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•  I am no longer associated with Amplify Learning except 
as the lead author on the “Math Products” 

•  This paper/presentation reports on ideas from my work 
over many years on digital materials and should not be 
construed to represent the opinions of Amplify Learning. 
I did benefit from my work with the talented math team 
but I am representing my own opinions in this work. 

•  The Challenge problem presented herein is one of the 
problems from the Amplify Math project, presented 
previously at NCCTM, 2013, and is shared with 
permission of Amplify Learning.   
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Disclaimer 
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Quote from Jonathan Ive, Apple 

  
•  Q:  How does Apple get the balance right 

between design and function?  
•  Ive:  :We see design as everything.  The 

beautiful product that doesn’t work very 
well is ugly.  I cant really 
compartmentalize. The best design. we 
have done it, is those that are completely 
harmonious 
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•  Introduction 
–  Clarification and Language use 
–  Goals and Objectives 
–  Scope and Sequence 

•  Categories of Design Principles for: 
1.  Lesson Structure 
2.  Interactive Workspace and Tools  
3.  Building Challenges 
4.  “Others”  

•  Curriculum Development Process 
–  Agile methodologies 
–  Design Studies 

•  Conclusions 
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Overview of presentation 
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•  To report on a number of the Thorny Design 
Challenges I wrestled with, and Lessons 
Learned.   

•  To predict fruitful—and highly exciting--areas for 
research in curriculum development and 
implementation. 
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Goals for this talk-- 
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•  Differentiation 
–  Grouping 

–  Individualization 

•  Adaptivity 

•  Personalization 
•  Customization 
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Clarification and Language use 
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Goals and Objectives 

(©Amplify	  Learning)	  
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Scope and Sequence 

(©Amplify	  Learning)	  
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Possible Components of the Ecology 

•  Map and Navigation 
•  Lesson Structure 
•  Workspace and Tools 
•  Activity Structures: Challenge Problems 

and Projects 
•  Forms of assessment and feedback 
•  Teacher Support  
•  Practice and Games 
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1. Design Principles for Lesson Structure 

“	  You	  have	  this	  really	  strange	  balance	  between	  being,	  it	  might	  appear	  to	  be	  a	  li>le	  bit	  
stubborn,	  I	  like	  to	  call	  it	  resolute,	  but	  really	  pushing	  and	  pushing	  an	  idea	  but	  at	  the	  same	  
Bme	  realizing	  it	  might	  not	  work,	  and	  at	  some	  point,	  you	  have	  to	  make	  that	  decision.”	  	  
Jonathan	  Ive	  
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•  1.1: In digital environments, one can integrate multiple 
elements--Curriculum, Pedagogy, and Teacher Support 

•  1.2: The Mathematical Workspace should exist 
separately from the Lesson Flow 

•  1.3: Careful distinctions should be made as to whether 
activities should be “Transactional” vs. “Interactional” 
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1. Design Principles for Lesson Structure 
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Quote from Jonathan Ive, Apple 

•    
•    
•    
•  Jonathan Ive, Senior Vice President of Design, 

Apple Computer:  So much about industrial design 
is the sense of service.  What we do is we make 
tools for each other so the goal unlike fine art, it is 
not about developing narrative or self-expression,  
we try to make tools that make life a bit easier. I 
think that is quite noble and I like that idea. 

•    
•    
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2.1: Students need opportunities to engage mathematical 
work using mathematical tools at levels appropriate to 
their knowledge.  

•  Supporting students in doing mathematical work 
•  Reviewing existing tools 
•  Contrasting with interactive diagrams 
•  Advantages of tools 

–  Students learn to identify and select tools 
–  Tools are accessible, independent of specific activities 
–  Hover-over capabilities for tutorial 
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2. Design Principles for an Interactive 
Workspace and Tools  
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2.2: Selecting a suite of tools requires balancing their 
features and affordances 
•  Graph and Table and Dynamic Geometry, or a combined 

tool (Geogebra) 
•  Importance of bidirectionality 

–  (Desmos vs. FunctionProbe) 
•  Spreadsheet capabilities 

–  (Notational conflict between algebra and spreadsheet) 
•  Choices in symbolic manipulation 

–  Touch-based solver (DragonBox, AlgebraTouch) 
–  Properties-based approach  
–  Symbolic moves using manipulatives (Singapore Math) 
–  Semantic calculator (SemCalc) 
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2. Design Principles for an Interactive 
Workspace and Tools 
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2. Design Principles for an Interactive 
Workspace and Tools 

2.3:  Notating Mathematical Ideas Symbolically Should 
Become as Intuitive as Writing and Sketching in 
Traditional Media 

•  Screen objects can be manipulated as their own form of 
mathematical expressions 

•  Challenge among styli, alpha-numeric keypads, or 
symbol recognition (FluidMath) 
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2. Design Principles for an Interactive 
Workspace and Tools 

2.4:  A workspace for deploying and using tools separated 
from lesson flow allows students to become independent 
and proficient tool users.  

•  Navigation 
•  Tagging 
•  Size and shape, including scaling 
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2. Design Principles for an Interactive 
Workspace and Tools 

2.5:  Workspaces, under the control of the students, can be 
extended, curated into a notebook, or reset. 

•  How are they structured and organized? 
•  What is the persistence of the workspace? 
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2. Design Principles for an Interactive 
Workspace and Tools 

2.6:   Student workspaces should be under students’ 
control, in terms of what tools to select, and to display and 
manipulate the tools.  Resources to assist in this process as 
forms of tiling could be made available as needed or 
preferred. 

•  How to select and arrange tools on workspaces? 
•  How to pre-set specific tools, for specific problems? 
•  How to provide scripting or templating as options for 

weaker students? 
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2. Design Principles for an Interactive 
Workspace and Tools 

2.7: Both students and teachers need varied and rich 
opportunities to interact in the context of learning together 
and participation is mathematical work as a community 
of learners. 
 
•  Using AirPlay to capture and share student work, 

including process and strategy.  
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3. Design Principles for Building 
Challenges 
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J.	  I.	  Consumers	  are	  discerning.	  …I	  believe	  that	  we	  sense,	  we	  can’t	  ar;culate	  why,	  
I	  can’t	  ar;culate	  why,	  but	  	  we	  can	  sense	  when	  there	  has	  been	  care	  taken	  with	  a	  
product.	  Just	  in	  the	  same	  way	  we	  sense	  carelessness.	  	  And	  sadly	  most	  of	  
manufactured	  environment	  I	  think	  tes;fies	  to	  a	  degree	  of	  carelessness,	  It	  
tes;fies	  get	  it	  build	  fast,	  make	  it	  cheap,	  make	  it	  look	  different.	  	  It	  is	  just	  that	  sort	  
of	  carelessness.	  It	  is	  one	  of	  the	  things	  we	  strive	  to	  do	  for	  humanity,	  and	  it	  is	  a	  
way	  we	  could	  serve,	  is	  just	  to	  take	  care.	  
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3. Design Principles for Building 
Challenges 

3.1:   By creating a structural overview for a unit organized around a 
learning trajectory, a potential sequence of challenge problems can be 
proposed.  

Example from ratio: 
•  creating a need for ratio 
•  exploring equivalent ratios 
•  finding base ratios 
•  finding and using unit ratios 
•  building up using tables 
•  building up using graphs  
•  comparing ratios in graphs and tables 
•  finding missing values by building up 
•  finding missing values using multiplicative reasoning in ratio 

boxes 
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3. Design Principles for Building 
Challenges 

3.2:  Students benefit from engaging with challenges that 
“create the need” for an idea and provide them 
opportunities to engage with “productive struggle.” 
•  RME Task Design Heuristics (Gravemeijer ICME 10, 2004.) 

–  Guided re-invention 
–  Didactical phenomenology 
–  Emergent modeling 

•  Constructivist instruction (Confrey 95)  
–  Creating a need 
–  Creating a roadblock to where a student wants to be 
–  Following a learning trajectory 
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3. Design Principles for Building 
Challenges 

3.2:  Students benefit from engaging with challenges that 
“create the need” for an idea and provide them 
opportunities to engage with “productive struggle” 
•  Afford opportunities to activate and differentiate prior 

and intuitive knowledge….to generate, explore, critique, 
and refine representations and solution methods (RSMs) 
for solving complex problems 

•  Invariably, such a process leads to failure (in relation to a 
desired goal)… 

•  But, this may precisely be the locus of deep learning… 
provided some form of structure follows subsequently 

•  (Kapur (2012) used the term “productive failure”) 

22 
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Challenge Problem: A Wind-Up Toy 

•  Generate student interest and engagement 
•  Create a problematic that illustrates a key 

concept (base ratio, equivalent ratio) 
•  Provide students opportunities for 

productive struggle 
•  Provide accessible points of entry 

23 
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Challenge Problem: A Wind-Up Toy 

Wind-up toy:  Students are first shown a 
video of a wind-up toy that moves 4 inches 
when taking 10 steps.   
 
Then they are asked, “If the toy is fully 
wound up (36 steps) and placed 13 inches 
from the edge, does the monkey fall off the 
table?” 

24 
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3. Design Principles for Building 
Challenges 

3.3:  In a challenge, each of the three steps needs to do 
specific work: launch, dig-in and share out.  
 
•  Launch:  Students consider what the problem to solve is 

and generate possible strategies to solve it. 
–  They said terms such as “rate,” “speed,” and “distance,” without 

knowing how to apply them to create a strategy. 
–  Teachers needed to ask students to restate the problem in their 

own words. 
–  Assets for these problems often included media elements. 

25 
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3. Design Principles for Building 
Challenges 

3.3:  In a challenge, each of the three steps needs to do 
specific work: launch, dig-in and share out.  
 
•  Dig-in:  Students try their strategies to solve the 

problem. 
–  Novice 6th graders with actual wind-up toys did not know how to 

conduct experiments to measure how far the toy traveled in how 
many steps. 

–  Students did not consider running trials to check for consistency 
of results. 

–  Time is not a viable variable for the wind-up toy (it slowed down, 
but the step length remained the same). 

26 
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3. Design Principles for Building 
Challenges 

3.3:  In a challenge, each of the three steps needs to do 
specific work: launch, dig-in and share out.  
 
•  Share out:   

–  Students report on their predictions, and justify their answers. 
–  Formalizations are passed to students in order to protect the 

canonical knowledge, while encouraging student annotation. 

27 
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Using Ratios Tables for Wind-Up Toy 

28 

Distance	  traveled	  	  
(in	  inches)	  

Number	  	  
of	  Steps	  

10	  4	  

5	  2	   Base	  RaBo	  

2.5	  1	   Unit	  	  RaBo	  

30	  12	   RaBo	  Equivalence	  maintained	  by	  x	  3	  

32.5	  13	   RaBo	  Equivalence	  adding	  values	  in	  columns	  

14	   35	   RaBo	  Equivalence	  	  adding	  values	  in	  columns	  
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Using Ratios Tables for Wind-Up Toy 
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Distance	  traveled	  	  
(in	  inches)	  

Number	  	  
of	  Steps	  

2	  1st	  inch	  

2nd	  inch	   3	  

2	  3rd	  inch	  

…	  …	  

13th	  inch	   2	  

3	  4th	  inch	  

Total	  Number	  	  
of	  Steps	  

2	  

5	  

7	  

10	  

32	  
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Engaging problems using new media 
Example One:  Wind up toy:  Students are first shown a wind-up toy 
that moves 4 inches when taking 10 steps.  Then they are asked:  

30 

If the toy is fully 
wound up (36 
steps) and is 13 
inches from the 
edge, does the 
monkey fall off the 
table? 
(video only shows the last 
part of the action) 
	  

A	  Lesson	  

(©Amplify	  Learning)	  
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3. Design Principles for Building 
Challenges 

3.4:  When engaging with challenges, students often 
benefit by working with others and sharing their ideas in 
environments with supportive socio-cultural norms of 
collaboration. 

31 
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Design Structure for Challenge Problems 

32 
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•  Building Math Projects (as shown in demonstration on 
Friday) 

•  Diagnostic assessments of student progress in learning 
trajectories 
–  The power of immediate feedback as motivator 

•  Teacher support types 
–  Jump-starts in launches 
–  Productive strategies 
–  Misconceptions 
–  What to emphasize 
–  Suggested questioning strategies 
–  How to order student responses during share-out 

33 

4. Other Components with Design 
Principles 
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Curriculum Development Process 
•    
•    
•    
•  "I feel so absurdly lucky to be part of the creative process where 

one day, on Tuesday, there is no idea, we don’t know what we’re 
going to do, there is nothing. And then on Wednesday, there is an 
idea. Invariably the idea is a thought that becomes a conversation. 
So the way we design to start with, is to talk. And it’s very 
exclusive; it only involves a few people. And a remarkable thing 
happens in the process; it’s the point in the process where there is 
the greatest change; it’s when we give form to an abstract idea.”  
Jonathan Ive 

•    
•    
•    
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•  Agile methodologies 
–  Playtesting 
–  User Interface studies 
–  User Experience studies 

•   Short-cycle Design Studies 
–  Pretest for readiness and prior knowledge 
–  Specify conjectured learning trajectory 
–  Prepare combinations of digital and paper/pencil 

materials 
–  Conduct study with debriefing daily and revised and 

multiple conjectures 
–  Revise materials and reflect on interplay among 

componets  

35 

Curriculum Development Process 
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•  Clear theoretical distinctions and categories of activities, 
informed by deep knowledge of existing research, drive 
student-centered innovation in curriculum. 

•  The design principles in this presentation are only one 
possibility. 

•  Making full use of options within the media, e.g. video, 
gesture, and social media, requires a creative and diverse 
team, including script writers, game makers, and clever UI 
(user interface) designers. 

•  Striving for engaging problems and narratives related to 
students’ worlds and interests can invite more participation. 

36 

Conclusions 
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•  Cycles of reform of curriculum will be quicker, more 
strongly data-related in real time, and lighter 

•  Next generation curricular innovation will leverage some 
general resources– such as workspace/lesson delivery 
designs, suites of tools,  learning maps, diagnostic 
assessments, and provide appropriate activities to 
support learning.   Need specifications of how to make 
these work together and reflect needs in math learning. 

•  Defining appropriate levels of personalization while 
achieving coherence in student experience and socio-
technical participation patterns is the next great 
challenge. 
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Conclusions 
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•  For a curriculum to be student-centered, students must be the 
ones actually doing the mathematical work as communities of 
learners, and must be trusted to handle complexity 
(transactional vs. interactional). 

•  The digital environments must be simple and elegant to be 
supportive, and not overwhelming of students and teachers. 

•  Students need to work in a heads-up, not heads-down, pattern 
with tablets. 

•  The resulting enacted curriculum needs to clearly distinguish, 
but clearly relate, learned knowledge/strategies and 
authorized reference materials.  
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Conclusions 
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•  Scholars must insist on a variety of high quality research in curriculum 
development and implementation, including:  

–  Careful application of design studies during development 

–  Iterative processes for improvement, based on analytics  

–  Implementation and outcome measures that can support deeper 
understanding of curricular effectiveness 

•  These MUST be distinguished, and independent, from market research. 

•  We need innovative programs to prepare people to do this kind of work.  
Those programs must bring together visual designers, curriculum designers, 
math ed researchers, UX/UI experts, software engineers, and marketing 
people, and how to appropriately involve teachers and students in these 
efforts. 
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Conclusions 
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•  By recognizing the strengths of different partners (academic, corporate, 
start-up, non-profit and educational institutions), partnerships can facilitate 
rapid progress. 

•  Curriculum delivery will become a combination of materials, teacher 
support and data in an integrated service model.   
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Conclusions 
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