related	
  tasks	
  (Web	
  Design,	
  3D	
  

printing,	
  Drawing,	
  2D	
  Design	
  and	
  3D	
  design).	
  Moreover,	
  the	
  next	
  four	
  most	
  frequent	
  

activities	
  are	
  related	
  to	
  mostly	
  non-­‐computer	
  activities:	
  LEGO	
  building,	
  paper-­‐based	
  

activities,	
  electronics	
  and	
  wood.	
  The	
  histogram	
  below	
  displays	
  the	
  frequent	
  activities	
  

related	
  to	
  making	
  among	
  the	
  participants	
  of	
  the	
  study.	
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Figure	
  31.	
  	
  Frequent	
  activities	
  performed	
  in	
  Makerspaces	
  
	
  

	
  

	
  

	
  

	
  
	
  

	
  

4.3	
  Apparatus	
  

	
  

The	
  experiment	
  was	
  conducted	
  in	
  the	
  conference	
  room	
  of	
  the	
  Center	
  for	
  Engineering	
  

Education	
  and	
  Outreach	
  at	
  Tufts	
  University,	
  and	
  took	
  place	
  over	
  18	
  sessions,	
  spread	
  

over	
  9	
  days	
  (from	
  February	
  17th	
  to	
  February	
  26th	
  of	
  2015).	
  	
  

	
  

The	
  main	
  goal	
  was	
  to	
  simulate	
  a	
  small	
  Makerspace,	
  in	
  which	
  participants	
  had	
  the	
  

possibility	
  to	
  move	
  around	
  a	
  designated	
  work	
  area	
  gathering	
  materials,	
  supervising	
  a	
  

3D	
  printer	
  and	
  conducting	
  a	
  design	
  and	
  building	
  task.	
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The	
  space	
  was	
  equipped	
  with	
  a	
  small	
  storage	
  rack	
  with	
  crafts	
  and	
  building	
  materials	
  

such	
  as:	
  LEGO	
  bricks,	
  small	
  metallic	
  rods,	
  duct	
  tape,	
  painting	
  tape,	
  two	
  glue-­‐guns,	
  

plastic	
  straws,	
  wooden	
  popsicle	
  sticks	
  and	
  cardboard.	
  	
  

	
  

The	
  space	
  was	
  set	
  up	
  in	
  order	
  to	
  have	
  participants	
  see	
  and	
  test	
  one	
  setting	
  first,	
  and	
  

then	
  a	
  second	
  one.	
  Both	
  settings	
  were	
  interchanged	
  during	
  the	
  experiment	
  

	
  

Setting	
  A	
  was	
  representative	
  of	
  a	
  standard	
  sitting	
  position	
  worktable.	
  It	
  had	
  two	
  

chairs,	
  one	
  on	
  each	
  side	
  of	
  the	
  table	
  and	
  a	
  medium	
  sized	
  projector	
  located	
  at	
  one	
  end.	
  

The	
  table	
  was	
  situated	
  with	
  the	
  longest	
  side	
  perpendicular	
  to	
  a	
  white	
  wall.	
  	
  An	
  area	
  

equivalent	
  to	
  0,588	
  [m2]	
  was	
  marked	
  over	
  the	
  surface	
  of	
  the	
  table	
  by	
  a	
  piece	
  of	
  white	
  

tape	
  going	
  from	
  one	
  edge	
  to	
  another.	
  This	
  was	
  done	
  in	
  order	
  to	
  mark	
  a	
  work	
  area	
  

similar	
  to	
  that	
  composed	
  by	
  setting	
  B.	
  	
  	
  

	
  

	
  

Figure	
  32.	
  Setting	
  A	
  at	
  the	
  left	
  of	
  the	
  picture	
  
(Photos	
  by	
  author)	
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Setting	
  B	
  was	
  composed	
  of	
  the	
  experimental	
  workstation-­‐system,	
  a	
  tray-­‐rack	
  with	
  

three	
  project-­‐trays,	
  a	
  small	
  projector	
  and	
  a	
  set	
  of	
  two	
  movable	
  trays.	
  

	
  

Figure	
  33.	
  Setting	
  B	
  
(Photos	
  by	
  author)	
  

	
  

Additionally,	
  a	
  space	
  inside	
  the	
  room	
  was	
  designated	
  for	
  the	
  researcher	
  to	
  take	
  notes	
  

and	
  register	
  the	
  interaction	
  between	
  the	
  participants	
  and	
  the	
  setting.	
  

	
  

4.4	
  Experiment	
  Design	
  

	
  

Within-­‐subjects,	
  repeated-­‐measures	
  design	
  was	
  used	
  (Stangor,	
  2004).	
  All	
  participants	
  

were	
  able	
  to	
  test	
  setting	
  A	
  and	
  setting	
  B.	
  Both	
  conditions	
  were	
  counterbalanced	
  across	
  

participants	
  for	
  controlling	
  learning	
  effects.	
  

	
  

The	
  experiment	
  simulated	
  the	
  recurrent	
  usage	
  of	
  a	
  Makerspace	
  for	
  designing	
  and	
  

building	
  a	
  simple	
  artifact	
  with	
  crafts	
  materials	
  using	
  the	
  two	
  physical	
  environment	
  

settings	
  (A	
  and	
  B).	
  The	
  premises	
  of	
  using	
  each	
  setting	
  were:	
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• Have	
  the	
  opportunity	
  of	
  setting	
  up	
  a	
  projector	
  with	
  a	
  laptop	
  over	
  the	
  work	
  

surface	
  

• Have	
  the	
  opportunity	
  to	
  use	
  a	
  given	
  set	
  of	
  materials	
  for	
  prototyping	
  

• Have	
  the	
  opportunity	
  to	
  move	
  around	
  the	
  space	
  gathering	
  materials	
  and/or	
  

checking	
  an	
  on-­‐going	
  process	
  

• Have	
  the	
  opportunity	
  to	
  clean	
  up	
  the	
  workspace	
  and	
  store	
  the	
  on-­‐going	
  design	
  	
  

• Have	
  the	
  opportunity	
  to	
  return	
  to	
  the	
  on-­‐going	
  design	
  and	
  materials	
  being	
  used	
  

	
  

The	
  participants	
  were	
  given	
  a	
  set	
  of	
  tasks,	
  which	
  supported	
  them	
  in	
  keeping	
  track	
  of	
  

the	
  sequence	
  of	
  actions	
  to	
  do	
  in	
  each	
  segment	
  of	
  the	
  testing.	
  They	
  were	
  asked	
  to	
  read	
  

aloud	
  each	
  of	
  the	
  task	
  whenever	
  they	
  considered	
  they	
  were	
  starting	
  it.	
  The	
  

experiment	
  was	
  designed	
  in	
  order	
  to	
  have	
  groups	
  of	
  two	
  participants	
  or	
  individual	
  

participants	
  convey	
  the	
  tasks	
  and	
  imagine	
  they	
  would	
  be	
  using	
  each	
  setting	
  for	
  two	
  

days.	
  Participants	
  experienced	
  the	
  clean	
  up	
  operation	
  twice	
  per	
  setting,	
  and	
  the	
  return	
  

to	
  the	
  on-­‐going	
  project	
  once	
  per	
  setting.	
  In	
  total	
  the	
  experiment	
  was	
  divided	
  in	
  four	
  

periods	
  of	
  time,	
  each	
  period	
  of	
  time	
  last	
  approximately	
  12-­‐15	
  minutes.	
  	
  

	
  

Additionally	
  one	
  of	
  the	
  participants	
  had	
  to	
  carry	
  a	
  backpack	
  containing	
  a	
  computer,	
  a	
  

power	
  cable	
  and	
  two	
  adaptors	
  for	
  connecting	
  laptop	
  to	
  projector.	
  This	
  was	
  made	
  in	
  

order	
  to	
  accomplish	
  task	
  1	
  and	
  2	
  of	
  the	
  experiment	
  workflow	
  and	
  have	
  participants	
  

experience	
  the	
  timing	
  and	
  difficulties	
  of	
  setting	
  up	
  and	
  locating	
  these	
  technologies	
  in	
  

each	
  work	
  surface.	
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Figure	
  34	
  below	
  displays	
  the	
  experiment	
  workflow	
  as	
  shown	
  to	
  all	
  the	
  participants	
  at	
  

the	
  beginning	
  of	
  the	
  experience.	
  	
  

	
  

	
  

Figure	
  34.	
  Task	
  workflow	
  of	
  the	
  experiment	
  
	
  

While	
  designing,	
  participants	
  had	
  to	
  perform	
  a	
  secondary	
  task	
  of	
  moving	
  back	
  and	
  

forth	
  from	
  the	
  workstation	
  to	
  a	
  second	
  point	
  in	
  the	
  space.	
  	
  Each	
  time	
  they	
  were	
  asked	
  

to	
  check	
  a	
  digital	
  timer	
  counting	
  down	
  and	
  write	
  down	
  the	
  time	
  displayed	
  on	
  a	
  piece	
  

of	
  paper.	
  They	
  were	
  told	
  that	
  this	
  simulated	
  the	
  act	
  of	
  checking	
  a	
  3D	
  printer,	
  which	
  in	
  

most	
  cases	
  also	
  displays	
  the	
  time	
  remaining	
  of	
  a	
  printed	
  piece.	
  	
  Each	
  participant	
  was	
  

asked	
  two	
  times	
  per	
  setting	
  to	
  do	
  this	
  operation.	
  

	
  

Participants	
  were	
  asked	
  to	
  read	
  aloud	
  two	
  design	
  challenges	
  while	
  using	
  each	
  setting.	
  

Both	
  design	
  challenges	
  were	
  similar	
  in	
  terms	
  of	
  complexity	
  of	
  the	
  problem,	
  materials	
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required	
  to	
  conduct	
  them	
  and	
  estimated	
  time	
  to	
  achieve	
  a	
  first	
  idea	
  and	
  prototype.	
  

The	
  outcome	
  of	
  the	
  design	
  was	
  not	
  evaluated;	
  therefore	
  participants	
  had	
  a	
  greater	
  

amount	
  of	
  creative	
  freedom	
  to	
  propose	
  solutions.	
  	
  

	
  

4.5	
  Procedure	
  and	
  Instructions	
  

	
  

Participants	
   read	
   and	
   signed	
   a	
   written	
   consent	
   form,	
   explaining	
   the	
   purpose	
   and	
  

procedure	
   of	
   the	
   experiment.	
   They	
  were	
   informed	
   of	
   the	
   purpose	
   of	
   the	
   study:	
   “to	
  

understand	
   users’	
   needs	
   related	
   to	
   the	
   use	
   of	
   the	
   physical	
   environment	
   (chairs,	
   desks,	
  

storage	
  systems,	
  technology)	
  when	
  experiencing	
  collaboration	
  processes	
  around	
  design	
  

problems.”	
   They	
   were	
   explicitly	
   informed	
   that	
   the	
   study	
   was	
   not	
   looking	
   at	
   their	
  

design	
  outcomes,	
  but	
  rather	
  how	
  they	
  used	
  they	
  space	
  while	
  designing.	
  	
  

	
  

Next,	
   standing	
   elbow	
  height	
  was	
  measured.	
  Participants	
  were	
  offered	
  one	
  backpack	
  

containing	
  a	
  laptop	
  (MacBook	
  pro	
  13”	
  screen),	
  a	
  laptop	
  charger	
  and	
  a	
  small	
  case	
  with	
  

two	
   adaptors	
   for	
   connecting	
   the	
   laptop	
   to	
   a	
   small	
   and	
   large	
   projector.	
   One	
   of	
   the	
  

participants	
  volunteered	
  to	
  use	
  the	
  backpack	
  throughout	
  the	
  experiment.	
  	
  

	
  

Participants	
  were	
  asked	
  to	
  start	
  the	
  experience	
  outside	
  the	
  room,	
  and	
  enter	
  when	
  the	
  

researcher	
  gave	
  them	
  an	
  “OK”	
  sign.	
  	
  

	
  

After	
  going	
  through	
  the	
  task	
  flow	
  of	
  Day	
  1	
  and	
  2,	
  the	
  experiment	
  had	
  a	
  5	
  minute	
  break	
  

in	
  order	
  to	
  switch	
  the	
  current	
  setting	
  to	
  the	
  next	
  one	
  to	
  be	
  tested.	
  Then,	
  the	
  new	
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setting	
  was	
  explained	
  with	
  respect	
  to	
  the	
  workflow.	
  

	
  

After	
  using	
  both	
  settings	
  participants	
  were	
  asked	
  to	
  fill	
  out	
  an	
  online	
  questionnaire	
  

composed	
  of	
  the	
  System	
  Usability	
  Score	
  questions	
  and	
  other	
  11	
  questions	
  about	
  the	
  

user	
  experience	
  of	
  both	
  settings.	
  

	
  

4.6	
  Dependent	
  measures	
  

	
  

The	
  dependent	
  measures	
  for	
  evaluating	
  both	
  settings	
  were	
  related	
  to	
  two	
  instruments	
  

for	
  data	
  gathering:	
  	
  

• A	
  Time-­‐	
  in-­‐Motion	
  study	
  conducted	
  through	
  direct	
  time-­‐measurement	
  of	
  tasks	
  

during	
  the	
  experiment	
  and	
  supported	
  with	
  post-­‐analysis	
  of	
  video	
  data.	
  

• An	
  on-­‐line	
  questionnaire	
  conducted	
  at	
  the	
  end	
  of	
  the	
  experiment	
  	
  

	
  

4.6.1	
  Data	
  Instrument	
  1:	
  Time	
  in	
  Motion	
  study	
  	
  

	
  

During	
  the	
  experiment	
  a	
  set	
  of	
  tasks	
  when	
  using	
  each	
  setting	
  were	
  timed	
  by	
  the	
  

researcher;	
  these	
  were:	
  	
  

• Set	
  Up	
  computer	
  	
  

• Connect	
  to	
  projector	
  and	
  	
  

• Clean	
  Up/Pack	
  and	
  leave	
  room	
  

• Set	
  Up	
  Materials/Prototype,	
  	
  

• Clean	
  Up/Pack	
  and	
  leave	
  room	
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The	
  recursive	
  notion	
  of	
  the	
  tasks	
  was	
  related	
  to	
  having	
  the	
  participants	
  experience	
  

storage	
  and	
  returning	
  to	
  an	
  on-­‐going	
  project	
  and	
  therefore	
  have	
  a	
  better	
  

understanding	
  of	
  the	
  type	
  of	
  problems	
  that	
  occur	
  in	
  Makerspace	
  in	
  terms	
  of	
  

organization	
  and	
  storage.	
  	
  	
  

	
  

4.6.2	
  Data	
  Instrument	
  2:	
  Questionnaire	
  

	
  

A	
  second	
  group	
  of	
  metrics	
  was	
  based	
  on	
  subjective	
  evaluations	
  of	
  both	
  settings	
  in	
  

terms	
  of	
  Usability,	
  Efficiency,	
  Effectiveness	
  and	
  General	
  User	
  Experience.	
  

	
  

The	
  metric	
  utilized	
  for	
  measuring	
  Usability	
  was	
  the	
  “System	
  Usability	
  Scale”-­‐	
  SUS	
  

(Brooke,	
  1996).	
  	
  Table	
  9	
  sums	
  up	
  the	
  responses	
  to	
  the	
  questions	
  of	
  this	
  metric.	
  

	
  
	
  
Nº	
   Statement	
  
1	
   I	
  think	
  that	
  I	
  would	
  like	
  to	
  use	
  this	
  system	
  frequently.	
  
2	
   I	
  found	
  the	
  system	
  unnecessarily	
  complex.	
  
3	
   I	
  thought	
  the	
  system	
  was	
  easy	
  to	
  use.	
  
4	
   I	
  think	
  that	
  I	
  would	
  need	
  the	
  support	
  of	
  a	
  technical	
  person	
  to	
  be	
  able	
  to	
  use	
  this	
  system.	
  
5	
   I	
  found	
  the	
  various	
  functions	
  in	
  this	
  system	
  were	
  well	
  integrated.	
  
6	
   I	
  thought	
  there	
  was	
  too	
  much	
  inconsistency	
  in	
  this	
  system.	
  
7	
   I	
  would	
  imagine	
  that	
  most	
  people	
  would	
  learn	
  to	
  use	
  this	
  system	
  very	
  quickly.	
  
8	
   I	
  found	
  the	
  system	
  very	
  cumbersome	
  to	
  use.	
  
9	
   I	
  felt	
  very	
  confident	
  using	
  the	
  system.	
  
10	
   I	
  needed	
  to	
  learn	
  a	
  lot	
  of	
  things	
  before	
  I	
  could	
  get	
  going	
  with	
  this	
  system.	
  
	
  

Table	
  9.	
  System	
  Usability	
  Scale	
  questions	
  

	
  

It	
  is	
  possible	
  to	
  realize	
  that	
  he	
  set	
  of	
  questions	
  are	
  direct	
  and	
  can	
  be	
  applied	
  to	
  a	
  wide	
  

range	
  of	
  systems,	
  from	
  hardware	
  to	
  software,	
  from	
  simple	
  to	
  complex.
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Additionally	
  user	
  experience	
  was	
  analyzed	
  with	
  regards	
  to	
  the	
  data	
  of	
  questions	
  in	
  

Table	
  10.	
  

	
  
Nº	
   Statement	
   Scale	
   Dimension	
  

Evaluated	
  
1	
   This	
  setting	
  would	
  make	
  it	
  easier	
  to	
  store,	
  and	
  

then	
  continue	
  the	
  on-­‐going	
  
Project"	
  

10	
  points	
  likert	
  Scale,	
  
ranging	
  from	
  strongly	
  
disagree	
  to	
  	
  strongly	
  
agree	
  

Effectiveness	
  

2	
   This	
  setting	
  allowed	
  me	
  to	
  be	
  more	
  organized	
  
while	
  working	
  

10	
  points	
  likert	
  Scale,	
  
ranging	
  	
  from	
  strongly	
  
disagree	
  to	
  	
  strongly	
  
agree	
  

Effectiveness	
  

3	
   This	
  setting	
  would	
  allow	
  me	
  to	
  quickly	
  leave	
  
from	
  the	
  Makerspace	
  

10	
  points	
  likert	
  Scale,	
  
ranging	
  	
  from	
  strongly	
  
disagree	
  to	
  	
  strongly	
  
agree	
  

Efficiency	
  

4	
   What	
  did	
  you	
  like	
  most	
  about	
  setting	
  A/setting	
  
B?	
  

Open	
  ended	
  question	
   General	
  User	
  
Experience	
  

5	
   What	
  was	
  the	
  most	
  difficult	
  about	
  using	
  setting	
  
A/setting	
  B?	
  

Open	
  ended	
  question	
   General	
  User	
  
Experience	
  

	
  
Table	
  10.	
  Questionnaire	
  items	
  related	
  to	
  Efficiency,	
  Effectiveness	
  and	
  General	
  User	
  Experience	
  

	
  
	
  

4.7	
  Statistical	
  Analyses	
  

	
  

For	
  each	
  dependent	
  measure	
  a	
  series	
  of	
  t-­‐tests	
  was	
  performed	
  to	
  analyze	
  statistical	
  

significance	
  of	
  the	
  data,	
  particularly	
  the	
  means	
  of	
  the	
  Usability	
  evaluations.	
  	
  Statistical	
  

tests	
  were	
  performed	
  to	
  define	
  independence	
  from	
  variables	
  such	
  as:	
  gender,	
  

activities	
  performed	
  in	
  Makerspaces	
  and	
  experience	
  in	
  Makerspaces,	
  among	
  others.	
  

Statistical	
  significance	
  was	
  set	
  at	
  p=0.05	
  level.	
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4.8	
  	
  	
  Data	
  Coding	
  

	
  

Quantitative	
  data	
  from	
  the	
  demographic	
  questionnaire	
  responses	
  was	
  coded	
  in	
  order	
  

to	
  generate	
  meaningful	
  categories	
  among	
  the	
  different	
  participants	
  and	
  allowing	
  the	
  

study	
  of	
  statistical	
  differences	
  within	
  the	
  data	
  of	
  interest.	
  

	
  

Qualitative	
  data	
  from	
  open-­‐ended	
  question	
  was	
  coded	
  following	
  the	
  structure	
  of	
  social	
  

content	
  analysis	
  (Miles	
  &	
  Huberman,	
  1994).	
  Sampling	
  was	
  performed	
  at	
  phrase	
  level,	
  

extracting	
  the	
  main	
  categories	
  from	
  the	
  data.	
  

	
  

The	
  following	
  categories	
  were	
  defined	
  in	
  order	
  to	
  generate	
  the	
  coding	
  for	
  the	
  aspects	
  

that	
  were	
  more	
  valued	
  in	
  setting	
  A:	
  	
  

	
  

• Sitting:	
  Demonstrates	
  a	
  preference	
  or	
  positive	
  evaluation	
  of	
  sitting	
  position	
  

• Spaciousness:	
  Indicates	
  that	
  the	
  surface	
  space	
  of	
  the	
  setting	
  was	
  comfortable	
  

or	
  allowed	
  a	
  better	
  performance	
  

• Familiarity:	
  Indicates	
  that	
  participant	
  was	
  used	
  to	
  the	
  setting,	
  knew	
  how	
  it	
  

worked	
  and	
  didn´t	
  have	
  to	
  learn	
  anything	
  new	
  

• Backpack	
  access:	
  Felt	
  that	
  the	
  access	
  to	
  personal	
  belongings	
  was	
  easier	
  

• Stability:	
  Indicates	
  that	
  the	
  setting	
  felt	
  sturdy,	
  stable	
  and	
  /or	
  allowed	
  for	
  an	
  

adequate	
  weight	
  resistance	
  

• Partner	
  position:	
  Indicates	
  that	
  the	
  setting	
  allowed	
  partner	
  to	
  be	
  in	
  a	
  position	
  

that	
  improved	
  performance	
  and/or	
  collaboration	
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• Comfortable	
  height:	
  Indicates	
  that	
  the	
  height	
  of	
  the	
  table	
  felt	
  comfortable	
  or	
  

adequate	
  for	
  working	
  

All	
  the	
  categories	
  can	
  be	
  found	
  in	
  Appendix	
  B.	
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4.9	
  Results	
  

	
  

Two	
  hypothesis	
  related	
  to	
  the	
  user	
  experience	
  were	
  tested.	
  The	
  first	
  hypothesis	
  is	
  

related	
  to	
  an	
  increase	
  in	
  the	
  level	
  of	
  Usability	
  of	
  the	
  experimental	
  setting.	
  The	
  second	
  

hypothesis	
  is	
  related	
  to	
  an	
  increase	
  in	
  the	
  effectiveness	
  for	
  project	
  storage	
  and	
  

organization	
  by	
  the	
  experimental	
  setting.	
  

	
  

4.10	
  Hypothesis	
  1:	
  Increased	
  Usability	
  of	
  the	
  Experimental	
  Setting	
  (Setting	
  B)	
  

	
  

The	
  on-­‐line	
  questionnaire	
  had	
  a	
  question	
  composed	
  by	
  10	
  statements	
  to	
  assess	
  

Usability	
  (System	
  Usability	
  Scale).	
  The	
  hypothesis	
  was	
  states	
  as	
  follows.	
  

• H0:	
  Setting	
  A	
  displays	
  an	
  increased	
  Usability	
  compared	
  to	
  Setting	
  B	
  

• Ha:	
  Setting	
  B	
  displays	
  an	
  increased	
  Usability	
  compared	
  to	
  Setting	
  A	
  

	
  

A	
  first	
  comparison	
  between	
  the	
  thirty	
  System	
  Usability	
  Score	
  scores	
  for	
  Setting	
  A	
  

(baseline	
  condition)	
  and	
  Setting	
  B	
  (experimental	
  condition)	
  displays	
  a	
  difference	
  of	
  

11.2	
  points	
  in	
  a	
  scale	
  from	
  0	
  to	
  100	
  between	
  both	
  settings.	
  Participants	
  scored	
  Setting	
  

A	
  with	
  a	
  mean	
  of	
  67.3	
  (SD=12.3)	
  and	
  Setting	
  B	
  with	
  a	
  mean	
  of	
  78.5	
  (SD=12.05).	
  These	
  

values	
  represent	
  a	
  16.6%	
  increase	
  from	
  Setting	
  A	
  to	
  Setting	
  B.	
  Figure	
  35	
  below	
  

displays	
  these	
  values	
  graphically.	
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Figure	
  35.	
  Mean	
  Usability	
  scores	
  for	
  both	
  settings	
  	
  

	
  

A	
  paired-­‐sample	
  t-­‐test	
  was	
  conducted	
  to	
  compare	
  the	
  System	
  Usability	
  Scale	
  mean	
  

scores	
  for	
  setting	
  A	
  (baseline	
  condition)	
  and	
  Setting	
  B	
  (experimental	
  condition).	
  There	
  

was	
  a	
  significant	
  difference	
  in	
  the	
  means	
  for	
  Setting	
  A	
  (Mean=67.3,	
  SD=12.3)	
  and	
  

Setting	
  B	
  (Mean=	
  78.5,	
  SD=12.03),	
  t	
  (29)=-­‐3.4944,	
  p=0.0015.	
  

	
  

Discussion:	
  	
  

In	
  general	
  terms,	
  research	
  has	
  shown	
  that	
  any	
  score	
  above	
  68	
  is	
  considered	
  above	
  

average	
  (Sauro,	
  2014).	
  	
  Another	
  study,	
  related	
  a	
  SUS	
  scale	
  to	
  an	
  adjective	
  scale	
  

(Bangor	
  et	
  Al,	
  2009)	
  in	
  order	
  to	
  improve	
  relative	
  judgments	
  of	
  scores	
  based	
  in	
  non-­‐

numerical	
  categories.	
  According	
  to	
  this	
  study,	
  SUS	
  scores	
  can	
  be	
  categorized	
  in	
  the	
  

following	
  ranges	
  and	
  categories:	
  	
  

Adjective	
  scale	
   Mean	
  SUS	
  score	
   Standard	
  deviation	
  
Worst	
  Imaginable	
   12.5	
  	
   13.1	
  	
  
Awful	
   20.3	
  	
   11.3	
  	
  
Poor	
   35.7	
  	
   12.6	
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OK	
   50.9	
  	
   13.8	
  	
  
Good	
   71.4	
  	
   11.6	
  	
  
Excellent	
   85.5	
  	
   10.4	
  	
  
Best	
  Imaginable	
   90.9	
  	
   13.4	
  	
  

	
  
Table	
  11.	
  Adjective	
  categories	
  of	
  SUS	
  scores	
  

	
  

If	
  these	
  elements	
  are	
  taken	
  as	
  a	
  base,	
  Setting	
  A	
  can	
  be	
  qualified	
  as	
  between	
  “OK”	
  and	
  

Good”,	
  whereas	
  Setting	
  B	
  can	
  be	
  qualifies	
  as	
  between	
  “Good”	
  and	
  “Excellent”.	
  

	
  

4.10.1	
  Usability	
  by	
  sequence	
  of	
  use	
  

	
  

Another	
  data	
  analysis	
  was	
  performed	
  with	
  respect	
  to	
  the	
  sequence	
  of	
  use:	
  Participants	
  

that	
  started	
  using	
  Setting	
  A	
  versus	
  those	
  who	
  started	
  using	
  Setting	
  B.	
  Even	
  though	
  the	
  

experiment	
  was	
  counterbalanced	
  for	
  this	
  dimension,	
  the	
  results	
  display	
  a	
  higher	
  score	
  

for	
  Setting	
  B	
  in	
  general.	
  Figure	
  36	
  shows	
  the	
  results	
  for	
  the	
  groups.	
  

	
  

	
  
	
  

Figure	
  36.	
  Usability	
  scores	
  by	
  sequence	
  of	
  use	
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15	
  participants	
  were	
  asked	
  to	
  start	
  using	
  Setting	
  B	
  and	
  then	
  transition	
  to	
  setting	
  A;	
  the	
  

difference	
  between	
  the	
  means	
  of	
  their	
  SUS	
  score	
  evaluations	
  was	
  15.3	
  points.	
  There	
  

were	
  15	
  participants	
  that	
  started	
  using	
  Setting	
  A	
  and	
  then	
  transitioned	
  to	
  Setting	
  B,	
  

the	
  difference	
  between	
  their	
  means	
  was	
  7	
  points.	
  

	
  

A	
  paired	
  t-­‐test	
  was	
  performed	
  to	
  compare	
  these	
  results.	
  The	
  difference	
  in	
  SUS	
  scores	
  

for	
  those	
  participants	
  that	
  started	
  with	
  Setting	
  B	
  had	
  a	
  statistical	
  significance	
  between	
  

the	
  baseline	
  condition	
  (Mean	
  setting	
  A=64,	
  SD=12.4)	
  and	
  the	
  experimental	
  condition	
  

(Mean	
  setting	
  B=79.3,	
  SD=11.2),	
  t	
  (14)=-­‐3.8329,	
  p=0.0009.	
  

	
  

On	
  the	
  other	
  hand	
  the	
  difference	
  in	
  SUS	
  scores	
  for	
  those	
  participants	
  that	
  started	
  with	
  

Setting	
  A	
  did	
  not	
  show	
  statistical	
  significance	
  between	
  the	
  baseline	
  condition	
  (Mean	
  

setting	
  A=70.7,	
  SD=11.7)	
  and	
  the	
  experimental	
  condition	
  (Mean	
  setting	
  B=77.7,	
  

SD=13.07).),	
  t	
  (14)=-­‐1.4342,	
  p=	
  0.0867	
  

	
  

Discussion:	
  

	
  

The	
  analysis	
  for	
  sequence	
  of	
  use	
  showed	
  that	
  Setting	
  B	
  was	
  evaluated	
  with	
  higher	
  SUS	
  

score	
  in	
  both	
  sequences	
  of	
  use	
  cases.	
  Participants	
  that	
  started	
  using	
  Setting	
  B	
  and	
  

transitioned	
  to	
  Setting	
  A	
  scored	
  a	
  100%	
  higher	
  difference	
  (from	
  7	
  to	
  15.3	
  points)	
  for	
  

Setting	
  B;	
  however	
  both	
  scored	
  SUS_B	
  with	
  an	
  upper	
  limit	
  near	
  80	
  points.	
  Moreover,	
  

Setting	
  A	
  was	
  evaluated	
  with	
  a	
  lesser	
  score	
  (64	
  and	
  70.7).	
  We	
  can	
  estimate	
  that	
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participants	
  that	
  ended	
  using	
  Setting	
  A	
  in	
  the	
  experiment	
  recalled	
  much	
  better	
  the	
  

disadvantages	
  of	
  this	
  setting	
  with	
  respect	
  of	
  their	
  user	
  experience,	
  and	
  therefore	
  

scored	
  it	
  with	
  fewer	
  points.	
  	
  

	
  

4.10.2	
  Usability	
  by	
  Individual/Group	
  work	
  

	
  

An	
  analysis	
  was	
  done	
  to	
  understand	
  if	
  there	
  were	
  any	
  differences	
  in	
  the	
  evaluation	
  of	
  

the	
  setting	
  for	
  participants	
  working	
  through	
  the	
  experimental	
  tasks	
  individually	
  (n=6)	
  

versus	
  participants	
  that	
  worked	
  in	
  groups	
  of	
  2	
  (n=24).	
  Figure	
  37	
  below	
  summarizes	
  

the	
  data	
  for	
  this	
  data	
  analysis.	
  

	
  
	
  

Figure	
  37.	
  Usability	
  score	
  by	
  individual/group	
  work	
  
	
  
	
  

Participants	
  working	
  in	
  groups	
  did	
  reveal	
  statistical	
  significance	
  between	
  the	
  baseline	
  

condition	
  (Mean	
  setting	
  A=	
  66,	
  SD=12.9)	
  and	
  the	
  experimental	
  condition	
  (Mean	
  

setting	
  B=	
  77.7,	
  SD=	
  12.4),	
  t	
  (23)=-­‐	
  3.1633,	
  p=	
  0.0022.	
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Participants	
  that	
  worked	
  individually	
  did	
  not	
  display	
  any	
  statistical	
  significance	
  

between	
  the	
  baseline	
  condition	
  (Mean	
  setting	
  A=	
  72.5,	
  SD=	
  8.9)	
  and	
  the	
  experimental	
  

condition	
  (Mean	
  setting	
  B=	
  81.7,	
  SD=	
  10.3,	
  t	
  (5)=	
  -­‐1.3686,	
  p=0.1147.	
  

	
  

Discussion:	
  

Participants	
   that	
  worked	
   individually	
   rated	
   Setting	
   B	
  with	
   a	
   higher	
   score,	
   however	
  

this	
  didn´t	
  have	
   statistical	
   significance.	
   It	
   is	
  possible	
   to	
  derive	
   from	
   this	
   that	
  people	
  

that	
  use	
  the	
  experimental	
  setting	
  working	
  alone	
  do	
  not	
  necessarily	
  perceive	
  the	
  new	
  

features	
  as	
  meaningful	
   to	
   their	
  experience	
  of	
  use	
  of	
   the	
  system.	
   	
  On	
   the	
  other	
  hand,	
  

participants	
   that	
   interacted	
   in	
   groups	
   and	
   scored	
   setting	
   B	
   higher	
   seemed	
   to	
   have	
  

experienced	
   in	
   a	
   significant	
  way	
   the	
   difference	
   in	
   the	
   design	
   of	
   both	
   settings,	
   being	
  

able	
  to	
  appreciate	
  how	
  the	
  new	
  workstation	
  can	
  improve	
  the	
  user	
  task	
  flow	
  when	
  an	
  

educational	
  Makerspace	
  gets	
  more	
  crowded.	
  

	
  

4.10.3	
  Usability	
  by	
  gender	
  

	
  

An	
  exploratory	
  analysis	
  was	
  conducted	
  in	
  order	
  to	
  detect	
  gender	
  differences	
  in	
  the	
  

evaluation	
  of	
  both	
  settings.	
  	
  As	
  shown	
  in	
  Figure	
  38	
  below	
  female	
  participants	
  (N=17)	
  

scored	
  a	
  difference	
  of	
  8.6	
  points	
  between	
  Setting	
  A	
  and	
  B.	
  In	
  contrast	
  Male	
  

participants	
  (N=13)	
  scored	
  a	
  difference	
  of	
  14.7	
  points.	
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Figure	
  38.	
  Mean	
  for	
  Usability	
  scores	
  of	
  setting	
  A	
  and	
  B	
  by	
  Gender	
  
	
  
	
  

A	
  paired-­‐samples	
  t-­‐test	
  was	
  conducted	
  to	
  compare	
  the	
  System	
  Usability	
  Scale	
  mean	
  

scores	
  for	
  Setting	
  A	
  (baseline	
  condition)	
  and	
  Setting	
  B	
  (experimental	
  condition)	
  by	
  

gender.	
  	
  Female	
  participants	
  didn´t	
  reveal	
  any	
  difference	
  with	
  statistical	
  significance	
  

in	
  the	
  means	
  for	
  Setting	
  A	
  (Mean=66,	
  SD=	
  14.9)	
  and	
  Setting	
  B	
  (Mean=	
  74.6,	
  SD=	
  12.8),	
  

t	
  (16)=-­‐1.6753,	
  p=0.1133.	
  	
  

	
  

Moreover,	
  Male	
  participants’	
  Usability	
  scores	
  displayed	
  significant	
  difference	
  between	
  

the	
  means	
  for	
  Setting	
  A	
  (Mean=69,	
  SD=	
  8.199)	
  and	
  Setting	
  B	
  (Mean=83.7,	
  SD=	
  8.87),	
  

t(12)=-­‐4.6209	
  p=	
  0.0006.	
  

	
  

Further	
  analysis	
  was	
  conducted	
  within	
  the	
  data	
  for	
  Male	
  participants	
  in	
  order	
  to	
  

understand	
  this	
  difference.	
  No	
  significant	
  variation	
  was	
  found	
  when	
  analyzing	
  data	
  by	
  

activities,	
  age	
  or	
  level	
  of	
  education.	
  However	
  a	
  significant	
  source	
  of	
  variation	
  was	
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found	
  by	
  level	
  of	
  experience	
  in	
  male	
  participants.	
  Figure	
  39	
  displays	
  the	
  Usability	
  

evaluation	
  in	
  this	
  case.	
  

	
  

Figure	
  39.	
  Usability	
  evaluation	
  by	
  experience	
  of	
  Male	
  participants	
  
	
  

Participants	
  with	
  less	
  than	
  one	
  year	
  (N=5)	
  of	
  experience	
  using	
  Makerspaces	
  displayed	
  

a	
  difference	
  of	
  8.5	
  points	
  in	
  their	
  scoring	
  between	
  A	
  and	
  B.	
  Those	
  with	
  more	
  than	
  one	
  

year	
  of	
  experience	
  (N=8)	
  displayed	
  a	
  difference	
  of	
  18.4	
  points,	
  but	
  they	
  also	
  scored	
  A	
  

with	
  7.2	
  points	
  lower	
  than	
  less	
  experienced	
  participants.	
  

In	
  the	
  case	
  of	
  Female	
  participants,	
  the	
  opposite	
  situation	
  is	
  observed.	
  Females	
  with	
  

less	
  than	
  one	
  year	
  of	
  experience	
  (N=	
  11)	
  scored	
  both	
  settings	
  with	
  a	
  difference	
  of	
  11.3	
  

points.	
  Females	
  with	
  more	
  than	
  one	
  year	
  of	
  experience	
  (N=6)	
  displayed	
  a	
  difference	
  of	
  

3.3	
  points	
  of	
  SUS	
  score.	
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Finally	
  an	
  analysis	
  of	
  each	
  SUS	
  item	
  was	
  performed	
  to	
  search	
  for	
  specific	
  gender	
  

differences	
  in	
  each	
  of	
  the	
  responses.	
  Table	
  12	
  displays	
  the	
  responses.	
  

	
  

	
  

Table	
  12:	
  Item	
  analysis	
  of	
  SUS	
  responses	
  

	
  

Four	
  items	
  were	
  highlighted	
  because	
  they	
  showed	
  higher	
  gender	
  differences.	
  Even	
  

though	
  these	
  were	
  not	
  statistically	
  significant	
  (comparing	
  at	
  p	
  value=0.025),	
  in	
  

general	
  its	
  possible	
  to	
  observe	
  that	
  differences	
  are	
  concentrated	
  among	
  dimensions	
  

of:	
  	
  frequent	
  use,	
  easiness	
  of	
  use,	
  learnability	
  and	
  confidence	
  in	
  use	
  of	
  the	
  system.	
  

	
  

Discussion:	
  	
  

The	
  statistical	
  results	
  account	
  for	
  an	
  important	
  affect	
  of	
  experience	
  level	
  within	
  Male	
  

participants	
  that	
  results	
  in	
  a	
  higher	
  Usability	
  assessment	
  of	
  Setting	
  B	
  and	
  lower	
  score	
  

for	
  Setting	
  A	
  at	
  the	
  same	
  time.	
  This	
  experience-­‐effect	
  of	
  Makerspaces	
  might	
  relate	
  to	
  a	
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deeper	
  insight	
  of	
  the	
  type	
  of	
  problems	
  that	
  the	
  new	
  workstation-­‐system	
  is	
  solving,	
  

because	
  these	
  participants	
  have	
  experienced	
  storage	
  and	
  organization	
  problems	
  more	
  

frequently.	
  The	
  analysis	
  of	
  each	
  of	
  the	
  items	
  of	
  the	
  SUS	
  questionnaire	
  revealed	
  higher	
  

differences	
  in	
  the	
  scoring	
  of	
  four	
  dimensions	
  between	
  Male	
  and	
  Female	
  participants.	
  

These	
  differences	
  require	
  further	
  analysis	
  because	
  they	
  do	
  not	
  display	
  statistical	
  

significance.	
  	
  

	
  

4.10.4	
  Usability	
  by	
  experience	
  using	
  Makerspaces	
  

	
  

Participants	
  reported	
  on	
  their	
  previous	
  experience	
  using	
  Makerspaces.	
  Data	
  was	
  

grouped	
  in	
  two	
  categories,	
  "Less	
  than	
  1	
  year	
  of	
  experience”	
  and	
  “More	
  than	
  1	
  year	
  of	
  

experience”.	
  Figure	
  40	
  below	
  displays	
  the	
  Usability	
  scores	
  for	
  both	
  groups	
  of	
  

participants.	
  

	
  
	
  

Figure	
  40.	
  Usability	
  scores	
  by	
  experience	
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Participants	
  with	
  less	
  than	
  1	
  year	
  of	
  experience	
  (n=16)	
  reported	
  a	
  difference	
  of	
  10.5	
  

points	
  in	
  the	
  rating	
  of	
  Usability	
  between	
  the	
  two	
  settings,	
  favoring	
  the	
  experimental	
  

condition.	
  Participants	
  with	
  more	
  than	
  1	
  year	
  of	
  experience	
  (n=14)	
  reported	
  a	
  

difference	
  of	
  11.9	
  points.	
  In	
  both	
  cases	
  their	
  scores	
  were	
  in	
  the	
  range	
  of	
  “OK-­‐Good”	
  for	
  

Setting	
  A	
  and	
  “Good-­‐Excellent”	
  for	
  Setting	
  B,	
  according	
  to	
  an	
  adjective	
  scale	
  related	
  to	
  

SUS-­‐Scores	
  (Bangor	
  et	
  Al,	
  2009).	
  

	
  

A	
  paired	
  t-­‐test	
  was	
  conducted	
  to	
  explore	
  statistical	
  significance	
  of	
  the	
  results.	
  	
  In	
  the	
  

case	
  of	
  participants	
  with	
  less	
  than	
  1	
  year	
  of	
  experience,	
  their	
  evaluation	
  of	
  Setting	
  A	
  

(Mean=	
  67,	
  SD=	
  12.6)	
  and	
  setting	
  B	
  (Mean=	
  77.5,	
  SD=10.9)	
  was	
  found	
  to	
  be	
  

statistically	
  significant,	
  t	
  (15)=-­‐3.0365,	
  p=0.0042.	
  Likewise,	
  participants	
  with	
  more	
  

than	
  1	
  year	
  of	
  experience	
  displayed	
  statistical	
  significance	
  in	
  their	
  evaluation	
  of	
  

Setting	
  A	
  (Mean=67.7,	
  SD=12.5)	
  and	
  Setting	
  B	
  (Mean=79.6	
  SD=13.4),	
  t	
  (13)=	
  -­‐2.0812,	
  

p=	
  0.0289.	
  

	
  

Discussion:	
  	
  

Usability	
  of	
  Setting	
  B	
  was	
  scored	
  higher	
  independently	
  from	
  the	
  amount	
  of	
  previous	
  

experience	
  that	
  participants	
  had	
  using	
  Makerspaces.	
  	
  It´s	
  possible	
  to	
  infer	
  that	
  the	
  

type	
  of	
  problems	
  that	
  the	
  experimental	
  workstation	
  approaches	
  have	
  been	
  

experienced	
  by	
  novice	
  and	
  expert	
  users.	
  	
  A	
  positive	
  effect	
  is	
  that	
  the	
  adoption	
  rate	
  of	
  

the	
  new	
  workstation	
  could	
  be	
  more	
  dynamic,	
  not	
  depending	
  on	
  the	
  level	
  of	
  expertise.	
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4.10.5	
  Usability	
  by	
  Type	
  of	
  Activity	
  

	
  

Participants	
  reported	
  on	
  the	
  type	
  of	
  activity	
  they	
  usually	
  performed	
  in	
  Makerspaces.	
  

The	
  activities	
  were	
  grouped	
  in	
  four	
  categories	
  according	
  to	
  an	
  estimation	
  of	
  the	
  work-­‐

surface	
  area	
  they	
  impact.	
  	
  These	
  four	
  categories	
  were	
  drawn	
  from	
  observations	
  of	
  

users	
  in	
  Makerspaces.	
  

• Small	
   Size	
  Activities:	
  Activities	
   that	
   impact	
   an	
   estimated	
   area	
   of	
   1-­‐4	
   ft2;	
   they	
  

usually	
   involve	
   manipulation	
   of	
   objects	
   and/or	
   materials	
   that	
   can	
   be	
   held	
  

between	
  the	
  fingers.	
  	
  

• Medium	
  Size	
  Activities:	
  Activities	
  that	
  have	
  a	
  physical	
  impact	
  on	
  a	
  work-­‐

surface	
  area	
  of	
  4-­‐8	
  ft2;	
  they	
  usually	
  involve	
  manipulation	
  of	
  objects	
  and/or	
  

materials	
  that	
  can	
  be	
  held	
  with	
  the	
  hands.	
  

• Big	
  Size	
  Activities:	
  Activities	
  that	
  have	
  a	
  physical	
  impact	
  on	
  a	
  work-­‐surface	
  

area	
  of	
  8-­‐12	
  ft2	
  ,	
  they	
  usually	
  involve	
  manipulation	
  of	
  objects	
  and/or	
  materials	
  

that	
  can	
  be	
  held	
  with	
  the	
  hands	
  and	
  additional	
  supports.	
  

	
  

Participants	
  could	
  select	
  any	
  of	
  the	
  following	
  activities,	
  which	
  were	
  also	
  

categorized	
  for	
  data	
  analysis	
  according	
  to	
  the	
  previous	
  definitions:	
  	
  

Activity	
   Category	
  
3D	
  Printing	
   Small	
  	
  
Laser	
  cutting	
   Small	
  
Electronic	
  circuitry	
   Small	
  
LEGO	
  building	
  and	
  programming	
   Small	
  
3D	
  Design	
   Small	
  
2D	
  Design	
   Small	
  
Web	
  design	
  &	
  Programming	
   Small	
  
Paper	
  and	
  cardboard	
  crafts	
   Medium	
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Wood	
  Crafts	
   Big	
  
Hand	
  drawing	
   Medium	
  
Painting	
   Medium	
  
Sewing	
   Medium	
  
Fixing	
  Electronics	
  and	
  other	
  objects	
   Big	
  

Table	
  13:	
  Categories	
  for	
  data	
  analysis	
  of	
  activities	
  performed	
  by	
  participants	
  

	
  

Data	
  was	
  categorized	
  according	
  to	
  their	
  responses	
  and	
  previous	
  definitions	
  of	
  

categories;	
  12	
  participants	
  were	
  listed	
  in	
  Small	
  size	
  activities,	
  9	
  participants	
  were	
  

listed	
  in	
  medium	
  size	
  activities,	
  3	
  participants	
  were	
  listed	
  in	
  big	
  size	
  activities	
  and	
  

6	
  in	
  mixed.	
  Figure	
  41	
  below	
  summarizes	
  the	
  data	
  for	
  each	
  group.	
  

	
  
	
  

Figure	
  41.	
  Usability	
  score	
  by	
  type	
  of	
  activity	
  
	
  

A	
  paired	
  t-­‐test	
  was	
  performed	
  for	
  data	
  analysis.	
  Significant	
  differences	
  were	
  found	
  for:	
  	
  

• Small	
  Size	
  (n=12):	
  This	
  group	
  of	
  participants	
  evaluated	
  the	
  Usability	
  scores	
  for	
  

Setting	
  A	
  (Mean=	
  66.3	
  ,	
  SD=15.1)	
  and	
  Setting	
  B	
  (Mean=	
  77.7	
  	
  SD=12.5),	
  t	
  (11)=-­‐

2.4743,	
  p=0.0154	
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• 	
  Medium	
  Size	
  (n=9):	
  This	
  group	
  of	
  participants	
  evaluated	
  the	
  Usability	
  scores	
  

for	
  Setting	
  A	
  (Mean=	
  68.9,	
  	
  SD=	
  11.1)	
  and	
  Setting	
  B	
  (Mean=	
  78.6,	
  SD=7.08),	
  t	
  

(8)=-­‐2.	
  1440,	
  p=	
  0.0322	
  

• Mixed	
  (n=6):	
  This	
  group	
  of	
  participants	
  evaluated	
  the	
  Usability	
  scores	
  for	
  

Setting	
  A	
  (Mean=	
  65.8,	
  SD=	
  9.8)	
  and	
  Setting	
  B	
  (Mean=	
  83.8,	
  SD=7.8),	
  t	
  (5)=-­‐

3.7286,	
  p=	
  0.0068	
  

The	
  differences	
  in	
  the	
  means	
  of	
  participants	
  that	
  usually	
  related	
  to	
  big	
  size	
  activities	
  

did	
  not	
  reveal	
  statistical	
  significance	
  between	
  Setting	
  A	
  (Mean=70,	
  SD=13.9)	
  and	
  

Setting	
  B	
  (Mean=	
  70.8,	
  SD=26.4),	
  t	
  (2)=-­‐0.0357,	
  p=	
  0.4874.	
  

	
  

Discussion	
  

Participants	
  that	
  usually	
  performed	
  small	
  and	
  medium	
  activities	
  in	
  Makerspaces	
  

revealed	
  a	
  significant	
  higher	
  score	
  for	
  the	
  Usability	
  of	
  Setting	
  B.	
  This	
  can	
  be	
  related	
  to	
  

the	
  ample	
  range	
  of	
  activities	
  that	
  the	
  design	
  is	
  intended	
  to	
  support.	
  It	
  also	
  revealed	
  

that	
  the	
  actual	
  dimensions	
  (height,	
  surface	
  size)	
  provide	
  a	
  good	
  level	
  of	
  usability	
  for	
  

activities	
  related	
  to	
  laptop-­‐based	
  tasks	
  and	
  small-­‐medium	
  size	
  prototyping.	
  On	
  the	
  

other	
  hand,	
  participants	
  that	
  performed	
  big	
  size	
  activities,	
  such	
  as	
  woodworking	
  or	
  

fixing	
  products,	
  did	
  not	
  display	
  significant	
  differences	
  between	
  both	
  settings.	
  This	
  can	
  

be	
  related	
  to	
  the	
  fact	
  that	
  both	
  settings	
  do	
  not	
  suit	
  this	
  type	
  of	
  activities.	
  	
  	
  

	
  

Mixed	
  activities	
  referred	
  to	
  those	
  participants	
  that	
  performed	
  a	
  wide	
  range	
  of	
  

activities;	
  in	
  the	
  case	
  of	
  this	
  category,	
  the	
  data	
  analysis	
  still	
  reveals	
  a	
  higher	
  and	
  

significant	
  score	
  for	
  the	
  Usability	
  of	
  the	
  experimental	
  workstation.	
  This	
  can	
  be	
  related	
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to	
  the	
  flexibility	
  that	
  the	
  design	
  provides	
  and	
  the	
  fact	
  that	
  participants	
  can	
  use	
  more	
  

than	
  one	
  tabletop	
  or	
  tray	
  in	
  order	
  to	
  expand	
  their	
  work-­‐surface.	
  

	
  

4.10.6	
  Usability	
  by	
  Standing	
  Elbow	
  Height	
  

	
  

Differences	
  in	
  the	
  score	
  of	
  Usability	
  with	
  respect	
  to	
  the	
  anthropometry	
  of	
  participants	
  

were	
  checked,	
  since	
  the	
  experimental	
  workstation	
  was	
  designed	
  and	
  tested	
  for	
  a	
  

standing	
  position.	
  	
  Standing	
  elbow	
  height	
  was	
  measured	
  following	
  the	
  measuring	
  

protocol	
  propose	
  by	
  Parcells	
  et	
  al	
  (1999)	
  	
  

	
  

Two	
  categories	
  for	
  Standing	
  Elbow	
  Height	
  were	
  defined:	
  	
  

• Average:	
  This	
  category	
  refers	
  to	
  participants	
  with	
  a	
  static	
  measure	
  within	
  a	
  

range	
  defined	
  by	
  the	
  mean	
  +/-­‐	
  1	
  SD.	
  

	
  

• Outside	
  Average:	
  This	
  category	
  refers	
  to	
  participants	
  in	
  the	
  “extremes”:	
  this	
  is	
  

subjects	
  that	
  displayed	
  either	
  very	
  low	
  or	
  very	
  high	
  values	
  for	
  their	
  standing	
  

elbow	
  height.	
  In	
  this	
  sense,	
  we	
  estimated	
  that	
  for	
  these	
  participants	
  

experimental	
  setting	
  could	
  represent	
  some	
  grade	
  of	
  lower	
  Usability	
  level.	
  

	
  

Figure	
  42	
  displays	
  the	
  Usability	
  scores	
  for	
  both	
  categories.	
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Figure	
  42.	
  Usability	
  score	
  by	
  Standing	
  Elbow	
  Height	
  
	
  

Participants	
  in	
  the	
  “Average”	
  category	
  (N=17)	
  evaluated	
  a	
  difference	
  of	
  12.8	
  points	
  

between	
  Setting	
  A	
  	
  (Mean=	
  66.2,	
  SD=13.3)	
  with	
  respect	
  to	
  Setting	
  B	
  (Mean=79,	
  

SD=14.5)	
  in	
  terms	
  of	
  System	
  Usability	
  Scale	
  scores.	
  This	
  difference	
  was	
  found	
  to	
  be	
  

statistically	
  significant,	
  t	
  (16)=-­‐2.5223,	
  p=0.0113.	
  

	
  

Participants	
  in	
  the	
  “Outside	
  average”	
  category	
  (N=13)	
  evaluated	
  a	
  difference	
  of	
  9.1	
  

points	
  between	
  Setting	
  A	
  (Mean=	
  68.8,	
  SD=11.3)	
  and	
  Setting	
  B	
  (Mean=	
  77.9,	
  SD=8.2)	
  

in	
  terms	
  of	
  System	
  Usability	
  Scale	
  scores.	
  This	
  difference	
  was	
  found	
  to	
  be	
  statistically	
  

significant,	
  t	
  (12)=-­‐2.6745,	
  p=	
  0.0101	
  	
  	
  

	
  

Discussion:	
  

Participants	
  within	
  the	
  average	
  group	
  tended	
  to	
  score	
  setting	
  B	
  with	
  a	
  higher	
  

difference	
  in	
  terms	
  of	
  its	
  Usability,	
  which	
  makes	
  sense	
  with	
  the	
  fact	
  that	
  the	
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workstation	
  was	
  designed	
  to	
  meet	
  an	
  “average”	
  user	
  in	
  terms	
  of	
  standing	
  elbow	
  

height.	
  However	
  participant	
  in	
  the	
  “extremes”	
  with	
  either	
  low	
  or	
  high	
  standing	
  elbow	
  

height	
  just	
  reported	
  a	
  1.1	
  lower	
  score	
  in	
  terms	
  of	
  Usability,	
  leaving	
  setting	
  B	
  close	
  to	
  

80	
  points	
  in	
  both	
  cases.	
  

	
  

4.11	
  GENERAL	
  DISCUSSION	
  FOR	
  USABILITY	
  

	
  

The	
  results	
  presented	
  in	
  the	
  previous	
  sections	
  provide	
  strong	
  support	
  for	
  the	
  

hypothesis	
  stated	
  (an	
  increase	
  in	
  usability	
  of	
  the	
  experimental	
  workstation	
  when	
  

compared	
  to	
  a	
  standard	
  table	
  with	
  chairs).	
  	
  The	
  significant	
  increases	
  in	
  SUS-­‐scores	
  

indicates	
  that	
  the	
  design	
  can	
  lead	
  to	
  an	
  adoptable	
  system,	
  independent	
  from	
  the	
  level	
  

of	
  expertise,	
  standing	
  elbow	
  height	
  and	
  if	
  the	
  task	
  is	
  performed	
  individually	
  or	
  in	
  

groups.	
  	
  	
  

	
  

The	
  major	
  significance	
  is	
  that	
  this	
  result	
  was	
  achieved	
  within	
  a	
  limited	
  time	
  of	
  usage	
  

of	
  the	
  new	
  workstation	
  and	
  in	
  controlled	
  environment	
  (just	
  two	
  participants	
  using	
  the	
  

Makerspace).	
  In	
  reality,	
  it’s	
  going	
  to	
  be	
  more	
  likely	
  that	
  the	
  space	
  is	
  significantly	
  

crowded,	
  with	
  more	
  on-­‐going	
  projects	
  and	
  users	
  at	
  the	
  same	
  time.	
  	
  

	
  

4.12	
  Hypothesis	
  2:	
  Better	
  storage	
  and	
  organization	
  of	
  projects	
  	
  

	
  

A	
  key	
  aspect	
  of	
  the	
  experimental	
  design	
  was	
  to	
  ask	
  participants	
  about	
  their	
  perception	
  

related	
  to	
  the	
  capabilities	
  of	
  the	
  workstation	
  to	
  support	
  a	
  better	
  storage	
  and	
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organization	
  of	
  projects.	
  The	
  reason	
  for	
  this	
  is	
  that	
  observations	
  of	
  students	
  led	
  to	
  the	
  

identification	
  of	
  the	
  following	
  problems:	
  	
  

• Materials	
  get	
  mixed	
  up	
  when	
  a	
  Makerspace	
  and	
  worktables	
  get	
  crowded.	
  

	
  

• People	
  feel	
  their	
  projects	
  and/or	
  prototypes	
  might	
  get	
  damaged	
  of	
  they	
  leave	
  

them	
  unattended	
  in	
  a	
  Makerspace.	
  

	
  

• Users	
  prefer	
  not	
  to	
  carry	
  around	
  projects	
  in	
  their	
  backpacks,	
  cars	
  or	
  by	
  hand.	
  

	
  

The	
  on-­‐line	
  questionnaire	
  had	
  two	
  questions	
  (Question	
  14	
  and	
  Question	
  15)	
  that	
  

provided	
  data	
  to	
  analyze	
  the	
  following	
  hypothesis:	
  	
  

	
  

• H0:	
  Setting	
  A	
  	
  can	
  provide	
  a	
  better	
  storage	
  and	
  organization	
  of	
  projects	
  than	
  

setting	
  B.	
  

• Ha:	
  Setting	
  B	
  can	
  provide	
  a	
  better	
  storage	
  and	
  organization	
  of	
  projects	
  than	
  

setting	
  A.	
  

	
  

4.12.1	
  	
  “This	
  setting	
  would	
  make	
  it	
  easier	
  to	
  store	
  and	
  then	
  continue	
  the	
  on-­‐going	
  
project”	
  

	
  

Data	
  analysis	
  was	
  performed	
  over	
  question	
  14	
  of	
  the	
  questionnaire	
  which	
  asked	
  

participants	
  to	
  evaluate	
  each	
  setting	
  according	
  to	
  the	
  statement:	
  “Statement:	
  This	
  

setting	
  would	
  make	
  it	
  easier	
  to	
  store	
  and	
  then	
  continue	
  the	
  on-­‐going	
  project”.	
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Participants	
  evaluated	
  each	
  setting	
  in	
  a	
  continuous	
  likert	
  scale,	
  ranging	
  from	
  0	
  

(strongly	
  disagree)	
  to	
  10	
  (strongly	
  agree),	
  score	
  5	
  was	
  “neutral”.	
  Figure	
  43	
  below	
  

summarizes	
  the	
  responses.	
  

	
  
Figure	
  43.	
  Comparison	
  of	
  setting	
  A	
  and	
  B	
  with	
  respect	
  to	
  storage	
  capacity	
  

	
  

Participants	
  (N=30)	
  scored	
  Setting	
  B	
  (Mean=	
  9.46,	
  SD=0.9)	
  with	
  7.16	
  points	
  of	
  higher	
  

difference	
  with	
  respect	
  to	
  Setting	
  A	
  (Mean=	
  2.3	
  SD=2.1).	
  A	
  paired	
  t	
  test	
  revealed	
  

statistical	
  significance	
  for	
  this	
  difference	
  in	
  the	
  evaluation,	
  t	
  (29)=	
  -­‐16.0709,	
  p<0.001.	
  

	
  

A	
  second	
  data	
  analysis	
  by	
  gender	
  was	
  performed,	
  to	
  verify	
  if	
  there	
  were	
  any	
  

differences	
  in	
  the	
  perception	
  with	
  respect	
  to	
  the	
  statement.	
  	
  Figure	
  44	
  summarizes	
  the	
  

means	
  for	
  each	
  setting	
  by	
  gender.	
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Figure	
  44.	
  Comparison	
  of	
  setting	
  A	
  and	
  B	
  with	
  respect	
  to	
  storage	
  capacity	
  by	
  gender	
  

	
  

Female	
  participants	
  (N=17)	
  reported	
  a	
  difference	
  of	
  7.86	
  in	
  their	
  evaluation	
  of	
  Setting	
  

A	
  (Mean=1.52,	
  SD=1.5)	
  with	
  respect	
  to	
  Setting	
  B	
  (Mean=	
  9.38,	
  SD=0.9).	
  A	
  paired	
  t	
  test	
  

revealed	
  statistical	
  significance	
  for	
  this	
  difference	
  in	
  the	
  evaluation,	
  t(15)=-­‐15.173,	
  

p<0.001.	
  

	
  

Male	
  participants	
  (N=13)	
  reported	
  a	
  difference	
  6.25	
  in	
  their	
  evaluation	
  of	
  Setting	
  A	
  

(Mean=3.32,	
  SD=2.5)	
  with	
  respect	
  to	
  Setting	
  B	
  (Mean=	
  9.56,	
  SD=0.8).	
  A	
  paired	
  t	
  test	
  

revealed	
  statistical	
  significance	
  for	
  this	
  difference	
  in	
  the	
  evaluation,	
  t(12)=-­‐8.6966,	
  

p<0.001.
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4.12.2	
  “This	
  setting	
  allowed	
  me	
  to	
  be	
  more	
  organized	
  while	
  working”	
  

	
  

Data	
  analysis	
  was	
  performed	
  over	
  question	
  15	
  of	
  the	
  questionnaire	
  which	
  asked	
  

participants	
  to	
  evaluate	
  each	
  setting	
  according	
  to	
  the	
  statement:	
  “Statement:	
  This	
  

setting	
  allowed	
  me	
  to	
  be	
  more	
  organized	
  while	
  working”.	
  Participants	
  evaluated	
  each	
  

setting	
  in	
  a	
  continuous	
  likert	
  scale,	
  ranging	
  	
  from	
  0	
  (strongly	
  disagree)	
  to	
  10	
  (strongly	
  

agree),	
  score	
  5	
  was	
  “neutral”.	
  Figure	
  45	
  below	
  summarizes	
  the	
  responses.	
  

	
  

	
  
Figure	
  45.	
  Comparison	
  of	
  settings	
  organization	
  for	
  work	
  capabilities	
  

	
  

Participants	
  (N=30)	
  scored	
  Setting	
  B	
  (Mean=	
  7.38,	
  SD=1.6)	
  with	
  2.61	
  points	
  of	
  higher	
  

difference	
  with	
  respect	
  to	
  Setting	
  A	
  (Mean=	
  4.77,	
  SD=2.01)	
  in	
  terms	
  of	
  the	
  

organization	
  capabilities.	
  	
  A	
  paired	
  t	
  test	
  revealed	
  statistical	
  significance	
  for	
  this	
  

difference	
  in	
  the	
  evaluation,	
  t(29)=	
  -­‐5.3866,	
  p<0.001.	
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We	
  wanted	
  to	
  perform	
  a	
  second	
  data	
  analysis	
  by	
  gender	
  to	
  verify	
  if	
  there	
  were	
  any	
  

differences	
  in	
  the	
  perception	
  with	
  respect	
  to	
  the	
  statement.	
  Figure	
  46	
  summarizes	
  the	
  

means	
  for	
  each	
  setting	
  by	
  gender.	
  

	
  

	
  

	
  
Figure	
  46.	
  Comparison	
  of	
  settings	
  organization	
  for	
  work	
  capabilities	
  by	
  gender	
  

	
  

Female	
  participants	
  (N=17)	
  reported	
  a	
  difference	
  of	
  1.92	
  in	
  their	
  evaluation	
  of	
  Setting	
  

A	
  (Mean=	
  4.65,	
  SD=2.2)	
  with	
  respect	
  to	
  Setting	
  B	
  (Mean=	
  6.56,	
  SD=1.3).	
  A	
  paired	
  t	
  test	
  

revealed	
  statistical	
  significance	
  for	
  this	
  difference	
  in	
  the	
  evaluation,	
  t(16)=-­‐2.8053,	
  p=	
  

0.0064.	
  

	
  

Male	
  participants	
  (N=13)	
  reported	
  a	
  difference	
  3.5	
  in	
  their	
  evaluation	
  of	
  Setting	
  A	
  

(Mean=	
  4.94,	
  SD=1.7)	
  with	
  respect	
  to	
  Setting	
  B	
  (Mean=8.43,	
  SD=1.3).	
  A	
  paired	
  t	
  test	
  



111	
  

revealed	
  statistical	
  significance	
  for	
  this	
  difference	
  in	
  the	
  evaluation,	
  t(12)=-­‐5.7570,	
  

p<0.001.	
  

Discussion:	
  

In	
  general	
  the	
  new	
  workstation	
  displayed	
  a	
  positive	
  evaluation	
  of	
  the	
  user	
  experience	
  

related	
  to	
  the	
  storage	
  and	
  organization	
  of	
  projects	
  independent	
  from	
  the	
  gender	
  of	
  the	
  

users	
  that	
  interaction	
  with	
  the	
  system.	
  

This	
  is	
  a	
  significant	
  result	
  that	
  proves	
  that	
  the	
  testers	
  rapidly	
  perceived	
  the	
  

effectiveness	
  of	
  the	
  project-­‐tray.	
  	
  

	
  

4.13	
  	
  	
  Additional	
  dimensions	
  of	
  analysis:	
  Is	
  it	
  faster	
  to	
  exit	
  a	
  Makerspace	
  with	
  
Setting	
  B?	
  

	
  

An	
  analysis	
  of	
  Time	
  in	
  Motion	
  Data	
  	
  (Appendix	
  A)	
  was	
  performed	
  to	
  understand	
  the	
  

relative	
  performance	
  of	
  participants	
  using	
  each	
  one	
  of	
  the	
  settings.	
  We	
  selected	
  the	
  

data	
  for	
  those	
  12	
  groups	
  that	
  performed	
  the	
  experiment.	
  	
  

	
  

The	
  first	
  analysis	
  was	
  related	
  to	
  the	
  first	
  “Clean-­‐Up”	
  task.	
  This	
  task	
  was	
  intensive	
  in	
  

putting	
  back	
  the	
  media	
  technologies	
  provided	
  to	
  the	
  participants.	
  Therefore	
  it	
  

involved	
  storing	
  back	
  the	
  projector	
  in	
  one	
  of	
  the	
  levels	
  of	
  the	
  tray	
  rack,	
  putting	
  the	
  

laptop	
  in	
  the	
  backpack	
  with	
  all	
  the	
  chords	
  and	
  connection	
  cables.	
  	
  Figure	
  47	
  displays	
  

the	
  data	
  for	
  both	
  settings.	
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Figure	
  47.	
  	
  Timing	
  of	
  the	
  first	
  Clean	
  up	
  process	
  

	
  

The	
  difference	
  in	
  timing	
  was	
  only	
  6.3	
  seconds	
  higher	
  for	
  those	
  participants	
  using	
  

setting	
  B.	
  We	
  performed	
  a	
  paired	
  t-­‐test	
  to	
  compare	
  both	
  means,	
  and	
  it	
  did	
  not	
  reveal	
  

any	
  statistical	
  significance	
  for	
  the	
  difference	
  in	
  the	
  means	
  of	
  Setting	
  A	
  (Mean=	
  96.7,	
  

SD=21.7)	
  and	
  Setting	
  B	
  (Mean=	
  103,	
  SD=25.6),	
  	
  t(11)=	
  -­‐0.7762,	
  p=0.2270	
  

We	
  also	
  analyzed	
  the	
  data	
  for	
  the	
  second	
  task	
  of	
  Clean_Up,	
  which	
  was	
  more	
  intensive	
  

in	
  terms	
  of	
  putting	
  back	
  materials	
  and	
  storing	
  the	
  prototype	
  built.	
  Figure	
  48	
  displays	
  

the	
  data.	
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Figure	
  48.	
  	
  Timing	
  of	
  second	
  Clean	
  up	
  process	
  

	
  

Participants	
  using	
  setting	
  B	
  spent	
  3.3	
  more	
  seconds	
  cleaning	
  up	
  than	
  those	
  using	
  

Setting	
  A.	
  	
  We	
  performed	
  a	
  paired	
  t-­‐test	
  to	
  compare	
  both	
  means,	
  and	
  it	
  did	
  not	
  reveal	
  

any	
  statistical	
  significance	
  for	
  the	
  difference	
  in	
  the	
  means	
  of	
  Setting	
  A	
  (Mean=	
  51,	
  

SD=18.01)	
  and	
  Setting	
  B	
  (Mean=54.25,	
  SD=22.07),	
  t	
  (11)=	
  -­‐0.8056,	
  p=	
  0.2188	
  	
  

	
  

Additionally,	
  we	
  wanted	
  to	
  study	
  the	
  results	
  of	
  a	
  subjective	
  question	
  from	
  the	
  

Questionnaire	
  with	
  respect	
  to	
  this	
  same	
  dimension.	
  Question	
  13	
  asked	
  participants	
  to	
  

state	
  how	
  much	
  they	
  agreed	
  with	
  the	
  statement:	
  “This	
  setting	
  would	
  allow	
  me	
  to	
  

quickly	
  leave	
  from	
  the	
  Makerspace”.	
  Figure	
  49	
  shows	
  the	
  general	
  results	
  for	
  both	
  

settings	
  for	
  Question	
  13.	
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Figure	
  49.	
  Fast	
  exit	
  from	
  Makerspace	
  

	
  

The	
  difference	
  in	
  rating	
  was	
  5.28	
  points	
  higher	
  for	
  those	
  participants	
  using	
  setting	
  B	
  

We	
  performed	
  a	
  paired	
  t-­‐test	
  to	
  compare	
  both	
  means	
  which	
  revealed	
  statistical	
  

significance	
  for	
  the	
  difference	
  in	
  the	
  means	
  of	
  the	
  scores	
  for	
  Setting	
  A	
  (Mean=3.68,	
  

SD=2.2)	
  and	
  Setting	
  B	
  (Mean=	
  8.95,	
  SD=1.3),	
  t(29)=	
  -­‐10.9958,	
  p<0.001	
  

	
  

Discussion:	
  	
  

The	
  Time	
  in	
  Motion	
  study	
  provided	
  a	
  sense	
  of	
  how	
  much	
  time	
  it	
  took	
  to	
  participants	
  to	
  

Clean	
  Up	
  their	
  materials	
  and	
  prototypes	
  and	
  be	
  ready	
  to	
  leave	
  the	
  space.	
  In	
  terms	
  of	
  

this	
  particular	
  experiment	
  the	
  time	
  did	
  not	
  exceed	
  2	
  minutes	
  in	
  average	
  when	
  the	
  task	
  

was	
  related	
  to	
  storage	
  of	
  both	
  technological	
  media	
  devices	
  (laptop,	
  projector)	
  and	
  

prototypes	
  and	
  materials.	
  When	
  it	
  came	
  to	
  storage	
  of	
  just	
  prototypes	
  and	
  materials	
  

the	
  average	
  time	
  did	
  not	
  exceed	
  1	
  minute	
  using	
  any	
  of	
  the	
  two	
  settings.	
  The	
  data	
  does	
  

not	
  display	
  any	
  significant	
  differences	
  in	
  the	
  time	
  this	
  task	
  took	
  using	
  either	
  setting.	
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Setting	
  B	
  	
  had	
  a	
  higher	
  time	
  for	
  cleaning	
  up,	
  which	
  may	
  be	
  related	
  to	
  any	
  of	
  these	
  

factors:	
  	
  

• The	
  movement	
  itself	
  of	
  carrying	
  the	
  tabletop	
  from	
  the	
  workstation	
  to	
  the	
  tray	
  -­‐

rack	
  meant	
  an	
  extra	
  time	
  that	
  was	
  added	
  to	
  the	
  task.	
  	
  

• Participants	
  had	
  not	
  used	
  previously	
  setting	
  B,	
  so	
  it	
  took	
  them	
  more	
  time	
  to	
  

learn	
  how	
  to	
  manage	
  the	
  projects	
  and	
  materials	
  with	
  it.	
  

	
  

A	
  second	
  type	
  of	
  subjective	
  data	
  provided	
  a	
  necessary	
  insight	
  into	
  what	
  participants	
  

perceived	
  of	
  the	
  experimental	
  design	
  versus	
  the	
  standard	
  setting.	
  In	
  this	
  dimension	
  of	
  

analysis,	
  we	
  could	
  observe	
  that	
  the	
  majority	
  of	
  the	
  users	
  agreed	
  that	
  setting	
  B	
  would	
  

be	
  more	
  effective	
  than	
  setting	
  A	
  for	
  “quickly”	
  leaving	
  the	
  space.	
  The	
  notion	
  of	
  what	
  

“quick”	
  means	
  still	
  remains	
  unknown,	
  but	
  I	
  believe	
  it’s	
  an	
  amount	
  of	
  time	
  that	
  should	
  

not	
  surpass	
  2-­‐3	
  minutes,	
  based	
  on	
  the	
  numerical	
  data	
  that	
  the	
  Time	
  in	
  Motion	
  study	
  

provided.	
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4.14	
  Coded	
  Comments:	
  Valued	
  and	
  difficult	
  issues	
  for	
  both	
  settings	
  

	
  

The	
  on-­‐line	
  questionnaire	
  provided	
  two	
  open	
  ended	
  questions	
  for	
  each	
  setting	
  which	
  

provided	
  participants	
  with	
  the	
  opportunity	
  to	
  share	
  what	
  they	
  liked	
  most	
  and	
  what	
  

they	
  felt	
  most	
  difficult	
  about	
  using	
  each	
  setting.	
  These	
  comments	
  were	
  coded	
  

according	
  to	
  social	
  content	
  analysis	
  (Miles	
  &	
  Huberman,	
  1994).	
  Figure	
  50	
  below	
  

displays	
  what	
  was	
  most	
  valued	
  when	
  using	
  setting	
  A	
  for	
  the	
  different	
  coded	
  categories.	
  

	
  

	
  

Figure	
  50.	
  Most	
  valued	
  aspects	
  of	
  setting	
  A	
  
	
  

We	
  can	
  observe	
  that	
  the	
  most	
  valued	
  aspects	
  of	
  the	
  baseline	
  condition	
  relates	
  to	
  the	
  

perception	
  of	
  spaciousness	
  that	
  the	
  standard	
  table	
  provided.	
  Even	
  though,	
  the	
  total	
  

area	
  of	
  the	
  table	
  used	
  was	
  the	
  same	
  as	
  the	
  two	
  project-­‐tray	
  in	
  the	
  workstation,	
  

participants	
  felt	
  that	
  the	
  lack	
  of	
  borders	
  and	
  limits	
  provided	
  more	
  space.	
  	
  A	
  second	
  

positive	
  aspect	
  is	
  the	
  sitting	
  posture	
  that	
  the	
  setting	
  provided,	
  which	
  might	
  relate	
  to	
  a	
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sense	
  of	
  greater	
  comfort	
  when	
  working	
  on	
  smaller	
  projects.	
  Familiarity	
  was	
  the	
  third	
  

dimension	
  positively	
  related	
  to	
  Setting	
  A,	
  which	
  confirms	
  that	
  this	
  setting	
  is	
  the	
  most	
  

widespread	
  design	
  in	
  current	
  Makerspaces,	
  and	
  therefore	
  it	
  was	
  an	
  adequate	
  baseline	
  

for	
  comparison.	
  

	
  

A	
  second	
  question	
  asked	
  participants	
  about	
  what	
  they	
  felt	
  was	
  most	
  difficult	
  about	
  

using	
  Setting	
  A.	
  Figure	
  51	
  summarizes	
  the	
  coding	
  of	
  the	
  responses.	
  

	
  

	
  

Figure	
  51.	
  Most	
  difficult	
  aspects	
  of	
  setting	
  A	
  
	
  

The	
  first	
  category	
  that	
  stands	
  out	
  is	
  the	
  fact	
  that	
  participants	
  had	
  to	
  shift	
  position	
  from	
  

sitting	
  to	
  standing	
  several	
  times	
  during	
  the	
  experiment.	
  This	
  is	
  a	
  typical	
  dynamic	
  

observed	
  in	
  Makerspaces,	
  where	
  the	
  most	
  common	
  task	
  is	
  related	
  to	
  move	
  from	
  a	
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center	
  island	
  zone	
  to	
  a	
  functional	
  perimeter	
  to	
  search	
  and	
  gather	
  materials,	
  check	
  an	
  

on-­‐going	
  prototyping	
  machine	
  or	
  for	
  using	
  a	
  certain	
  hand	
  tool,	
  among	
  others.	
  A	
  

second	
  issue	
  was	
  the	
  fact	
  that	
  participants	
  were	
  asked	
  to	
  store	
  their	
  on-­‐going	
  projects	
  

in	
  the	
  backpack	
  provided	
  when	
  each	
  of	
  the	
  two	
  sessions	
  using	
  setting	
  A	
  concluded.	
  A	
  

Makerspace	
  without	
  any	
  storage	
  capacity	
  will	
  generate	
  frustration	
  in	
  the	
  users	
  

anytime	
  they	
  are	
  faced	
  with	
  the	
  situation	
  that	
  they	
  can´t	
  leave	
  an	
  on-­‐going	
  prototype	
  

in	
  secure	
  spot.	
  	
  The	
  use	
  of	
  a	
  standard	
  size	
  projector	
  was	
  also	
  a	
  dimension	
  that	
  brought	
  

discomfort	
  to	
  the	
  users,	
  this	
  relates	
  to	
  the	
  relative	
  size	
  of	
  the	
  work	
  surface	
  with	
  this	
  

artifact,	
  which	
  ended	
  subtracting	
  functional	
  space	
  for	
  prototyping.	
  

	
  

Same	
  questions	
  were	
  phrased	
  for	
  Setting	
  B,	
  revealing	
  some	
  of	
  the	
  categories	
  of	
  Setting	
  

A	
  and	
  adding	
  a	
  set	
  of	
  new	
  ones.	
  	
  Figure	
  52	
  Summarizes	
  the	
  most	
  valued	
  aspects	
  for	
  the	
  

new	
  workstation.	
  

	
  

Figure	
  52.	
  Most	
  valued	
  aspects	
  of	
  Setting	
  B
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The	
  storage	
  aspect	
  is	
  definitely	
  the	
  strongest	
  element	
  perceived	
  as	
  a	
  positive	
  value	
  of	
  

the	
  new	
  workstation-­‐system.	
  This	
  confirms	
  that	
  the	
  project-­‐tray	
  provides	
  a	
  valued	
  

direction	
  to	
  this	
  important	
  issue	
  that	
  Educational	
  Makerspaces	
  experience	
  when	
  they	
  

run	
  into	
  higher	
  user	
  demand.	
  A	
  second	
  valued	
  aspect	
  was	
  the	
  projector	
  size	
  and	
  

location	
  in	
  a	
  dock	
  situated	
  in	
  the	
  middle	
  of	
  the	
  workstation.	
  Participants	
  perceived	
  

positively	
  the	
  fact	
  that	
  they	
  could	
  use	
  the	
  projector	
  to	
  check	
  design	
  instructions	
  and	
  

search	
  images	
  of	
  solutions	
  without	
  using	
  any	
  extra	
  space	
  of	
  the	
  work	
  surface	
  provided	
  

by	
  the	
  trays.	
  This	
  contrasts	
  with	
  the	
  situation	
  experienced	
  with	
  Setting	
  A,	
  in	
  which	
  a	
  

standard	
  size	
  projector	
  was	
  placed	
  in	
  the	
  middle	
  of	
  the	
  table,	
  which	
  was	
  perceived	
  as	
  

a	
  problem.	
  	
  Participants	
  also	
  accounted	
  for	
  the	
  mobility	
  that	
  the	
  workstation	
  provided,	
  

either	
  for	
  gathering	
  materials	
  or	
  for	
  supervising	
  the	
  simulated	
  3D	
  printing	
  process.	
  

This	
  confirms	
  that	
  a	
  standing	
  position	
  is	
  advantageous	
  in	
  the	
  context	
  of	
  monitoring	
  a	
  

perimeter	
  around	
  the	
  workstation.	
  

	
  

The	
  feature	
  of	
  providing	
  a	
  power	
  outlet	
  next	
  to	
  the	
  tray	
  surface	
  was	
  also	
  a	
  positively	
  

evaluated,	
  which	
  confirms	
  that	
  in	
  gadget	
  centric	
  context	
  a	
  fast	
  and	
  easy	
  access	
  to	
  

power	
  is	
  greatly	
  estimated	
  by	
  users.	
  	
  Lastly,	
  results	
  also	
  display	
  a	
  positive	
  impact	
  of	
  

the	
  new	
  design	
  over	
  the	
  task	
  of	
  cleaning	
  up	
  materials,	
  which	
  matches	
  the	
  idea	
  that	
  a	
  

movable	
  and	
  personal	
  project-­‐tray	
  is	
  more	
  likely	
  to	
  improve	
  the	
  time	
  efficiency	
  of	
  this	
  

process.	
  

	
  

Finally,	
  users	
  were	
  asked	
  about	
  the	
  most	
  difficult	
  aspects	
  of	
  their	
  experience	
  with	
  the	
  

new	
  workstation.	
  Figure	
  53	
  summarizes	
  the	
  results.	
  	
  



120	
  

	
  

	
  

	
  

Figure	
  53.	
  Most	
  difficult	
  aspects	
  of	
  setting	
  B	
  
	
  

The	
  amount	
  of	
  workspace	
  provided	
  by	
  the	
  project-­‐tray	
  was	
  perceived	
  as	
  an	
  issue	
  

related	
  to	
  “spaciousness”	
  for	
  prototyping.	
  The	
  fact	
  that	
  participants	
  were	
  asked	
  to	
  use	
  

a	
  laptop	
  during	
  the	
  first	
  part	
  of	
  the	
  usage	
  of	
  the	
  workstation,	
  provided	
  the	
  sense	
  that	
  

the	
  surface	
  is	
  probably	
  “not	
  enough”	
  if	
  the	
  task	
  requires	
  both	
  computing	
  and	
  building	
  

a	
  medium	
  size	
  prototype.	
  	
  	
  Even	
  though	
  the	
  amount	
  of	
  working	
  surface	
  was	
  matched	
  

between	
  the	
  two	
  settings,	
  the	
  existence	
  of	
  an	
  edge	
  over	
  the	
  bottom	
  surface	
  level	
  of	
  the	
  

trays	
  and	
  a	
  middle	
  separation	
  in	
  the	
  workstation	
  provided	
  the	
  sense	
  of	
  a	
  limited	
  

spaciousness	
  for	
  the	
  design	
  task.	
  Particularly	
  for	
  the	
  female	
  participants,	
  the	
  middle	
  

rod	
  signified	
  a	
  difficult	
  aspect	
  of	
  the	
  new	
  design,	
  which	
  implies	
  that	
  the	
  functionality	
  

of	
  holding	
  the	
  dock	
  for	
  the	
  projector	
  was	
  not	
  positively	
  evaluated.	
  Other	
  elements	
  that	
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were	
  noticed	
  relate	
  to	
  understanding	
  how	
  the	
  locking	
  mechanism	
  of	
  the	
  tray	
  worked	
  

and	
  accessing	
  the	
  trays	
  in	
  the	
  storage-­‐rack.	
  	
  

Finally,	
  a	
  small	
  portion	
  of	
  the	
  participants	
  perceived	
  that	
  the	
  standing	
  position	
  was	
  

uncomfortable	
  or	
  did	
  not	
  help	
  with	
  the	
  task	
  achievement,	
  relating	
  this	
  to	
  the	
  need	
  of	
  a	
  

seat	
  to	
  provide	
  the	
  workstation	
  with	
  the	
  capacity	
  to	
  shift	
  positions.	
  

	
  

4.15	
  Selected	
  quotes	
  displaying	
  valued	
  and	
  difficult	
  aspects	
  of	
  the	
  new	
  
workstation	
  

	
  

Valued	
  aspects:	
  	
  Storage/Mobility/Standing/Projector	
  size	
  and	
  location	
  

	
  

	
  “I	
  really	
  liked	
  the	
  storage	
  idea.	
  For	
  many	
  Makerspaces,	
  students	
  come	
  and	
  go	
  as	
  they	
  

need	
  to,	
  the	
  hours	
  are	
  less	
  regular.	
  It's	
  so	
  crucial	
  to	
  have	
  a	
  place	
  that	
  is	
  all	
  my	
  own	
  that	
  I	
  

can	
  access	
  very	
  quickly	
  and	
  easily.	
  Having	
  the	
  shelves	
  turn	
  into	
  work	
  stations	
  is	
  a	
  great	
  

solution	
  to	
  that.	
  	
  /	
  	
  /	
  Also,	
  in	
  this	
  environment,	
  when	
  a	
  maker	
  is	
  moving	
  from	
  machine	
  to	
  

machine	
  or	
  back	
  to	
  their	
  computer	
  for	
  adjustments	
  or	
  checking	
  the	
  various	
  projects	
  

going	
  on,	
  they	
  are	
  very	
  active.	
  It	
  is	
  much	
  more	
  practical	
  to	
  be	
  standing	
  up	
  at	
  the	
  

standing	
  up	
  at	
  the	
  workstation	
  so	
  moving	
  around	
  and	
  switching	
  tasks	
  is	
  easier”	
  

	
  

Valued	
  aspects:	
  	
  Standing	
  position/Mobility	
  

	
  

“I	
  liked	
  the	
  standing	
  position	
  for	
  more	
  fluid	
  work.	
  It	
  was	
  easier	
  to	
  transition	
  between	
  

going	
  to	
  the	
  materials	
  bin,	
  back	
  to	
  the	
  workstation	
  then	
  to	
  other	
  parts	
  of	
  the	
  room	
  to	
  

test	
  out	
  the	
  designs.”	
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Valued	
  aspects:	
  	
  Standing	
  position/Mobility	
  

	
  

“It	
  was	
  MY	
  space,	
  I	
  could	
  leave	
  things	
  there	
  and	
  I	
  like	
  standing	
  up	
  when	
  I	
  work	
  and	
  being	
  

able	
  to	
  leave	
  my	
  workspace	
  quickly	
  and	
  easily.”	
  

	
  

Valued	
  aspects:	
  	
  Easy	
  storage/Mobility	
  

	
  

“The	
  ability	
  to	
  quickly	
  store	
  ongoing	
  work	
  and	
  the	
  small	
  projector	
  was	
  fantastic.	
  The	
  

station	
  felt	
  more	
  active	
  and	
  mobile	
  since	
  we	
  were	
  on	
  our	
  feet	
  the	
  whole	
  time.	
  “	
  

	
  

Valued	
  aspects:	
  	
  Projector/Storage/Mobility	
  

	
  

“Loved	
  the	
  projector	
  quick	
  connection	
  and	
  out	
  of	
  the	
  way	
  of	
  the	
  table!	
  	
  /	
  I	
  love	
  the	
  work	
  

trays	
  and	
  easy	
  take	
  down	
  /	
  storage.	
  	
  /	
  I	
  love	
  the	
  way	
  you	
  can	
  put	
  materials	
  on	
  the	
  tray	
  

and	
  move	
  about	
  the	
  room”	
  

	
  

Difficult	
  aspects:	
  	
  Standing/	
  Spaciousness	
  

	
  

“Standing	
  -­‐	
  standing	
  desks	
  are	
  something	
  that	
  require	
  training	
  and	
  are	
  only	
  supposed	
  to	
  

be	
  used	
  in	
  short	
  intervals	
  of	
  time	
  -­‐	
  filling	
  this	
  survey	
  out	
  ,	
  for	
  example,	
  I	
  can	
  feel	
  myself	
  

shifting	
  weight	
  because	
  it's	
  the	
  end	
  of	
  the	
  day	
  and	
  I	
  am	
  tired.”	
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Difficult	
  aspects:	
  Spaciousness/Middle	
  separation	
  

	
  

	
  “There	
  wasn't	
  quiet	
  enough	
  table	
  space,	
  especially	
  with	
  the	
  laptop	
  (it	
  took	
  up	
  almost	
  an	
  

entire	
  tray).	
  It	
  was	
  difficult	
  to	
  collaborate	
  on	
  building”	
  	
  

	
  

Difficult	
  aspects:	
  Spaciousness/Middle	
  separation	
  

	
  

“There	
  was	
  not	
  a	
  lot	
  of	
  space	
  for	
  the	
  laptop,	
  but	
  I	
  could	
  see	
  that	
  being	
  a	
  problem	
  in	
  some,	
  

not	
  all	
  situations.	
  The	
  space	
  was	
  a	
  little	
  bit	
  limited,	
  but	
  not	
  to	
  any	
  degree	
  that	
  was	
  overly	
  

challenging	
  or	
  at	
  all	
  hindering.	
  It	
  is	
  a	
  bit	
  harder	
  to	
  reach	
  over	
  into	
  your	
  partners	
  

workspace,	
  and	
  it	
  is	
  a	
  little	
  difficult	
  having	
  the	
  legos	
  on	
  the	
  floor	
  next	
  to	
  the	
  standing	
  

station.”	
  

	
  

Difficult	
  aspects:	
  Spaciousness/access	
  to	
  storage	
  rack	
  

	
  

“I	
  wish	
  the	
  workspace	
  and	
  storage	
  space	
  were	
  closer,	
  it	
  was	
  a	
  bit	
  awkward	
  to	
  move	
  from	
  

one	
  to	
  another	
  carrying	
  a	
  large	
  tray.”	
  

	
  
	
  
4.16	
  EXPERIMENTAL	
  STUDY	
  CONCLUSIONS	
  	
  

	
  

The	
  experimental	
  design	
  was	
  able	
  to	
  capture	
  real	
  elements	
  of	
  a	
  Makerspace	
  workflow,	
  

therefore	
  participants	
  were	
  able	
  to	
  experience	
  recursive	
  tasks	
  of	
  set-­‐up,	
  clean	
  up	
  and	
  

storage	
  of	
  projects.	
  	
  This	
  led	
  them	
  to	
  understand	
  how	
  each	
  setting	
  worked	
  in	
  the	
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context	
  of	
  problems	
  related	
  to	
  mobility,	
  organization,	
  gathering	
  materials	
  and	
  

supervising	
  equipment.	
  	
  

	
  

In	
  general	
  the	
  workstation-­‐system	
  proved	
  to	
  be	
  easy	
  to	
  learn	
  to	
  use	
  and	
  assisted	
  the	
  

making	
  activities	
  with	
  same	
  or	
  increased	
  level	
  of	
  effectiveness,	
  compared	
  to	
  a	
  

standard	
  table.	
  

	
  

The	
  project-­‐tray	
  performed	
  as	
  a	
  pre-­‐determined	
  and	
  mobile	
  workspace	
  with	
  two	
  

major	
  feedbacks	
  from	
  participants:	
  the	
  perception	
  of	
  a	
  constrained	
  spaciousness,	
  that	
  

could	
  be	
  expanded	
  and	
  the	
  perception	
  of	
  increased	
  effectiveness	
  for	
  an	
  easy	
  storage	
  

and	
  organization	
  of	
  ongoing	
  projects.	
  	
  

	
  

Standing	
  position	
  was	
  perceived	
  as	
  positive	
  for	
  an	
  effective	
  mobility	
  around	
  the	
  space	
  

and	
  for	
  a	
  greater	
  performance	
  in	
  terms	
  of	
  moving	
  from	
  the	
  workstation	
  to	
  a	
  functional	
  

perimeter;	
  however	
  participants	
  also	
  suggested	
  that	
  levels	
  of	
  comfort	
  would	
  be	
  

increased	
  if	
  a	
  seating	
  option	
  was	
  to	
  be	
  provided.	
  	
  Furthermore	
  evaluation	
  of	
  different	
  

seating	
  configurations	
  should	
  be	
  part	
  of	
  future	
  work.	
  	
  

	
  

An	
  easy	
  access	
  to	
  power	
  proved	
  to	
  be	
  greatly	
  appreciated	
  in	
  terms	
  of	
  user	
  experience,	
  

but	
  the	
  amount	
  of	
  devices	
  also	
  brings	
  up	
  issues	
  with	
  tangled	
  cables;	
  therefore	
  the	
  

provision	
  of	
  guides	
  or	
  plastic	
  holders	
  for	
  cables	
  could	
  increase	
  the	
  level	
  of	
  acceptance	
  

of	
  this	
  feature.	
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The	
  aluminum	
  and	
  wood	
  architecture	
  of	
  the	
  workstation	
  proved	
  to	
  be	
  effective	
  in	
  

terms	
  of	
  manipulation	
  and	
  prototype	
  building	
  weight	
  requirements;	
  however	
  a	
  small	
  

portion	
  of	
  participants	
  were	
  concerned	
  about	
  total	
  weight	
  resistance.	
  	
  

	
  

The	
  middle	
  separation	
  needs	
  to	
  be	
  increased	
  in	
  its	
  level	
  of	
  functionality	
  in	
  order	
  to	
  

give	
  it	
  more	
  sense	
  of	
  integration	
  into	
  collaborative	
  tasks.	
  Furthermore	
  development	
  

can	
  be	
  done	
  in	
  order	
  to	
  provide	
  the	
  workstation	
  with	
  a	
  “media	
  rack,”	
  providing	
  

attachable	
  cameras,	
  tablets,	
  small	
  projectors	
  and	
  screen,	
  in	
  order	
  to	
  generate	
  a	
  

middle-­‐media	
  space.	
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Chapter	
  5:	
  CONCLUSION	
  AND	
  FUTURE	
  WORK	
  

	
  

Methodology	
  

The	
  study	
  was	
  able	
  to	
  model	
  a	
  general	
  usage	
  workflow	
  related	
  to	
  the	
  observation	
  and	
  

analysis	
  of	
  a	
  set	
  of	
  different	
  Educational	
  Makerspaces.	
  This	
  model	
  provided	
  the	
  base	
  

for	
  understanding	
  a	
  great	
  number	
  of	
  the	
  most	
  predominant	
  challenges	
  and	
  problems	
  

inherent	
  to	
  the	
  physical	
  environment.	
  This	
  knowledge	
  base	
  was	
  expanded	
  with	
  the	
  

analysis	
  of	
  equipment	
  and	
  workstation	
  solutions	
  in	
  the	
  market.	
  

	
  	
  

This	
  initial	
  understanding	
  of	
  the	
  physical	
  environment	
  provided	
  a	
  base	
  for	
  defining	
  a	
  

new	
  functionality	
  for	
  a	
  workstation	
  design,	
  in	
  which	
  the	
  main	
  change	
  was	
  to	
  establish	
  

a	
  project-­‐tray,	
  which	
  becomes	
  a	
  personal	
  working	
  surface	
  and	
  storage	
  space,	
  allowing	
  

users	
  to	
  move	
  around	
  the	
  space,	
  situating	
  this	
  surface	
  in	
  different	
  functional	
  units	
  

(soldering	
  station,	
  laser-­‐cutting	
  station,	
  design	
  station,	
  among	
  others).	
  	
  	
  

	
  

The	
  impact	
  of	
  observing	
  the	
  actual	
  context	
  of	
  Makerspaces	
  was	
  crucial	
  in	
  order	
  to	
  

understand	
  the	
  relationship	
  between	
  the	
  different	
  elements	
  of	
  the	
  physical	
  

environment	
  and	
  have	
  a	
  deeper	
  perception	
  of	
  the	
  trade-­‐off	
  relationships	
  (e.g.	
  larger	
  

storage	
  space	
  versus	
  smaller	
  tables).	
  It	
  also	
  provided	
  the	
  knowledge	
  to	
  define	
  a	
  

baseline	
  condition	
  to	
  compare	
  the	
  new	
  workstation	
  in	
  terms	
  of	
  user	
  experience.	
  

	
  

The	
  use	
  of	
  the	
  System	
  Usability	
  Scale	
  questionnaire	
  at	
  the	
  end	
  of	
  the	
  experimental	
  

study	
  also	
  provided	
  an	
  adequate	
  tool	
  to	
  compare	
  both	
  systems	
  in	
  terms	
  of	
  their	
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functional	
  complexity,	
  learnability	
  and	
  easiness	
  of	
  use.	
  	
  Valuable	
  data	
  was	
  also	
  

gathered	
  from	
  the	
  comparison	
  of	
  both	
  systems	
  with	
  regards	
  to	
  specific	
  statements.	
  	
  

	
  

Positive	
  dimensions	
  of	
  the	
  new	
  design	
  

The	
  key	
  elements	
  affected	
  positively	
  by	
  the	
  new	
  design	
  are:	
  	
  

	
  

• Set	
  up	
  and	
  clean	
  up	
  times	
  did	
  not	
  display	
  significant	
  differences,	
  although	
  

subjective	
  perception	
  supports	
  the	
  idea	
  that	
  exit	
  can	
  be	
  faster,	
  storage	
  and	
  

organization	
  easier.	
  

	
  

• Improved	
  storage	
  and	
  display	
  of	
  on-­‐going	
  projects:	
  The	
  on-­‐going	
  projects	
  stays	
  

in	
  the	
  tray	
  in	
  the	
  Makerspace	
  and	
  serves	
  to	
  display	
  what	
  type	
  of	
  things	
  are	
  

being	
  created,	
  potentially	
  motivating	
  other	
  users.	
  

	
  

• Increased	
  organization	
  of	
  materials	
  and	
  projects:	
  During	
  the	
  design	
  and	
  

prototyping	
  process,	
  materials	
  and/or	
  projects	
  won´t	
  get	
  mixed	
  up,	
  because	
  

the	
  project-­‐tray	
  allows	
  each	
  user	
  to	
  manage	
  his/her	
  own	
  working	
  surface.	
  

	
  

• Enhanced	
  mobility	
  in	
  the	
  Makerspace:	
  The	
  project-­‐tray	
  decompresses	
  the	
  

central	
  zones	
  of	
  the	
  Makerspaces,	
  allowing	
  users	
  to	
  move	
  around	
  using	
  a	
  

functional	
  perimeter.	
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• Modularity:	
  The	
  workstation	
  can	
  be	
  arranged	
  in	
  different	
  configurations,	
  

altering	
  easily	
  the	
  layout	
  of	
  a	
  Makerspace,	
  favoring	
  individual	
  or	
  group	
  work	
  

modalities.	
  

	
  

Design	
  iteration	
  

As	
  any	
  new	
  design,	
  the	
  workstation	
  can	
  be	
  iterated	
  several	
  times,	
  and	
  the	
  

experimental	
  study	
  provided	
  data	
  to	
  support	
  this	
  process.	
  This	
  process	
  should	
  start	
  

with	
  small	
  additions	
  (seating	
  option,	
  media	
  accessories,	
  desktop	
  cable	
  management)	
  

and	
  then	
  move	
  into	
  larger	
  modifications	
  (adjustability,	
  surface	
  size,	
  adjustable	
  storage	
  

height).	
  Any	
  addition	
  should	
  be	
  research-­‐informed	
  in	
  order	
  to	
  detect	
  gaps	
  between	
  

the	
  design	
  goals	
  and	
  the	
  user	
  experience.	
  Also	
  the	
  insight	
  from	
  users	
  can	
  lead	
  to	
  a	
  co-­‐

design	
  process,	
  which	
  would	
  allow	
  the	
  development	
  of	
  a	
  model	
  in	
  which	
  the	
  solutions	
  

are	
  fully	
  developed	
  based	
  on	
  the	
  experience	
  of	
  those	
  who	
  use	
  the	
  Makerspaces.	
  

	
  

In	
  terms	
  of	
  cost,	
  the	
  workstation	
  could	
  be	
  more	
  effective	
  if	
  the	
  aluminum	
  frame	
  was	
  to	
  

be	
  switched	
  to	
  a	
  material	
  such	
  as	
  wood.	
  However	
  this	
  could	
  also	
  lead	
  to	
  the	
  

experience	
  of	
  more	
  difficulties	
  in	
  the	
  assembly	
  process	
  and	
  stability	
  of	
  the	
  product.	
  	
  

Exploring	
  how	
  the	
  product	
  can	
  be	
  100%	
  percent	
  made	
  only	
  with	
  Makerspace	
  

processes	
  should	
  also	
  be	
  part	
  of	
  further	
  project	
  work.	
  There	
  is	
  still	
  a	
  need	
  to	
  address	
  

the	
  design	
  of	
  a	
  workstation	
  capable	
  of	
  supporting	
  the	
  construction	
  of	
  larger	
  scale	
  

prototypes	
  and	
  being	
  able	
  to	
  support	
  heavier	
  processes	
  such	
  as	
  woodworking	
  and	
  

metalworking.	
  This	
  could	
  lead	
  to	
  a	
  set	
  of	
  different	
  typologies	
  of	
  workstations	
  able	
  to	
  

support	
  a	
  wider	
  range	
  of	
  design	
  and	
  prototyping	
  tasks.	
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The	
  storage	
  dimension	
  can	
  also	
  be	
  improved	
  by	
  providing	
  each	
  project-­‐tray	
  with	
  an	
  

adjustable	
  slot	
  in	
  the	
  tray	
  rack,	
  which	
  would	
  allow	
  users	
  to	
  change	
  the	
  height	
  for	
  

different	
  types	
  of	
  projects.	
  	
  

The	
  workstation-­‐system	
  should	
  also	
  address	
  the	
  temporary	
  storage	
  or	
  placement	
  of	
  

users’	
  personal	
  belongings	
  while	
  they	
  are	
  working	
  in	
  the	
  Makerspace.	
  Many	
  

observations	
  registered	
  the	
  fact	
  that	
  backpacks	
  and	
  jackets	
  tend	
  to	
  overload	
  the	
  space,	
  

especially	
  circulation	
  areas.	
  

	
  

Future	
  work	
  

A	
  learning	
  experience	
  around	
  the	
  project-­‐tray	
  

Many	
  Educational	
  Makerspaces	
  face	
  the	
  challenge	
  of	
  engaging	
  first	
  time	
  users.	
  I	
  

believe	
  the	
  project-­‐tray	
  could	
  serve	
  as	
  an	
  introductory	
  activity	
  into	
  learning	
  some	
  of	
  

the	
  key	
  skills	
  related	
  to	
  3D	
  printing,	
  laser	
  cutting,	
  assembly.	
  Each	
  user	
  could	
  download	
  

the	
  files	
  for	
  the	
  handles,	
  base	
  support,	
  frame	
  caps	
  and	
  edit	
  them	
  before	
  laser	
  cutting,	
  

engraving	
  and	
  3D	
  printing,	
  respectively.	
  	
  They	
  could	
  also	
  be	
  provided	
  with	
  the	
  

aluminum	
  profiles	
  cut	
  to	
  size,	
  the	
  assembly	
  brackets	
  and	
  a	
  set	
  of	
  nuts	
  and	
  bolts.	
  

Building	
  the	
  tray	
  is	
  and	
  approachable	
  activity	
  at	
  any	
  level	
  of	
  previous	
  experience	
  and	
  

could	
  symbolize	
  a	
  way	
  to	
  engage	
  first	
  time	
  users.	
  Furthermore,	
  research	
  work	
  should	
  

be	
  conducted	
  in	
  order	
  to	
  structure	
  this	
  learning	
  activity	
  and	
  define	
  a	
  way	
  to	
  measure	
  

users’	
  experience	
  around	
  it.	
  

	
  

Open	
  source	
  design	
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The	
  solution	
  proposed	
  is	
  based	
  in	
  a	
  “Do-­‐It-­‐Yourself”	
  culture;	
  this	
  means	
  that	
  all	
  the	
  

processes	
  and	
  materials	
  are	
  available	
  for	
  non-­‐industrial	
  users.	
  In	
  order	
  to	
  expand	
  the	
  

support	
  of	
  quality	
  Makerspaces	
  around	
  the	
  world,	
  especially	
  in	
  developing	
  countries,	
  

this	
  design	
  could	
  be	
  open	
  source	
  and	
  shared	
  on-­‐line.	
  Materials	
  list,	
  assembly	
  

instructions	
  and	
  digital	
  files	
  for	
  laser	
  cutting	
  and	
  3D	
  printing	
  parts	
  should	
  be	
  provided.	
  

The	
  design	
  could	
  also	
  be	
  defined	
  by	
  in	
  general	
  terms,	
  allowing	
  people	
  to	
  adapt	
  it	
  to	
  

local	
  supplies	
  of	
  materials.	
  

	
  

	
  Further	
  educational	
  testing	
  

Currently	
  this	
  design	
  has	
  been	
  tested	
  with	
  adult	
  population	
  in	
  a	
  college	
  setting.	
  Most	
  

of	
  the	
  participants	
  had	
  a	
  previous	
  experience	
  with	
  Makerspaces	
  and/or	
  making	
  

activities.	
  In	
  order	
  to	
  expand	
  the	
  understanding	
  of	
  its	
  effectiveness	
  to	
  improve	
  the	
  

physical	
  environment,	
  testing	
  should	
  be	
  conducted	
  in	
  other	
  educational	
  settings	
  such	
  

as	
  schools,	
  with	
  users	
  that	
  don´t	
  have	
  any	
  previous	
  experience.	
  It	
  would	
  be	
  necessary	
  

to	
  re-­‐define	
  the	
  dimensions	
  of	
  the	
  workstation	
  in	
  order	
  to	
  meet	
  the	
  anthropometry	
  of	
  

the	
  user	
  population	
  and	
  the	
  physical	
  location	
  of	
  usage	
  should	
  be	
  previously	
  studied	
  to	
  

set	
  up	
  a	
  controlled	
  environment	
  of	
  testing.	
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Appendix	
  A:	
  Time	
  in	
  Motion	
  data	
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Appendix	
  B:	
  Coding	
  definitions	
  

CODING:	
  Most	
  valuable	
  elements	
  Setting	
  A	
  

	
  

• Sitting:	
  Demonstrates	
  a	
  preference	
  or	
  positive	
  evaluation	
  of	
  sitting	
  position	
  
• Spaciousness:	
  Indicates	
  that	
  the	
  surface	
  space	
  of	
  the	
  setting	
  was	
  comfortable	
  

or	
  allowed	
  a	
  better	
  performance	
  
• Familiarity:	
  Indicates	
  that	
  was	
  used	
  to	
  the	
  setting,	
  knew	
  how	
  it	
  worked	
  and	
  

didn´t	
  have	
  to	
  learn	
  anything	
  new	
  
• Backpack	
  access:	
  Felt	
  that	
  the	
  access	
  to	
  personal	
  belongings	
  was	
  easier	
  
• Stability:	
  Indicates	
  that	
  the	
  setting	
  felt	
  sturdy,	
  stable	
  and	
  /or	
  allowed	
  for	
  an	
  

adequate	
  weight	
  resistance	
  
• Partner	
  position:	
  Indicates	
  that	
  the	
  setting	
  allowed	
  partner	
  to	
  be	
  in	
  a	
  position	
  

that	
  improved	
  performance	
  and/or	
  collaboration	
  
• Comfortable	
  height:	
  Indicates	
  that	
  the	
  height	
  of	
  the	
  table	
  felt	
  comfortable	
  or	
  

adequate	
  for	
  working	
  

	
  

CODING:	
  Difficulty	
  Setting	
  A	
  

	
  

• Limited	
  space:	
  Indicates	
  that	
  the	
  surface	
  for	
  working	
  is	
  limited	
  for	
  a	
  correct	
  
performance	
  

• Backpack	
  storage:	
  Indicates	
  that	
  this	
  modality	
  of	
  storage	
  is	
  uncomfortable	
  
and/or	
  ineffective	
  

• Materials	
  rolling	
  off:	
  Indicates	
  that	
  materials	
  can	
  easily	
  drop	
  from	
  working	
  
surface	
  
Shift	
  position:	
  Indicates	
  that	
  shifting	
  position	
  frequently	
  was	
  uncomfortable	
  or	
  
affected	
  negatively	
  the	
  task	
  

• Clean	
  up:	
  This	
  process	
  was	
  difficult	
  or	
  tedious	
  
• Access	
  to	
  power:	
  Had	
  trouble	
  reaching	
  the	
  power	
  outlets	
  
• Difficult	
  collaboration	
  space:	
  Indicates	
  that	
  the	
  setting	
  did	
  not	
  provide	
  am	
  

adequate	
  setting	
  for	
  collaboration	
  
• Sitting:	
  Indicates	
  that	
  this	
  position	
  was	
  uncomfortable	
  or	
  affected	
  the	
  task	
  
• Projector	
  connection:	
  Indicates	
  that	
  connecting	
  the	
  projector	
  was	
  inefficient	
  

and/or	
  ineffective	
  
• Projector	
  size:	
  Indicates	
  that	
  the	
  overall	
  dimensions	
  of	
  the	
  projector	
  affected	
  

work	
  performance	
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CODING:	
  Most	
  valuable	
  elements	
  Setting	
  B	
  

• Projector:	
  The	
  small	
  size,	
  dock	
  or	
  location	
  was	
  rated	
  as	
  something	
  innovative	
  
or	
  space	
  saving	
  with	
  respect	
  to	
  the	
  workstation	
  

• Storage:	
  The	
  ability	
  to	
  store	
  the	
  project	
  easily	
  	
  
• Mobility:	
  The	
  workstation	
  made	
  it	
  easier	
  to	
  move	
  around	
  the	
  space	
  
• Power	
  access:	
  The	
  easy	
  access	
  to	
  power	
  outlets	
  was	
  something	
  favorable	
  
• Personal	
  Space:	
  The	
  workstations-­‐system	
  allowed	
  a	
  sense	
  of	
  privacy	
  
• Clean-­‐up:	
  	
  This	
  process	
  was	
  more	
  effective	
  with	
  the	
  new	
  design	
  
• Standing	
  The	
  process	
  of	
  standing	
  was	
  favorable	
  for	
  the	
  performance	
  of	
  certain	
  

tasks	
  
• Set-­‐up:	
  This	
  process	
  was	
  more	
  effective	
  with	
  the	
  new	
  design	
  

	
  

CODING:	
  Difficulty	
  Setting	
  B	
  

• Tray	
  Access:	
  Accessibility	
  to	
  the	
  tray	
  rack	
  was	
  difficult	
  or	
  the	
  distance	
  between	
  
Workstation	
  and	
  Tray	
  rack	
  was	
  inadequate	
  

• Middle	
  Separation:	
  The	
  upper	
  rod	
  of	
  the	
  Workstation	
  provided	
  a	
  separation	
  
between	
  participants	
  or	
  made	
  it	
  difficult	
  to	
  perform	
  certain	
  tasks	
  

• tasks	
  	
  
• Spaciousness:	
  The	
  amount	
  of	
  surface	
  space	
  over	
  the	
  table	
  was	
  inadequate	
  for	
  

performing	
  certain	
  tasks	
  
• Tangled	
  cords:	
  Cords	
  of	
  the	
  electrical	
  devices	
  got	
  tangled	
  easily	
  
• Standing:	
  Standing	
  position	
  affected	
  negatively	
  certain	
  tasks	
  
• Backpack	
  support:	
  Needed	
  a	
  support	
  for	
  the	
  backpack	
  and/or	
  had	
  difficulty	
  

reaching	
  it	
  
• Needs	
  chair:	
  The	
  lack	
  of	
  chair	
  to	
  assume	
  a	
  sitting	
  position	
  affected	
  negatively	
  

certain	
  tasks	
  
• Set-­‐up:	
  The	
  process	
  of	
  idle	
  Separation:	
  The	
  upper	
  rod	
  of	
  the	
  Workstation	
  made	
  

it	
  difficult	
  to	
  perform	
  certain	
  tasks	
  	
  
• Spaciousness:	
  The	
  amount	
  of	
  surface	
  space	
  over	
  the	
  table	
  was	
  inadequate	
  for	
  

performing	
  certain	
  tasks	
  
• Tangled	
  cords:	
  Cords	
  of	
  the	
  electrical	
  devices	
  got	
  tangled	
  easily	
  
• Standing:	
  Standing	
  position	
  affected	
  negatively	
  certain	
  tasks	
  
• Backpack	
  support:	
  Needed	
  a	
  support	
  for	
  the	
  backpack	
  and/or	
  had	
  difficulty	
  

reaching	
  it	
  
• Needs	
  chair:	
  The	
  lack	
  of	
  chair	
  to	
  assume	
  a	
  sitting	
  position	
  affected	
  negatively	
  

certain	
  tasks	
  
• Set-­‐up:	
  The	
  process	
  of	
  set-­‐up	
  was	
  difficult	
  
• Weight	
  resistance:	
  Had	
  the	
  perception	
  that	
  the	
  workstation	
  had	
  not	
  enoght	
  

weight	
  resistance	
  
• Locking	
  mechanism:	
  Had	
  trouble	
  figuring	
  out	
  how	
  to	
  put	
  the	
  locking	
  device,	
  or	
  

taking	
  it	
  off.	
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