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Topic

 |dentify programming learning difficulties
 Search tools that assist programming learning / Teaching

e Develop and propose an educational tool
* Improve code quality
e Static analysis



Literature Review

* Programming learning difficulties
* Design a program to solve a specific problem
* Understanding of specific concepts (Algorithms, Design
Patterns, Data Structures)
* 26 tools / solutions
* Tools used by students to learn a specific concept
* Tools used by instructors to improve teaching




Tool Reguirements

Used by the student

Improve code quality

IDE Integration (Eclipse plugin)

Instant feedback



Eclipse Plugin

e Eclipse Platform
¢ JSON, Jackson
e Java Parser

Static Analysis

OO Domain Model

Specific Requirements

Live exercise completion status feedback




IDE Learn — Main Screen

g

& eclipse-workspace-2021-06 - Eclipse IDE

File Edit Navigate 5earch Project Run IDE Learn Window
mE BirnENED.RSRIGHvS
[t Project Explorer &2 Ju JUnit BeY =0

» & ShipmentsMsc

@ Exercise Overview View &2 =8

Aoknon Shipments ~

Mix eTaupeia TaXUUETAROPWY (courier) mpoogepel S0
E18WV UTNPEeCieg aMOOTOANG BEPATWY: aMOCTOAES OTNV
EMasa (Shipment) kon omooToreg 010 EEWTEPIKO
(International).

Etnv aoxnon autr) kaAeioTe va SnuIovpyrjoeTe pia
gpapuoyr] Tou Ba unohoyidel To KOTTOL OMOTTOM]E TWY
Sepdmwv,

Apywd Ba vAoTIOIOETE TNV KAGon Shipment (mow
CVATIPAOTA Wia amogoTodn) JE Tig gErg AeToupyies

o Anmovpyio omootohng pe pia Soopévn Tipn Tow
Bapoug (weight) kan g SievBuvang omoatohrg (address)
(T oTOIEIR Bt MANKTPOAOYOUVTOL OTN YPOIKT
SuacivEeon mou Ba uhomowoeTe o8 EMOpEVD Bripc).

o Mux pgBobo toString, n onoia emoTtpépel Eva String pe
TIg BaowEc AN popopieg TG amooToArc, Sniadr Tou
Bapoug kon TNE SIEVOUVONIC CMOTTOAAG.

o M péBobo pe dvopa getPrice n omoia va umohoyifer

13,79% of the exercise complet -

— m} b4
Help
i v O~ Qv I ™A i ~F T Oy v Q B|(&LL
=0 PHgoyn B Er=D0
@ Exercise Task Status View & ] Problems oo
Status  Description -~
(<] Mpénen va unidpyer pio kKAGon pe dvopa "Shipment”
L] H khéion “Shipment” npéneal va nepiEx el vaniSuwtikd nesio Timov “double” pe dvopa “weight”,
L] H kAdon “Shipment” mpénel va neplExer éva SiwTikd medio Timou “String” pe dvopa “address™.
<] H kAdon “Shipment” TpEmeL va MEMEXEL Eva SNUOTIO KOTROKEWXOTN UE opiouata (double, String).
(<] H kAdon "Shipment” TPEMeL va EMKOAUTITEL TNV PEBOSO “toString™.
] H xkhdon “Shipment” mpéne va nepiéyet pia Snpdoia pébodo pe dvopa "getPrice”, oplopara () n onoia va emotpéper double.
L] Mpéne va unapye o khaon pe dvopa “International”
<] H kAdon “Intemational” mpémel va enexteivel Tnv khaon “Shipment”.
<] H kAdon “Intemational” mpémel va mepléy el Eva 151w TIKG Medio Tomow “String™ pe dvoua “country”.
L] H xhdon “International” mpémne va mepiéye évav Snudoo karaokewaoTr we opiopora (double, String, String).
9 Itov kamaokewaoTt Tng kAdong “International” pe opiopota (double, String, String) mipénel va kadeiTon 0 KATHOKELAOTHC TNG UNepkAGong pe oplo...
L] H kAdon “International” npénel va emkadimnTel v peBodo “toString”.,
L] H xkhaon “Intemnational” mpémel va emxodinTer v péBodo “double getPrice()” Tng umepkhdoncg “Shipment™.
a Itnv uéBodo "double getPrice()” Tng khaonc “International” mpémel va koaheiton n péBodocg "double getPrice()” Tng vmeprAdonc “Shipment”,
] Mpénel v umdpxel pic Khdon ue dvopa “Branch™ w
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IDE Learn — Exercise Overview View

@ Exercise Overview View 2 < 0

‘Aoman Shipments v

Mia eTaupeia TaxvHeETaROPWY (courier) TpooReper Suo A |
E15WV UNINPECIEC OMOCTTOANG SEUATWY: QMOCTOAEC OTNV
EMaSa (Shipment) kot amooToAEG 0TO eEWTEPIKO
(International).

ITnv Aoknon autr KOAEIOTE va SNUIOVPYNOETE pia

g@apuoyn mov Ba unoAoyilel TO KOOTOC AMOTTOANG TWV
Sepdatwv,

Apxika Ba vAoOmOINOETE TNV KAGon Shipment (mov
QVOMAPIOTA Hix QTMOOTOAN) ME TIC EENC ASITOVPYIEG

e Anuovpyia amooTOANG ME pia SOOUEVN TN TOV

Bapouc, (weight) ko TG SievBuvong amooTtoArc (address)

(Ta oToEIC B MANKTPOAOYOUVTQL OTN YPOPIKN

Swacuvdeon ou Ba VAOTIOINOETE OE EMOMEVO Bripc).

e Muwx uéBodo toString, n onoia emoTpéPer Eva String pe

TIC PaoIkEC MANPOYPOPIEC TNE aMOCTOANG, SnAadr Tou

Bapoug kat NG S1evBuvong anooToANG.

e Miax uéBodo pe ovoua getPrice n omoia va unoAoyilet

13,79% of the exercise complet -



IDE Learn — Exercise Task Status View

@ Exercise Task Status View & "/ Problems

Status  Description

Mpémer va undpxer o kKhdorn pe ovopa "Shipment”

H khaon “Shipment” npenea va nepExel eva 1diwTiko nedio Tumou “double” pe ovopa “weight”.

H xAaon “Shipment” mpénel va mepeXel Eva BwTikG medio Timow “String” pe Ovopa “address”.

H kAcion “Shipment” mpénel va MEMEXEL Evav SNUOTIO KOTOOKEUQOTH UE opioucTta (double, String).

H khdon “Shipment” mpénel va EMKoAUTTEL TNV WEBoSo “toString”.

H kh@on "Shipment” npénel va nepidxer pa Snpdowa uébodo pe ovoua "getPrice”, oplopata () n onola va emotpépsel double.
Npéme va vnapyel o kKhaon pe ovopa “International”

H khaon “International” mpénel va enexteivel TNV KA@on “Shipment™.

H khdon “International” mpémel v MEPIEXEL Eva 1GUWTIKG Medio Timou “String™ e Ovopa “country”.

H khdon “International” mpénel va mepExel vav Snuooo KaTaokewaotn Je opioparta (double, String, String).

LTOV KOTOOKEVQOTH TG kKAaong “International” pe oplouarta (double, String, String) mpénel vo KOAEITOL O KOTROKEVQOTNE TNG UNEPKAAONC WE Opio...
H khaon “International” mpeneal va emkohunTeal Tnv peBodo “toString”.

H khaon “International” mpénel va emkohunTel TNV peBoSo “double getPrice()” tng umepkiaong “Shipment”.

Itnv péBodo “double getPrice()” Tng khdong “International” mpénel va kakeiton n pédodoc "double getPrice()” ng umepkAdonc “Shipment”,
MNpénel va vmdpyen pie khaon pe ovoua “Branch”

Q000000 0Q0QQQQ0Q000O®9Q



IDE Learn — Solve Exercise Example 1

& eclipse-workspace-2021-06 - Eclipse IDE

File Edit

Navigate Search Project Run |DE Learmn Window
Lk Qi nEMNLRIROPLS
[t5 Project Explorer 22 Ju JUnit BeY § =0
» &2 ShipmentsMsc

® Exercise Overview View &2 =

Aoknon Shipments v

Mix eTaupeia TaXUUETAROPWY (courier) mpoogepel S0 A
E18WV UTNPEeCieg aMOOTOANG BEPATWY: aMOCTOAES OTNV
EMasa (Shipment) kon omooToreg 010 EEWTEPIKO
(International).

Etnv aoxnon autr) kaAeioTe va SnuIovpyrjoeTe pia
gpapuoyr] Tou Ba unohoyidel To KOTTOL OMOTTOM]E TWY
Sepdmwv,

Apywd Ba vAoTIOIOETE TNV KAGon Shipment (mow
CVATIPAOTA Wia amogoTodn) JE Tig gErg AeToupyies

o Anmovpyio omootohng pe pia Soopévn Tipn Tow
Bapoug (weight) kon Tng SievBuvang omootoArg (address)
(T oTOIEIR Bt MANKTPOAOYOUVTOL OTN YPOIKT
SuacivEeon mou Ba uhomowoeTe o8 EMOpEVD Bripc).

o Mix ugBoso toString, n onoio emoTpépel éva String pe
TIg BaowEc AN popopieg TG amooToArc, Sniadr Tou
Bapoucg ko TN SievBuvang amooToAG.

« M peBobo pe dvopa getPrice n omoia va unohoyilel

v

13,79% of the exercise complet .

— O *
Help
i ~vO~Rv Qv FEr @y ~il~ oo v v|c# Q B|(&LL
= 0 PHistoryz & B * =0
@ Exercise Task Status View &2 . Problems = 0
Status  Description -~

Mpénen va unidpyer pio kKAGon pe dvopa "Shipment”

H khéion “Shipment” npéneal va nepiEx el vaniSuwtikd nesio Timov “double” pe dvopa “weight”,

H kAdon “Shipment” mpémel va mepiéxel Eva 151wTikd mesio Tumou “String” pe dvopa “address”.

H kAdon “Shipment” TpEmeL va MEMEXEL Eva SNUOTIO KOTROKEWXOTN UE opiouata (double, String).

H kAdon "Shipment” TPEMeL va EMKOAUTITEL TNV PEBOSO “toString™.

H xkhdon “Shipment” mpéne va nepiéyet pia Snpdoia pébodo pe dvopa "getPrice”, oplopara () n onoia va emotpéper double.

Mpéne va unapye o khaon pe dvopa “International”

H xhaon “Intemnational” mpéne va enexteivel Ty khaor “Shipment®,

H kAdon “Intemational” mpémel va mepléy el Eva 151w TIKG Medio Tomow “String™ pe dvoua “country”.

H kMdon “Intemational” npénel va mepiéy el Evan Snudoio karaokevaoTn ue opioucta (double, String, String).

Itov kamaokewaoTt Tng kAdong “International” pe opiopota (double, String, String) mipénel va kadeiTon 0 KATHOKELAOTHC TNG UNepkAGong pe oplo...
H kAdon “International” npénel va emkadimnTel v peBodo “toString”.,

H kAdon “Intemational” mpémel va emkodunTer Tnv péBodo “double getPrice()” Tng umepkhdong “Shipment”™.

Itnv uéBodo "double getPrice()” Tng khaonc “International” mpémel va koaheiton n péBodocg "double getPrice()” Tng vmeprAdonc “Shipment”,

Mpénel v umdpxel pic Khdon ue dvopa “Branch™ w

D00 OOOOODOOORDOQ

b ] Ll
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IDE Learn — So

lve Exercise Example 2

0 items selected

& eclipse-workspace-2021-06 - Shipments rc/Shipment.java - Eclipse IDE — O x
Eile Edit Source Refactor Navigate S5earch Project Run IDE Learn Window Help

il QiU EMNE IR L P CP L B R AR BT N RSl I A SRR R R AR S Q B &Ly
[y Project Explorer 2 Ju JUnit %Y § = O [§Shipmentjava 2 = 0 @ History =2 =0
v 1= ShipmentsMse 1 SR L@ BEF

» @\ JRE System Library [JavaSE-11] 2 public class Shipment { ST
v @ ; } Revision Time
» M (default package) B = 27/6/21, T:14 pp.
d Shipmentjava B 27/6/21, 714 .

@ Exercise Overview View 2 =0

Aoknan Shipments v

Mz eTonpeia TaXUHETAROPWY (courier) MpoopEpEl S0 ~ | @ Exercise Task Status View &1 ] Problems = B8
Zﬁz;al.n{isr:?zoi; o}:noo-roi\ﬁc Siiiﬂwu'l ;?ooto.lz:c otnv Status  Description ~

ipment) Ko omMOCTOMG, OTO EEWTEPIKG , . e .

(International). v Mpémner va undpyer P kKidorn pe Gvopa "Shipment

Ttnv doknon auTr kaheioTe va SnpovpyroeTe pia L] H kAéion “Shipment” npéneal va nepiExel vaiSuwtikd nesio Timow “double” pe dvopa “weight”,

gpoppoyr mou Ba unoloyilel To KOOTOS OMOCTOMC TWY L] H khdon “Shipment” mpénel va nepéxel éva uwmikd mebio Timou “String” pe dvopa “address”,

SepdTuwv. L] H kAdon “Shipment” Tpémel va MepEXEL Evay SNUOTIO KOTROKEWXOTH UE opiopara (double, String).

a H kAdion “Shipment” mpémel va EMKoAITTEL TNV LéBoSo “toString”.
Apxikd Bo vAOTIOINOETE TNV KAGON Shipment (mow ° H O n “Sh'p . p. : 5” ll L6050 g. “qetPrice” op ; &per doubl
PN 11k TGO JE T 257 e AEroupyies : on ||3Jmen I'tpEI'l:‘.l va nslpl YEL pa npo.om 050 pe dvopa “getPrice”, oplopata () n onola va emotpépa double.

» Anpiovpyia anooToAric pe pia Soapévn TIHF Tou ] Mpéner va undpye o khaon pe dvopa “International”

Bapoug (weight) kon g SiedBuvong amooTohrg (address) <] H khaon “Intemnational” mpéne va enexteivel Ty khaor “Shipment®,

(Tax GTOleﬂ Boc AN ﬂW’-U‘r:OWTGl OTTI'\"DNP"(":I [x] H kidon “Intemational” npémel va mepigyel Eva SlwTikd MeSio TUMOL “String” JE dvoua “country”.

EW&:U“ mou Ba Iuhmmmo?re L EITC!].IEUCE ﬁm"ﬂ?' L] H kAdon “International” mpémne va mepiéye évav Snudowo karaokewaotr we opioparta (double, String, String).

» Mo péBobo toString, n onoia emoTpépel éva String pe o ¥ ) Khdanc "Intemational” ) double. String, Stri éne e . iy )

T BoowEC T plEc e GICOTON G BrMabA T ToV KomaokewaoTr Tne khaong "International” pe opiopora (double, String, String) npémet va kaAelTon 0 KATAOKEVQOTHC TNG UTEPKAGONG pE oplo...

BapoUC Kal TNE S1Ev8uvanC amoaToMG. L] H kAdon “Intemnational” npénel va emkadkimnTel v peBodo “toString”,

* Mia péBoso pe dvopa getPrice n onoia va unohoyider | @ H kAdon “Intemational” npénel va emkodunTer Tnv péBodo “double getPrice()” Tng umepkhdong “Shipment”,

§ _' — R ] Itnv uéBoso “double getPrice()” Tne khdong “International” mpénel va koheita n péBoSoc "double getPrice()” Tng unepkAdong “Shipment”™.
17,24% of the exercise complet [l <] Mpénen vor umdpyen Lo khdon pe dvopa "Branch” v
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IDE Learn — Solve Exercise Example 3

— eclipse-workspace-2021-06 - ShipmentsMsc/src/Shipment.java - Eclipse IDE — O X
File Edit Source Refactor Navigate Search Project Run IDE Learn Window Help
o i BN USROSy P ARNE TS S B O QOO Y rF DOy v|r? Q B &Pn
It Project Explorer &2 Ju JUnit %Y E = O [3Shipmentjava & = O @ History 2 =0
v & ShipmentsMsc 1 SR x| OB
> ®h JRE System Library [JavaSE-11] 2 public class Shipment m Shipmentjava
v & src ; Sl Eoi {ohE Revision Time
private double weight;
> & P = s
_'E (dgfault p._ackage) B private String address; 27/6/21, 717 pp.
» 4] Shipmentjava 6 B 27/6/21, 7:16 pp.
7 B 27/6/21, 7:14 p.
8s public Shipment(double weight, String address) { B 27/6/21, 714
9 this.weight = weight;
10 this.address = address;
11 }
12
138 @verride
14 public String toString() {
15 return “Shipment [weight=" + weight + “, address=" + address + "]";
16 }
17
18 }
19
@ Exercise Overview View =0
»Mmcm Shipments i
Mia eTaupeia TaXVHETaROPWY (courier) Tpoogépel SU0 A | @ Exercise Task Status View &2 */ Problems = 8
en&u":;a uv(tsnhgeoiec gnom’oMc &A;;(arwv ;rtocno)«sc otnv Status  Description A
EMa ipment) Kat cOCTOAEG OTO EEWTEPIKO
(Internati on:l) ¥ v Mpénet va undpyet pta kKAGon pe dvopa “"Shipment”
TNV GoKNon auTH KAAEIOTE Vo SNUOVPYTOETE pia v H kAdon “Shipment” mpénet va nepiéxet éva 1SiwTiké nedio Tumou "double” pe dvopa "weight”,
epapuoyr mov Ba unoAoyilel TO KOOTOC AMOTTOMC TWV v H kAdon “Shipment” nipémel va mePIEXe Eva 1S1wTIKO Tiedio Tumou “String™ pe dvopa “address”.
SepdTwv. v H kAGon "Shipment” pémnel va MePIEXEL Evav SNUOOIo KOTAOKEUQOTH WE opiouata (double, String).
v H kAdon “Shipment” mpémnet va eETKaAUTTEL TV uéB0SO “toString™.
AER6H S BORNRR IV EAKA) NP SA00 & |\ it i mnonrin R T il 0 n onok péper doubl
QVOTIOPIOTE X GITOOTOAR) e TiC eEfc Aerrovpyiec : on IR ent” np: ’El va ns’p XEL tua Nk ‘om;: pe dvopa “getPrice”, oplopata () n onoia va emotpéget double.
o Anuovpyia amooToAiC U pia S0opévn T Tov L] Npénel va undpyer pa kKAGon pe ovoua “International
Bapoug (weight) kot Tne SievBuvong anooToAnc (address) L) H kAdon “International” nipémel va enexteivel TV kKAGon “Shipment”,
(v oToixeia Ba MinkTpoloyovVTaL OT"I_VDG‘DW:\ ] H kAdon “International” Mpémel va MEPIEXEL Eva ISIWTIKG TESio TUMOL “String™ e Gvoua "country”.
Stagiv5eon Tiov Ba VAOTIOWOETE O ENOUEVO Bria). ) H KAGon “International” mpémet va mepiéxet évav Snudolo KaTaoKevaoTr e opiouata (double, String, String).
e M uéBodo toString, n onoia emoTpéper Eva String pe ° 5 5 danc “Int ional® . double. Strind. St st Y p
Tic BaoIKEC TANPOROPIEC TNC aNOTTOMC, SAGSH Tov TOV KATQOKEWAOTH TG KAQonG “International” pe opiopata (double, String, String) TpEMEL va KOAEITAL O KATAOKEVAOTHG TG UNEPKAGONG pE OpIo...
Bapouc kat Tne SievBuvong anooToAic. o H kAGon “International” mpénel va emkoAUTTeL TRV péBoS0 “toString™.
o M uéBobo pe Gvopa getPrice n omoia va unodoyider | @ H kAdon “International” nipémel va emkoAunTet TV péBodo “double getPrice()” Tng unmepkAdong “Shipment”,
: " — — o Itnv uéBodo “double getPrice()” Tng kAGonc “International” mpénet va kaAeitar n péBodog "double getPrice()” Tng umepkAGonc “Shipment”.,
31,03% of the exercise complet [N (] TMpénet v UMGPXEL Lita KAGON pe dvopa “Branch” v
Writable | Smart Insert 18:2:315 a = 7 0



IDE Learn o~

“Leads the student to a solution
with a well-defined OO domain
model, based on their knowledge
the moment of the exercise
assignation.”
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IDE Learn
Exercise
Creation Tool

A

NodelS

Based on web
Angular

technologies
Electron

Easy to use

Aligned with the plugin features

JSON for Exercise format
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Questionnaire

e Demographics
e Usability (System Usability Scale)
e Educational Support

16



Results

Positive Results about Usability and Educational Support

Recommendations for Usage

e Good for novices
e Weekly practice exercises

Negative

e Lack of functional tests
e Bugs

The tool helped students with lower performance mostly in the completeness of the exercise and

less in the correctness and compilation.
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Discussion and Conclusions

Positive reviews about the tool

The tool helped low performance students but not as much as expected.

Further improvements and more features

The tool effectiveness needs further investigation in an OOP course.
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attention



