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EXECUTN&IMMARY

This deliverable introduces the data collection from the 3D printing and DIY electimfnéstructure

point of viewas well afhiow thesedataisanalyzed through théearningAnalytics(LA) systeminthe
eCraft2Learriearningecosystem, 3D printing and DIY electronicsaréntegral part ofthe making

activities taking place in both formal and informal settings. The data that is collected them

ecosystem during edicpedagogical stagef the development of tasksepresent the progress of the

learnersand can be analyzed through several methods in theylstem OurLAimplementationuses

machine learningpproactessuch as classification, cluster analysis, outliged#on and association
rulelearningin order to assist the teacher in their role as a coach, particularly enablingtthdeepen

their understanding2 ¥ G KSA NJ & ( dzR Sy (i 3mMprintigBmNDBY ZelectraniisAheirS  dza A y =
projects. The knowledggiscoverysupported bymachine learning a8 aA ada GKS (Sl OKSNID:
timely interventions anditisused td- £ & 2 & dzLJLJ2 NI G KS f S l-regfi&ionEm LINE 3 N
selfreflection via theUnified User Interface (UUIThe dcmonstration video accompanyintpis

document is accessible through the following link:
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1 INTRODUCTION

Thisdeliverable presents and describes the infrastructure of DIY electronics and 3D printing from the
learning analytics perspective, which powers the teacher interface of the eCraft2Learn digital
platform. The learning analytics system has been developedipport the role of the teacher as a
coach, or facilitator, of the learning experience. The work towards the creation of the learning
analytics system was framed on alleviating the difficulties that teachers/coaches face when dealing
with unexpected learmig paths that can invariably occur in learning situations as to decide when to
intervene and provide usefikedback during the learn&@akingprocess. The challenges concern
formal as well as informal settingsearning analytics is the measurement,lection, analysis and
reporting of data about learners and their contexts, for purposes of understanding and optimizing
learning and the environments in which it occurs (D3.4). We consider essential to provide the
opportunity of realtime feedback to teackrs/coaches as well as learners asdptimize the
teaching/learning experience.

Within the eCraft2Learn learning ecosystem it is understood that building and programming even
simple computersupported artefacts from the beginning requires a number opstethere complex

and sometimes dull debugging processes are needed in order to succeedaiitig Failing in these

tasks might cause learners to give up with the exercise, and ultimately their project or program. Note

that it is generally accepted thatot having control of the learning process, not perceive any
progress, and being forced to deal with issues that are not perceived as part of the problem to be
solved can influence the motivation of a learner in a negative way. The learning analytios siyste

at addressing these issues by collecting, analyzing and producing visual representation of technical
and pedagogical data for teachers and learnér& S [ ! Ol y ( NI Owhile w&king” S N&E Q
with DIY electronicgluring their projects, andoffer immediate visual information regarding the
a0dzZRSyGaQ LINRPINBaa (2 020K GKS (GSFOKSNkxO2IF OK vy

The DIY electronics in the context of eCraft2Lenakingactivities contain the programmingisks
of sensors and other electronic componen®s.g;, DC motorsservomotors LEDs, etc.). The
programming of these components is carried out by ugknduino boardsthrough Snap4Arduino
programming language. Snap4Arduino sends data to eCraft2Leaiat pRideterminedintervals
the learning analyticsystem uses then these data for analy8B printing activities take place with
Ultimaker 3D printers and the data that is possible to collect from the pristelescribed in this
document.

The work presented here informs the development of the proteetards facilitating the role of the
teacher as a coach of the learning experience within the eCraft2Learn learning ecosystem. This also
assist in supporting learnergersonalizedlearning paths. The development of the LA is deeply
integrated within the djital platform of the system assisting also in supporfin§ | NjeSdandifed
learning pathseltregulation, seHreflection and selawareness throughout thiive stage pedagogical
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steps (WP3). The learning analytics also shows innovative ways gfarginrepresenting learners
collected pedagogical data (WR#)d further complements the development of the technical core of
the eCraft2Learn learning ecosystem (WP4).

This document is structured as follows: in section 2 we provide a description @&aherig analytics
system data collection infrastructure showing all the data sources that the learning analytics system
uses. Section 3 shows the details of the data that can be collected from the 3D printer. Section 4 shows
the data that is collected frorthe UUI and the DIY electronicSection 5 presents details about how

the learning analytics system processes and analyses the collected data and provides visual
representation to the teacher. Section 6 then provides a summary of the user feedback feom th
perspective of the visualizations that the system provides as well as how the teachers perceive the
learning analytics system importance.

2 LEARNINGANALYTICBATACOLLECTIOMIFRASTRUCTURE

> Student Student Student Student Student Student
(o [\ (] o | (oo ) (] wr |
1. Imagine 2. Plan 3. Create 4. Programming 5. Share 3D printer
Google Drive Trello Tinkercad Snap Thingiverse
Sends data
API Teacher
observes
from
Intervetion Database printer
Analytics data
Preprocessing
" - Prediction
Ay - Cluster analysis
- Association rule mining
- Outlier detection
- Charts
pdated model «—
Monitors

Teacher

Classifies, Adjusts, Creates samples

Figure 1. Infra structure of DYI electronics and 3D printing from data collectionto  analysis
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Since data that can be collected for the DIY electronics takes the shape of the code that the learners
create to handle the components,anrestrict the DIY electronics data collected to the programming
process in Snap4Arduinduring the programming of computersupported artefacts through

{YylFILn! NRdZAy23> GKS S/ NI FOGHu[SINYy !'tL O2tftSO0da GK¢

dataset to the learning analytics systein.the case of 3D printingve providea guide to access the
data from the printing processhere. The data collection infrastructure associated with the DIY
electronics (Snap4Arduino), 3D printing as well as each one of the tools supporting the five
pedagogical stages of the eCraft2Learn learning ecosystem is shown in Figure 1.

The data flowsutomaticallyfrom the Unified Userinterface (JU) tools that support each pedagogical
step (i.e., ideation/imagine, planning, creating, programming, sharing) into the learning analytics
systemat interval steps. For instancewhen programming ofDIY electronicasingSnap4Arduinahe

data flow to the LA system as follows

 Stepl-{ Yy I LJn! NRdzAy2 aSyRa&a RI Gl FTNRBY GKS adGdzRSy

1 Step 2-eCraft2Learn API receives data from Snap4Arduino
9 Step 3- LA request student data from eCraft2Learn API
9 Step 4 The data is analyzed by the teacher in LA

In addition the data flow from 3D printer to theA systentan be divided into 3 steps:
9 Step 1- Teacher observes the log data from the printer

 Step2-Teacherappl SR G KS O2ftf SOGSR RIFGF Fa éb20Sa¢
i Step 3- The data is analyzed by the teacher in LA

The steps described above can be seen in the Figure 1 as arrows. In Figudala #malysis process
in LAsystemis iterative.

Themachinelearningalgorithms used ithe LAsystemproduce predictive models that can be utilized

to supporti S OKSNRa NBftS Fa | 02 IitdventidasSwhenldhBings areh y 3
developing theiprojects sincethe teachers know which students student groupsaveachievel a

certain level of performancédn addition the UUlshows tips andcaffoldingelementsto the learning
experienceaccording to a performance diie students Thishelps the studergto gain the support

they mayrequire durirg themakingprocess.

3D printing as shown in this documenalso logs data from the printing process. We show how to
access the printer data, which can be used to make notes in LA for the stutlemisg n turn an
influence in thedataanalysis procss.It is important to highlight thathe process to us¢he learning
analyticssystemis iterative and collaborative in nature; the teacher and the machine learning
algorithms produce the predictive models together and the knowledge discovery frormahing
settings is produced during that process.
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3 3DPRINTERATACOLLECTION

In thissection,we describe how to access the data from the Ultimaker 3D prinférs.data collection
process from the 3D printers is semanual. That is, feer the teachers accasandcollectsthe log

data of the printers, they can give the log data instances as inpuhe LAsystem The system has
availablefor each studenbr students groughat the system is trackindgnput fields calledt b 2 (i S & €
where the teachecan add thdogs from the 3D printing process, for instantee inputted notes will

have an influence in the analysis process. The notes and how to use them will be descriimd

detail inSection5.1

3.1. AVAILABLPATA

For both the Ultimaker 2+ and the Ultimakelitds possible to collect the following basic rtime
data:

Print Data

1 Nozzle temperature
Build plate temperature
Print speed
Flow rate
Fan speed
Retraction speed
Retraction length

=A =4 =4 4 -4 4

Usage Data
1 Machine on (total in hours)
T Print time (total in hours)
{1 Material printed through nozzle (total in metres)

In addition to this, with the Ultimaker 3, you can also access:
1 Reading errors
1 Firmware errors
1 Cura crash report
1 Cura install issues

3.2. DATACOLLECTION WITHLTIMAKER +

The datathat can be collectedan only le accessed manually, directly from the Ultimaker Zhe
data is collected as described below.

Access Usage DatdJsing the scroll wheel, PRINT MATERIAL
KAIKEAIKG YR ast S0d ¢
user display.

TNR Y

L RIS
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This will display the usage data since the last
firmware upgrade or factoryeset.

Access Print Datarhe print data for a specific print, can only be collected whilst the Ultimaker 2+ is
running the print. This data is not stored and can not be accessed at any other time.

Whilst a print is running, use the scroll wheel, = RS-
higkt AKG Yy R St SO0 0 B —— ' NJ

display.

Select Tune, use the scroll wheel to scroll dov

the list of options, when an option is ' 4 \
highlighted, the data for that option is displaye .’
across the bottom of the display screen. \\

3.3. DATACGOLLECTION WITBLTIMAKER

There are three ways of collectinigta from anUltimaker 3printer.

A. Download Log Files from the 3D Printer

This will allow you to collect the following data:
1 Check reading errors
1 Check firmware errors

Please note, all data will be reset each time the firmware is updated OR a factory reset is performed
on the printer.

The log fiés can be downloaded directly from the 3D printer by following these steps:

Step linsert the USB stick into the port on the front of your printer.

Step 2:Perform the following menu sequence:
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System-> Maintenance-> Diagnostics> Dump Files t&JSB.
Step 3:The files will then save onto the USB stick.

B. Download Log Files from the Cura Software

This will allow you to collect the following data:
1 Cura Crash Report
1 Cura Issues with Install

Please note, data will be reset each time the Cura softwarsion is upgraded-he log files can be
downloaded from Cura by browsing to find the Cura GUI log file on the 3D print station computer,
this file will be located at:

WINDOWS%APPDATA%ura <Cura versiorkeura.log

or usually

ClUsers\<your usernamevAppDatd Roamingcura <Cura versiorkeura.log
OSX$USER/Library/Application Support/cura/<Cura version>/cura.log
Ubuntu/Linux: $USER/.local/share/cura/<Cura version>/cura.log

C. 9EGNI OlAy3 REFEGE FNRY (KS daz2yAid2NI5F41¢é TFdzy O

This will #ow you to collect the following data:
71 Print Core and Builglate temperature data
1 Length of Print

Please note, data from here is only available for a point in time during a 3DHrmtmonitor data
function in Cura can be used by following these steps:

Step 1:Connect to Ultimaker 3: Settings > Printer > Manage Printers

C Ultimaker Cura

File Edit View Settings Extensions Plugins Preferences Help

c U rq Printer r Ultirnaker 2

: Extruder 1 k Ultirnaker 2 Extended+

Extruder 2 » Ultirnaker 2 Go
Ultirnaker 2+

®  LUltimaker 3
Ultirnaker 3 Extended

Configure setting visibility...

Add Printer...

Manage Printers...

T
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Step 2:Select Ultimaker 3 > Connect via Network

Printers
Activate Add Remove Rename
Ultimaker 2 Ultimaker 3
L.Ilt@maker 2 Extended+
HEEE:; %EU |Cnnnect via Network||Machine Settings

. .
Ukimaker 2 Extended Printer type: Ulimaker 3
Connection:  The printer is not connected.

Step 3:Click on correct printer > connect

Step 4:Select Monitor

4 DIYBE.ECTRONIERTACOLLECTION

4.1. NAMARDUINO

Snap4Arduino is version of the Snap! Programming language that allows interacting with almost all
the Arduino types. Like Snap!, it is a graphical environment particularly suited to introduce
programming; however it allows also several advanced functionalities such as procedures

4.1.1. ENABLINGCOMMUNICATION BETWERARDUINABOARD ANBNARAARDUINO
PROGRAMMINGENVIRONMEN

To connect an Arduino board to Snap4Arduprogramming environment within the unified user
interface ( ), it is required to upload a specific firmata on the
Arduino toard beforehand The firmata allows the Arduino board to communicate with the
Snap4Arduino software. To upload tfienata proceed as followsclose Snap4Arduin@f open)
connectthe Arduino board tothe computer (or RPi3) through USB port, open the duwino IDE
environment clickingn the dedicated tile (Figure)2

© 2018 eCraft2Learn| Horizon 2020 | 731345


https://ecraft2learn.github.io/uui/

eCraft =

Digital Fabrication and Maker Movement in Education Educational Resources

Imagine Create Program

@ @
‘ T N
' K|E R
/4 AR D
eCraft Plan 3D Design Circuit Design Snap4Arduino Thingiverse

@

Use 1 0 pon ks of the \\

eCraft TODO Beetle Blocks

Figure 2. The Arduino IDE tile highlighted in yellow square within the unified user interface (UUI)

In the Tools menu, select the board version and the serial port where the board is connected. After
GKFGZ 32 652 GOCONRIYY HIASHDE-BRSHEEE vy R NR  CGKiN | dif & 12y RISKJI
C A NJv Isde Figure 8 and upload the file clicking on the arrow icon. When the upload finished,

Arduino is ready to communicate with Snap4Arduino.

x StandardFirmata
SEARCH EXAMPLES Q v/ => Arduino/Genuino Uno at / ~ ses  SHARE
SHOWING EXAMPLES FOR UN
D Sketchbook Standardfirmata.ino LICENSE txt
1
Examples BUILTIN ~ FROM LIBRARIES 2
3
£9 Libraries ‘;
ETHERNETSHIELD (15) 6
Q¢ Monitor 7
ETHERNETSHIELD (15) 8
@ Hel 2
s 10
FIRMATA (13) 11 Copyright (C) 2006-2008 Har
11} preferences 12
& AllinputsFirmata 13
14
& AnalogFirmata 15
16
17 I
& EchoString 1
18
19
& OldStandardFirmata 20
21
B Servofirmata 22
23
& SimpleAnalogFirmata 24
25
& SimpleDigitalFirmata ;‘; :'S::‘e’"r:’
28 nclude <Firmata.h>
& StandardFirmata © 29
30 #define I2C_WRITE BO02GROD
& StandardFirmataBLE 31 efine I2C_READ 600201000
32 #define T2C_READ_CONTINUOQUSLY 800210000
& StandardFirmataChipKIT 33 #define I2C_STOP_READING B00A11000
34 efine T2C_READ_WRITE_MODE_MASK BOR211000
B Standardfirmatatthernet 35 jefine T2C_10BIT_ADDRESS_MODE_MASK B0OO100000
36 efine T2C_END_TX_MASK B01000002
37 #def I2C_STOP_TX 1
& StandardfirmataPlus 38 efine T2C_RESTART_TX ')
20 £ina TIC MAY OIERTES 2

& StandardFirmataWiFi

Figure 3. Choosing an appropriate standard Firmata
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4.1.2. LAUNCHINGSNARAARDUINO
I tAO1 2y a{ y!l stint!pagR ozthg BU. Snapsr8uind editor will nde a new UUI
window (Figured & / f A 01 2y GKS d&! NRdZA y2¢ aSitetiisthet 201 & |
Arduinoboardcan be programmedsingSnap4Arduino.

& ' & untitled

7 draggable

wmes  Sounds

nnnnn

gide @ secs to x: @B y: @

change x by &ED

Figure4. Snap4Arduinods edi twindowr unning inside a UU|

4.1.3. PROGRAMMING WITBNARAARDUINO

Snap4Arduino is very similar to Snaytere different sets ofprogrammingblocks are arranged in

different groups in the panel to the left of the editofhe studentscan createtheir prograns by
dragging and droppinthe blocks to theeentreof the editor. The Figure Bontains an example of how
Snap4Arduino can be used toake the internal Arduino board LEDnk through thepin 13 of the
board.

’a‘ [ & I io_save 10 2
Looks Sensing | —

+/ draggable
Sound { Operators - 99
{ Variables

Arduino Secripts Costumes Sounds

forever

| set digital pin GEES to v@

when I am | clicked wait 71 secs

| set digital pin GEES to @

wait 71 secs

Figure 5. To blink a LED using Snap4Arduidno
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4.2. FRomMm AGRAPHICAPROGRAMMINGENVIRONMENT TOEEXTUAL
PROGRAMMINEGNVIRONMENT

It is possible to translate the program created with Snap4Arduinthé blockbased graphical

interface intothe Arduinotext-basedIDE languagelo do this, go to the sheet icon and selécb S &

Arduino translatable projeét This functionality allows creating a script using only the commands
O2YLI GA6fS 6A0GK GKS ! NRdZAY2 L59 SYy@ANRYYSylo Li
FNNRSQ Aa Ot AOISRED ! FGSNI ONBIFGAYyHAYES aLISE DKE WX

S5 LEARNING ANALYTICSRRBDPRINTING ANDIYELECTRONICS

eCraft2Learnearninganalytics (LA3ystemaims atanalyzinghe digital traces that the Unified User
Interface (UUI) and its tools collect from the students during the sessions. Wtym#dte ambition is

to allow the teacher to use the LA to deepen the understanding in the context where the projects take
place either in formal or informal settings. LA is organized as a collection of several data mining tools
found in a framework includg (1) classification, (2) cluster analysis, (3) outlier detection, and finally
(4) association rule learning. These algorithms are widely used in other similar tools of learning
analytics and educational data mining. All data mining algorithms usedhaue®been implemented

so that no third party APIs have been used. Thuschool, or other education provider can use the
solution, without considering the limitations due to third party API solutions.

Besides the abovmentioned more traditional learnigp analytics methodghe LAsystem within the
eCraft2Learn learning ecosystemtroduces a whitebox approach to classification and cluster
analysis. Whitdoox approach in contrast to traditional blablx approach (Neural Networks for
instance) opens thdata mining process by using whitex algorithms, which are easy for a human

to comprehend and to interpret (decision trees, for instance). The model produced by these
algorithms will be visually represented to the teacher. The teacher will have they dbikdjust the
models, which are the built classifiers and clustealyzersand hence, the classification and cluster
analysis process itself produces domain knowledge as opposed to the results of the cluster analysis
and classification. Such approadma at deepening the understanding of the learning process.

5.1. DATA COLLECTION

The making of DIY electronics incorporate the process of building and setting up the Arduinos,
connecting the preferred components and wiring them to the Arduino units. Lateethe#s will be
programmed with Snap4Arduino (S4A) programming environment, which is a fork of Snap! visual
programming language. The programs are built by dragging and dropping blocks to the scripting area
in a ScratchHike manner. S4A is integrated witie UUI and because the UUI contains the source code

of S4A (an open source project), a logging script has been added as an additional component for S4A.
The logging script parses the scripts of students and sends them to eCraft2Learn API agallREST
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where the data is stored into the database. The parsing of the script keeps track of the different kinds

2F of201a GKIFIG INB o60SAy3 dzaSR Ay GKS aiddzRSyidaq
control the Arduino boards such as writing data tgidil pins, or reading an analog value from an
FylFrf23 LAY® ¢Kdzax GK2aS o0ft201a oAttt 0S NBEFSNNBR
o0f201a FtyYyR O2yRAGAZ2YIE adrdSYSyid ot201a FNBE NBF
blocks of the parsed script are then counted and the vector containing the amount of these different

block types are stored in the database.

The Learning analyti¢kA)Ya @ a G SY NBOSA@Sa GKS o6f2014a dzASR Ay {\
displays the strature of the scripts within the table for the teacher as seen in Figure

Figure 6. Scripts of the students or students groups that are using Snap4Arduino programming blocks

The tools of LA can then be used to analyze the students who have used S4A. Since the higjging sc
for S4A counts the number of the blocks within the scripting area of S4A, the amount of the different
type of blocks is cumulative. Thus, in LA the teacher can also view the average usage of certain types
of blocks, which in turn gives the teacher idea on what kinds of blocks on average the students
have used. This is useful in the situations where some of the students have used S4A for a long time
and some students only for a short while efjgure 6 Long time means that the students have used
more time to program versus the students who have only programmed for a short while.

When the students are building and wiring up the Arduinos, the data colledtioing that process

NEBIljdzA NBa (GKS GSI OKSNRa I (aSy tedckeytdmadify th¢ datasetii K S NB
GKAOK Aa f2FRSR FTNRY (KS ASNIWSNI 2y GSIFOKSNIDa NB
teacher can addlotes The Note cells are for the situations where the students are not using the UUI

and thus the data collédcA 2y G KNR dzZIK GKS f233Ay3 2F (KS aiddzRSy
0KS GSFOKSNJI Oy YI1S y2iSa 020K ydzYSNAOKE | yR ¢
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