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Contents

• Some	general	comments	about	technology	use
• Does	technology	work	for	maths	education
– Yes,	but	under	certain	conditions
– Integrate	in	‘digital	books’

• Features	of	those	digital	books	
• Examples	of	technology
– I	have	added	many,	I	will	not	cover	all	of	them.



Who	am	I
• Dr.	Christian	Bokhove
• From 1998-2012	teacher	maths,	computer	science,	head
of	ICT	secondary school	Netherlands

• PhD	‘Use of	ICT	for acquiring,	practicing and
assessing algebraic expertise’	with
Prof.	Van	Maanen	and Prof.	Drijvers

• Since 2012	Lecturer at	University	of	
Southampton
– Maths education
– Technology	use
– Large-scale assessment



INTRODUCTION



There	is	a	lot	to	do	with	technology

• OECD	report
• Ma	overview

http://www.keepeek.com/Digital-Asset-Management/oecd/education/students-computers-and-learning_9789264239555-en#.V8wy2jV5-aU



In	mathemetics education…
• 17th ICMI	study	“Mathematics	Education	and	
Technology-Rethinking	the	Terrain”

• 22nd ICMI	study	“Task	Design	In	Mathematics	
Education”

• …



http://timss2015.org/







• So	there	are	big	differences	between	
countries…

• It	is	not	clear	when	technology	contributes	
positively

• My	research	in	the	last	years	has	focussed	on	
finding	out	a	bit	more…

• I	will	give	some	examples	of	ways	that	seem	
positive.



In	2010	I	looked at	specific criteria	for
algebra	software

Bokhove,	C.,	&Drijvers,	P.	(2010).	Digital	tools	for	algebra	education:	criteria	and	evaluation. International	
Journal	of	Computers	for	Mathematical	Learning,	15(1),	45-62.



What	should	technology	look	like

This	has	developed	over	the	years:
• From	distinct,	separate	tools	to	integrated
• From	offline	towards	online
• From	not	storing	data	to	storing	data

It	became	more	and	more	clear	that	it	made	
sense	to	make	an	INTEGRATED	design:	digital	
books.



INTEGRATED	DESIGN:	DIGITAL	BOOKS



International	Conference	on	Mathematics	Textbook	
Research	and	Development	2014.	Strand	on	e-Textbooks	
and	technology.	From	Prof. Yerushalmy’s talk



Examples

• Apple	iBooks
• Great	looks
• Limited	interaction
• Limited	student
management
options



Towards	digital	textbooks

• Digital	textbook:	theory,	examples,	explanations
• Interactive	content	(in	widgets)
• Interactive	quizzes	(formative	assessment,	
feedback)

• Integrated	workbook





More	than	sum	of	the	parts

Let	me	say	more	on	how	these	digital	books	
could	help	mathematics	education
1. Widgets
2. Interaction	(feedback)
3. Storing	results
4. Instructional	design
5. Authorability
6. Interoperability	and	standards
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• Purpose	of	technology
– e.g.	tension	learning	and	doing		(e.g.	Ainley &	
Pratt,	2002)

– Use	to	learn,	learn	to	use
• Openness
– Beeson	(1998),	open	and	closed
– Bliss	&	Ogborn (1998),	exploratory	and	expressive
– Buchberger (1990),	black	box,	white	box,	glass	box

• Interactivity



DEMO	WIDGETS
• Browse	some	widgets
• http://mc2dme.appspot.com/



Widget	example:	equations



Widgets











What	could	‘open’	widgets	add?

• Visualizing
students	can	“see”	abstract	concepts

• Representations
students	can	make	connections

• Experiments
students	can	discover	mathematics



Example:	geogebra
Visualizing	Parameters



Example:	geogebra
Visualizing	Movement



Multiple	Representations

• GeoGebra:	Bidirectional Connection
Symbolic⇔ Graphics

• Examples
– Coordinates⇔ Point	in	Coordinate System
– Circle‘s Equation⇔

Circle	drawn in	Coordinate System
– Function‘s Equation⇔ Graph	of Function



Example:	geogebra
Representations:	Sketch	&	Graph
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Feedback
• Essential	part	formative	assessment	(Black	&	William,	
1998)

• But	depends	on	feedback	type(s)	e.g.	task,	process,	
self-regulation,	self	(Hattie	&	Timperley,	2007)
– Task	e.g.	‘that	is	the	wrong	answer’
– Process	e.g.	‘have	another	look	at	what	you	did’
– Self-regulation	e.g.	‘review	your	answers	and	decide	what	
topic	you	want	to	revise’

– Self	e.g.	‘well	done!’
• Issues
– Positive/negative	feedback
– Timing



Feedback	in	computer	systems

Review	Vander	Kleij et	al.	(2015)
• Types
– Elaborated	feedback	0.49
– Providing	the	correct	answer	0.32
– Correctness	of	answer	0.05

• Higher	order	learning	even	more,	as	well	as	
for	mathematics	compared	to	social	sciences



Example	of	feedback:	embedded



Example	of	feedback:	custom	feedback



Example	of	feedback:	rule-based	feedback



Also	geometry	checking
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Storing	results

• Imagine	10	classes	with	30	students	and	
numerous	tasks:	management	system

• But	diversity	of	data	types,	ranging	from	
simple	checkbox	to	complexity	of	geometry	
widget

• Useful	for	Learning	Analytics	and	studying	
misconceptions



Store	student	results,	and	use	these	as	a	
teacher	to	study	misconceptions	and	for	
starting	classroom	discussions
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(i)	students	learn	a	lot	from	what	goes	wrong,	

(ii)	but	students	will	not	always	overcome	these	if	
no	feedback	is	provided,	and	

(iii)	that	too	much	of	a	dependency	on	feedback	
needs	to	be	avoided,	as	summative	assessment	
typically	does	not	provide	feedback.	

These	three	challenges	are	addressed	by	principles	
for	crises,	feedback and	fading,	respectively.



Crisis-tasks
“students	learn	a	lot	from	what	goes	wrong”

“Failure	is,	in	a	sense,	the	highway	to	success”	- Keats



Feedback:	overcoming a	crisis

Screencast	clips

“but	students	will	not	always	overcome	these	if	no	feedback	is	provided”	



Feedback:	worked	examples	and	hints

IDEAS	feedback,	webservice with Jeuring	et	al



Fading
“too	much	of	a	dependency	on	feedback	needs	to	be	avoided”
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Authorable
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Remains	a	challenge

• Between	the	‘management	system’	and	
individual	widgets	(e.g.	SCORM)

• Between	widgets	(e.g.	multiple	
representations)

Here,	Cinderella	
(left)	can	‘talk’	with	
Epsilonwriter (right).



HTML5	player



We	combined	them	in	the	
enGasia project

1. Compare	geometry	education	in	England,	Japan	and	
Hong	Kong	→	some	shown	now.

2. two	digital	resources	(electronic	books)	will	be	
designed.	They	are	then	implemented	in	classrooms	
in	those	countries.

3. The	methodology	will	include	a	more	qualitative	
approach	based	on	lesson	observations	and	a	quasi-
experimental	element.





The	design	process

• Multiple	widgets
• Some	work	‘in	the	backend’	(e.g.	feedback)



This	could	be	a	geogebra	
widget	but	perhaps	not	
necessary.	More	
important	is	feedback.



Flowchart	(Prof. Miyazaki)

http://www.sun-first.jp/fc_html5d/



Conclusions

• Technology	sometimes	works	for	mathematics	
education,	and	sometimes	it	doesn’t

• Need	to	think	about	what	you	want	to	achieve
• I	showed	some	examples:	feedback,	
representations,	storing	student	work,	etc.

• The	enGasia project	tries	to	combine	some	of	
these	in	digital	mathematics	books

• Only	a	small	part	of	the	possibilities…..


