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Increasingly,	computer-based	 learning	systems	are	used	by	educators	to	 facilitate	 learning.	Evaluations	of	several	math	 learning	systems	show	

that	 they	 result	 in	 significant	 student	 learning	 improvements.	 Feedback	 provision	 is	 one	 of	 the	 key	 features	 in	 math	 learning	 systems	 that	

contribute	to	its	success.	We	have	recently	been	uncovering	feedback	design	patterns	as	part	of	a	larger	pattern	language	for	math	problems	and	

learning	support	in	online	learning	systems.	In	this	paper,	we	present	three	feedback	design	patterns	developed	from	the	application	of	the	data-

driven	design	pattern	methodology	on	a	 large	educational	dataset	collected	 from	actual	student	data	 in	a	math	online	 learning	system.	These	

design	patterns	can	help	teachers,	learning	designers,	and	other	stakeholders	construct	effective	feedback	for	interactive	learning	activities	that	

facilitate	student	learning.	
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1. INTRODUCTION	

We	 define	 online	 learning	 systems	 as	 computer-based	 systems	 accessible	 over	 the	 internet	 that	 help	 instructors	

manage	 teaching	 resources,	 deliver	 content	 to	 their	 students,	 and	 facilitate	 student	 learning.	 Examples	 of	 such	

systems	 include	 learning	 management	 systems,	 intelligent	 tutoring	 systems,	 and	 massive	 open	 online	 courses	

(MOOCs).	 Such	 systems	 can	 be	 used	 to	 augment	 classwork	 and	 homework	 in	 traditional	 classroom	 settings,	 to	

deliver	completely	online	courses,	to	manage	flipped	classrooms,	and	so	forth.	Research	in	online	learning	systems	

suggests	 incorporating	 interactive	 learning	activities	with	associated	feedback	to	 further	 improve	student	 learning	

(Clark	&	Mayer,	 2016).	 In	 fact,	 Koedinger	 and	 colleagues	 (2015)	 reported	 that	 students	 enrolled	 in	 a	 Psychology	

MOOC	 learned	 about	 six	 times	 more	 when	 they	 additionally	 engaged	 in	 interactive	 learning	 activities	 with	

associated	feedback.	

Pedagogical	feedback	often	refers	to	providing	students	 information	about	their	performance.	Educators	agree	

that	 feedback	 is	 important,	 but	 it	 is	 difficult	 to	 design	 effective	 feedback.	 In	 the	 same	 way,	 designing	 effective	

feedback	for	online	learning	systems	is	not	trivial	because	several	factors	need	to	be	considered	such	as	the	learning	

environment,	the	subject	taught,	students’	learning	history,	individual	differences,	and	others.	Design	patterns	have	

recently	been	considered	to	facilitate	the	selection	and	application	of	solutions	that	address	educational	challenges	
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in	online-learning	contexts.	One	such	challenge	that	these	patterns	address	is	the	creation	of	feedback.	For	example,	

design	patterns	have	been	written	to	manage	MOOCs,	to	design	e-learning	content,	and	to	construct	feedback	for	

interactive	learning	activities	(Warburton	&	Mor	2015,	Rusman,	Lutgens	&	Ronteltap	2005,	Zimmerman,	Herding	&	

Bescherer	2014).	

This	 paper	 contributes	 three	 design	 patterns	 for	 constructing	 feedback	 to	 student	 responses	 in	 math	 online	

learning	 systems	namely:	 Incorrect	Example	Explanation,	Common-wrong-answer	Feedback,	 and	 Increasing	Hint	

Specificity.	 Instructors,	 teachers,	 learning	designers,	 and	other	 stakeholders	 can	use	 these	patterns	 in	developing	

such	systems.	The	 following	sections	describe	prior	work	 in	design	patterns	 for	online	 learning	systems,	 the	data-

driven	 design	 pattern	 production	methodology	 (3D2P)	 used	 to	 develop	 the	 patterns	 discussed	 in	 this	 paper,	 the	

pattern	language	containing	these	patterns,	the	design	patterns,	and	future	work.	

2. RELATED	WORK	

Several	design	pattern	languages	and	collections	have	been	developed	for	online	learning	systems.	For	example,	the	

e-Len	 project	 developed	 42	 e-learning	 design	 patterns,	 which	were	 categorized	 into	 four	 special	 interest	 groups	

namely:	 SIG	 1:	 Learning	 resources	 and	 learning	 management	 systems	 (LMS);	 SIG	 2:	 Lifelong	 learning,	 SIG	 3:	

Collaborative	learning;	and	SIG	4:	Adaptive	learning	(Rusman,	Lutgens	&	Ronteltap	2005).	Another	example	is	Mor	

and	Warburton’s	32	MOOC	design	patterns	that	addressed	various	aspects	of	MOOC	design	including	participation,	

community,	 structure,	 learning,	 and	 orientation	 (Warburton	 &	Mor	 2015).	 Finally,	 Mor,	 Mellar,	Warburton,	 and	

Winters	 (2014)	 compiled	 29	 design	 patterns	 for	 teaching	 and	 learning	 with	 technology,	 which	 covered	 learner-

centered	designs,	 learning	communities,	social	media	and	learner	interaction	in	social	spaces,	and	assessment	and	

feedback.	

Among	these	pattern	languages	and	collections,	only	a	few	patterns	described	designs	for	feedback	strategies.	A	

notable	example	is	the	Hint	on	Demand	design	pattern,	which	suggests	giving	students	the	option	to	request	hints	

so	that	knowledgeable	students	have	the	flexibility	to	answer	problems	on	their	own,	while	students	struggling	to	

answer	 a	 problem	 can	 get	 help	 (Zimmerman,	 Herding	 &	 Bescherer,	 2014).	 Although	 feedback	 design	 patterns	

outside	the	online-learning-system	domain	can	resolve	online	learning	system	issues,	they	may	need	adaptation	to	

address	 contextual	 differences.	 Some	 examples	 include	 Feedback	 Sandwich,	Differentiated	 Feedback,	 and	 Peer	

Feedback,	which	are	part	of	Bergin	et	al.’s	(2012)	pedagogical	design	patterns.		

3. DESIGN	PATTERN	MINING	METHODOLOGY	

Figure	 1	 illustrates	 a	 pattern	 language	 we	 have	 been	 developing	 for	 online	 learning	 systems,	 which	 include	

feedback-specific	design	patterns.	A	unique	feature	of	the	design	patterns	in	this	pattern	language	is	that	they	were	

developed	using	the	3D2P	methodology	(Inventado	&	Scupelli	2016b).	Details	about	the	3D2P	methodology	and	the	

design	 patterns	 produced	 using	 the	 methodology	 can	 be	 found	 in	 Inventado	 and	 Scupelli	 (2015b,	 2016a,b,c).	

Inventado	&	Scupelli	defines	3D2P	as:		

	

...	 a	 four-step	 iterative	 process	 used	 to	 uncover	 design	 patterns	 from	 data	 collected	 in	 a	 particular	 domain.	

3D2P	starts	by	prospecting	data	to	find	interesting	relationships	in	the	data.	These	relationships	are	investigated	

further	 in	 the	 pattern-mining	 step	 to	 develop	 hypotheses	 based	 on	 recurring	 problems	 and	 high-quality	

solutions	 uncovered.	 Literature	 and	 experts	 in	 the	 field	 are	 consulted	 to	 test	 the	 validity	 of	 the	 hypotheses.	

Resulting	hypotheses	are	used	to	write	proposed	patterns,	which	are	further	refined	with	the	help	of	the	design	

pattern	community	through	mentoring	and	pattern	writing	workshops.	Accepted	design	patterns	are	evaluated	

by	implementing	them	in	existing	systems	and	evaluating	their	performance.	Randomized	controlled	trials	are	

conducted	to	compare	the	resulting	outcome	measures	(e.g.,	learning	gain,	time	on	task)	between	applying	the	

design	 pattern	 and	 not	 applying	 the	 design	 pattern.	 Results	 of	 the	 evaluation	 are	 used	 to	 further	 refine	 the	

design	pattern	as	needed.	

	

Currently,	our	pattern	language	contains	19	complete	design	patterns	indicated	by	the	solid-lined	boxes	in	Figure	

1.	Tables	1	and	2	summarize	six	design	patterns	that	are	currently	in	development	and	are	indicated	by	the	broken-

lined	 boxes	 in	 the	 figure.	 There	 are	 five	 general	 design	 pattern	 themes	 namely	 Problems,	 Mastery	 Learning,	

Motivation,	 Personalized	 Learning,	 and	 Learning	 Feedback.	 Design	 patterns	 under	 the	 Problems	 theme	 address	

challenges	 related	 to	 the	 creation	 of	 problems	 in	 online	 learning	 systems.	 Design	 patterns	 under	 the	Mastery	
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Mathematics	 (CCSSI	 2010).	 We	 suspect	 that	 the	 design	 patterns	 presented	 in	 this	 paper	 may	 apply	 to	 other	

domains,	 but	 we	 opt	 to	 limit	 the	 scope	 of	 these	 patterns	 to	 math	 until	 we	 gather	 sufficient	 evidence	 of	 their	

effectiveness	in	other	domains.	

5. DESIGN	PATTERNS	

The	pattern	format	used	in	this	paper	separates	each	section	with	a	heading	much	like	other	pattern	formats	(c.f.,	

Carlsson	 2004,	 Dearden	 &	 Finlay	 2006).	 It	 contains	 the	 commonly	 used	 context,	 forces,	 problem,	 and	 solution	

sections.	 The	benefits	 section	 describes	 how	 the	 solution	 addresses	 the	 forces	 in	 the	 problem	 and	 the	 liabilities	

section	presents	 issues	 that	may	arise	 from	 implementing	 the	 solution.	The	evidence	 section	provides	 theoretical	

foundations	that	explain	why	the	problem	recurs	and	why	a	solution	might	effectively	resolve	 it.	Forces,	benefits,	

liabilities,	and	evidence	are	ordered	and	aligned	to	facilitate	readability.	For	example,	force	1	is	addressed	by	benefit	

1	 but	 could	 result	 in	 liability	 1,	 which	 is	 supported	 by	 evidence	 1.	 The	 known	 uses	 section	 presents	 successful	

applications	 of	 the	 design	 pattern	 that	 validate	 its	 effectiveness.	 Finally,	 the	 related	 patterns	 section	 lists	 other	

patterns	that	the	design	pattern	references	or	references	it.	

Table	1	provides	summaries	of	the	three	design	patterns	that	are	presented	in	the	following	subsection	as	well	as	

patterns	that	are	currently	under	development.	We	anticipate	that	the	patterns	under	development	will	reference	

the	three	patterns	discussed	in	this	paper.	Table	2	provides	summaries	of	design	patterns	that	are	referenced	by	the	

patterns	in	this	paper.	

	
Table	I.	Feedback	Design	Patterns	for	Math	Online	Learning	Systems	

Design	Pattern	 Status	 Summary	

Incorrect	Example	Explanation	 PIP	 Ask	students	to	explain	incorrect	examples	to	help	them	understand	and	avoid	common	

mistakes	and	misconceptions.	

Common-wrong-answer	Feedback	 PIP	 Identify	common	wrong	answers	for	a	given	problem	and	construct	feedback	to	address	

the	underlying	misconception.	

Increasing	Hint	Specificity	 PIP	 Allow	students	to	request	progressively	elaborate	hints	in	which	the	last	hint	contains	the	

correct	answer.	

Mastery	Learning	Exercise	

Generator	

UD	 Generate	and	assign	problem	variations	that	test	a	particular	skill	to	help	students	master	

that	skill.	

Video	Hints	 UD	 Use	a	video	to	present	feedback	that	helps	students	visualize	the	problem,	capture	their	

attention,	and	minimize	their	tendency	to	skip	feedback.	

Relate	Feedback	to	Authentic	

Tasks	

UD	 Use	examples	that	are	based	on	real-world	settings	to	help	students	understand	the	value	

of	the	skill	taught.	

Desirable	Feedback	Difficulty	 UD	 Consider	what	students	already	know	to	provide	feedback	that	will	challenge	them.	

*Note:	PIP	-	presented	in	this	paper;	UD	-	under	development.	

	
Table	II.	Referenced	Design	Patterns	

Design	Pattern	 Status	 Summary	

Pitfall	Diagnosis	and	Prevention	

(Anthony	1996)	

P	 Pay	special	attention	to	vital	concepts	and	emphasize	them	when	it	has	shown	that	last	

time	you	taught	the	concept	students	had	trouble	with	it.	

Worked	Examples	

(Inventado	&	Scupelli	2015b)	

P	 Provide	students	with	an	example	similar	to	the	problem	they	are	asked	to	solve	so	they	

understand	how	to	solve	the	problem	without	revealing	the	answer.	

Explain	Worked	Solutions	

(Inventado	&	Scupelli	2016a)	

P	 Provide	students	with	clearly	explained	worked	solutions	when	they	are	unable	to	answer	

problems	correctly	despite	receiving	support.	

Self-explained	Answers	 UD	 Ask	students	to	explain	their	answer	to	ensure	they	understand	it,	to	help	reinforce	their	

understanding,	and	to	encourage	them	to	make	generalizations	from	their	solutions.	

Concise	Feedback	 UD	 Avoid	extraneous	and	unnecessarily	long	feedback	explanations	so	students	can	focus	on	

the	information	they	need	to	solve	the	problem.	

Conversational	Feedback	 UD	 Use	a	conversational	style	in	communicating	ideas	with	students	to	make	material	more	

engaging.	

*Note:	P	-	published;	UD	-	under	development.	
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The	 results	 of	 the	 study	 showed	 that	 students	 exposed	 to	 practice,	 correct	 and	 incorrect	 examples,	 and	 self-

explanation	(i.e.,	condition	4)	outperformed	the	other	three	conditions.	

Huang,	Liu,	and	Shiu	(2008)	implemented	a	computer-aided	system	for	learning	decimal	concepts.	Students	using	

the	system	answered	decimal	problem	exercises	that	asked	them	to	re-evaluate	their	incorrect	answer	to	help	them	

figure	out	their	mistakes	and	understand	concepts	more	effectively.	For	example,	after	giving	an	incorrect	answer,	

the	system	may	ask	“Does	the	“4”	of	“5.4”	pancakes	mean	there	are	“four”	pancakes?”	so	that	students	can	focus	

on	the	meaning	of	the	decimal	value.	Huang	et	al.	ran	a	study	to	compare	students’	performance	in	pre-,	post-,	and	

delayed	 posttests	 when	 they	 either	 learned	 from	 incorrect	 examples	 through	 the	 computer-aided	 system	

(experimental	condition)	or	from	answering	test-sheet	questions	for	practice	without	access	to	incorrect	examples	

(control	condition).	The	results	of	the	experiment	showed	that	students	exposed	to	incorrect	examples	performed	

significantly	better	in	immediate	and	delayed	posttests	compared	to	students	who	only	engaged	in	practice.	

Durkin	and	Rittle-Johnson	(2012)	introduced	both	correct	and	incorrect	examples	and	self-explanation	questions	

in	 decimal-magnitude	 practice	 problems	 that	 students	 answered.	 In	 their	 case	 however,	 students	 used	 pen	 and	

paper	and	not	a	learning	system.	Nevertheless,	results	from	their	experiment	aligned	with	other	research	showing	

the	value	of	incorrect	examples.	Specifically,	students	in	an	experimental	condition	were	given	pairs	of	correct	and	

incorrect	examples	for	the	same	problem.	For	each	pair,	they	were	asked	to	explain	why	an	example	was	correct	or	

incorrect,	how	the	two	examples	were	similar	or	different,	and	how	they	would	teach	another	student	to	solve	the	

problem.	After	studying	three	example	pairs,	students	were	asked	to	answer	a	practice	problem.	This	process	was	

repeated	 four	 times	 so	 that	 students	worked	on	12	example	pairs	and	 four	 interleaved	practice	problems.	 In	 the	

control	condition,	students	were	only	shown	correct	examples	instead	of	an	example	pair	but	were	exposed	to	the	

same	methodology	of	studying	12	examples	and	answering	four	interleaved	practice	problems.	Students	from	both	

conditions	were	given	pre-,	post-,	and	delayed	posttests,	which	showed	that	students	exposed	to	both	correct	and	

incorrect	examples	performed	significantly	better	than	students	exposed	to	only	correct	examples.	

	

Related	Patterns:	 Common	wrong	 answers	 to	 a	 particular	 problem	 can	be	used	 to	 construct	 incorrect	 examples,	

which	may	help	prevent	students	from	performing	similar	mistakes	 in	the	future.	 It	 is	a	good	idea	to	Use	Student	

Solutions	 (Köppe	 et	 al.	 2015)	 to	 find	 incorrect	 examples	 because	 students	 are	 more	 likely	 to	 commit	 similar	

mistakes.	Such	a	case	implements	Pitfall	Diagnosis	and	Prevention	(Anthony	1996).	Incorrect	Example	Explanation	

can	also	be	used	in	conjunction	with	Worked	Examples	(Inventado	&	Scupelli	2015b)	and	Self-explained	Answers	to	

support	further	student	learning.	
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2011).	There	is	active	research	in	the	Cognitive	Tutor	family	of	tutoring	systems	to	further	improve	student	learning	

such	as	helping	students	develop	better	help-seeking	skills	(Roll	et	al.	2011).	

As	of	writing	this	paper,	we	were	unable	to	find	experiments	that	evaluated	the	effectiveness	of	using	

progressive	help	in	any	of	these	three	systems.	However,	experiments	that	compared	student	performance	with	and	

without	using	the	system	have	consistently	reported	improved	learning	gains	(Koedinger	&	Aleven	2007,	Roll	et	al.	

2011,	Roschelle	et	al.	2016).	

	

Related	Patterns:	Hint	on	Demand	(Zimmerman,	Herding	&	Bescherer,	2014)	is	often	used	in	tandem	with	

Increasing	Hint	Specificity	because	it	results	in	better	student	learning	compared	to	proactively	providing	hints.	

Explain	Worked	Solutions	(Inventado	&	Scupelli	2016a)	involves	the	identification	of	solution	steps	that	may	also	be	

used	to	craft	individual	hints	in	the	hint	sequence	to	provide	Increasing	Hint	Specificity.	Image-enhanced	Hints	

(Inventado	&	Scupelli	2016b),	Concise	Feedback,	and	Conversational	Feedback	can	be	used	to	ensure	the	quality	of	

each	hint.	
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6. SUMMARY	AND	NEXT	STEPS	

The	paper	discussed	three	design	patterns	for	constructing	feedback	design	patterns	for	math	online	learning	

systems	namely	Incorrect	Example	Explanation,	Common-wrong-answer	Feedback,	and	Increasing	Hint	Specificity.	

Online	learning	system	developers,	content	creators,	and	teachers	can	use	these	patterns	to	guide	the	creation	of	

feedback	while	ensuring	its	effectiveness	in	facilitating	student	learning.	

We	plan	to	apply	and	test	the	effectiveness	of	our	design	patterns	in	other	domains	such	as	physics,	chemistry,	

computer	programming,	and	so	forth.	Similarly,	it	would	be	interesting	to	evaluate	how	well	these	patterns	can	

translate	to	other	learning	environments	like	traditional	classrooms.	Design	patterns	that	are	found	to	be	effective	

in	other	domains	or	learning	environments	may	be	generalized,	and	those	that	are	not	might	lead	to	the	

development	of	new	patterns	that	adapt	to	the	specific	constraints	of	the	domain	or	environment.	

The	3D2P	methodology	is	currently	being	used	on	data	collected	from	the	ASSISTments	online	learning	system	to	

uncover	more	patterns	that	will	be	part	of	the	Pattern	Language	for	Math	problems	and	Learning	Support	in	Online	

Learning	Systems.	The	design	patterns	are	being	compiled	in	an	online	design	pattern	repository	

(http://learningenvironmentslab.org/openpatternrepository)	and	work	is	being	done	to	foster	collaboration	

between	design	pattern	authors,	domain	experts,	and	design	pattern	users	to	continue	writing,	evaluating,	and	

refining	design	patterns. 
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