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INTRODUCTIE	

While	our	society	increasingly	depends	on	software	for	more	and	more	aspects	of	civic,	commercial	
and	 social	 life,	 software	 engineers	 struggle	 to	 ensure	 that	 software	 achieves	 the	 necessary	 high	
quality	this	requires.	The	increasing	complexity	of	modern	software	systems	and	the	ever	reducing	
time-to-marked	 are	 likely	 to	 exacerbate	 this	 problem	 in	 the	 future.	 Although	 the	 discipline	 of	
software	engineering	offers	different	techniques	and	strategies	to	ensure	quality,	programmers	in	
practice	are	reluctant	to	engage	with	them,	with	detrimental	effects	on	software	quality.	

A	root	cause	of	this	situation	lies	 in	how	software	developers	are	educated:	Software	Engineering	
(SE)	education	generally	tends	to	focus	more	on	the	creative	aspects	of	design	and	coding,	whereas	
the	more	laborious	and	less	entertaining	activities	are	neglected;	this	disengagement	with	software	
quality	assurance	techniques	carries	over	to	practice.	We	therefore	need	a	fundamental	change	in	
how	 software	 engineering	 is	 taught	 and	 perceived.	 Tomorrow's	 software	 engineers	 need	 to	 be	
raised	with	an	appreciation	of	software	quality,	and	quality	assurance	techniques	need	to	become	a	
natural	aspect	of	software	development,	rather	than	a	niche	topic.	

Towards	 achieving	 such	 attitudinal	 change,	 the	 EU	 has	 funded	 the	 IMPRESS	 project	 that	 just	
recently	started	(1st	Sept.	2017).	The	project	seeks	to	explore	the	use	of	gamification,	 i.e.,	 the	
application	 of	 game-design	 elements,	 game	 principles,	 and	 game	 AI	 in	 non-gaming	 contexts,	 to	
improve	the	interactivity	and	engagement	level	in	software	engineering	courses.	

DOEL	

The	 design	 and	 development	 of	 an	 educational	 software	 to	 provide	 an	 engaging	 way	 to	 teach	
students	about	writing	formal	specifications	for	their	programs.	This	software	solution	is	to	consist	
of	three	main	functionalities:		

• An	online	game,	let's	for	now	call	it	"FormalZ",	inventing	a	better	name	is	part	of	your	job.	
This	is	intended	to	give	a	hands-on	experience	for	students	in	writing	formal	specifications	
for	 (imperative)	 programs.	 Students	 can	 write	 actual	 specifications	 using	 an	 Embedded	
Domain	 Specific	 Language	 (EDSL)	 in	 Java.	 A	 back-end	 (Haskell)	 already	 exists;	 it	 uses	 a	
theorem	proving	 technology	 to	 check	students'	 specifications	against	 the	 teacher's	model.	
What	we	seek	 is	 full	 gamification	of	 this	back-end.	We	want	 to	 challenge	you	 to	design	a	



game	 concept,	 that	 is	 simple,	 yet	 engaging	 and	 extensible.	 By	 "extensible"	we	mean	 a	
game	 that	 allows	 users	 themselves	 to	 generate	 new	 content;	 here,	 content	would	mainly	
consist	of	exercises.	We	also	want	you	to	design	an	AI	 for	a	game	oracle	that	a	player	can	
invoke	to	gain	information	such	as	how	the	player's	solution	from	the	model	solution	is	and	
advices	 on	 how	 to	 move	 forward.	 We	 are	 open	 for	 ideas	 on	 a	 "creative"	 form	 of	 such	
advices,	 e.g.	 balancing	 between	 the	 education	 and	 fun	 aspects.	 The	 game	 should	 have	 a	
server-side	where	exercises,	students'	progress,	and	statistics	can	be	stored.	We	also	want	
you	to	build	an	ability	for	the	game	to	generate	fresh	exercises1.	We	expect	you	to	turn	your	
ideas	 and	 concepts	 into	 an	 implementation	 that	 should	 be	 at	 least	 mature	 enough	 for	
deployment	in	real	life	SE	courses	at	UU	and	our	partner	universities	(Madrid,	Lisbon,	and	
Passau).		

• Complementary	 to	 the	FormalZ	 game	 above,	we	 also	want	 to	 have	 an	 online	 classroom	
quiz	software	to	support	teachers	to	teach	concepts	and	theories.	Again,	we	would	like	to	
have	a	solution	that	is	simple,	yet	engaging	and	extensible.	We	furthermore	also	want	you	to	
explore	the	use	of	AI	to	automatically	(and	intelligently)	generate	multiple	choice	answers	
of	a	quiz.	It	might	be	possible	to	build	this	on	top	of	an	existing	open	source	quiz	software.	

WAT	IS	DE	FUNCTIONALITEIT	VAN	DE	GAME	EN/OF	SOFTWARE?	

See	above	

TOEPASSINGSGEBIED	

University-level	education.	

CONTEXT/GERELATEERD	WERK	

There	is	a	game	called	"Pex"	(see	http://www.pexforfun.com/	)	by	Microsoft	that	are	used	to	teach	
basic	 programming.	 The	 figure	 below	 shows	 the	 screenshots	 of	 Pex.	 You	 can	 use	 it	 a	 starting	
inspiration,	but	of	course	we	are	looking	forward	to	hear	your	fresh	and	innovative	ideas	to	make	
FormalZ	more	exciting	than	Pex.	For	example	Pex	has	no	concept	of	narration,	let	alone	an	AI-based	
narration.	 Unlike	 Pex,	 we	 will	 be	 targeting	 Java	 as	 the	 target	 language,	 which	 is	 the	 preferred	
language	of	our	partners.		

																																								 																					
1	 In	general,	 this	 is	a	hard	 if	not	undecidable	problem.	But	we	can	perhaps	come	up	with	a	template-based	
solution,	where	 a	 template	 defines	 a	 class	 of	 exercises,	which	 can	 be	 instantiated	 through	 parameters.	 An	
example	of	such	a	 template	 is	 the	problem	of	checking	 if	 the	content	of	a	one	dimensional	array	matches	a	
certain	 formula	 (parameter	 of	 the	 template).	 from	 a	 decidable	 fragment	 of	 a	 logic,	 e.g.	 LTL	 over	 finite	
sequences.	Decidability	is	needed	to	make	sure	that	your	library	can	always	produce	a	program	satisfying	the	
exercise	you	generate.	We	can	discuss	this	when	you	start	the	project.	



	

As	 for	 the	quiz	 software,	 there	 are	 for	 example	Kahoot	 and	Quizziz,	which	 are	 very	popular.	The	
figure	below	shows	the	screenshots	of	Kahoot.	However,	all	such	solutions	currently	in	the	market	
are	closed	sources	(or	commercial),	only	support	basic	analytics,	and	without	any	 form	of	AI.	We	
want	 to	 have	 an	 open	 source	 solution,	 either	 by	writing	 one	 from	 scratch,	 or	 by	 building	 on	 an	
existing	one.	As	far	as	we	know,	there	is	only	one	open	source	quiz	solution	so	far,	called	Arsnova.		

	

	



WAAROM	IS	HET	PROJECT	INTERESSANT?	

In	 addition	 to	 the	 "usual"	 challenge	 of	 providing	 a	 finished	 ICT	 product,	 the	 project	 provides	 a	
unique	challenge	to	come	up	with	an	innovative	concept	of	gamified	education	that	works.	It	
needs	to	be	simple,	yet	engaging.	The	project	also	provides	a	scientific	challenge	for	you;	there	are	
AI	 elements	 in	 the	project,	 providing	you	with	 an	opportunity	 to	 experiment	with	one	or	 two	AI	
techniques	you	heard	about	and	to	put	them	on	a	real	case	study.	

WAAROM	IS	HET	PROJECT	INTERESSANT	VOOR	DE	STUDENT?	

See	above.	

DELIVERABLES	

• A	working	and	tested	software	that	includes	the	afore	mentioned	functionalities.	
• Documentation,	including:	

o Instructions	on	how	to	build	and	deploy	the	software.	
o Illustration	and	description	of	the	architecture	of	the	software.	

• The	source	code;	we	expect	it	to	be	well	documented.		
• Examples	demonstrating	the	usage	of	the	software,	along	with	instructions	on	how	to	

deploy	the	examples.	
• A	distributable	VM	image	or	docker	containing	a	full	production	deployment	of	the	

software.	
• A	VM	image	or	docker	containing	a	working	test	deployment,	along	with	your	test	suites.	

PROJECTDUUR	

6	months	(two	blocks)	

ONTWERP	GRENZEN	

The	 design	 and	 implementation	 of	 both	 client-side	 front-end	 and	 the	 server-side	 back-end	 are	
expected.	The	group	 is	 invited	 to	 come	with	 innovative	 ideas.	This	 should	however	be	built	with	
"forward	 engineering	 efficiency"	 in	 mind.	 The	 software	 should	 be	 well	 modularized.	 Other	
developers	team	should	be	able	to	reconstruct	 the	 logic	of	your	modules	without	having	to	break	
their	heads.	There	is	no	real	constraint	on	the	used	programming	languages;	however	the	primary	
choice	of	FormalZ	target	is	fixed.	

BEPERKENDE	VOORWAARDEN	

• The	client-side	GUI	of	both	FormalZ	and	Quizz	should	be	platform	neutral.	A	browser-based	
client	seems	to	be	a	natural	choice.	

• The	client-side	GUI	for	the	Quizz	should	furthermore	work	on	mobile	devices.	



SYSTEEM	INPUT	

At	the	back-end,	for	FormalZ	each	unit	"quest"	is	basically	a	source	code	that	contains	the	program	
to	specify,	its	model	specification.	For	the	Quiz	software,	we	can	describe	a	quiz	as	a	tagged	text	file	
or	a	json	file	along	with	some	assets	(e.g.	images),	plus	additional	meta-date	for	your	AI.	

GEWENST	GEDRAG	

Ultimately,	the	software	is	aimed	at	improving	the	students'	appreciation	for	SE	courses,	or	at	least,	
improving	their	engagement	in	such	courses.	

ARTWORK	

	
To	be	discussed.	

ACTIES/HANDELINGEN	

• FormalZ:	the	user	is	shown	a	challenge,	in	the	form	of	a	program	and	a	text	describing	the	
functionality	of	the	program.	He/she	is	asked	to	write	a	formal	specification	of	the	program.	
A	back-end	subsequently	checks	if	his/her	specification	is	satisfactory	by	comparing	its	
equivalence	to	a	model	solution	provided	by	the	teacher.		

• Quiz:	the	user	is	shown	the	questions	of	a	quiz,	one	at	a	time,	and	chooses	his/her	answer.	
• It	should	also	be	possible	for	users	to	rate	and	comments	a	FormalZ	challenge	and	a	quiz.	
• It	should	be	possible	to	extract	analytics	related	information	of	one	or	multiple	FormalZ	

challenges	and	quizzes.	
• It	should	be	possible	for	users	to	upload	new	challenges	and	quizzes.	

VEREISTE	MATERIALEN	

None.	

MATERIALEN	AANGELEVERD	DOOR	DE	OPDRACHTGEVER	

A	DSL	for	writing	specifications	and	a	back-end	for	checking	specifications	will	be	provided.	

TESTOMGEVING	

We	expect	you	to	establish	your	own	software	testing	environment.	We	can	discuss	the	possibility	
of	testing	your	solution	on	real	users	(for	which	we	then	need	to	recruit	subjects).		

CONTACTPERSOON	

Wishnu	Prasetya	(s.w.b.prasetya@uu.nl)	


