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Abstract

Designing new products afartherdevelopng existing produ&has becomacreasingly
i mportant f or Therefdre, yeldgmeeringh ebucatithas ychanged froi
theoreticakcience educatiotowards practical and challenging projeetsed educaticio
teach students reéife problemsolving skills along withcommunication andeamwork
skills needed in the present working environment of an engineering gradeatase
product eévelopment and R&D are expensive, risky, #éinte-consuming industry anc
education around the world are interested in measuring the effectiveness of the
process and the design teairhis study focuses otriangulation of three differer
measuring rathodsto understand the amount of suppartdesign team needs frc
professionalén order tolearn new skills fotheproduct design procesbhe goal ofusing
triangulationis to articulate the strengths and weaknesses of the three meth
comparing he collected dataMeasured data is the time coaches spent with the d
team during a prototyping challengdich lasted for four days and four hours and
organized at IdeaSquare in CERNJanuary 2016Methods used for the data collect
are timelapse images, timgackingsoftware andwritten coach notesThe outcome o
the study is that none of the threethwelsproved to be superipbut each one of the
bringsup usefuldata for future studies whe&ombined.

Keywords design thinking, measuring, product development, product design,
engineering education, triangulation, ME310, paperbot, computer vision
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Tiivistelméa

Uusien tuotteiden luominen ja olemassa olevien jatkokehittd minen ovat nykypaivan
teollisuudelle yksi tarkeimmistd toiminnoista. Tastd syystad insinddrikoulutus on
muuttumassa teoreettisen tieteen opetuksesta kohti kaytdnnonlaheistd ja haastavampaa
projekti pohjaista koulutusta. NA&in pyritdan kehittdmaan opiskelijoiden kaytadnnon

ongelmaratkaisukykyja yhdessa kommunikoin nin ja ryhmaétyo taitojen kanssa. Naméa ovat
oleellisia taitoja, joita tarvitaan nykypdaivan tyd elamassamenestymiseen. Tuotekehitys on
kallista, aikaa kuluttavaa ja riskialtista , joten teollisuudessa ja koulutuksessa yhdistyy
vahva tahto tuotekehityksen ja tuotekehitystiimien tehokkuuden mittaamiseen. Tama
tutkimus keskittyy verta ilemaan kolmea erilaista tapaa mitata koulutettavan
tuotekehitystiimin tar vitsemaa ammatillisen tuen m&éraa uusien tuotekehitystaitojen

koulut uksessa Vertailemalla keréttya dataa haluttiin I0ytaa menetelmistd eroavaisuuksia
ja vertailla menetelmien vahvuuksia ja heikkouksia. Kerétty aineisto koostuu
tyoymparistossa tehdyistd erilaisista mittauksista, joilla pyrit tiin selvittdmaan
asiantuntijoiden viettamaa aikaa ja kasiteltya aihetta kunkin kehitystiimin kanssa.

Prototypoint ihaaste jarjestettin CERN:ss& IdeaSquarella Tammikuussa 2016.
Tiedonmittausmenetelmat sisaltavat automatisoitua aikajaksovalokuvausta,
tybajanseurantaa ja asiantuntijoiden kasin tekemid muistiinpanoja. Tutkimuksen
lopputuloksena todetaan, etta yksikdaan ndistd menetelmista ei osoittautunut
ylivoimaiseksi toisiin men etelmiin verrattaessa, vaan yhdistettdessa jdkainen naista
menetelmista tuo hyodyllista tietoa tutkimukseen.

Avainsanat design thinking, mittaaminen, tuotekehitys, insin 6d6rikoulutus ,
triangulaatio, ME310, paperirobotti , konenako
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the worl dodés | argest and most

centers. http://home.cern/

Comma-separated file format for saving data in plain text
https://fi.wikipedia.org/wiki/CSV

Design-based learning

Cylindrical-coordinate representation of colors. HSV stand
for hue, saturation and value
http://en.wikipedia.org/wiki/HSL_and_HSV

Information and Communication Technology
https://en.wikipedia.org/wiki/Information_and_communicat
lons_technology

One of the leading design thinking companies in the world
and also said to have created the design thinking
management ideology. http://www.ideo.com/

Mechanical Engineering 310, a global interdisciplinary
design innovation course led by Stanford University.
http://web.stanford.edu/group/me310/me310 2016/

Open Source Computer Vision, a cross-platform open-
source library of programming functions mainly aimed for
real-time computer vision. hitp://opencv.org/

Project-based learning
Problem-based learning

Additive representation of colors. RBG stands for red,
green and blue.
http://en.wikipedia.org/wiki/RGB_color_model

r

[



1 Introduction

Thischapterd escr i bes what | 6ve experienced an
It introduces the background of ragliventure in the design thinking world, the goal
and the structure of ththesis

1.1 Background

Design thinking and wuni ver sitshaped petsondwith s h
mechaital engineering and pduct designacting as the fields of deeper knowledge
enhanced witla wide though shallow, understanding wariousfields such as industrial

design, businesteadershipdifferent cultures, and love.

| have always beeactivelyinterestedn technologyWhenl| was younger| would break
everything apart just to find out how it workedisually,this would lead to the point where

I was no longer able to put it back together. Whstartedn elementarychool, we got our

first computerand that box wasakcinating. It was harder to understand homoitkedsince

it included parts that didnot mo v e . After
insatiable hunger fannderstandingiew technologyith the ambition to create something

new, | ended umiHelsinki School of Technology and finally met my conqueror.

In thesecond year ofiniversity, | started my studies in the vast and mesmerizing field of
product development. So far, | have had the privilege to see product design from the
traditional engeering point of viewas well as integrated with the exarangingand fuzzy
design thinking methodologyroduct desigmotivatedme to try new things and gather
valuable experiences from different challenges. More, it inspired me to dive deepeeinto th
challenging and intriguing world of product design development.

Back in1950 Al an Turing was struggling with qu
inventedthe imitation gamgknown today as the Turinggt which still todayis measuring

how intelligent omputers are. In the samseudy, Alan introduced a concept afearning
Machinesand introduced thigleaof adigital machineknown today as.computer[1] | can

just ponderhow many timed uring tried, failed andried again.If trying and failingmade

him one of themost impressive fathexsf the moderrcomputing | feel 1 am on the right

track;at least from the failing point of view.

AAnyone who has never made a mistake has rieedrsomethingnewo

T Albert Einstén



1.2 Goal of the Thesis

Product desigims one of th&key functions for industry to design and prece new products

and develop existing products. Therefoengineering educatioras changed from
theoreticalscierce educationtowards practical and challengirprojectbased education.
Because product development and R&D are expensive, riskyinagdonsumingindustry
andeducationaround the world are interested in measuring the effectiveness of the design
process and the design team. How to know that théugt design team is perforngjrits

best and what kind of possibilities there argupportthem on theidesign journey?

We will be using triangulation of three different measuring methodsnderstand the

amount of supporé design team needs from fassionals when learning new skills for
product design process. We will focus on teaching mechatronic skills to the students of a
global innovation course ME310 through PaperBot challenge. Students will start their
learning of basic electronics and codingm approximately level zero. The purpose of the
PaperBot challenge is to elevate student s¢

The goal ofusing triangulatioris to articulate the strengths and weaknesses of the three
methods by comparing the colledtdata. | wish this study and its results will teedin
engineering education and for industrial purposes in the future.

1.3 Structure of the Thesis

This thesids dividedinto six sections; Introduction, Research Context, Methods, Results,
Conclusions and Bcussion. To helmavigatingthrough the document, each of these
chapters wilbeginwith the same description as bellow.

Introduction:
Thischapterdescri bes what |1 6ve experienced an
It introduces the background of raglventure in the design thinking world, the goal
and the structure of ttteesis

Research Context:
This chapter concludes tlwontextin which the data gathering is executed. The
chapter is a walkthrough in the design thinking field and ME310, on triglagon
explanation, and on PaperBot challenge concept.chapterends with a view on
how teams are measured.

Methods:
This part explains how the data collection was executed. Where the challenge was
held, who patrticipated in this challenge and howd&ia was in practice gathered.
Also explaining what kind of tools and parts participants had on hand.



Results:
This section of the thesis introduces the results on how much data each method
generated, what kind of data and with what quality. Data islaédnd three
different packages picture datame-trackingdatg and coach note data.

Conclusions:
This part explains the more detailed interpretation of results and what kind of
problems emerge from the data and how these problems were encountesed. or fi
Data is handled in three different packages the same way as in results section;
picture datatime-trackingdatg and coach note data.

Discussion:
In this part, the learnings, thimdings and the personal feelings during the study
are described tbugh. The next steps of this study include a vision of an improved

data gathering system and the interesting questoorike future studies tharose
during thisstudy.



2 Research C ontext

This chapter concludes tlemntextin which the data gathering is executed. The
chapter is a walkthrough in the design thinking field and ME310, on trialagion
explanation, and on PaperBot challenge concept. dlmgpterends with a view on
how teams are measured.

2.1 Project-, Problem- and Design -based L earning

Projectbased learningPBL) is describedas learning through theomplexchallenge that
generallyresultsin a realistic product, event or presentation to an audiencearibigion of
projectbased learningisenkh ng t he transfer of students
situations together instead afly developing their content knowledd&]i [4]

Problembased learningPrBL) canbe seeras a close relative for projebtaised learning
where students work totfeer and investigate essential problam®rder toidentify what
they need to learn to find a solution to the problem. Probémsot fully formulatedbut
rather like the real world problems with multiple solutions and methods to aesalhtion.

[2], [4]

In designrbasedearning(DBL), students learn about the pifds solution through repeating
iteration cycles ofre)definingi creatingi assessDesigrbased learning can be found from
various disciplineg2], [4]

Project, problem and dsignbased learningare all studericentered pedagogies and
inquiry-basedforms of education which in practice have a lot of overlaprojed-based
learning tackles problersolving by the means of desigand for simplicity this termwill

be usedin this workto cover all the threéeaching methods mentioneBrojectbased
learningis used to teacB1%-centuryskills, such asollaborationand communicationand
to cherishdeeplearning The 21%-centuryskills introduced byTrilling and Fadel[5] are
listedin Figurel. Students neethese skillfor work life andneed learning environments
that enable learning experiences through-limakituations and problemp2]



Learning and Innovation Digital Literacy Career and Life

e Critical Thinking and e[nformation Literacy * Flexibility and
Problem Solving Adaptability

e Creativity and e Media Literacy e [nitiative and Self-
Innovation Direction

e Communications and o [CT Literacy e Social and Cross-
Collaboration Cultural Interaction

e Productivity and
Accountability

FIGURE 1 21°"-CENTURY SKILLSBY TRILLING AND FADEL [5]
2.1.1 Engineering Education

The purpose of engineering education is to educate engineers who can design and solve
opentended real world problemi®] and provides knowledge and kskirelated tothe
professionabpractice ofengineering7]. Engineering educatigrafter World War II, was

based omoretheoreticakcience education, in whig@ngineerings taught based only an

saund foundatn of science and mathematickhis resulted in engineeringraduate$eing
considerate more theoretical than practji8al Engineering graduates employers expressed
thar concernbecause new engineers lack the capability and preparation to define and solve
openiended problemf®], andindicateda need for engineers who anepertsin their field

of studies,posses®xcellentcommunication skillswork well in ateam and arelifelong
learners[6]

As in responsdo better prepare graduatesengineering practices, engineering desigs
increasedneducati on, since fAdesign, above all
engineering educati d®laanrdd i &8 seieenn aandeddu cat
activity which typically leads to Ergenumber of possible solution. It requires engineers to
generate and synthesize ideas into workable solutions, analyze the advantages and
disadvantages offzarticularsolutionand evaluate the relative merits of alternate options or

BN

sol utf[9.ons o

An approachto teaching design to engineering students is teaching predménmg
methods, product design processes, that students may usdrtmtcopenendedproblems

[11]. Examples othis kind of methods are general product development process, modern
product developmemirocessand design thinking procedglany of these courses include
handson learningexperience to emphasize learning by ddiiji [13]



Teaching design in engineering educatiam be divided four different waysndividuak
content centricteamcontent centricindividualprocess centri@andteamprocess centric
Individual-content centric carries many the characteristics afafualledtraditional way of
teaching engineering science and mathem#tidg An exampleof this kind of teaching

could be a lecturgvhere students listen to the teachedanfipour i ngo i nf or m
head[15]. The eamcontentcentric way ofteachingncludes and encourages collaboration
and teamwork, it most of the evaluatiols basedost udent 6 s per sonal
tests.These first two ways are seen as focusing more on domain specific knowledge and
content. Individualprocesscentric way includes courses thateach the process mainly
through personal homework and projects. Tgaotess centric approach includes courses
thatexploit teambased learning in teachind.4] ME310 is an example of teamprocess
centricway ofeducation

2.2 Product D esign Process

Product design process can be describeahaactivities or stepthatneedto be completed
in order to transform a market opportunity into a prodécbductdesignprocess is a
sequence of different stepagstivities and milestones that need to be doneréarchinga
particulargoal[16]i [18]. Some @sign processeseprecise and detailesbquencethat can
be followed step by stepther processes acemplex anchard todescribg6], [16], [17].
Classical and analytical designethod are applied for the development of incremental
changes, whereas the design process aimed to achieve radical adangpesseen as an
iteration of divergent and convergent activit[@8]. This classical and analytical type of
linear process can be described as a slowly closing fyafgl whereascompicated
iteration procesan be described as a spiral like design cythes iterate through
prototyping,building, and testing19].

Product design processes, suchvaterfall development process, are also known as stage
gate development process. Distinctolearacteristicof the stagegateprocessis that after
evely completed stage follows a gate where the waakdoneis evaluated to ensure that it
is worth proceeding to the nebavel, and the process needs to ptssughall the gateto
make it into productior{18]

Product design process has the sagsentiatharacteristics as product developrngrocess
described by Ulrich anBppinger[17] and modern product development process described
by Otto and Woo0(18], so product design process is used in this wadorrespond to both

of these processes

Next three chapters clarify three differdnnds of design processes and delseritheir
characteristics.



2.2.1 General Product Development Process

Ulrich and Eppinger [17] describe in their book a genkrprocess for any product
developmenprocess. It is bsed on six different phases, which each of tivessa separate
input and output and the output of eatdge works as an input of the next one. Thpkases
are calledplanning concept developmengysterdevel designdetail designtesting and
refinememnandproduction rampup [17].
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FIGURE 2 SIX PHASES OF THE GEERIC PRODUCT DEVELOMENT PROCES®Y ULRICH AND
EPPINGER[17]

Planningis the proces$i b azseer smee it precedes the project approval and therefore
launches the whole actual product development process. It begins with the identification of
the opportunies guided by market situaticmn d companyds strategy
facilities. The output of the planning phase is a project mission statefhént.

Concept developmens a stepwherethe need of the targeharket areidentified, and
alternative product concepts are generalée. aitputof this phase is one or more concepts
with a descriptiorof what theproduct specifications, such fmsm, function and features of

the productmight be.[17] Decisions regarding the product concept, key design parameters
and possible variants of the product are to be made during planning and condepiaene
phaseg$20].

Systerdevel desigrphase includea systeml e v e | definition of pro
subsystems and early initial plans of the possible production and assembly. Outputs of
systemlevel design phase athe first draft of the process flow for the final assemahly,
geometric layout of thproductand functional specification of the subsystefhg]



In detailed desigp has e t he pr daetaoccesansl magesialsraee spregfied to

the last detail togher with the recognition of any standard parts used in the final product.
This phase outputs a detailed documentation of the product with manufacturing drawings,
tools and machines needed fproductionand thedefinite instruction on the product
assembyl. [17] During the design phas#®e team should have made decisions regartiieg
components of the final prodychow it will be produced and assembled, and the
configuraton of the physical supply chajg0].

Testing and refinmentis the phase where the produckeisluated andgssibly changes
made by building several preproduction prototypes. Early prototypes are agileal
prototypeswhich are built with the same product geometry and using the intended materials,
but theproduction methods are not the ones used in therhaaufacturingorocessAlpha

pr ot oprigngrydudcdionsareto determine if the product design works as planned and
to confirm that the product meets the needs of the key custbaterbeta prototpesare

built from the parts manufactured by the production line, but not assembled with the final
assembly process. Tipeimaryfunctions of the beta prototymgeto test the product in the
customers use environment amddeliabilty.Thesadpt t h e
of testing and refinement phase igraductionreadyfinal product.[17] Prototyping plan

and used prototyping technologies need to be decidadgdestingand refinement phase
[20].

The final phaseof the general product development procpssduction rampup, the whole
production and assembly of the product is made using thepiindlictionand assembly
process[17] In the final phasejecisions are mad®serthe plan of the production ramyp,
how the final product will be tested in the marletd how the product launch will be
executed.[20]

General product development process isadgexample of a product desigrocess that is
well documented with clear steps andagpbs No surprise it is imaged as a product
development funnel as seenkigure2. General product development process works well
with solutionbased problems where tipgimary focus of the whole process isolution
driven

2.2.2 Modern Product Development Process

Otto and Wo0d18] developedn advancegroduct development proceddodernproduct
development process is built from three highel phasesunderstanding the opportunity
develop a conce@ndimplementa conceptAfter these threstages the product is ready
for manufacturing[18] All the phasesandsteps involved in each one of them are shown in
Figure3.



Understading the opportunity containall the activities needed to make the decision to
launch a new product development effdttis divided into four stepsjevelop a vision

market opportunity analysisusbmerneedanalysisandcompetitive analysiDevelopng

an ideais fairly seltexplaining,modern product process starts with a vision of a possible
new product. Vision itself i1sndét really wc
product and he something should be working. What actually makes a difference, is how a
vision can be brought to life into a successful prodlice £condstep, market opportunity

anal ysi s, is what answers if the vVviweéon w
markets After the market opportunity analysis has been done, the product development team
Sshould understand the customer so, usersbo

Once team understands the needs, they should analyze and understandpiteice
products on the market especially how they ansavéreneedshey just discovered. At this
point, the design tearknows the markets the product is entering, customers who are using
the product and what are the technologies available for bgitdeproduct. Now the design
team is ready to move to the next phase, which is makmgroduct a step motangible

and developing a new concefii8]

Developng a concept includeall the activities to make the decision on what the product
will be. This phase is divided into four steps calleartfolio planning functional moeling,

product architecture developmenand concept engineeringConcept development starts

with portfolio planning. How the new product is positioned in the marketplace and
companyo6s praducts fSecbnd cometife step of functional modeling Wit
specification on what the product musttdaneet the needs and hopes of the custdoner
maximum customer satisfactiorhe functionamo d el descr i besoutpdie sy s
and transformations that arecessaryfor the productactually towork. The third step,
product architecture development, in this face the series of subsets of functions are
developed into a series pfoductsubassemblies.unctional model and the possible product
architectureset the base for the last step of concept dewatop. Concept engineering is the
step where the design team generates different posddaethat implement théntended
functions. At this point of thprocessthe vision is turned into possible prodecincepts

Now the product design team has a naisgb choose one of the concepts trathe most
promising concept, which will make it to the next phase of the modern product development
process. Thiselectedconcept is still only an ideand need to turn into a prototype by
implementing theoncept[18]



Applying a concept involveall the activities to make every produocbsk well all thetime,

and it is divided into four stepembodiment engineeringhysical and analytical modeling
design for X androbust designThis is the final phase of the modern product development
processand it begins with embodiment enginegriwhere the concept is made tangible by
specifying the components that need tophechased or manufactured, and determine the
product assemblyhe £condstep is modeling, physically by building it and analytically by
modelingthe product numericallyrhe product isnodeledand tested from various different
metrics measuring the products performance in various different ways. One important step
is the thirdphaseconcept implementation callédd e goir-). nbhis means that the design
team should thinkhie product from several differepbints of views, such as design for
manufacturing and assembly, design for environment and design for us@b#tinal step

for concept implementation srobustdesign.The goal is to make the product wawiell,
makeit an engineered product that is easy to assemble and manufacturekasdure that

the performance of the product is consistent in various working environrAgtiss point,

the design team should have a working prototypettieatompanyeed to be evaluated
and analyzetb determine whether to launch the product or to kiJlLi]

Modern product deslopment process is stilelativdy straightforward but it has already
some more freedom on task execution for the desigmif compared to general product
development process.
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Understanding the Opportunity

Develop a Vision

Market Opportunity Analysis

Customer Need Analysis

Competitive Analysis

Develop a Concept

Portfolio Planning

Functional Modeling

Product Architecture Development

Concept Engineering

Implement a Concept

Embodiment Engineering

Physical and Analytical Modeling

Design for X

Robust Design

FIGURE 3 THREE PHAES WITHSUB-STEPSOF MODERNPRODUCTDEVELOPMENTPROCESS AS
DESCRIBED BYOTTO AND WOOD[18]
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2.2.3 Design Thinking Process

Whereas general product development process and modern product development process are
examples of processes that can be described step by step, design thinking is something that
is nearly impossible to deribe in sshawayAut hor 6s i nt ehefiggest at i o
difference with design thinkindo these two earlier processessthe amount of prototyping
included throughout the whole process.

Design thinking, as a term, is getting a lot of attention in thaydtald of design innovation.

Despite to the increased amouniattentionand discussianthereseems to beo one way

of explainingand defining the concept of design thinkif@gfL]i [24] Design thinking term
iIsusedtalescricand back the designds excempldlemsnal .
Onthe other handlso usedo describe what designers dod how they think

Hassi and Laaksf?1] searched through existing literature to fiadefinition for design
thinking and verified the conclusioof two different streams in design tking; design
discourse and management discoulgethis thesis focus is set on the magement
disaussionthat considerghe concept of design thinking as a set of practices together with
cognitive approaches and a certain mintisereate innovation andalue

According to Thoring and Miiller [25] fithe design thinking proceds determinedby
alternating phases of generation aetection, the environment and equipment are designed
to preserve knowledge and to foster retention, the teamsl@desto recombine their
respective expertise, and the overailture encourages mutation of ideas aeduces the
fearof making mistakes.

Tim Brown [26], who is the CEO of one of the leading design thinking companies IDEO,
clamsthatdesi gn thinking is a di slcangdensihbilgytot h a't
matchs t a k e h o | dnd debires withwadlddlestechnologyand viable business strategy
together with market opportunitied/hereas product development process, introduced by
Ulrich and Eppinger, answers solutiontbasedproblemg[17], design thinking isee as a
problembased approach feolving design problems thateill-defined, illstructured and
wickedproblemd27]i [29] that have no one correct ans&d], [31].

Design thinkingis emphasized as a process of continues design loops that iterate through
designing, building and testing combined together with convergent and divergent activities
[19]. Design thinking carfeel chaotic when experiences for the first tii2@] and probably

thisis because of the ndimear approach of design cyclds.each of tkesecycles design
thinking is developing a deeper understandinghef problemby trying to understand the
stakeholders and useby learning from thenjl19]. Design thinking is described to be
humancentered and uséocused design proceg2]. When defining design thinking, Hassi

and Laaks$32] concluded design thinking a result of threeoregroup ofelements. These

were calledpractices thinking styleandmindset
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PRACTICES

* HUMAN-CENTERED APPROACH

E.g. People-based, user-centered,
empathizing , ethnography, observation
(e.g. Brown 2008; Holloway 2009; Ward
et al. 2009)

* THINKING BY DOING

E.g. Early and fast prototyping, fast
learning, rapid iterative development
cycles (e.g. Boland & Collopy 2004;
Lockwood 2010; Rylander 2009)

* VISUALIZING

E.g. Visual approach, visualizing
intangibles, visual thinking (e.g. Carr et
al. 2010; Drews 2009; Ward et al. 2009)

* COMBINATION OF DIVERGENT AND
CONVERGENT APPROACHES

E.g. Ideation, pattern finding, creating
multiple alternatives, (e.g. Boland &
Collopy 2004; Drews 2009; Sato et al.
2010)

* COLLABORATIVE WORK STYLE

E.g. Multidisciplinary collaboration,
involving many stakeholders,
interdisciplinary teams (e.g. Dunne &
Martin 2006; Gloppen 2009; Sato et al.
2010)

THINKING STYLES

* ABDUCTIVE REASONING

E.g. The logic of “what could be”, finding
new opportunities, urge to create
something new, challenge the norm (e.g.
Fraser 2009; Lockwood 2009; Martin
2009)

* REFLECTIVE REFRAMING

E.g. Rephrasing the problem, going
beyond what is obvious to see what lies
behind the problem, challenge the given
problem (e.g. Boland & Collopy 2004;
Drews 2009; Zaccai in Lockwood 2010)

* HOLISTIC VIEW

E.g. Systems thinking, 360 degree view
on the issue (e.g. Dunne & Martin 2006;
Fraser 2009; Sato 2009)

* INTEGRATIVE THINKING

E.g. Harmonious balance, creative
resolution of tension, finding balance
between validity and reliability (e.g.
Brown 2008; Fraser 2009; Martin 2010)

MENTALITY

* EXPERIMENTAL & EXPLORATIVE

E.g. The license to explore possibilities,
risking failure, failing fast (e.g. Brown
2008; Fraser 2007; Holloway 2009)

* AMBIGUITY TOLERANT

E.g. Allowing for ambiguity , tolerance for
ambiguity, comfortable with ambiguity,
liquid and open process (e.g. Boland &
Collopy 2004; Cooper et al. 2009; Dew
2007)

* OPTIMISTIC

E.g. Viewing constraints as positive,
optimism attitude, enjoying problem
solving (e.g. Brown 2008; Fraser 2007;
Gloppen 2009)

* FUTURE-ORIENTED

E.g. Orientation towards the future, vision
vs. status quo, intuition as a driving force

(e.g. Drews 2009; Junginger 2007; Martin
2009)

FIGURE 4 INTRODUCING COMMONELEMENTS OF DESIGN HINKING BY HASSI AND LAAKSO
[32]

Elements in a group of practicesinclude humancentered approachthinking by doing
visualizing a combinationof divergent and convergent approaclaesicollaborative work
style The umancenteredapproachmeans putting people affected by the problem &nst
develop emathy and understandinigwards themdT hinking by doingbrefers to the iterative
and tangible personality of design thinkipgpcess that includes a vast amount of sketches
and prototypesVisualizing means expressing the problem, approackekitions, users,
ideas and everything around the subject with tangible prototypes, pjctineegangsor
anything that canbe seen and touched’he @mbinationof divergent and convergent
approachegefer to widening and narrowing the view to the probleFirstly, gather
information around the subject and later fitheé focusto get towards the solutiofi32]
Divergent and convergent approach is one of the main characteristics of a design process
and canconstantlybe foundin this process in a form or anothé7], [19]. Collaborative
work style emphasizes thateatng new big innovations is not a job of lone geniuses, but
more of a work ofan interdisciplinaryteam of design thinkers and often introduces
stakeholdes as a part of the design tef26], [32].

13



Thinking styles and mentalities that are caldmtiuctive reasoningeflective reframing

holistic viewandintegrativethinking The @ductive reasoningwvhich islogical inference

starting from something that is known asgists towards somethingntirely new that

d o e sxastand could be the answer for the probléteflective reframingneans looking

at the problem from several new point of viewsolistic view refers to a complete
understanding of the problem from theveonmental, cultural, user, stakeholder, customer
and other peopl ebs per s plategtaiivetkeinkwgneartsheing f f e ¢
able to combine several opposing ideas togethéndba better solution than any of the
separateiews alone.[32]

Design thinking mindsefor both the individuals and to the organizatiatiwre,is described

as beingexperimental and explorativambiguity tolerantoptimisticand future-oriented
Experimental and explorative mindsehcourag taking risks by pushing the personal
capacity, teambs pot ent ithekdgatmaightrial and faiule o gy €
The other mentality, ambiguity tolerancd32] This means that anyorground design

thinking has to withstand uncertainty and keep their minds open for new alternative ideas
[32], [33]. Optimistic mentality strives for since the problems might ifeplossibletime to

time, but the design thinkers need to keep a positive attitude that in the end there exists at
least one solution for the problemhe futureorientedmind is expandingnés vision

beyond the ordinary32]

WhereasHassi and Laakso approached design thinking feomhmeoretical viewpoint,
Thoringand Miler [25] approached fronthe practicalpoint of view by observing design
thinking student of ME310 in the HPI-Bchool in Potsdam, Germany. Thawposethat
practical steps ideation rules and tédmiques andmindsetarethe working mechanism of
designthinking.
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Practical steps

e Understand and
Observe

*Define a Point of View
eIdeation

® Prototyping

e Testing

Ideation rules and
techniques
Rules
*Be Visual
e Defer Judgement

*Build on the Ideas of
Others

e Focus on Topic

*(One Concersation at a

Mindset

*'T like, T wish'
*'Fail fast, fail often'

*'Think user-centric'

e Jteration Time

*Engourage Wild Ideas
*Go for Quantity

Techniques

e Negative Brainstorming
e Dark Horse

® PaperBot

e Funky Prototype

e Functional System
Prototype

FIGURE 5 WORKING MECHANISM OFDESIGN THINKING BY THORING AND MULLER [25]

Practical steps include the gikases that are either divergisgnverging or diverging and
converging The firststepis a diverging phase callathderstand and observéhis step
gathers information and insights to be usedsasiece of material for next stepldeas rarely

are justborn out ofnowhere and a comprehensive source roéterialis necessary for
generating ideag.he foondstepis defining a point of viewa converging phasghere the
information andinsights fromearlier phase are compressed into a problem statement to
determinea possible focus for the project. Since the design thinking process is iterative, this
emphass can be changed sevktanes during the projectdeationis the thirdstepof the
process,which is a dual phase including diverging and converging. Creation of ideas
concerning the problem is the divergipart and the selection of the most promising idea is
the converging part of the phase.prototypingstepthe selectedone or morgideasare
made tangible. This phasediszergingsince it will bring new knowledge of the problem and
possible solutionThe fifth stepis testing The built prototype is tested and evaluated by
users and stakeholders. Testing is again a converging phaseasviiggelast step is a
diverging phase calledteration. In this step team generates alternative solutions and
improvements based on the user fee#tbgathered in the previous actidterationmeans
alsostarting the process again from any of the stepkagqa earlier. This is why defining

a straight forward process for design thinking is extremely h2&4l.
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|l deation rules of dhkeyisugbhn detdifudgménd rbgild gnrthe c e s s
ideas of others ,focu$ orthetopicd ,oneftonversation at a timde, encéiurage wild ideas

a n go fér quanityo Be visual refers to remindhat one picture is worth a thousamdrds

and help in the communication of ideas and findilfer judgmentmeans that everyone

in design thinking should not judgey ideain any circumstanceand no one should be
judgedfor makinga mistake Building an the top of othersgdeasencourages toayfurther

and to make reinterpretations of tidkea Focus orthetopicis a rule to prevent the team

from losing their scope ancklps the team in making choicafsthe ideas. One conversation

at a time is to remuh that every idea and opinion should be appreciatedpaid attention
equalyEncour aging wild i1ideas can offer somet
and might have a possibility to turn into a successful idea or solution. Going for quantity
encouages the team to create matesigrs and prototypesideasare allowed to be
unfinished and prototypesanbe unpolished25]

Ideation techniques include several different methods ks taach aBark Horse Negative
Brainstorming PaperBot Funky Prototypeand Critical Function Prototype Dark Horse
supports the rule of encouraging dvileas. It is a prototype of a crazyrealistic or even a

bit dangerousdea that might have been abandoned earlier because it was not feasible or
d i dfit the topic.[25], [34] Negative Brainstorming ia unique brainstorming method
where only bad ideadat would make the problem even worse are to be invented and then
degenerated inta positivesolution[25]. PaperBot is a protogpe that focuses on teaching
mechatronicskillst o t a k e prototgping skikbsrorde sstep furth¢d4]. PaperBot is
explainedmore carefully on page3. Funky Rototype isaroughprototype where the whole
idea of thefinal prototype is envisioned for the firSine, and the solution for the problem
begins to come realit\34], [35]. The meaning of the Critical Functiomd®otype is to find

a smallkey part of the large problem and build it into a prototypark Horse, PaperBot,
Funky Prototypeand Critical Function Prototymaefour of theeightprototypes students in
ME310build during the coursgs4], [35]

Culture plays a vital parhidesign thinkig mindsetThis includes certain rules, like the way

of giving feedback with thé | | i k strucure,thevwayg @ithinking usercentric and

mentality of6 Fa i |  dftansRrovidngfae ¢ d b a ¢ k  wiishbh sd& Ir ulcit kue ,e |
increase reflection on the process and suggesting improvements to thhidkang user

centric is one of the foundations of designnking with a remindenot to develop for

oneglf, but focus on solving the problem for other peopld- a i Ifail dftend t me nt al i -
strives to accelerate the iterative design cycles of the prddesglea is to encourage people

to do and fail instedhof not doing and still failingThinking about mistakes as a bad thing
reduces the willingness of taking risks and beifrgid of taking a risk leads to something

new and innovative less likel{25]

Someof the definitions (Hassi & Laakg82] andThoring& Mdller [25]) of design thinking
are correct andomplete each othe®ame kind of characteristics and rules can be fdond
example onwork done by Meinel and Leif¢B3].
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2.2.4 ME310

MechanicalEngineering310 (ME310) is a yearlong projectbased capstonecourse for
master 6s | ia Btanford $Jniverditg AaktosUniversity and other universities
around the worldThe mursewas originallycreatedat StanfordUniversityandrepresents
realintegration of engineering, business ardigndisciplines. During these eight months,
students learn and apply design thinking process in product development to ideate,
prototype, test and iterate to with a real wavidked problems nt r oduced by tF
corporate sponsarg34], [36], [37]

Originally ME310 was created to provide engineering studeszaslife projectbased
challenges to meet the needs of the industry. Later the course has shifted from practical
engineering experience towartlse designof mechatronic systemsnnovation, global
collaboration and entrepreneursHig4], [36], [37]

ME310 presents design thinking to the students as a way to approach solving complex
product development problerf37]. It introduced as a simple cycle like design process of
five step n a circle as seen irFigure 6. The frst task is todefine the problemvhich is
vaguely described in design debrief created kysfionsoring company. The ME310 design
process continues witheedfindingand benchmarkingThose include activities that bring
more information and knowledge about the possibldlpm. An mportant partof the

design thinkings to know the possible useand stakeholders frothe beginningf the
processThe tird step is tabrainstorm and ideatpossible solution and limitations of the
solution. Afterideation the design team should pick one idea baidd a prototypdo test
immediatelyandlearn something about the problem, solution, limitation, user, stakeholder

or anything related to the subject. Lastly, the process starts from the beginning again by
redefining thgoroblem and the team continues this way until the most suitable solution have
beenfound. Explaining ME310 design process this way might seem Igteamhtforward

and Al i ne a®especipllyinthebsgnninglssamething totally different. These

five step mix with each other and the team might jump from one step to aaathekip

some stepsthereforet he ri ght #Acircled explains desi
one inFigure 6. However, in this type of project as the design team gains knowledge the
process clarifiesovards the endsthe team needs to make decisions to proceed with the
problem.[33], [34]
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FIGURE 6 CIRCLES OF DESIGN THNKING PROCESSLEFT THE IDEAL APPROACH RIGHT THE

REALITY [33]

ME310 can be defined as a combinationpobblembased learning immersion and
simultion. ME310 as asimulator means that 310 is a safe environment to build
prototypes, test, fail and buildgain.[37] i F a i |
students more space for wildcard iddd&310 provides amrmmersivdearning experience.
Students are forced into realistic situations thatyeatjuire their full attention during the
time they are in the cours&@hey need to plan and execute every detail of the project
themselves, including prototyping, vendor selection, billing and $8i¢h ME310 is a
problembased learning course in which students have an opportunity to work witlieeal

problems with industry affiliate}87].

Problem-
Based
Lerning

f a sitthe colirsenehtalitydivese n 0

FIGURE7 ME3101S ADYNAMIC COMBINATION OF PROBLEMBASED LEARNING, IMMERSION,
AND SIMULATION AS DEFINED BY CARLETON AND LEIFER[37]
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Stanford coursg professor Larry kifer description on ME310

AME310 i emicyenrloagcpej@ctbased design engineering course that
began at Stanford University ariths been operating continuously for over forty
years. Originally created to provide engineering students keifiitlife engineering
challenges, the course has exasdover the ageso meet the changing demands of
the labor market. Over its lifetime, the course has shifted from practical engineering
experience to design of mechatronic systems to design innovation and global
collaboration. Meanwhile, ME310 has goneybed the hedges of Stanford
University and is now being taught in four different continents and eight different
countries. The course is now focused on teaching students the innovation methods
and processes required for designers, engineers, and proj@etgeis of the future.
Upon the completion of the course, students laageired the skills necessary to be
global innovation leaders.

In ME310, student teams work on innovation challenges proposed by corporate
partners for eight months. Through the progedtudents go through an intense and
iterative process oheedfinding,ideation, and rapid prototyping to create and
develop new product conceptSompany involvement provides the reality that is
importantfor teams to improve their innovation abilitids. the end, teams deliver
functional proofof-concept prototypes along with-depth documentation that not
only capturesthe essence of designs but the learnings that led to thedda8as.

Most of the participants are completing ME310 couaseheir homeuniversity, and
PaperBot challenges one of the prototypingxerciss that students neettd accomplish
during theirME310 year.

2.3 Coaching

Global product design teams, such as in ME310, work in a complex distributed environment
with different time zonescultures and languagesThis challeging environment has
increased the demaiar coachingto grantsupportto copewith thecomplexchallengesnd

tasks that the design team faces during their design préagsgort from the coach can
range from moral support to problem solviagdthereis a noticeable difference between
team leading and coachiri@9], [40]

Hackman and Wagean[41] studiedon coachingandteam effectivenesand found out four
conditions that should all be present for the coaching to augment the team effectiveness.
These conditions are as follows.

1. The group pedrmance processes that arerucial to
performance effectiveness (i.effort, strategy, and knowledge
and skill) are relatively unconstrained by taskavganizational
requirements.
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2. The team is well designed and the organizational context within
which itoperates supports rather than impedesmwork

3. Coaching behaviorfocus on salient task performance processes
rather than on members' interpersonal relationships or on
processes that are not under the team's control.

4. Coaching interventions are madetahes when the team is ready
for them and able to deal withem- thatis, at the beginning for
effortrelated (motivational) interventions, near the midpoint for
strategyrelated (consultative) interventions, and at the end of a
task cycle for (educati@h) interventions that address knowledge
and skill.

Coaches are seen as a crucial part in transferring knowledge to the desifj#iesamd as

a resource for the teaf89]. Reichet al.[39] describe five fundamental coaching roles in
ME310 asaconsultantsupervisor, instructor, facilitatond mentor and a design coach need

to perform various of thegearts during the design process for successful coacf#{

They also found out that different stakeholders in the design process have a different
perception regarding the role of the coach ang#reeptiorchanges between thferent

design stagelO].

2.4 Triangulation

Literally triangulation is defined as a process of using twanore known points and
trigonometry to determine the location of third unknown p§#d], and all the modern
location systems around the word researchespecially in social scienceégangulation is

the combination of two or more aspects oegrshto increase the credibility and validity of

the results Such aspects can be data sources, investigators, methodological approaches,
theoretical perspectives or analytical meth¢44]

FIGURE 8 EXAMPLE OF TRIANGULATION POSITIONING(ICONS BY ROBERTOCOLOMBO)
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Triangulation is further divided intdour types of triangulationData triangulation
investigator triangulationtheoretical triangulatiorandmethodologicalriangulation Data
triangulation[45]. In data triangulation time, space and person can vary based on when,
where andriom whom thanformationwas recorded or captured. Investigator triangulation
involves using two or more observers, interviewers, coders or data analysts. Theoretical
triangulation means using multiple hypothesis or theories as the base ofudlye s
Methodological triangulation can refer to either the use of more than one data collection
method or research desigWMethodological triangulation can be classified further into
within-methodtriangulationand between or acrossmethodtriangulation.Within-method
triangulation uses more than one data collection methods from the same research design
approach, whereas betweeor acrosanethod triangulation use both quantitative and
qualitative data collection procedures in the saesearchBenefits ad disadvantagesef

these different types of triangulation can be foumiigure9. Based on the work of Kimchi

et al.[46], Thurmondistedanalytical triangulationasthefifth type of triangulationthough

this sort of triangulation was not elwated in the same way as otiferms. Analytical
triangulation is explained a@scombination ofwo or more methods of analyzing d§44].

The advantages of usiramykind triangulationintroducedare the growing confidenmt the

study data, creating possible new ways of understanding a phenomenon, it can reveal unique
findings, integate or challenge existing theories and provide a better understanding of the
problem. On the other hand, triangulation increases the teea to complete the research

and brings up practical problems, like difficulty of dealing with the data, sirssegtriation

gathers a vast amount of data for the research. Also, if there exists disharmony on
investigators biases, confliadéthe theoretical framework or lack of understanding why and
how triangulation is used, triangulation as a method can work sighie study goal and
debilitate the findings of the researffd]
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Data

Definition:

Time, space and
person vary

Benefits:

e Amount of data
generated

e No single
information effects
the study

Disadvantages:

e Difficulties trying
to "fit" qualitative
data into
quantitative mold

e What to do with
singular responses
or findings?

eVast amount of
data

Investigator

Definition:

Two or more
observers,
interviewers, coders
or data analysts

Benefits:

e Decrease the
potential bias

e Cross-checking
and verifying the
data will increase
value of the
findings

Disadvantages:

e Each investigators
biases might
amplify the others

e Researchers might
adhere to their
own epistemology

Theoretical

Definition:

Multiple hypothesis
or theories

Benefits:

e Decrease
alternative
explanations

® Provides boarder
and deeper
analysis of
findings

e Challenges to look
beyond the
obvious
explanation

e Can help rule out
competing
hypothesis

e Can help prevent
premature
acceptance of
plausable
explanation

e Can increase
confidence in
developing new
concepts or
constructs

Disadvantages:

e Can cause
confusion if
concepts within
framework are

e Can cause
confusion if the
frameworks are
not identified

Methodological

Definition:

Use of more than
one data collection
method or research
design

Benefits:

e Qualitative data
may support
quantitative data

* May expose
unique
differences or
information

Disadvantages:

e Differences in
methods may
cause conflict
about research

e Difficulty in
meshing the
numerical and

e Increased
expenses may be
a barrier

e Reluctance to
publish
multimethod works

FIGURE 9 DIFFERENT TYPES OF TRANGULATIONS AND THEIR BENEFITS AND DISADVANTAGES
BASED ON THE WORK OFVERONICA THURMOND [44]
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In thisthesis the triangulation method is methodologitré&ingulationsince participant data

has been collected with three different methddsing multiple methods decresss the
deficiencies and biases of any single method with the potential to counterbalance the flaws
and weaknesses of one method with the strength of the another rjfethddly using this
trianguld@ion method the goal is to articulate these strengths and weaknesses from each of
the methods by comparing the collected data.

2.5 PaperBot

This part of he work describethe PaperBot challenge and what are the expected learning
outcomes and pedagogical gnallhe subject igelativelynew,and t her e i sn:
literature describing thishallenge Therefore, this chapter is supported with interviews done

to people who teach and coach studentE810".

PaperBot challenge is a part of ME310 course wherestsdiet a brief and funny exercise
that intends to give them an introduction to the field of mechatronics. The challenge lasts
for 4 days and 4 hours. PaperBot was included in ME310 course becacserteprojects

were increasingly requiring more mextionic skills. It is a common fact that some of the
students have no experience in microcontrollersamting,and therefore the teaching of
coding starts from the basics.

For the students, this challenge is a great place to learn basic codingdamd howmuch

it takesto actually build somethingi t h mi cr ocontr ol | er sreateSt ud
some sort of a robot, with paper and a simple microcontroller, which has to have@bme

of interactionwith the user[34] The specifications for the PaperBot challenge regarding
this thesis werethe robot need to communicate with the user, tlubot has to be easy to

us e henc eauder mandaltherebet deeds to be independently moving, trel

robot has to be able to express four different emotiemations are the useentric part of
thechallengeand the goal is toommunicate with a real person on an emotional level. The
aim is not to use the robot to manipulatedbkerbut to create interactions with the robot that

are understandable to a human. This connects the challenge strongly to one of the core
components in design thinking and usentric designn general

! Personal communication, January" 7916

Hannula Jussi(ME310 ceinstructor at Politécnico Do Poito

Kurikka Joona (Researcheat CERN ldeaSqua& former ME310 student)

Utriainen Tuuli (Innovation Unicorn at CERN IdeaSqua&eformer ME310 ceinstructor)
Repokari Lauri (Consulting pofessor & ME310 instructor at Politécnico Do Pyrto
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PapeBot has a special place among other challeMj€310 students encounter. First of all,
it is the first challenge after the students return from their wirdkday,and it is introduced
as thechallengethat will change the most the way each team proastygven though every
team is interdisciplinary and there are differex@mpetenies within the team, the
understanding of basic electronics and mechatronics dsfgrsficantly. Therefore, he
challenge begins with a lecture where the students builot fmst microcontroller
commanded game with basic electrorsosnponentssuch as LEDs, switch buttons, and
resistors.

As all of the ME310 challenges have pedagogical goals, so does the PaperBot challenge.
The frst purposeof the challenge is to startdlyear again after the winter holiddtymight

seem like a small thing, birt reality, this is a major deal breaker in the fact if the teams will
make it through with their prototype. A good start of a new year with some new ideas and
methods of prototyipg is a rfect way of starting a year. Thec®nd goal is tahange the

way teamsnake and build prototypes. Befdtas challengethe teams have been building

low fidelity prototypes called paper prototypes. Now the fidelity of the prototypes is set
higher, and mechatronic prototypes are introducelke hird goal is, once again, to bring

the students out of their comfort zone. If they are not introduced to the field of
microcontrollers, sensors, and electronics they will postpone implementing elesttoni
their final prototype for too long.

The learning experience to take from this challenge is understanding how easy it is to make
small scale mechatronic prototypes wetirecomponents and microcontrollers. And, since

it is notpossible to have everghy interested in coding and microcontrollers, another given
learning outcome is to leave a positive experience about mechatronics so that the student
will understand what kind of problems could be tackled with embedded systems.

At the end of the PaperBohallenge, students did a public presentation of their work in
PaperBoexhibition andtheyshowed how their prototype was performing.
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FIGURE 10 EXAMPLES OF PROTOTYPEROBOTSBUILT IN PAPERBOT CHALLENGEHELD AT
CERNIDEASQUARE, JANUARY 2016(PHOTOS BYPETERTAPIO)
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2.6 Computer Vision

Computer vision is a rapidly growing field mfformation technologgtudieswith the goal

to extract useful information from images video into either a decision or a new
representationThus theaimi s t o make a [47¢ BQ. Thisemightsoondi s e e
like an easy task, butt has been proved to be much more complicated than thligiht

[49] and the dream of having a computer that could count for example all the animals in a
picture seems difficult to achie&0]. Humans andomeanimals understand the three
dimensional nature around us, but for a computer it is very challefyihd49], [50]. The

visual brain performs vawus tricks and divides the visual data to different parts of the brain

to be processeld 7], [49]. This kind of preprocessing is not available when building visual
algorithms[47]. Image consist of pixels where we can recognize objects and patterns, but
for a computer these pixels are shown asaarnumberq48], [49], [51]. An exampleof

how computers see images can be seénguarell. The imagds 20 x 20 pixel black and

white picture of a human eye. Grayscale is easier to present with numbers than a colored
image. Pixels have been enlargarledmphasie the structure of the grid.

Computer vision can be dividéato three levels of processinigw-levelprocessingmiddle
level processingand high-level processing51]. Low-level processing contains primitive
operations such asducing noiseenhancement of contraahdsharpeningof the original
picture [50], [51] This canalso be known asimage processingr image preprocessing
which most image analysis and computer vision algorithms refgifife[48]. Middle-level
processing includes functiensuch assegmentation description and recognition of
individual objects [51]. Middle-level processingbasically means extractingelevant
information from images anchn also be understoadostly asimage analysi$48], [50],
[51]. High-level processesrethe part of computer vision which focuses on understanding
the threedimensional world around and, amextremecase, performing cognitive tasks that
aretypically correlated withhumanvision [51]. These are the ultimate goal of computer
vision [47]i [50].

Computer vision in nowadays used isignificantnumber of applications, such as security,
surveillance, military, medical, robotics and garfd®]i [50]. Some practical examplesd

the use of comput e-drivigica[b2] robotesearatiGroobvastelyyd s s €
ZenRoboticg53] and using stereo vision for automatically detecting a spatderplanting

[54]. There are several reasons why the field of computer vision has been progressing
rapidly, but the most distindactoris the development of processing powaemory and

storage capacitiy 7]. One other reason is the increased use of machine learning, which today

is clowe linked to computer visiof#7], [49].

Computer vision is a vast field of differenudtes, but they are not explaindéeply in this
thesis since they are out of the scope.
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2.6.1 OpenCV

OpenCV (Open Sourcedmputer Vision Library) is an open souild&ary specialized on
computer vision and machine learning. It has interfaces for C, C++, Python, Java and
MATLAB and supports Linux, Max OSnd Windows operating systen@penCValso
workson Android platformslt was designed for redime vision applications with thgoal

to serve as a simple-use computer vision infrastructure and contains ajéneralpurpose
machine learning librarythe dphaversion of this library was released in Janue99 and
presently it contains more than 2500 optimized algoritid8], [55]

The open source license of OpenCV is structured in such a way that anyone can use it and
build commercial productsvithout any obligations. This is one of the main oeesthat
OpenCV has a large user community with developers from major industrial companies and
research centers, such as Google, IBM, Yahoo, Microsoft, Intel, Honda, Sony, Siemens,
MIT, Stanford and Cambridge[49], [55] Latest estim@on of a numberof users is over

47000 with over 7 million download$iroughout the worl¢b5].

OpenCV is used in theodefor image processing arahalyzingbecause it is easy to use and
offers efficient algorithms for #setasks.

2.7 Measuring Product Development Teams

Measuring team performance is a widely discussed examined topic and is studied by various
different fields, such agrofessionalsports[56], [57], military [58]i [60] and different
industrial instances.g.[61]. Measurement metrics used instlstudy range from metrics of

the different economicpoint of views to physical and menfahrameter®f an individual

and a teamThe important point of measuring performance is to focus on what to measure
and how to measulf®2]. Hackman and Wagemddl] s t a t e ditertorn rmeasurésan
empirical research on team performance oftensist of whatever quantitative indicators
happen to be available or are easy to obtain (e.g., production figuraadfgstrial
workgroups or a number of correct reponses for teams studied experimental
laboratoriesd .Therefore, agreeing on universdesign project outcome performance
measurement metrics is recommenfis].

Metricsfor measuringefficiency can be divided into foysrimary groups:process metrigs
program/project metricsproduct metrics andenterprise metricsProcesgparametes are
shortterm metrics that focus on measuring the efficiency of the product daesigess and
can be used to predict program and product performdrogram/project mats and
product metrics are botmediumtermed metrics. Program/project metrics are used for
measuring the execution efficacytb&designprogram/projegtwhereas produgiarametes

are usedior measuring how the product meets the technical objectivesrpriseparametes

are longterm metrics measuring the effectiveness of tdmnpanyR&D and ability to
develop new product§s4]
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Efficiency in product design is measured several different Wwapg and Leifer [65]
introducemethoddo stuly the relationship off e s i g nintéractioms@rsd performance.
Kresset. al. [66] proposesa t o0 o | to measure design teamo
problem solution concepRedelinghuys andBahill [67] measure how resources and the
effort of the design team hawam effecton the creativity of the deg team Kavadias and
Sommer[68] measure how organizational structures hameeffect on problemsolving
during the ideation phase of new product development prdgedsrquisandKostopoulos

[69] study focus on the factorkat affect the efficacpf new product development teams
Shah and VargadernandeZ70] measure the ideation effectiveness by using the product
design process and thegign outcome as metrics for the study. Several studies on how to
createeffective teaméave been comparing what key factors make an efficient design team.
Reagan®t. al.[71]st udy how t e a mgrapme chdrateristics (gerdarorace,
educationsand age) andocial networks have affecton thedesign teamWhereas, Kress

and Schaf72], [73] study team effectiveness by measuring the diversity of the design team
with individual-level psychological types.

This study approaches measuring product design from the perspective of design thinking.
The focusof the thesisisthper o duct d &aning and deeeckbpm@by measuring

the time teams needed help from the coachging the PaperBot challen@eéis study will

not mmpare the measured data @hel outcome of thehallengesince the focus is othe
triangulation of thenethods used to collect the data
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3 Methods

Th

Is part explains how the data collection was executed. Where the challenge was

held, who participated in this challenge and howdh& was in practice gathered.
Also explaining what kind of tools and parts participants had on hand.

3.1 Environment

According to researclspace and environment has been agreed thdisggestkey factor
affecting the work of a design team. Therefore,gheironmentshould allowand support
any type of ideation and prototyping activitigk9], [25], [74]

The estwas done at IdeaSquare, which is test facility at CERN, the European Organization
for Nuclear research. They host detector R&D projants facilitates hackathons and MSc
programs, such as Challenge Based Innovation (OTB#.ayoutof IdeaSquare is shown in
Figurel4. The rules of IdeaSquare are as folldWs):

ok wbhrE

© N

9.
10.

These

Be curious, be ambitious. Dream

Contribute. Collaborate

Talk to the ones you have not met before

Share your surprise of discovering the unexpected. Share your story

Cut thered tape by using scissorsrdboard duct tapé and produce a prototype

In the workshop areas, however, cutting your fingers is not the way to cut red tape.
Ask for help before you need it

Take full advantage of the Hugging Corner

Dondt wor kingamdsohareé. Thaanly way you create a mess is by leaving
it behind unattended

Be prepared to explain what on Earth you are doing

A

| t 6 s bettemoahesk the electrical wiring before you

rules and mentality combinadi t h t he | dr&ien® gimsaandeiriiesesto p e

providedthe perfect environment for conceptybtotyping. Henceit was chosen as the
location to organize this international multidisciplinary prototyping task.

30



FIGURE 12 PICTURE FROM THEPAPERBOT CHALLENGE IN IDEASQUARE AT CERN(PHOTO BY
PETERTAPIO)

FIGURE 13 STUDENTS DOING GROUPNORK IN PAPERBOT CHALLENGE 2016IN IDEASQUARE
AT CERN(PHOTO BYPETERTAPIO)
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IdeaSquare has two room dedicated for physical buildMagshinesiop and Electroshop
Machineshoyprovides tools and spaces for anything mechanical building, like cutting and
drilling. WhereasElectroshopprovides tools and spaces for electrical building, like
soldering and electrical component$ie ktchenis the mainmeeting place. Students and
innovations are said toin with coffeewhich makeshekitchenthe heart of IdeaSquare. All

the lecturesvere heldn the main lecture area next to the red dowldeker meeting room.

1st Floor

Ground Floor

FIGURE 14 LAY OUT OF IDEASQUARE (COPYRIGHTMARIA SOLOVJEW, IDEASQUARE, 2015)
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3.2 Participants

Participants were from four different countiése from Estoniafour from Italy, four from
Norway and21 fromPor t ugal . Participantso natfansonal i
Norwegians and Portugueskhe ge difference was fromi4-yearold to 45-yearold. The

average age of the participants was ®&ars with a median of 24 years4 (41.2%)
participants wera&vomen and 20 (58.2%) were meR.a r t i cstudylzeakgrosiras were
mechanicakengineering, electrical engineering, automotive engineering, civil engineering,
industrial engineering, industrial design, graphic design, product design, equipment design,
architecture, multimedjabusinessthreehigh school studentgne middle school student

and onaunknown Of thesesubjects 24 were participatifgE310at their university.

Altogetherthere were 34participantsand they were divided into nine teams. Seven of these
teams werdour-memberteams and two teams were thregember teams. Ithe searchfor

a CERNconnection, team names were inspired by heavy elements: Teamsallede
Actinium, Americium, Curium, Einsteinium, Fermiutbemmium NeptuniumNobelium

and Thorium. Teams were placed around IdeaSquare in a wagvidrgone would have
their own workingplace and cameras can capture their every movement.

Team locations were as followasd are marked drigure15:

15tfloor, red room: Nobelium and Einsteinium
1%floor, bakony: Americium
Ground floor, greemoom: Thorium
Ground floor, red doublelecker meeting room

a. Lower part Neptunium

b. Upper part Actinium
5. Ground floor, white room: Fermium ah@mmium
6. Ground floor, blue room: Curium

rwnPE
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3.3 Equipment

Continuous timdapse photos of teams designing, coding and building their PaperBot
prototypes were taken with eight cameras. Two of those cameras were wall mounted static
cameras installed to observe what is genegiyng on at IdeaSquare. Six of the cameras
weretemporarilyinstalled action cameras. Action cameras were installed inside the teams
working spacend poweredby either a mobile power bank or connected to a power socket
when there was one available nea tamera locatiorCameras were set to take a picture
every 10 second€very day, after the participants had left the IdeaSquedretoswere

copied to two external hard drives for redundancy and to prevent the memory cards to run
out of space. Memory ads used in the action cameras were gd@abytesKingston
microSDHC Class 10 UH§ which had thecapacityfor 43 hours of time lapse recording.

Camera locations and of which team it was taking pictures:

15tfloor, red room; Nobelium

Ground floor, lover pat of red doubledecker meeting rooniNeptunium

Ground floor, upper art of the red doubtdecker meeting roopActinium

Ground floor, green room; Thorium

Ground floor, white room; Fermium ah@mmium

Ground floor, blue room; Curium

Wall-mounted camergabove the main lecture arga Einsteinium (also the main
lecturearea)

8. Wall-mounted camera(above the main entrance Americium (also coach
headquarters, aka. Arduino Bazaar)

N,k wdPR

Time data was also collected manually with mobile phones as a second method te@ measu
the time coaches spend with the teams. Each one of the three technical coadweds had
phoneswith atime-trackingsoftware installed. Two of the phones had Android operating
systemand one had Sailfish operating system, which enabled using thdissateacking
software in all of the mobile phones.
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3.4 Software

3.4.1 Time-tracking Software

A software called Gleeo Time Tracker waslized in the mobile phones. Gleeo Time
Tracker is a fre¢ime-tracking software for mobile phones running an Android operating
system and it is a simple tool for project anne-basedtime recording[76]. It allowed
exporting the time data as CSV format in order to analyze the data later on. Sailfish is fully
Android compatiblewhich made it possible to use the saimee-tracking software in all

the mobile phones. Each team was written as a separate task to the software settings and
every time a coach helpedeam hestarted the counter for the corresponding task. When he
stoped helping the team, he stopped the tracker.

3.4.2 Computer Vision

The <ript goes through every picture atreesto find the color of the beanie. After finding
it, the script calculates the size of the area. If it is too big or too small, it is igiitweetript
cannot distinguish whicboach ishelping the team.

The way he code is builtvith OpenCV is diviegd into seversteps.Load animage& read
theimage datendtime changeheimage from RGB to HSablor modesmooth theicture,
build a mask clear noisefrom themask findt h e ntansokr$ amdwrite the gathered
data

Loading an image is planned to happen automatically to all the images in the folder by just
giving the file location as an argumeathe script.The ript will load oneimage at time

from this folder andafter loading the image taonemory t he scr i pt reads
modification timestampwhich is the date and time when the image was taken.

After reading the date and time, the script will changentaged solor modefrom RGB to
HSV. HSV stands forhue saturation and value and it is a cylindricalcoordinate
representation for colors. This coloodé was used because it is easier to work with in this
application.

Smoothingreduceshe imagé s i nf or mat i o words blursthe miage. Then o't
edges dondt need to be shar ppagiqularelerrandgee t a ¢
Smoothing is a way of removing possible noise that will be created when building the mask.
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Next, the script will go through the picter pi xel by pi xel and see
the specified color range. If the color is inside this range, the corresponding pixel will be
marked to the mask with a whitelor. Otherwise the pixel will be colored black. This way

the scriptbuilds a binary, black and white, mask for the image. Since the goal is not to
manipulate the original image with the mask, ¢bdewill focus only on the mask from this
onwards.

The maskvill most probably contain some noise whistusually seen as sepagandividual

white pixels or black holes in the mask. Now the script rgithovethese pixeldy using
methodscalled dilation anerosion. Dilation is adding white pixels to the edges of the mask.
This will fill small holes in thenask and it will make he mask bigger. Erosion, on the other
hand, means it will remove pixels from the mask edges. This method eliminates those
individual white pixel and bgonsequencé will also make thenasksmaller. Usually, these
methods are used together. The algorglemployed in the script acalled openingand
closing.Openindfirst uses erode to remove noise andthendat i on t o Agr owo
the original sizeClosingdoes the same thing but uses dilatatemake theholes to fill and

erode to reduce thmaskneartheoriginal size [49]

After removing the noise from the mask, the script will separate different white spots from
the maskand separate them to contours. The shapes that aremalbor too big are
discarded If there is aright sizedsilhouette the script will save aapy of the image to a
separatdolder previous defined. This is just a backup procedure to check how the script
performed and for debugging.

The lststep is to write the gathered danto two different CSV @mmaseparated valisy

files, one file which includes the image information from all the pictures and another which
contairsinformation from only thémagesthat weraecognized taincludeone or moreight
sizedcontours.

The goal of this thesis was rtotgenerata perfectly working scriptnsteadthis scriptwas
meant to baised as a tool for going through the several thousands of pictures taken during
the four days of the challenge.

3.5 Coaching

The maindea with the coaching was to help teams to fivedsolution for their problem and

not to fix the problem for them straight away. If the team was really not ablente up

with the solution, the coach woutabrrect the codand then help thero understand what

he had dne. Teams needed to be proacéimd come to the coaches with their problem. The
size of the coaching team varied daily, due to the less active coaches participating joined in
late or had to leave early.

Three of the fultime coaches had a technical background and were helping swhigcts
their technical problems related to coding and mechanical or electrical issues.
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Two of thefull-time coaches werbkelpingto find solutionsfor practical problems; like
where could we get building material, what electronics should we order morehend w
should the team ask assistanoe specificmatter.

There was alsa groupof parttime coaches that went around asking the teams how they
were doing and what were their problems. This was done once a day to make sure that teams
were not struggling wit anyissue and that they were not shy to ask help to the coaches
when neededrigurel6 shows an example gition of a team of patime coache#stening
Nobelium Team with their progress and helping them patssible problems and questions.

C o a ¢ h e sddringtthe $&psrBot challenge can be divided into threadcategories:
coaching education and maintenance Coaching included helping the teams with their
problems and questions. Education included amgngini-lecturesabout any topic, related

to the challenge, that the participants wanted more informatida lecture about using a
microcontroller to build a simple ganf@uring thechallerge, the coaches heliini-lectures
abouttopics e.g.how to usdibraries how to use functions in code, how to combine code

from different projects into one, ahdw to uséhe codefoundonthe InternetMaintenance

tasks includedhandson responsibilities, such as switching the action cameras on and off,
copyingte i mages from the action camerasd mem
power banks used to power the action cameras and taking care of the kitchen.

Coaches were keepingtesand writing down problems teams had. This was done to get
qualitative datdo support the quantitative data measured withithe-trackingsoftware.

FIGURE 16 EXAMPLE SITUATION OF COACHING WITH TEAM NOBELIUM
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3.6 Coach Beanies

To distinguish coaches from subjects in the pictures, coaches were wearing @arege
color beanie when helping the teams with their problefhe ®lor was chosen to be
somet hi ng t ha tswlyaeapso the pictresl canrbédiagnosed faster.

FIGURE 17 NEON ORANGE COLOREIBEANIES USED BY THECOACHES(PHOTO BYPETER
TAPIO)

3.7 Arduino Bazaar

Ardui no Bazaar wdeakguatterRasticipahtsecoutd gatbehe ersddind
help with their code and ask for the sensors they wanted to use. Arduino &aadwdwo
different type of 3D printes, Form 1+ produced by Formlabs and X400 PRO produced by
German RepRap GmbH, that participants could use with the coaches help.

Teams were provided witliccesdo various sensor modules, servos, motors, LED strip and
basic electronic components such aewjiresistorgapacitorsand LEDs. Instead of having

a fixed predefined set of different color LEDs, the coaches taught the participants how to
use multicolor Adafruit NeoPixel Digital RGB LED strip. It had 60 RGB LEDspeter,

and each one of themas separately programmable, which makes it useful and versatile part
for prototyping[77].
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FIGURE 18 ADAFRUIT NEOPIXEL LED STRIPCONTROLLED WITHARDUINO UNO, COURTESY
OF ADAFRUIT [77]

Microcontroller optiondor the participantsvere Teensy 2.0, Teensy++ 248], Arduino
Nanoversion3.2[79] or Arduino UNQJ[80]. The benefits of these nmmcontrollers are their
size,theease of usand the GPIO pinArduino has developats owncoding environment,
Arduino Softwareg81], which is opersourcedand multiplatform coding environment for
Arduino boards. Ihas a good amount of prefixed functions to dogeessargommanding
and basicall endless list of opesource libraries to import more sophisticated functions.
Teersy can use the same Arduino Softwadhés way participants only needed to learn one
coding environment.

Tablel shows the list ofensors that were availakitethe participants together with a short
description about the sensor.
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FIGURE 19 ARDUINO UNO MICROCONTROLLER

FIGURE 20 ARDUINO NANO (BACK) AND TEENSY 2.0(FRONT) MICROCONTROLLERS
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TABLE 1LIST OF THE SENSORS YAILABLE FOR THE PARTICIPANTS

Modules available for the participants

Joystick

Relay

Microphone
Tracking Sensor
Flame Sensor

Linear Hall Sensor
Capacitive Touch Sensor
Speaker

Passive Buzzer
Active Buzzer

RGB LED

SMD RGB
Two-Color Led

Reed Switch

Mini Reed Switch
Heartbeat Sensor

7 Color Flash

Laser Emitter
Button

Rotary Encoders Sensor
Ball Switch

Photo resistor
Temperature And
Humidity Sensor
Temperature Sensor
IR Emitter

IR Receiver

Tap Sensor

Light Blocking

PIR Sensor

Gas Sensor
Ultrasonic Sensor
Rain Sensor

Soil Moisture
Obstacle Avoidance
Sensor

Hall Magnetic Sensor
Super-regenerative
Wireless

Real Time Clock

KY-023 Joystick controller for controlling robot in 2D
KY-019 Control up to 240 volt relays with 5 volts
KY-038 & KY-037 Microphone for microcontroller
KY-033 Tracking sensor follows a black line

KY-026 Detects infrared from a flame

KY-024 Detects magnetic field strength

KY-036 Capacitive "button"

Speaker for microcontroller

KY-006 Buzzer for microcontroller, can change pitch
KY-012 Buzzer for microcontroller, can make only one sound
KY-016 LED module with changeable color

KY-009 LED module with changeable color

KY-029 & KY-011 LED module with two colors
KY-025 Magnetic switch

KY-021 Magnetic switch

KY-039 Detects heartbeat from finger

KY-034 Automatically flashing 7 color LED

KY-008 Emits laser light

KY-004 Switch button

KY-040 Encoder with rotary potentiometer

KY-020 Orientation actuated switch

KY-018 Photoresistor sensor, adjustable threshold
KY-015 & DHT11 Reads temperature and humidity

KY-001 & KY-013 & KY-028 Sensor that reads temperature
KY-005 Emits infrared light

KY-022 Detects infrared light

KY-002 & KY-031 Vibration sensor

KY-010 Sensor that detects if something is between the
detector and source

HC-SR501 Detects moving source of infrared, for example
human

MQ2 Detects H2, LPG, CH4, CO, Alcohol, Smoke or Propane
HC-SR04 Distance measurement with ultrasound

Module to detect rain

YL-69 Measures soil moisture with resistance

KY-032 Avoids hitting an obstacle

KY-003 & KY-035 Detects magnetic fields
315 MHz Frequency Wireless Receiver module + Transmitter
Module

DS1302 real-time clock/calendar module
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The whole idea was to give the teams various different sensors and parts to work with and
not restrict their building or outcome with jusstew differentsensoror possible solutions.

The teams did not have a giefined budget for the parts. However, the coaches monitored
the part consumption in case of gross overconsumption.
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4 Results

This section of the thesis introduces the results on how much data each method
generated, what kind of data and with what quality. Data is lehth three
different packages picture datime-trackingdata and coach note data

4.1 Picture Data

All six temporary installed action cameras and the Wwall mounted cameras took a total of
178 833photoshetween 1% of January 2016 and 1%f January 2016. After removing some
of thepictures thatvere taken during the night time when thesreno presensubjectsat
IdeaSquare, the total amount derantphotosis 129833 during theentireactive recording
time of 360 hours 40 minutes and 30 seconds.

TABLE 2 THE NUMBEROF ALL THE PICTURESTAKEN

Sum of Pictures
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Camera 1 Orig. 0 8783 8416 6509 3687 27395
Camera 2 179 120 1257 1033 97 2686
Camera 3 578 3258 4259 8191 1516 17802
Camera 4 579 3261 4257 8094 1511 17702
Camera 5 631 3505 4278 6999 1560 16973
Camera 6 576 3742 4247 8199 1739 18503
Camera 7 Orig. 5760 8640 8640 8640 7206 38886
Camera 8 Orig. 5760 8640 8640 8640 7206 38886
Grand Total 14063 39949 43994 56305 24522 178833

TABLE 3 THE NUMBER OF PICTURESAFTER REMOVING THEUNNECESSARY ONES

Sum of Pictures
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Cameral 0 4392 4208 3255 1844 13699
Camera 2 179 120 1257 1033 97 2686
Camera 3 578 3258 4259 8191 1516 17802
Camera 4 579 3261 4257 8094 1511 17702
Camera 5 631 3505 4278 6999 1560 16973
Camera 6 576 3742 4247 8199 1739 18503
Camera 7 966 4416 4686 5400 5766 21234
Camera 8 966 4416 4686 5400 5766 21234
Grand Total 4475 27110 31878 46571 19799 129833
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TABLE 4 CAMERA TIME DAILY AND TOTAL (UNNECESSARYIMAGES REMOVED)

Duration

Monday Tuesday Wednesday Thursday Friday Grand Total
Camera l 0:00:00 12:13:26 11:43:06 9:03:28 5:07:54 38:07:54
Camera 2 0:29:40 0:19:50 3:29:20 2:52:02 0:16:00 7:26:52
Camera 3 1:36:10 9:02:58 11:49:50 22:45:16 4:12:40 49:26:54
Camera 4 1:36:20 9:03:30 11:49:30 22:29:12 4:11:44 49:10:16
Camera 5 1:45:00 9:44:02 11:52:52 19:26:20 4:19:50 47:08:04
Camera b 1:35:52 10:23:38 11:47:54 22:46:44 4:49:46 51:23:54
Camera 7 2:40:52  12:15:52 13:00:52 14:59:52  16:00:50 58:58:18
Camera 8 2:40:52  12:15:52 13:00:52 14:59:52 16:00:50 58:58:18
Grand Total 12:24:46 75:19:08 88:34:16 129:22:46 54:59:34 360:40:30

TABLE 5 CAMERA TIME COMPARED TO GRAND TOTAL (UNNECESSARYIMAGES REMOVED)

% of Duration
Monday Tuesday Wednesday Thursday Friday Grand Total

Camera 1 0.00 % 3.39% 3.25% 251% 1.42 % 10.57 %
Camera 2 0.14% 0.09 % 0.97 % 0.79 % 0.07 % 2.06 %
Camera 3 0.44 % 251% 3.28% 6.31% 1.17 % 13.71%
Camera 4 0.45 % 251% 3.28% 6.23 % 1.16 % 13.63 %
Camera 5 0.49 % 2.70% 3.29% 539% 1.20 % 13.07 %
Camera b 0.44% 2.88% 3.27 % 6.32% 1.34% 14.25%
Camera 7 0.74 % 3.40% 3.61% 4.16 % 4.44 % 16.35%
Camera 8 0.74 % 3.40 % 3.61% 4.16 % 4.44 % 16.35 %
Grand Total 3.44% 20.88% 2456 % 35.87% 15.25% 100.00 %

TABLE 6 CAMERA TIME COMPARED TO THE CAMERAGS TOTAL TIME (UNNECESSARYIMAGES

REMOVED)

% per camera

Monday Tuesday Wednesday Thursday Friday Grand Total
Cameral 0.00% 32.06% 30.73% 23.75% 13.46 % 100.00 %
Camera 2 6.64 % 4.44 % 16.84 % 38.50 % 3.58% 100.00 %
Camera 3 3.24% 18.30% 23.92% 46.02% 8.52% 100.00 %
Camera 4 327% 1842 % 24.05 % 45.73 % 8.53% 100.00 %
Camera 5 3.71% 2065% 25.21% 41.24 % 9.19% 100.00 %
Camera b 311% 20.22% 2295 % 44.32 % 9.40 % 100.00 %
Camera 7 455% 20.80% 22.07% 2543 % 27.16% 100.00 %
Camera 8 455% 20.80% 22.07% 2543 % 27.16% 100.00 %
Grand Total 3.44% 20.88% 24.56 % 35.87 % 15.25 % 100.00 %
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TABLE 7 TABLE OF HOW MANY GB OF PICTURES WHERE ONHE MEMORY CARD AFTER EACH
DAY

Sum of Size GB
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Camera 1 Orig. 0.00 22.50 15.50 13.10 7.07 58.17
Camera 2 0.38 0.26 2.65 2.20 0.21 5.69
Camera 3 1.70 9.93 13.10 25.00 4.90 54.63
Camera 4 1.68 9.38 12.20 23.60 4.21 51.07
Camera 5 3.90 15.10 18.40 28.80 6.71 72.91
Camera 6 1.52 10.00 11.10 21.50 4.32 48.44
Grand Total 9.18 67.17 72.95 114.20 27.42 290.91

TABLE 8 RESOLUTION OF THE PICURES EACH DAY

Resolutions in

Megapixels
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016
Cameral 0.0 10.0 8.0 8.0 8.0
Camera 1 Orig. 0.0 10.0 8.0 8.0 8.0
Camera 2 12.0 12.0 12.0 12.0 12.0
Camera 3 8.0 8.0 8.0 8.0 8.0
Camera 4 8.0 8.0 8.0 8.0 8.0
Camera 5 12.0 8.0 8.0 8.0 8.0
Camera 6 8.0 8.0 8.0 8.0 8.0
Camera 7/ 0.5 0.5 0.5 0.5 0.5
Camera 7 Orig. 0.5 0.5 0.5 0.5 0.5
Camera 8 0.5 0.5 0.5 0.5 0.5
Camera 8 Orig. 0.5 0.5 0.5 0.5 0.5
TABLE 9 AVERAGE IMAGE SIZE INMB FOR EACH DAY
Average file
size in MB
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total
Camera 1 0.00 2.61 1.89 2.06 1.96 1.70
Camera 1 Orig. 0.00 2.62 1.89 2.06 1.96 1.71
Camera 2 2.16 2.23 2.16 2.18 2.16 2.18
Camera 3 3.01 3.12 3.15 3.13 3.31 3.14
Camera 4 2.97 2.95 2.93 2.99 2.85 2.94
Camera 5 6.33 4.41 4.40 4.21 4.40 4,75
Camera 6 2.70 2.74 2.68 2.69 2.54 2.67
Camera 7 0.44 0.38 0.43 0.37 0.47 0.42
Camera 7 Orig. 0.41 0.41 0.41 0.41 0.41 0.41
Camera 8 0.44 0.38 0.43 0.37 0.47 0.42
Camera 8 Orig. 0.41 0.41 0.41 0.41 0.41 0.41
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TABLE 10 CAMERA MALFUNCTIONS

Camera malfunctions
Information

Cameral Monday 11th: was not taking time lapse due to camera mounting problems
Thursday 14th: Stopped taking pictures too early, missing about 13 hours of
time lapse

Camera 2  Was not functioning as planned, took only few hours of pictures per day

Camera3 Tuesday 12th: Stopped taking pictures too early, missing about 40 minutes of
time lapse

Camera4d Tuesday 12th: Stopped taking pictures too early, missing about 40 minutes of
time lapse

Camera5 Thursday 14th: Stopped taking pictures too early, missing about 3 hours of
time lapse

Camera® No malfunctions
Camera7 No malfunctions (pictures imported from server)
Camera8 No malfunctions (pictures imported from server)

The initial plan was to go through thecturesautomatically with a computer by using
OpenCV Python library. Since this failed, 87 3#totoswereinspected manually one by
one. When going through the pictures manuallyfélceswas to find out which coach was
helping which teamAlso, the gather of the information about how long the teams spend
time in their dedicated working place was done astmae time. This wouldot havebeen
possible to accomplish with the script. The main rule, when going through the pictures
manually, was to keep in mind what the script might give as a resaltdéch is helping
theteambut is not wearing the beaniewill not be marked coaching.

Based on the data from pictures, coaches helped the teams a total of 20 hours 25 minutes
and 59 seconds. The average time a cbatipsa team was 21 minutes and 19 seconds and
median 6 minutes and 50 seconds. Average othing per coach was 7 hours and 55
minutes and 53 seconds. Average coaching per day was 4 hours 45 minutes and 32 seconds.
Resolution of the timdapse wad.0 seconds.
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TABLE 11 TIME COACHED BY COACHAND TEAM (PICTURE DATA)

Grand Total
2:14:48
0:08:48
1:26:40
0:39:20

11:10:56
4:02:22
1:14:20
4:36:48
1:17:26

7:00:08
1:48:40
2:34:10
1:32:50
1:02:18
0:02:10
20:25:52

5:59:50
5:15:10
6:48:58
2:19:44
0:02:10

Coaching
duration
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016
Coach 1 0:55:18 0:39:20 0:24:30 0:15:40
Curium 0:08:48
Fermium 0:46:30 0:24:30 0:15:40
Lemmium 0:39:20
Nobelium
Thorium
Coach 2 1:20:36 1:25:02 3:32:36 4:52:42
Curium 0:29:48 0:51:30 1:27:52 1:13:12
Fermium 1:14:20
Lemmium 0:37:28 1:36:30 2:22:50
Nobelium 0:13:20 0:33:32 0:28:14 0:02:20
Thorium
Coach 3 0:03:10 1:16:54 0:34:44 3:46:20 1:19:00
Curium 0:11:20 1:20:20 0:17:00
Fermium 0:03:10 0:06:40 0:00:50 1:40:30 0:43:00
Lemmium 0:31:10 0:02:40 0:43:20 0:15:40
Nobelium 0:39:04 0:19:54 0:03:20
Thorium 0:02:10
Grand Total 0:03:10 3:32:48 2:39:06 7:43:26 6:27:22
TABLE 12 TIME COACHED BY TEAM (PICTURE DATA)
Coaching
duration
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total
Curium 0:38:36 1:02:50 2:48:12 1:30:12
Fermium 0:03:10 0:53:10 0:00:50 2:05:00 2:13:00
Lemmium 1:08:38 0:42:00 2:19:50 2:38:30
Nobelium 0:52:24 0:53:26 0:28:14 0:05:40
Thorium 0:02:10
Grand Total 0:03:10 3:32:48 2:39:06 7:43:26 6:27:22

TABLE 13 TIME COACHED BY EACHCOACH (PICTUREDATA)

Usage of coaches
Coachl Coach2 Coach3 Grand Total

Curium 0:08:48 4:02:22 1:48:40 5:59:50
Fermium 1:26:40 1:14:20  2:34:10 5:15:10
Lemmium 0:39:20 4:36:48  1:32:50 6:48:58
Nobelium 1:17:26  1:02:18 2:19:44
Thorium 0:02:10 0:02:10
Grand Total 2:14:48 11:10:56 7:00:08 20:25:52
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TABLE 14 COACHING TIME COMPARED TO GRAND TOTA. (PICTUREDATA)

Time coaching %
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Coach 1 0.00 % 5.76 % 7.81% 1.72% 3.20% 18.49 %
Coach 2 0.00 % 5.65% 7.21% 16.82 % 20.50% 50.17 %
Coach 3 0.22 % 7.11% 243 % 16.03 % 5.53% 31.33%
Grand Total 0.22 % 18.52 % 17.46 % 34.56 % 29.23 % 100.00 %

TABLE 15 COACHING TIME COMPARED TO DAILY TOTAL (PICTUREDATA)

Time coaching %
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Coach 1 0.00 % 3117 % 42.25% 9.28% 17.30% 100.00 %
Coach 2 0.00 % 11.25% 1437 % 33.52% 40.86 % 100.00 %
Coach 3 0.71% 22.71% 7.77% 5116 % 17.66 % 100.00 %
Grand Total 0.22 % 18.52 % 17.46 % 34.56 % 29.23 % 100.00 %

TABLE 16 COACHING TIME COMPARED TO COACHTOTAL (PICTUREDATA)

Time coaching %
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Coach 1 0.00 % 3112 % 44.77 % 4.97 % 10.94 % 18.49 %
Coach 2 0.00 % 30.48 % 41.29% 48.66 % 70.13 % 50.17 %
Coach 3 100.00 % 38.40% 13.94 % 46.38 % 18.93 % 31.33%
Grand Total 100.00 % 100.00 % 100.00 % 100.00 % 100.00 % 100.00 %

4.2 Time-tracking Data

According to time tracker datapaches helped the teams a total of 47 hours and 2%ewinu
The averagelurationcoach helping a team was 22 minutes and 26 se@mtimedian 12
minutes Average oftotal coaching per coach was 15 hod48sminutes and 48econds
Averageof coaching per day was 9 hours 29 minutes48gkcondsResolutiorof thetime-
trackingapplication was one minute and anything under one minute was natedcor
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TABLE 17 TIME COACHED BY COACH AND TEAM (TIME-TRACKING DATA)

Coaching
duration

Coach 1
Actinium
Americium
Curium

Einsteinium

Fermium
Lemmium
Neptunium
Nobelium
Thorium
Coach 2
Actinium
Americium
Curium

Einsteinium

Fermium
Lemmium
Neptunium
MNobelium
Coach 3

Actinium
Americium
Curium

Einsteinium

Fermium
Lemmium
Neptunium
Nobelium
Thorium
Grand Total

11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016

0:04:00
0:03:00

0:01:00

0:05:00

0:05:00
0:18:00

0:15:00

0:03:00

0:27:00

3:49:00
0:40:00
1:25:00
0:13:00
0:05:00
0:53:00
0:03:00
0:11:00
0:10:00
0:09:00
2:43:00

0:05:00
0:30:00
1:06:00

0:37:00

0:25:00
2:54:00
0:46:00

0:08:00
0:48:00
0:25:00
0:47:00

9:26:00

2:31:00
1:18:00
0:31:00
0:02:00

0:40:00

3:34:00
0:18:00
0:40:00
0:50:00
0:57:00

0:16:00
0:33:00
2:43:00

0:57:00
0:34:00
0:07:00
0:03:00
0:21:00
0:41:00

8:48:00

50

2:36:00
0:45:00
0:49:00

0:18:00
0:24:00

0:07:00
0:13:00

5:32:00
0:18:00
1:33:00
1:24:00
0:19:00

1:07:00
0:40:00
0:11:00
5:20:00
0:03:00

1:29:00

2:57:00
0:44:00

0:05:00
0:02:00
13:28:00

6:39:00
6:16:00

0:08:00
0:15:00

8:03:00

0:32:00

0:49:00

4:17:00

2:23:00

0:02:00
0:38:00

0:38:00

15:20:00

Grand Total
15:39:00
9:02:00
2:45:00
0:15:00
0:31:00
1:32:00
0:43:00
0:18:00
0:24:00
0:09:00
19:57:00
0:36:00
2:50:00
2:44:00
3:11:00
4:17:00
4:07:00
0:56:00
1:16:00
11:53:00
0:49:00
0:57:00
2:03:00
0:07:00
3:20:00
2:13:00
0:49:00
1:33:00
0:02:00
47:29:00



TABLE 18 TIME COACHED BY TEAM (TIME TRACKER DATA)

Coaching duration

Actinium
Americium
Curium
Einsteinium
Fermium
Lemmium
Neptunium
Nobelium
Thorium
Grand Total

11.01.2016 12.01.2016

0:03:00

0:15:00

0:03:00
0:06:00

0:27:00

TABLE 19 TIME COACHED BY EACH COAGH (TIME TRACKER DATA)

Usage of coaches

Actinium
Americium
Curium
Einsteinium
Fermium
Lemmium
Neptunium
Nobelium
Thorium
Grand Total

1:26:00
1:30:00
0:43:00
1:11:00
1:01:00
1:28:00
0:36:00
1:22:00
0:09:00
9:26:00

Coach 1
9:02:00
2:45:00
0:15:00
0:31:00
1:32:00
0:43:00
0:18:00
0:24:00
0:09:00

15:39:00

13.01.2016 14.01.2016 15.01.2016

1:36:00
2:08:00
1:26:00
1:04:00

0:43:00
0:37:00
1:14:00

8:48:00

Coach 2
0:36:00
2:50:00
2:44:00
3:11:00
4:17:00
4:07:00
0:56:00
1:16:00

19:57:00

1:06:00
2:22:00
2:53:00
0:37:00
3:21:00
1:51:00
0:47:00
0:29:00
0:02:00
13:28:00

Coach 3
0:49:00
0:57:00
2:03:00
0:07:00
3:20:00
2:13:00
0:49:00
1:33:00
0:02:00
11:53:00

6:16:00
0:32:00

0:57:00
4:32:00
3:01:00

0:02:00

15:20:00

Grand Total
10:27:00
6:32:00
5:02:00
3:49:00
9:09:00
7:03:00
2:03:00
3:13:00
0:11:00
47:29:00

Grand Total
10:27:00
6:32:00
5:02:00
3:49:00
9:09:00
7:03:00
2:03:00
3:13:00
0:11:00
47:29:00

TABLE 20 COACHING TIME COMPARED TO GRAND TOTA. (TIME TRACKER DATA)

Time coaching %

Coach 1
Coach 2
Coach 3

Grand Total

11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016

0.14 %
0.18%
0.63%
0.95 %

8.04 %
572 %
6.11%
19.87 %

5.30%
7.51%
5.72%
18.53 %
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5.48 %
11.65 %
11.23 %
28.36 %

14.00 %
16.95 %

1.33%
32.29%

Grand Total
3296 %
42.01%
25.03%

100.00 %



TABLE 21 COACHING TIME COMPARED TO DAILY TOTAL (TIME TRACKER DATA)

Time coaching %
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Coach 1 14.81 % 40.46 % 28.60 % 19.31 % 4337 % 3296 %
Coach 2 18.52 % 28.80 % 40.53 % 41.09 % 52.50 % 42.01%
Coach 3 66.67 % 30.74 % 30.87 % 39.60 % 413 % 25.03 %
Grand Total 100.00 % 100.00 % 100.00 % 100.00 % 100.00 % 100.00 %

TABLE 22 COACHING TIME COMPARED TO COACHTOTAL (TIME TRACKER DATA)

Time coaching %
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Coach 1 0.43 % 24.39% 16.08 % 16.61 % 42.49 % 100.00 %
Coach 2 0.42% 13.62 % 17.88 % 27.74 % 40.35 % 100.00 %
Coach 3 2.52% 24.40 % 22.86% 44.88 % 5.33% 100.00 %
Grand Total 0.95 % 19.87 % 18.53 % 28.36 % 32.29 % 100.00 %

4.3 Coach N otes

From the total of 89 notes of tliwachesy9 helping situations were somehdschnical,

and the rest 106asesverehelp regarding wheretget materials for building the robot and
giving out components from Arduino Bazaar. From thos¢ée¢Bnologicainotes62 cases

were related taoding and the rest 17 notes were about helping the team out with mechanical
problems (such as soldering opla&cing a broken sensor), problems with Arduino Software
(crashing, not starting or not compiling) or general questions on how the sensor in hand can
be used. And those 62 coding related notes can further be categorized into two groups. 35
helping situatios on how to use a sensor, how to install a library to Arduino Software, how
to use a servo and how to calibrate or fine tune it, and how to use LED strip. The rest 27
notes were related to the structure of the code and coding logics, such as how t@ combin
code, how to use functions and cleaning up the code.

TABLE 23 COACH COMMENTING ACTNMITY

Comments Coached Commenting %
Coach 1 27 45 60.0 %
Coach 2 39 42 92.9%
Coach 3 23 40 57.5%
Grand Total 89 127 70.1 %
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/ 79 technical notes 89% \

\ 10 non-technical notes 11% /

FIGURE 21 COACH NOTES DIVISIONTO HIGH-LEVEL TOPICS

Deeper understanding tie record and th& qualitativevalue are to be studied in future
researchsand therefore are out of the foafghis study.
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5 Conclusions

This part explains the more detailed interpretation of results and what kind of
problems emerge from the data and how these problems were encountexed.or fi
Data is handled in three different packages the same way as in results section;
picture datatimetrackingdata and coach note data

5.1 Picture Data

A numberof picturesand cameras brought up a serieglifferent problems and they are
explained hereAll code for solvingthese problms can be found from appendix@$ere is
alsoa codefor presenting your own picture with the pixel color values as showigure

11on page??.

5.1.1 Beanies

First and foremost, the coach beanies chosen color was not as unique as thought. IdeaSquare
has a set of differentcolored chair inside theoms,and no one noticed that one of those
chairs is exacyl the same color as the beanies. This could have easily been corrected by
removing thoseseatdrom theroomsif seerbefore collecting the picture data. Another issue

was thathe red room color was actually slightly ne@meotherproblem was the skicolor

since it seems that Eurasian skin tone has some pigments of orange. Finally, the lighting
conditions in the roomweredifferent. This means not only that the beanie seems different
colored in every room, but also that the beanie seems differeneda@wen when moving

inside theroom Thereforethe color needed to be initialized in the script separately for each
room

Another problem with the beanies was that coaches forgot to wear them all the time.
Sometimes the coach would take the beanie offi éheugh he was helping the team and
other times they would even forget the beanie on the table and leave the room.

5.1.2 Cameras

Action cameras were not the same model. Téssilted ina problem with aifferent kind

of picture naming system. Most of the caagenamed the pictures tine samavay. They

saved a maximum of 99%hotosinside a folder and then created a new folder, but this made
theimagenames almost arithmetic. There were few exceptions where the naming suddenly
jumped with 10000, this happen lagse the timéapse had been suspended for some reason,
but the pictures still stayed in order, so it was not an aptoalem It still meant that all the
pictures that wertakenthat one day had unique filenames. One of the cameras named the
pictures vith time and arithmetically rising number from 0000 to 9999. This also means that
every picture taken that day had a unique number, so there was no problem there either.
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One of he problems was thane of the cameras saved the same maximum 999 pictures in

a folder, but when it started saving the next 999 in a new folder it would be naming the
pictures from the beginning. This meant that there was more than one picture with the same
filename. Analyzing the images with a script, either for the image timgssaor for
searchindor the beanie color, had a huge probably to run into unexpected problems.

Wall-mounted cameras and their filesystemreentirelydifferent from the action cameras.
These cameras saved the pictures ser@er,and when exported to a&gsonal computer
there were almost asanyfolders as files itselfSome folders containap to 999 folders
which contained anothé€99 folders which contained a total of 8 pictures insin@ges
were saved in thiolder everyminute, so each folder haglx relevant pictures in it. Luckily
therelatedimageshad a filename starting with M and a number from 1 tdherefore,t
waseasy to gather all the relevantagesinsideeach folder with a script.

While going through the picturgisnoticed thathep i ct ur es di dterssécond| way
difference, even though it was set as such from the camera configuration. Time to time the
difference between two of the pictures was 11 or 12 seconds. This could also be caught
calculating the total amount of tinfieom the starting and ending times of the cameras and

the total number of pictures takerhe totalnumberof photoswas 129833 There were 7
cameras taking images on one day and 8 cameras taking images on four days. Each day and
camera we need to ignooa the pictureand then multiply the amount with B@cond to

find out how long the cameras were on. Y83 pictures mean 297840 seconds which
corresponds to 360 hours 32 minutes and 2«
end time for each gaand summing these together the time taking pictures is 360 hours 40
minutes and 30 secondihe dfferenceis 8 minutes and 10 seconds, which corresponds to

49 pictures. This means that the real time difference betweemnmageswas 10.00077
seconds. St¢he error marginal was 0.0077% betweenithages and the total errowas
0.00038%.This error existsbh e c au s e o fs inteprated cirauirg at Precise

enough when calculating thensecondlifference between the pictures.

The picture data vgacalculated with the modification timestamps of the image file.
Therefore, this error doesno6t affect the d
the coach appeared to tpeture and the stopping timestamp was saved when the coach
was not n the image anymore.
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5.1.3 Camera P ositioning

Although the camera positions were planned and tested beforehand in order to minimize the
unwanted traffic and to have the best possible view of the wararal problems madiee

use of script harder than expect&&bme of the rooms had big wall sized windows.
Unfortunately, this also messed up the whole idea with the beanies. When coaches were
moving from team to team, they would often walk by theselows and they woulaasily

end up in the pictures. This coutdve been prevented with a different camera angle or by
blocking the viewfrom the window, for example with tape and paper.

Another problem was that visitors, teammbersand other people were blocking the beanie

in some cases. This meant thatthe scriptul dndt see the beanie a
of the coach helping the teamould beless than it was in reality. Preventing this problem
would beharder sincéd oesndét matter how the camera wit
exist someone standjnn front of the beanie unless there was a possibility to take pictures
from above the teams. If the camera could not be placed directly above the workspace
pointing down, the second best alternative would be installing the cameras as high and close
to the teams as possible. Alsmuntingthe camera to the back wall of the rommuld have

helped This problem would be even bigger if the coaches would have been wearing a certain
colored vest instead of a beanie.

One of the cameras was installed upside dtwachieve a better mounting location. This
was actually not a problem, but still worth mentioning. The solutionasasasy as writing
a scriptto rotatethe pictures and save thémanother folder with the same filename.

One camera had the date and tseénvrong and this resulted on dating all theotosback

to the year 2012The time and date settings in every camera should have been checked to
avoid this kind of a problemn this case, it was possible to trdmack thetime since there

was a recoreld timestamp withime-trackingsoftwarewhen a coach was helping that team.

The samecamera was also positionegtery daydifferently since theravereno mounting

devices for every camera. In pictures taken with this camera, (Camera 5) on Thufsday 14
of January 2016, the coach was sometimes outside of the picture even though he was helping
the team.
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5.1.4 Camera Memory C ards

The size of the action camera memory cards was 32 gigabytes. 32 GB is the storage size

represented by the manufacturing company marjesagment and uses 1000 as their base

instead of 1024. This way the company actually makes 29.8 GB memory cards instead of 32
GB. Since the cameras were taking JPEG pictures, the size of the photos was in theory

around 2.2 MB with10-megapixelpicturesand 1.9 MB with 8-megapixelphotos. This
meant that these memory cards could hold about 13 546 piet@srafgapixelphotos or
15 685 pieces d-megapixelphotos. Thisneant37 hours 37 minutes 40 seconds Witk
megapixelphotos or 43 hours 34 minutes l&cends with8-megapixelphotos calculated
with al0-secondnterval. With 5 seconuhterval,thismeantl8 hours 48 minutes 50 seconds
with 10-megapixelphotos or 21 hours 47 minutes 05 seconds &thegapixelphotos. In
theory, the memory cards shouldtget full when takingpicturesfor one daybutin reality,
the picturesiverage size was biggers can be seen frofable9.

Even though the memory cards were emptied every day, there were a few times when
cameams run out space for pictures or for some other reason they stopped taking pictures.
Also, one of the cameras was not working as it was supposed to be and for an unknown

reasonj t di dndt manage to take picturweisglest or
thing, with cameras runningut of memory, was thaine of the cameras was able to take
pictures for 12 hours on Tuesday and Wednesday, bitharsday,the camera stopped
taking pictures just after 9 hours.

The memory cards used couidve beerbigger to prevent the cameras from running out
memory, but 1t might be tlangartmentory eardsh\otherr a s
way to tackle thisvould have been to lower the resolution of the pictures or have the whole
system with cameras senditing pictures straight to the computer memory like with cameras
7 and 8.

5.1.5 Going Through the Pictures M anually

The initial plan was to go through all tpaotosautomatically with a script using OpenCV
library to find the pictures where the coaches weahegieon orange beamigre present.
Due to several problems with theagessuch as uneven color balance, coaches behind the
window, neon orange chairs in the space, the-tapsephotoswere hadto be reviewed
manually.Since the resolution of the tirl@pse photos on cameras 7 and 8 were low quality,
the focus was to go through the pictures from camefad khis meant going through 865
imagesone by one. The script planned to be usaa be foundn appendix6. With some
modifications to the scrind to the timdapse system, this code could be furthilized

in future researas regarding this area.

57



This procedure took a vast amount of time and coffee for only one person. The best practice
to go through the pictures with a team is dividingithagesn a way that everyone has one
camera to go through. An important thing to keep in mind, wdpditting the workload
between a team, is to make clear ruleb@k everything is written dowrGoingthrough

over 87 365 pictures alone took me aboutweek of work.

The data collected was only from when a team was present at their own workingighace

a coach helping thenirhere was also some collected notes, like if there was actually
someone helping, but people were in front of the camera or thé godta beanie was
actually behind the window and ather kindof potential problems that might affect the
output data of the script.

One question that cante mind while going thragh those pictures was if theveas a
program that would load th@cturesto a computer random access memory (RAM) with a
lower resolution so that it would be faster to jump from wnageto another. This could
possibly be done by creating a RAM disc where pictures wouldgdbeopied to there. The

RAM disk could bring theeading speed of theagesup to 10GB/swhena standardhard

disk drive (HDD) reading speed is somewhere betweeh B&0 MB/s. If changing from

HDD to a solid state drive (SSD), the reading speed might be tripled, up to 300 MB/s. The
problem was that theansferrate of the computer USB3 port and HDD were limiting how
fast one could jump from picture to picture.

5.2 Time-tracking Data

There were some sessions where the team needed halprigertime. Time-trackingdata
real |l y di dn o tintogawuhe teans peeded help. glmat is where the written
coach notes helped, to find out what was the actual problem of the team.

Time-trackingwas not arexception it had some problems as weline of thecoach'¢ime-
trackingdata and note timestamps diféd by one hour. The real reason that caused this
issueis unclear. But our best guess is that the time frontithe-tracking software has
changed when the phoneds time zone changes:s
Switzerland, but time dataas exportedo Finland. Therefore the exported time data was
one hour more than the written notes.

There were different possible ways of using tilhee-trackingsoftware. There were a few
times when coach 3 helped several teams at the same time. Ptoli@biyore efficient and

to save him fromwalking back and forth all the time. He did make a remark to the software
or to the tes when this occurred, bunitessed up thime-trackingdata. The rules should
have beermore carefullyspecifiedon how thetime-tracking softwarewas used or we
should have used aiternativetime-trackingsoftware that could record thiene of several
teams at the same time.
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The precision of théime-tracking software was the biggest surprise. Ttime-tracking

softwared dnodét tell at any point that Thidnmeanmi ni n
thateverytimea coach hel ped a team for under one
the export. It mightbepossi e t o di g that i nf orumbmgAlson fr c

the software saved only the hour and minutes when the task started and ended. Since there
wasa total of 127 entries, there was 254 starts and sitgugether If all of those starts and

stops were pressed precisely when a minute changesrtr of the time data would be 0%.

But, since the users were humans, this was basically impossible. The maximum error is that
every start and stop was pressed one second before the minute changed. This means a
maximum of 14 986 (254*59) second errortatal time data. Théull use of thetime-
trackingsoftware was 47 hours and 29 minutes, which is®seconds. Therefore, the
maximum error is 8.77%. The actual error is most probably closer to 4.38%, which means
an average time error of 30 secondswevery start and stop.

5.3 Coach Notes

One major problenn the notes was that theneereas many ways of making notes as there
were coaches. Every coach had their own way of writing things down, which made the
comparison of the notes really hard. Therefareery coach should have a template
explaining how to write down their notes. In thiay, the comparison of the qualitative data
would be noticeably easier. The positive side is that the esashde comments and notes
with an activity of 70.1%.

5.4 Data Trian gulation

When looking at the time data shown in the tables above, one can think that the method of
using pictures recorded only half of the coaching situations, but this is not true. There are
three main reasomnghy the picturedata recorded not that mucbaching.

Firstly , the number ophotosto go through manually was enormous. Alnerefore

only pictures of six cameras out of eight were analyzed, the images from damera
and 8 will be analyzed in tHature. The analyzed tird@pse covered seven teams
out of nine.

Secondly the cameras were not working as planned. Carderalunctions can

be seen fronTable10, where it shows that camera 2 was almost not tatkiner

lapse imageatall, and several cameras hsaime sort oproblemsor the cards ran

out of memory (cameras 1, 3, 4, and 5). Camera 6 was the only one that functioned
according to the plan the whole time, which was taking-tapse of teanCurium
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Third reasons that the teams were not always wiatkin their dedicated working

space and therefore coaching happened around the premises. For example, team
Actinium stopped

usi

ng

t he

dedi

cated

during the working period and some of tteachingdone to thiseam happened in
Arduino Bazaar (the coach headquarter).

Since some of the picture data is missing, only the data based onGea&uors, Fermium
LemmiumNobelium andThoriumcan be compared from both data sets. Tables containing

data of these fivéeamsare listedand compared below. The data of Curium, Fermium,

Lemmium Nobelium, and Thorium are collected from corresponding tables in cHagidr

presented here to make the comparison between the two methgids The percentage

spa

represents the proportional difference between the values measured from picture data and
time tracker data. The percentage that was equal to 100% change or both of the values were
zero, was removed from the tables.

TABLE 24 CURIUM, FERMIUM, LEMMIUM, NOBELIUM, AND THORIUM TIME DATA COLLECTED

Coaching duration,
picture data
11.01.2016
Coach 1
Curium
Fermium
Lemmium
Nobelium
Thorium
Coach 2
Curium
Fermium
Lemmium
Nobelium
Thorium
Coach 3 0:03:10
Curium
Fermium 0:03:10
Lemmium
Nobelium
Thorium
Grand Total 0:03:10

FROMTABLE 11

12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

0:55:18
0:08:48
0:46:30

1:20:36
0:29:48

0:37:28
0:13:20

1:16:54

0:06:40

0:31:10

0:39:04

3:32:48

0:39:20

0:39:20

1:25:02
0:51:30

0:33:32

0:34:44
0:11:20
0:00:50
0:02:40
0:19:54

2:39:06
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0:24:30

0:24:30

3:32:36
1:27:52

1:36:30
0:28:14

3:46:20
1:20:20
1:40:30
0:43:20

0:02:10
7:43:26

0:15:40

0:15:40

4:52:42
1:13:12
1:14:20
2:22:50
0:02:20

1:19:00
0:17:00
0:43:00
0:15:40
0:03:20

6:27:22

2:14:48
0:08:48
1:26:40
0:39:20

11:10:56
4:02:22
1:14:20
4:36:48
1:17:26

7:00:08
1:48:40
2:34:10
1:32:50
1:02:18
0:02:10
20:25:52



TABLE 25 CURIUM, FERMIUM, LEMMIUM, NOBELIUM, AND THORIUM TIME DATA GATHERED
FROMTABLE 17

Coaching duration,
time tracker data

11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Coach 1 0:01:00 1:28:00 0:42:00 0:37:00 0:15:00 3:03:00
Curium 0:13:00 0:02:00 0:15:00
Fermium 0:53:00 0:24:00 0:15:00 1:32:00
Lemmium 0:03:00 0:40:00 0:43:00
Nobelium 0:01:00 0:10:00 0:13:00 0:24:00
Thorium 0:09:00 0:09:00

Coach 2 0:05:00 1:32:00 1:23:00 2:42:00 6:42:00 12:24:00
Curium 0:30:00 0:50:00 1:24:00 2:44:00
Fermium 4:17:00 4:17:00
Lemmium 0:37:00 1:07:00 2:23:00 4:07:00
Nobelium 0:05:00 0:25:00 0:33:00 0:11:00 0:02:00 1:16:00
Thorium

Coach 3 0:15:00 1:43:00 1:18:00 5:17:00 0:38:00 9:11:00
Curium 0:34:00 1:29:00 2:03:00
Fermium 0:15:00 0:08:00 2:57:00 3:20:00
Lemmium 0:48:00 0:03:00 0:44:00 0:38:00 2:13:00
Nobelium 0:47:00 0:41:00 0:05:00 1:33:00
Thorium 0:02:00 0:02:00

Grand Total 0:21:00 4:43:00 3:23:00 8:36:00 7:35:00 24:38:00

TABLE 26 COMPARING THE PICTUREAND TIME TRACKER DATA BY COACH AND TEAM

Data % differences
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Coach 1 37.2% 6.3 % 33.8% 4.3 % 26.3%
Curium 323% 41.3%
Fermium 12.3% 20% 4.3 % 5.8%
Lemmium 1.7% 8.5%
Nobelium
Thorium

Coach 2 12.4% 24% 23.8% 27.2% 9.8%
Curium 0.7% 2.9% 4.4 % 32.3%
Fermium 71.1% 71.1%
Lemmium 1.2% 306% 0.1% 10.8%
Nobelium 46.7 % 16% 61.0% 14.3 % 19%
Thorium

Coach 3 78.9 % 253% 55.5 % 28.6 % 51.9% 23.8%
Curium 66.7 % 9.7 % 11.7%
Fermium 78.9% 16.7 % 43.2 % 22.9%
Lemmium 35.1% 111 % 1.5% 58.8% 30.2%
Nobelium 16.9% 51.5% 33.0%
Thorium 7.7% 7.7 %

Grand Total 84.9% 24.8% 216 % 10.2 % 14.9% 17.1%
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TABLE 27 CURIUM, FERMIUM, LEMMIUM, NOBELIUM, AND THORIUM DATA COLLECTED
FROMTABLE 12

Coaching duration,
picture data
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Curium 0:38:36 1:02:50 2:48:12 1:30:12 5:59:50
Fermium 0:03:10 0:53:10 0:00:50 2:05:00 2:13:00 5:15:10
Lemmium 1:08:38 0:42:00 2:19:50 2:38:30 6:48:58
Nobelium 0:52:24 0:53:26 0:28:14 0:05:40 2:19:44
Thorium 0:02:10 0:02:10
Grand Total 0:03:10 3:32:48 2:39:06 7:43:26 6:27:22 20:25:52

TABLE 28 CURIUM, FERMIUM, LEMMIUM , NOBELIUM, AND THORIUM DATA GATHERED FROM
TABLE 18

Coaching duration,
time tracker data
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Curium 0:43:00 1:26:00 2:53:00 5:02:00
Fermium 0:15:00 1:01:00 3:21:00 4:32:00 9:09:00
Lemmium 1:28:00 0:43:00 1:51:00 3:01:00 7:03:00
Nobelium 0:06:00 1:22:00 1:14:00 0:29:00 0:02:00 3:13:00
Thorium 0:09:00 0:02:00 0:11:00
Grand Total 0:21:00 4:43:00 3:23:00 8:36:00 7:35:00 24:38:00

TABLE 29 COMPARING THE TIME CQACHED BY TEAMS

Data % difference
11.01.2016 12.01.2016 13.01.2016 14.01.2016 15.01.2016 Grand Total

Curium 10.2% 26.9% 2.8% 16.1%
Fermium 78.9% 12.8% 37.8% 51.1% 42,6 %
Lemmium 22.0% 23 % 20.6 % 12.4% 33%
Nobelium 36.1% 27.8% 2.6% 64.7 % 27.6%
Thorium 7.7 % 80.3%
Grand Total 84.9 % 24.8 % 21.6 % 10.2 % 149 % 17.1%
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TABLE 30 CURIUM, FERMIUM, LEMMIUM, NOBELIUM, AND THORIUM DATA GATHERED FROM

TABLE 31 CURIUM, FERMIUM, LEMMIUM, NOBELIUM, AND THORIUM DATA COLLECTED

TABLE 13

Usage of coaches,
picture data

Coach 1 Coach 2
Curium 0:08:48 4:02:22
Fermium 1:26:40 1:14:20
Lemmium 0:39:20 4:36:48
Nobelium 1:17:26
Thorium
Grand Total 2:14:48 11:10:56

Usage of coaches,
time tracker data

Curium
Fermium
Lemmium
Nobelium
Thorium
Grand Total

FROMTABLE 19

Coach 1 Coach 2
0:15:00 2:44:00
1:32:00 4:17:00
0:43:00 4:07:00
0:24:00 1:16:00
0:09:00

3:03:00 12:24:00

Coach 3
1:48:40
2:34:10
1:32:50
1:02:18
0:02:10
7:00:08

Coach 3
2:03:00
3:20:00
2:13:00
1:33:00
0:02:00
9:11:00

Grand Tatal
5:59:50
5:15:10
6:48:58
2:19:44
0:02:10

20:25:52

Grand Total
5:02:00
9:09:00
7:03:00
3:13:00
0:11:00

24:38:00

TABLE 32 COMPARING THE TIMECOACHED BY EACH COAGH

Data %
differences

Curium
Fermium
Lemmium
Nobelium
Thorium
Grand Total

5.5 Study Outcome

Coach 1 Coach 2
413 % 323%
5.8% 711 %
8.5% 108 %
19%

26.3% 9.8%

Coach 3
11.7 %
229%
30.2%
33.0%

7.7 %
23.8%

Grand Total
16.1%

42.6 %
3.3%
27.6%
80.3%
17.1%

Before the comparisobetwen this fiveteams was doné looked like the picture method

wasnot

et voe nt hcel

ossaeme t i

me as

t he

t

me

track

whose data collection was corrupted, the difference between the two methods is 17.1%. This
difference can be explain&dth the third reason listeabove thecoaches helped the team

away from theiworking spacen areas that are not included in the pictures

Strengths and weaknesses of the different data colleogbimods arehown inFigure22.
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FIGURE 22 METHODOSTRENGTHS AND WEAKNBSSES

Picture andime-trackingmethods are close to as reliable in measugirantitative data, but
theyclearlyare missing the information on what participants were asking and what kind of
problems they had during the challenge.t@a other hand, note collecting methgides a

good insight on thproblemsbut has a major reliability problem with timestamps. By using
notecollecting together with either the picturetione-trackingmethodprovidesprecise time
information with good galitative data. Still, the resolution tifne-trackingmethod was only

one minute in thistudy, and therefore picture methoéferssix times better resolution when
measuring timePicturemethod can measure data only where the cameras are installed.
Comparing shows thatone of the testethethods arentirdy reliable alone, but if albf the
methods are combined, the quality of the data is far more reliable.

64







































